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Executive summary 

The aim of CULT-STRAT is to establish a scientific reference for developing strategies for 
policy and decision makers on European and national levels within the CAFE (Clean Air for 
Europe) Program and for decision makers and heritage managers for strategic decisions at a lo-
cal level.. It will do this through a choice of material indicators and pollution threshold levels 
based on best available scientific data including deterioration models, spatial distribution and 
mapping of pollutants and of stock of materials at risk, cost estimates and comparison studies 
off different conservation approaches. 

An evaluation of recommendations of strategic actions for the reduction of pollutants in the 
proximity of areas with cultural heritage has been performed. Strategic actions to reach target 
values and to minimize corrosion costs have been evaluated.  

Methodologies for performing stock at risk studies of cultural heritage objects on different 
geographical scale have been developed. Inventories of stock at risk have been performed on 
European level (UNESCO World Heritage Sites), on country level ( Italy, Czech Republic, 
Norway), on city level (Madrid, Milan),  for parts of historical town areas ( Paris, Venice, 
Rome) and for individual historic buildings. Mapping of damage and cost of cultural heritage at 
different pollution scenarios have been performed using both measured data and modelled fu-
ture scenarios 

By joining together updated national data sets on pollution and climate for Germany, 
Czech Republic, Switzerland and Austria it became possible to calculate and to produce corro-
sivity maps for zinc, carbon steel, copper, bronze and Portland limestone for the area covered by 
the four countries, representative for Central Europe. With the same methodology as for the na-
tionwide mapping, corrosivity maps for some important urban areas (Berlin, Paris, Madrid, Mi-
lan and Vienna) were produced for the years 1990, 2000 and 2005. A scenario mapping exercise 
has been performed for the area of Germany. Both scenario maps exemplified the zinc corrosiv-
ity for the year 2020 as compared to the situation of the base year 2000. The scenarios were also 
calculated and presented for Madrid City (local scale), and compared to the inventory elaborated 
of the stock of cultural heritage at risk.  

Numerous case studies were made on selected monuments in different partners’ cities cov-
ering i) practical categories of historic materials and building components for life cycle or life 
time derivations, ii) practical life cycle or life time estimates as a base for management strate-
gies, iii) adopted cost/benefit methodologies for comparative studies and iv) 33 complex case 
studies on cost/benefit analyses for selected built heritage types in the reference cities and re-
gions.  

An extensive field exposure for verification of the selected indicators was performed in a 
network of test sites of UN ECE ICP Materials. Carbon steel, zinc and Portland limestone were 
selected as primary (materials) indicators for corrosion. Flat modern glass and a cylindrical Tef-
lon filter were tested as primary indicators for soiling. It should be noted that the indicators for 
corrosion and soiling have reached different levels of development. The indicators for corrosion 
have been tested and validated during a long period and significant data on trends are available 
while the indicators for soiling still are under development. For a final choice additional re-
search has to be performed.  
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Two workshops have been organised within the project. The 1st Workshop on Economic 
Impacts of Air Pollution on Cultural Heritage took place on 6-7 April 2006 in Catania, Sicily. 
The attendants represented various fields of expertise, including corrosion and deterioration of 
materials, air quality and economics. The major objective of the workshop was to present the 
most recent research on the physical and economic impacts of air pollution on cultural heritage 
buildings, monuments and artefacts. The Second Workshop on Protection of cultural heritage 
from air pollution, the need for effective local policy, maintenance and conservation strategies 
took place on 15-16 March 2007 in the Centre de Re-cherche des Musées de France (C2RMF), 
Louvre Palace, Paris, France. 

Following the workshops, the CULT-STRAT partnership undertook extensive work to in-
tegrate the material from the project, the workshops and other sources into a reference manual. 
The manuscript which will have a form suitable for a wider readership presents the main results 
obtained in the CULT-STRAT, 5 FP MULTI-ASSESS and 4 FP REACH projects, and will be 
published as a book by Springer in 2008. 

 

Contractors involved in the project are: 

Par-
tic. 
role* 

Partic. 
no. Participant name 

Partici-
pant 
short 
name 

Country 

CO 1 Corrosion and Metals Research Institute (from 01/01/2006) KIMAB Sweden 
CR 2 Norwegian Institute for Air Research NILU Norway 

CR 3 Italian National Agency for New Technologies, Energy and 
Environment ENEA Italy 

CR 4 Middlesex University MU United King-
dom 

CR 5 Umweltbundesamt UBA Germany 
CR 6 Laboratoire Interuniversitaire des Systèmes Atmosphériques LISA France 

CR 7 Institute of Theoretical and Applied Mechanics ITAM Czech Re-
public 

CR 8 Building Research Establishment BRE United King-
dom 

CR 9 Consejo Superior de Investigaciones Cientificas CSIC Spain 
CO 10 Swedish Corrosion Institute (until 31/12/2005) SCI Sweden 
*CO = Coordinator  
  CR = Contractor 
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1. Background 
Air pollutants, which together with climatic parameters, are of major importance for the 

deterioration of many materials used in cultural heritage objects, are emitted all over Europe by 
industrial activities and by the transport sector. These pollutants create a problem on the local 
scale but they are also transported in the air over long distances. To prevent or reduce harmful 
effects of pollutants on human health and the environment the Council Directive 1999/30/EC 
has been issued relating to limit values for sulphur dioxide, oxides of nitrogen, particulate mat-
ter and lead in the ambient air. These limit values have been established with reference to health 
and ecosystem effects and have not, so far, included effects on building materials even though 
Europe has an enormous stock of cultural heritage objects that cost billions of euros to maintain 
and despite the fact that such materials may be sensitive to pollution at even lower levels than 
biological systems. 

There are two main ways in which it is possible to take action to protect heritage. Firstly by 
reduction of ambient levels of air pollution and secondly by instigating local management 
strategies that either reduce the impact of pollution or repair the damage. These two types of 
risk can be portrayed as follows: 

 
It is therefore clear that there are two sets of end users that need reliable, up-to-date data on 

air quality and its effects on heritage – policy makers and local heritage owners or managers. 
The information that they need, though arising from the same sources (pollution monitoring, 
damage estimation and impact modelling), clearly needs interpretation at different scales. Air 
quality policy is a strategic level decision process made at international level. Data for the estab-
lishment of European air quality policy is currently principally co-ordinated by the CAFE pro-
gramme. Management strategies for individual buildings, objects or collections need a local 
scale interpretation although the resources required may well be administered at least in part by 
European initiatives such as Culture 2000 and the structure funds. 

 Local management strategies based on : 

- Damage inspection 
- Conservation practice 

including preventative 
maintenance 

- Local perspectives Strategic decisions based on: 

- Policy (informed by scientific 
evidence and values such as 
sustainability of heritage resources) 

- Analysis of strategic data including 
air pollution, environmental status and 
stock at risk 

- Estimates of damage impacts on life 
cycles of materials and benefits 
arising from pollution reduction 
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This programme will make the accumulated scientific and technical information available 
to both groups in a readily usable form that will fundamentally improve decision making by 
shifting from a rather qualitative to a quantitative basis. The project will also ensure, by close 
involvement of end users and stakeholders throughout the programme, that there is a proper fo-
rum for continuing debate and exchange of information at a time when the overall level of 
European Union funding for heritage protection is at an unusually low level. It is vital that such 
an important economic resource is properly represented in future planning of research provision, 
especially as it is characterised by a high level of fragmentation. Where other large sources of 
jobs and revenue for Europe may be represented by a few, highly centralised organisations, heri-
tage consists of many thousands of individual sites. Nonetheless it is an area of increasing eco-
nomic growth as cultural tourism expands and it is an area where we are already competitive 
with all our international rivals and have a much greater market share than any of them. 

2. Project objectives 
The aim of CULT-STRAT is to establish a scientific reference for developing strategies for 

policy and decision-makers on European and national levels within the CAFE (Clean Air for 
Europe) Program. It will do this through a choice of material indicators and pollution threshold 
levels based on best available scientific data including deterioration models, spatial distribution 
and mapping of pollutants and of stock of materials at risk, cost estimates and comparison stud-
ies off different conservation approaches. 

The major objectives of the project are: 

1. To provide a timely impact assessment on the effects of current and projected air pollution 
levels on cultural heritage materials that can act as an input model into the RAINS inte-
grated assessment model used by CAFE and other more refined models on regional and 
city levels. 

2. To collate information on the spatial distribution of pollution throughout Europe and dem-
onstrate how this can be related to local fluxes, including estimates of indoor concentra-
tions. 

3. To develop a methodology for estimation and provide the best possible estimates of sensi-
tive materials in heritage objects and the distribution of these objects in order to estimate 
the stock at risk in selected areas in Europe. 

4. To develop and utilise mapping procedures to show the spatial distribution of damage and 
associated costs throughout Europe for current pollution levels and the CAFE baseline sce-
narios for 2010 and 2020. 

5. To interpret the implications of the damage estimates and the mapped impact on the stock-
at-risk in terms of material life cycles and strategies for sustainable conservation. 

6. To provide damage thresholds and indicators for heritage materials analogous to health and 
ecosystem indicators that relate the impact of the above effects on sensitive materials. To 
recommend a simple toolkit that can be used as an indicator of damage. 

7. To produce an authoritative and comprehensive reference volume collating all of the data 
and information available on the effects of air pollution on heritage materials in a form that 
is readily usable by policy makers and heritage owners and managers. These end-users will 
be fully involved at all stages of the development of this work. 
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Main expected results of CULT-STRAT are illustrated below 
 

MULTI-POLLUTANT DETERIORATION MODELS
Dose-response functions

for cultural heritage materials including
T, Rh, SO2, NOx, O3, particles, rain

SPATIAL DISTRIBUTION
OF MATERIALS

(STOCK AT RISK)
- methodology
- selected areas
- selected cities

SPATIAL DISTRIBUTION
OF POLLUTANTS IN EUROPE

- regional (EMEP)
- local (traffic indoor/outdoor)
- microclimates (flows, eddies)

MAPPING OF AREAS AT RISK OF DAMAGE AT
DIFFERENT POLLUTION SCENARIOS

INDICATORS FOR MATERIALS
DAMAGE AND THRESHOLD
LEVELS FOR POLLUTANTS

STRATEGIES FOR AIR QUALITY POLICY

POLICY MAKERS
- EU level – CAFE
- national levels

HERITAGE MANAGERS
- city and local levels
- Culture 200 and structural funds

IMPLICATIONS FOR
DAMAGE COSTS

- mapping of impact
- materials life cycles
- strategies for

sustainable
conservation

SIMPLE TOOLKIT
FOR INDICATORS OF

DAMAGE
- development
- testing
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2.1 Contractors involved 

Contractors involved in the project are: 

Par-
tic. 
role* 

Partic. 
no. Participant name 

Partici-
pant 
short 
name 

Country 

CO 1 Corrosion and Metals Research Institute (from 01/01/2006) KIMAB Sweden 
CR 2 Norwegian Institute for Air Research NILU Norway 

CR 3 Italian National Agency for New Technologies, Energy and 
Environment ENEA Italy 

CR 4 Middlesex University MU United King-
dom 

CR 5 Umweltbundesamt UBA Germany 
CR 6 Laboratoire Interuniversitaire des Systèmes Atmosphériques LISA France 

CR 7 Institute of Theoretical and Applied Mechanics ITAM Czech Re-
public 

CR 8 Building Research Establishment BRE United King-
dom 

CR 9 Consejo Superior de Investigaciones Cientificas CSIC Spain 
CO 10 Swedish Corrosion Institute (until 31/12/2005) SCI Sweden 

*CO = Coordinator  
  CR = Contractor 

Co-ordinator contact details 

Dr. Vladimir Kucera, Dr. Johan Tidblad, 
Corrosion and Metals Research Institute, Drottning Kristinas väg 48,  
S-114 28 Stockholm, Sweden 
Phone: +46 8 440 4800, e-mail: vladimir.kucera@kimab.com, johan.tidblad@kimab.com 



 10

3. Applied methodology, scientific achievements and main 
deliverables 
The general outline of the project is shown in the Pert diagram given below 

 
WP2 Analysis of vari-

ability of pollution 
concentrations at dif-
ferent geographical 

scales. 

 WP1 Model for 
ranking effects of 

pollutants on corro-
sion and soiling. 

 

 WP3 Stock of cultural 
heritage at risk in dif-

ferent areas. 

     

 

 

 

     

  WP4 Analysis of risks 
based on mapping of 

cultural heritage at dif-
ferent pollution sce-

narios. 

WP5 Analysis of life 
cycles and costs for 

cultural heritage mate-
rials at different pollu-

tion scenarios. 

     

  

 

 

    

  WP6 Selection and 
testing of indicators 
and threshold values 
for cultural heritage. 

 

    

  

 

 

 

 

 

 

 

     

  WP7 Strategies for air quality policy and for prevention and 
maintenance of cultural heritage objects. 
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3.1 Model for ranking effects of pollutants on corrosion and soiling (Work 
package 1 – responsible KIMAB) 
The overall aim of the project is to assess the effects of different pollutants on materials 

and objects of cultural heritage in the present multi-pollutant situation and to identify material 
indicators and threshold levels of pollutants, which will be used for development of manage-
ment strategies for protection of the European culture heritage.  

3.1.1 Models for corrosion  
The models that are validated and further developed within the project take into account 

the present multi-pollutant situation where apart of SO2 also NOx, ozone and particulate matter 
are considered. They will permit and will be used for the ranking of the effects of different pol-
lutants, which are deposited both by dry and wet deposition. This is especially important when 
taking the decreasing trends of SO2 levels in many parts of Europe into account, which can in-
crease the relative importance of other pollution parameters. The dose-response functions, 
which describe the deterioration of the individual materials, are used for assessment of threshold 
levels of pollutants and this will permit comparative studies with approaches of air pollution ef-
fects on health and ecosystem. These results would be a strong signal to decision makers to con-
sider inclusion of indicators and threshold levels for materials in the EU Air Quality Directives 
for protection of cultural heritage objects. The work performed within WP1 has resulted in 
models for ranking of effects on deterioration of materials serving as the basis for the final 
choice of indicators and threshold levels performed in WP6. 

For corrosion, modelling and mapping a range of parameters are important. Dose response 
functions for corrosion in the new pollution situation in Europe have been developed in the EU 
project MULTI-ASSESS1, see Table 1 and these are the functions that are used for the evalua-
tion of the ranking of effects. Corrosion of metals is expressed as mass loss (ML, g m-2) while 
the degradation of limestone is expressed as surface recession (R, µm). These functions include 
a range of pollution and climate parameters. The pollution parameters are the gases SO2, HNO3, 
O3 and particulates as PM10, expressed in µg m-3. The climatic parameters are temperature (T, 
oC), amount of rain (Rain, mm), relative humidity (RH, %) and acidity in rain (H+,mg L-1). For 
some materials (carbon steel, copper, cast bronze and limestone) the effect of relative humidity 
is introduced through the parameter RH60, which is equal to (RH-60) when RH>60, other-
wise 0.  

                                                 
1 http://www.corr-institute.se/MULTI-ASSESS/index.html 
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Table 1. List of MULTI-ASSESS dose-response functions, including temperature function, 
for unsheltered materials. Units and abbreviations are described in the text. 

Material 
Dose-response function 
Temperature function 
Carbon steel 
ML = 29.1 + { 21.7 + 1.39[SO2]0.6RH60ef(T) +1.29Rain[H+] + 0.593PM10 }t0.6 
f(T) = 0.15(T-10) when T<10°C, -0.054(T-10) otherwise 
Zinc 
ML = 1.82 + { 1.71 + 0.471[SO2]0.22e0.018RH+f(T) + 0.041Rain[H+] + 1.37[HNO3] } t 
f(T) = 0.062(T-10) when T<10°C, -0.021(T-10) otherwise 
Copper 
ML = 3.12 + { 1.09 + 0.00201[SO2]0.4[O3]RH60·ef(T) + 0.0878Rain[H+] }t 
f(T) = 0.083(T-10) when T<10°C, -0.032(T-10) otherwise 
Cast Bronze 
ML = 1.33 + { 0.00876[SO2]RH60·ef(T) + 0.0409Rain[H+] + 0.0380PM10 }t 
f(T) = 0.060(T-11) when T<11°C, -0.067(T-11) otherwise 
Portland limestone 
R = 3.1 + { 0.85 + 0.0059[SO2]RH60 + 0.054Rain[H+] + 0.078[HNO3]Rh60 + 0.0258PM10 } t 
 

 

In addition to these parameters chlorides are very active corrosion agents. The added effect 
of chlorides can be included in the dose response functions2.To evaluate the probable amount of 
corrosion dependent on location and to rank locations in terms of the corrosion aggressiveness 
of the environment it is of great interest to map the geographical variation in the relevant pollu-
tion and climatic parameters, both on a European wide rural background scale and on local ur-
ban background and street level scale. 

3.1.2 Models for soiling 
Soiling is a visual nuisance resulting from the darkening of exposed surfaces by deposition 

of atmospheric particles. The soiling studies within MULTI-ASSESS included both targeted 
field sites at which high temporal resolution of monitoring was achieved and ICP Materials sites 
in the “broad field exposure” at which limited measurements were made over 1-year periods. 
Studies on stone, white plastic and white painted steel were conducted by the Middlesex Uni-
versity (UK) team; studies on glass were undertaken by LISA and CERTES, University of Paris 
12 (France). 

                                                 
2 Tidblad J, Mikhailov A, Kucera V “Application of a Model for Prediction of Atmospheric Corrosion in Tropical 
Environments”, in “Marine Corrosion in Tropical Environments”, ASTM STP 1399, ASTM, West Conshohocken, 
PA, USA; 2000 
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Soiling studies reported in the literature have followed an approach whereby the measured 
reflectance results were analysed using one or more of five model approaches (linear, basic ex-
ponential, exponential with asymptote, power and square root). For a model to be useful in pol-
icy terms, it should preferably have a physical basis because this permits soiling rates to be de-
scribed in terms of pollution and environmental conditions in a way, which allows general, non 
site-specific application. The exponential model is the technique which has been most com-
monly used in soiling studies involving stone, white plastic and white painted steel because it 
meets this criterion. Theories for the growth of particulate matter on the surface experiencing 
soiling predict that the soiling constant in the exponential is directly proportional to the amount 
of deposited particulate matter and hence to the atmospheric concentration CPM, yielding the 
generic dose-response function. 

 
R = R0 exp(-λ CPM T) 

where λ is the dose-response constant. Fitting this equation to the experimental results from the 
MULTI-ASSESS programme results in dose-response functions as follows: 

• Painted Steel 
∆R = Ro [1-exp(- CPM10 × T × 5.9 × 10-6 )] 

• White Plastic 
∆R = Ro [1-exp(-CPM10 × T × 5.3 × 10-6 )] 

• Polycarbonate Membrane 
∆R = Ro [1-exp(-CPM10 × T × 2.4 × 10-6 )] 

• Limestone  
∆R = Ro [1-exp(-CPM10 × T × 6.5 × 10-6 )] 

where: CPM10 is in µg m-3 ; T is in days. 

3.1.3 Soiling of modern glass 
Another possibility which has also been investigated within the project is the use of silica-

soda-lime as a soiling sensor due to its unique properties e.g. transparency, uniformity and 
chemical resistance3: 

(i) It is weakly leached in urban polluted conditions. The leached layer measured is only 
44 nm-thick after 24 months of exposure4. Consequently, the contribution of chemical ele-
ments coming from the substrate to the in situ development of products on the glass surface 
is negligible;  

(ii) It has a smooth and non-porous surface. The deposition of the atmospheric particles is not 
favoured by surface roughness, at least during the incipient phase of soiling;  

(iii) It is transparent. Heating effects influencing deposition mechanisms like thermophoresis are 
reduced.  

                                                 
3 Lombardo T., Ionescu A., Lefèvre R.A., Chabas A., Ausset P., Cachier H., “Soling of silica-soda-lime float glass 
in urban environment: measurements and modeling”, Atmospheric Environment, 39, 2005, pp. 989-997 
4 Lombardo T., Chabas A., Lefèvre R.A., Verità M., Geotti-Bianchini F., “Weathering of float glass exposed in ur-
ban area”, Glass Technology, 46, 3, 2005, pp. 271-276,  
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(iv) It is world-wide used and has a universally normalised composition. Thus, differences in 
soiling development from one place to another are due only to spatial variability of envi-
ronmental factors (gaseous and particulate pollutants, acidity of rain…) and of atmospheric 
parameters (temperature and relative humidity of air, quantity of rain…). 
A very global model for the soiling time evolution, using total particulate matter deposited 

per surface unit (TP/S) and Haze (the ratio in percentage of the direct and the diffuse transmit-
tance of light) for 5 five European cities, is given in Figure 1, below.  

 

 
Figure 1. Global model for soiling obtained from all the standardized parameters TP/S and Haze 

measured in 5 sites: Paris, Athens, Krakow, Prague and Rome. Best-fitting models (fit) with 
the estimation confidence band (LCL95: Lower Confidence Level of 95%; UCL95: Upper 
Confidence Level of 95%) and the standardised measurements (in the legend: TP for TP/S 
and Hz for Haze), after Ionescu et al5. 

The fitted model is the Hill equation, also known as the variable slope sigmoid3,5; its gen-
eral form can be expressed as: 

H

t
M
KBtY







+

+=

1
)(     

where:  
B (Bottom):  initial level of response;  
K (Span):  Top-Bottom, where Top corresponds to the maximum curve asymptote (satura-

tion: B+K), or level of response produced after infinite soiling; 
M (Half-life): time when the response is halfway between the Top and the Bottom; it corre-

sponds to the curve inflection; 
H (Hill slope): maximum slope of the dose-response curve at time M; it is used as a measure of 

the evolution rate. 
 

                                                 
5 Ionescu A., Lefèvre R.A., Chabas A., Lombardo T., Ausset P., Candau Y., Rosseman L., « Modeling of soiling 
based on silica-soda-lime glass exposure at six European sites”, Science of the Total Environment, 369, 2006, 
pp.246-255 
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Models were established also for each site individually and for a deeper understanding of the 
similarities and of the differences among the various time evolutions, the model coefficients were 
inter-compared. The Hill coefficients with error bars for individual, as well as for global models are 
given in Figure 2. Taking into account the error of estimation of the parameters, one can notice that:  

(i) the predicted saturation level (Figure 2a, b) is different from one site to another, the 
increasing order being: Rome (semi-urban), Paris, Prague, Krakow and then, Athens.  

(ii) the M-coefficient (time when soiling is half-way between initial and saturation levels) 
is of the same order of magnitude (about one year)- see Figure 2c; 

(iii) the soiling increase rate H (Figure 2d) is rather homogeneous, except for Krakow 
where it is higher. This important change in the increasing rate appeared after a period 
of frost noticed in Krakow that, arguably, influenced the soiling mechanism. 

M and H coefficients are the same if calculated from raw data or from the corresponding 
standardised data; they are responsible for the shape of the curve (its trend), while B and K give 
their amplitude. It was found that the shape is similar for most of the sites, while the amplitude 
is site-dependent. This dependence should be taken into account via the dose-response func-
tions, including also the environmental parameters. 
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a b 

 
c 

 
d 

Figure 2. Model coefficients for Paris, Athens, Krakow, Prague and Rome: (a) Soiling saturation level 
(B+K coefficient with error bars) expressed by Haze; (b) Soiling saturation level (B+K coefficient with er-
ror bars) expressed by TP/S; (c) Time (in days) when soiling is half-way to saturation, M-coefficient; 
(d) Soiling increasing rate, H-coefficient. Legend for (b) and (c): Ath: Athens, Kra: Krakow, Pra: Prague, 
Rom: Rome, Par: Paris, All for all the sites, : TP for standardised TP/S and HZ for standardised Haze 
(after Ionescu et al5). 
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3.1.4 Risk of present and future pollutant exposure for degradation of cul-
tural heritage buildings and structures exposed to the ambient atmos-
phere 

SO2 has decreased from the mid nineteen hundreds until today and the decrease is expected 
to continue. This decrease will be larger in the east and south east of Europe, where concentra-
tions are still higher, than in the west of Europe. SO2 is expected to be an important, but rela-
tively less so, corrosion agent in the future. It is expected to have somewhat higher concentra-
tions and effects in urban and industrial hot spots, rather than having large European wide re-
gional variations as was the case some years ago. 

NO2 monitoring in Europe since 1996 has shown steadily decreasing NO2 concentrations, 
both for rural, urban and street stations. This development can be explained by NOx emissions 
reduction. For NO2, as a precursor to the very corrosive gas HNO3, a reduction in concentrations 
should by it self lead to reduced corrosion. Still, concentrations of NO2 are much higher in the 
urbanized and industrialized region of North Western Europe and generally in cities and along 
trafficked streets. Cultural heritage buildings and monuments in these locations will be more af-
fected by corrosion and surface degradation than elsewhere.  

Table 2 shows a summary of the used climate and pollution data and the discussion on the 
variation in the parameters. Based on the available quantitative data a first ranking of effects and 
pollutants has been performed. The original intention with this approach was that this should 
simplify the mapping procedure (WP4) by identifying parameters with negligible influence on 
the degradation of cultural heritage.  

Table 2. Parameters included in dose-response functions and their typical variation based on 
information from selected European sources (Deliverable 9). 

Parameter Minimum Typical / average Maximum 
T -4 oC 10°C 17°C 
Rh 60 % 75 % 90 % 
Rain 300 mm 800 mm 3000 mm 
pH 4.4 5.0 6.8 
SO2 0 µg m-3 5 µg m-3 20 µg m-3 
O3 21 µg m-3 35 µg m-3 44 µg m-3 
HNO3 0 µg m-3 0.8 µg m-3 3 µg m-3 
PM10 0 µg m-3 20 µg m-3 45 µg m-3 

 

However, as is seen in Table 3 where the effect of varying the environmental parameters is 
given, all parameters have an influence in the same order of magnitude. Each individual pa-
rameter has the potential to influence the corrosion to a degree of about 30% to 40% with the 
exception of O3, which is only included for copper and with a limited influence. Therefore, it is 
concluded that all parameters are necessary in the production of maps. This is another aspect of 
the multi-pollutant situation, where any pollutant is no longer completely dominating and an as-
sessment of all pollutants is necessary in order to predict corrosion values. 
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Table 3. Percentage variation in corrosion after one year of exposure as a result of varying 
environmental parameters from typical/average to minimum and maximum values. 
The results are derived by applying the dose-response functions given in Table 1 to 
the values given in Table 2 

 Steel Zinc Copper Bronze Limestone 
T -38% to -13% -20% to -5% -20% to -6% -12% to -6%  
Rh -43% to 43% -8% to 11% -29% to 29% -20% to 20% -22% to 22% 
Rain -5% to 22% -3% to 12% -6% to 28% -7% to 30% -4% to 19% 
pH -8% to 24% -4% to 13% -10% to 30% -11% to 32% -7% to 21% 
SO2 -43% to 56% -34% to 12% -29% to 21% -20% to 61% -7% to 21% 
O3   -12% to 7%   
HNO3  -15% to 40%   -15% to 41% 
PM10 -9% to 12%   -25% to 31% -8% to 10% 
 

Even if all parameters have the potential to influence the corrosion to a high extent there 
are some differences between the parameters that could provide a basis for a ranking of effects. 
This ranking is shown in Table 4 for each individual material as an overall ranking and the table 
has been sorted according to this ranking. The pollutant with the highest ranking is SO2, fol-
lowed by pH in precipitation, HNO3 and PM10. Worth noting, is that HNO3 has a top ranking 
for zinc and limestone but is not included in the functions for the other materials resulting in a 
large variation of the ranking. Steel is most sensitive to SO2, relative humidity and temperature. 
The effect of PM10 is not very high ranked but its main effect is instead associated with soiling. 

Table 4. Ranking of effects of climate and pollution (1 – high effect) on corrosion of materi-
als. 
 Steel Zinc Copper Bronze Limestone Overall ranking 

SO2 1 2 2 1 3,5 1 (1-3.5) 
pH 4 4 1 2 3,5 2 (1-4) 
Rh 2 6 2 5 2 3 (2-6) 
Rain 5 5 4 4 5 4 (4-5) 
HNO3 7,5 1 7,5 7,5 1 5.5 (1-7.5) 
T 3 3 5 6 7,5 5.5 (3-7.5) 
PM10 6 7,5 7,5 3 6 7 (3-7.5) 
O3 7,5 7,5 6 7,5 7,5 8 (6-7.5) 
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3.2 Analysis of variability of pollution concentrations at different geo-
graphical scales (Work package 2 – responsible NILU) 

3.2.1 Data sources and models for spatial distribution of pollutants 
A range of models are used in different European countries to describe the spatial distribu-

tion of air pollutants on European, regional and local scale. In Table 5 to Table 7 is a listing of 
models known to the CULT-STRAT partners from their respective countries. The list includes 
description of the typical properties of these models. 

Table 5. Models used on the European level 
European 

model 
Country GRID size Data sources Parameter 

EMEPa) 
 

Norway 
UK 
Sweden 
Czech 
Republic  

50x50 km 
150X150 km 

Meteorology: data from ECMWFb), 
UK 
Gasses: Emission data from national 
authorities to EMEP 
Particles: Chemical modelling in 
EMEP 
Rain: Chemical modelling in EMEP 

Meteorology: Modelled in GRIDs: 
Temp and RH 
Gasses: Modelled in GRIDs: SO2, 
NO2, O3 

Particles: Modelled in GRIDs PM10 
Rain: Modelled in GRIDs mm, H+ and 
Cl 

EMEP Germany 50x50 km 
150X150 km 

Meteorology: DWDc) 
Gas, PM10 and Rain: Umwelt-
bundesamt 

Meteorology: Modelled in GRIDs: 
Temp and RH 
Gasses: Modelled in GRIDs: SO2, 
NO2, O3 

Particles: Modelled in GRIDs PM10 
Rain: Modelled in GRIDs mm, H+ and 
Cl 

FRAME UK 150x150 km Uses national emissions inventories 
for SOx, NOx and additional input 
from agricultural emissions 

Models SOx, NOx and NHx; calculat-
ing S and N deposition to different 
ecosystem types and also SO4, NO3, 
and NH4 aerosol concentrations 

a). European Monitoring and Evaluation Programme under the Convention ion Long-range Transboundary Air 
Pollution 

b). European Centre for Medium range Weather Forecasting 
c). Deutscher Wetterdienst 
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Table 6. Models used on the National level in selected European countries. 

National level 
National model Country GRID size Data sources Parameter 
NETCEN UK 1x1 km For emissions: UK national atmospheric 

emissions inventory 
For dispersion: correlation analysis plus 
ADMS 3 for major point sources 

All regulated pollutants 

FRAME UK 5x5 km  Uses national emissions inventories for SOx, 
NOx and additional input from agricultural 
emissions 

Models SOx, NOx and NHx; calculating S and N deposi-
tion to different ecosystem types and also SO4, NO3, 
and NH4 aerosol concentrations 

MATCH Sweden 
Norway 

20x20 km Meteorology: data from ECMWF, UK 
Gasses: Emission data from Central Bureau 
of Statistics 
Particles: Chemical modelling MATCH 
Rain: Chemical modelling MATCH 

Meteorology: Modelled in GRIDs: Temp and RH 
Gasses: Modelled in GRIDs: SO2, NO2, O3 

 

Particles: Modelled in GRIDs PM10 
Rain: Modelled in GRIDs mm, H+ and Cl 

Lagrange ex-
trapolation 

Germany 1x1 km Meteorology: DWD 
Gas, PM10 and Rain: Umweltbundesamt, 
Environmental Agencies of the Länder, For-
est Level II-sites 

Meteorology: Modelled in GRIDs: Temp and RH 
Gasses: Modelled in GRIDs: SO2, NO2, O3 

Particles: Modelled in GRIDs PM10 
Rain: Modelled in GRIDs mm, H+ and Cl 

CAMx (USA) Czech Re-
public 

9x9 km Meteorology: data from ALADIN, CZ 
Gases: emission data from REZZO (Register 
of Emissions and Air Pollution Sources) and 
EMEP database 
Particles: emission data from REZZO (Reg-
ister of Emissions and Air Pollution Sources) 
and EMEP database 
Rain: ALADIN / CAMx methods 

Meteorology: modelled in GRIDs - Temp and RH 
Gases: modelled in GRIDs - CBM-IV gases (29 gases) 
including also SO2, NO2, O3 

 

Particles: modelled in GRIDs - CBM-IV simple aero-
sol chemistry (7 species) including also PM10 

 

Rain: cloud characteristics, mm 
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Table 7. Models used on the local/city level in selected European countries. 
Local/city level 

City/local 
model Country GRID size 

City/area where the 
model has been de-

ployed 
Data sources Parameter 

AirQUIS-
Episode 

Norway 1x1 km Oslo, Bergen, Trondheim, 
Stavanger, Grenland, 
Fredrikstad/Sarpsborg 

Meteorology: Norwegian Meteorological Institute 
Mathew and MM5 
Gasses: Emission data from Central Bureau of 
Statistics and road traffic from Norwegian Road 
Authority 
Particles: Emission data from Central Bureau of 
Statistics and road traffic from Norwegian Road 
Authority 

Meteorology: GRIDs: Temp 
and RH  
Gasses: Modelled in GRIDs: 
SO2, NO2, O3 

 

Particles: Modelled in GRIDs 
PM10 

ADMS ur-
ban 

UK Typical use 
seems to be 
50m 

London London atmospheric emissions inventory NOx and PM10 

ERG UK 20m X 20m London London atmospheric emissions inventory plus an 
empirical model 

(currently) NOx and PM10 

NETCEN UK 1 km X 1 
km 

London Locations classified as either background or road-
side. Relies on correlation analysis plus ADMS 3 
for major point  

NOx and PM10 

FITNAH Germany 200x200 m 
50x50 m 
10x10km 
1x1km 

Berlin Meteorology: Meteorologisches Institut der FU 
Berlin 
Gasses: Senatsverwaltung für Stadentwicklung 
und Umweltschutz 

Modelled in grids: Temp, RH, 
Wind 
Modelled in grids. SO2, NO2, 
O3 

REM3 Germany 10x10km 
1x1km 

Berlin Particles: Senatsverwaltung für Stadentwicklung 
und Umweltschutz 
Rain: Senatsverwaltung für Stadentwicklung und 
Umweltschutz 

Modelled in grids PM10 
Data only from one back-
ground site 

IMMIS Germany Street can-
yons 

Berlin Particles: Senatsverwaltung für Stadentwicklung 
und Umweltschutz 

PM10 

Airviro Sweden  Stockholm, Norrkøping   
Enviman Sweden  Stockholm, Gothenburg, 

Øresund/Malmø region 
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City/local 
model Country GRID size 

City/area where the 
model has been de-

ployed 
Data sources Parameter 

AirQUIS Sweden  Stockholm   
SYMOS’97 Czech 

Republic 
flexible Prague, Plzen, Brno 

In total more than 20 ar-
eas 

Meteorology: Processed data from archives 
Gasses and particles: Emission data from REZZO 
(Register of Emission and Air Pollution Sources) 

Modelled in grids:  
Wind roses, and stability 
 
Modelled in points. SO2, NO2, 
PM10 

ATEM Czech 
Republic 

flexible Prague, Plzen, Brno 
In total more than 20 ar-
eas 

Meteorology: Processed data from archives 
Gasses and particles: Emission data from REZZO 
(Register of Emission and Air Pollution Sources) 

Modelled in grids:  
Wind roses, and stability 
 
Modelled in points. SO2, NO2, 
PM10 
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As an example of the work performed within CULT-STRAT the source of environmental 
data obtained at different places in Madrid City and can be given. For Madrid City, an open ac-
cess was obtained to the Air Pollutants Database of the Council Service for Environmental In-
formation. Since 1978, this service supports 27 control stations that cover all the surface of Ma-
drid City (see Figure 3), and give daily and monthly average environmental data of air pollut-
ants (SO2, O3, NO2, NOx, PM,…), temperature, rain precipitation, relative humidity, etc., during 
all year. As consequence, air pollutant maps for Madrid City with good coverage were obtained. 
They have been used for illustration of the corrosivity where cultural heritage objects are situ-
ated identified in the inventory performed in WP 3 (see Figure 13Figure 15). 

 Test Stations 
1. Paseo de Recoletos 
2. Glorieta Carlos V 
3. Plaza del Carmen 
4. Plaza de España 
5. Barrio del Pilar 
6. Doctor Marañón 
7. Marqués de Salamanca 
8. Escuelas Aguirre 
9. Paseo Luca de Tena 
10. Cuatro Caminos 
11. Ramón y Cajal 
12. Plaza Manuel Becerra 
13. Vallecas 
14. Fernández Ladreda 
15. Plaza Castilla 
16. Arturo Soria 
17. Villaverde 
18. General Ricardos 
19. Alto de Extremadura 
20. Moratalaz 
21. Isaac Peral 
22. Paseo de Pontones 
23. Alcalá 
24. Casa de Campo 
25. Santa Eugenia 
26. Urbanización Embajada 
27. Barajas Pueblo 
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Figure 3. Distribution of environmental control stations in Madrid City. 

3.2.2  Wind and eddies around buildings  
Prediction of wind-flow around buildings is highly complicated, and is affected by many 

factors. Most important are building geometry and the distance to the neighbouring obstacles. 
Some simple guidelines for estimation of these winds are given in British Standard 6399-
2:1997. Similar guidelines for predicting the amount of wind-driven rain can be obtained from 
British Standard 8104:1992. However, if accurate predictions are crucial, the best solution will 
probably be to use numerical computer simulations or perform wind-tunnel experiments.  

Occurrence of local wind speed increases can be expected at edges and top of buildings. 
Staking out objects, like towers, poles and ornaments will often be exposed to higher wind-
speeds than the rest of buildings. 
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The forces of high wind speeds and wind-driven rain can damage buildings physically. Ex-
cept for this the most important effect of wind on buildings is probably increased dry deposition 
of particulate matter that causes soiling. In addition, wind-driven rain may cause increased wa-
ter penetration in buildings giving more rot in wood materials and more degradation by freeze 
expansion of cracks in stone materials at reducing temperatures. The chemical effects of in-
creased winds on materials, e.g. corrosion, have not been investigated to the same extent. Dry 
deposition of pollutant gases and thus corrosion is expected to increase with increasing wind 
speeds.  Wind driven rain can wash of pollutants and decrease corrosion. The effect of shielding 
on the micrometeorology around a building is very important. The effect of wind-flow on corro-
sion by itself and in combination with rain are complex phenomena and it is difficult to give 
simple guidelines for the effect. 

3.2.3  Outdoor to indoor gas and particle concentrations modelling  
Cultural heritage objects on exhibition or in storage indoors are exposed to concentrations 

of oxidizing and acidic gases and to particles that can increase the surface deterioration and soil-
ing of the objects.  Indoor concentrations can be calculated from outdoor concentrations when 
the parameter values for the main processes that change indoor concentrations from those ob-
served outdoors are known.  The most important processes are the ventilation rate of buildings, 
the deposition of gases and particles during infiltration and to indoor surfaces, the homogeneous 
chemistry between species present indoor, and emission from indoor sources. These processes 
can be characterised as sources and sinks that establish the level of the indoor to outdoor ratio of 
the species.  For cultural heritage materials it is the long time integrated level of the I/O ratio 
that is important. Models that calculate indoor concentrations of pollutant gases range from 
complicated CFD (Computational Fluid Dynamics) models via less advanced multiple zone 
homogeneous mixing models to relatively simple one zone homogeneous mixing models such 
as the model produced in EU project IMPACT (Contract No. EVK4-CT-2000-00031). This 
“IMPACT model” was made particularly for the use in museums to assess indoor concentra-
tions and deposition fluxes to surfaces, including cultural heritage objects, of NO2, O3 and SO2.  
This model is directly available on the Internet 
(http://www.ucl.ac.uk/sustainableheritage/impact/).  
Similar modelling can be performed for particles. Indoor emission sources can be added to this 
kind of modelling with relative ease. Indoor homogeneous chemistry can be added to the model-
ling, but this may be relatively more complicated due to the many reactions that may be in-
volved and the need for continuous calculation of concentrations due to fast reaction rates. Such 
more complicated models have been used for indoor air modelling, e.g. by Nazaroff and Cass6. 

3.2.4 Recommendations for the evaluation of strategic actions to reduce pol-
lutants in the proximity of areas with cultural heritage 

Two main methods can be used to recommending strategic actions for reduction of pollut-
ants in the proximity of areas with cultural heritage. One is the setting of target values for pol-
lutants to levels of degradation of the cultural heritage that are regarded as tolerable. The other 
is the calculation of the utility of pollution reduction in terms of benefits of reduced degradation 
and cost of pollution reduction measures. The setting of target levels is the method usually im-
plemented today on the political level whereas the calculation of costs is a more used method 
for detailed analysis of cases. 

                                                 
6 Nazaroff, W.W. and Cass, G.R. (1986) Mathematical modelling of chemically reactive pollutants 

to indoor air. Environmental Science and Technology, 20, pp. 924-934. 
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Recommendations for pollution reduction measures can be: 

• General:  Describing typical most important degradation factors and effective abate-
ment strategies. 

• Targeted: Giving specific recommendations based on detailed measurements and / or 
modelling of pollution concentrations or calculation of the benefits and total utility of pollu-
tion reduction. 

Recommendations should be based on the best available measurements of pollutants and 
tools for calculation or modelling of the effects of actions of policy, from the emission sources 
to the exposure doses. Tools can vary from relatively simple procedures to calculate probable 
effects of certain measures based on parameter measurements and e.g. knowledge of local me-
teorology to the application of complicated emission – dispersion and abatement models.  
Analysis needs to be made for each single case and locality of interest. Some general points are: 

• The utility of pollution reduction for a defined stock at risk can in theory be estimated for a 
given combined emission - concentration and dose – exposure reduction. The dose reduction 
can be estimated in a flexible and dynamic way by using available emission - dispersion and 
abatement models at different geographical levels. The simplest and most objective and 
comparable estimates for the effect of pollutant dose reduction in terms of reduced degrada-
tion costs are probably those of maintenance costs.  

•  Concentration measurements for rural, urban background and traffic stations are reported to 
the EEA for a large number of European measurement stations.  These measurements quan-
tify present concentration levels of air pollutants and results in terms of reductions achieved 
through already implemented abatement policy. The reported values from the EEA should 
be useful in following trends and evaluate effects of policies also in the future.  

Below are shown two examples of evaluation procedures to recommend strategic actions to 
reduce pollutions (see also Deliverable 13, CULT-STRAT project). 

The first example (Figure 4 and Figure 5) shows the use of dispersion and abatement mod-
elling with regards to the soiling effect of particles along roads in Oslo, Norway. The abatement 
strategy that is evaluated is an increase in the use of non-studded tyres from 85 % to 95 % for a 
reference scenario for year 2010. 

In the 5FP EU project MULTI-ASSESS7 a tolerable level of 15 µg.m-3 PM10, with a main-
tenance interval of 15 years, was proposed to CAFE (Clean Air for Europe) with regards to soil-
ing. This was based on the finding that a loss of reflectance of 35 % leads to adverse public re-
action (EU FP5 project CARAMEL) and an assumption that cleaning should then take place. 
From Figure 4 it is seen that concentrations along roads in Oslo in 2010 are in many cases pre-
dicted to be well above the target levels. 

                                                 
7 Kucera, V. (2005) MULTI-ASSESS. EVK4-CT-2001-00044.  Final Publishable Report 
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Figure 4. Oslo: scenario for 2010: 85 % non-studded vehicles + scaled emissions from wood burning, 

with results for building points along road links. The colour scale gives concentrations of 
PM10 (µg m-3). 

 
Figure 5. Oslo scenario 2 for 2010: As Reference 2010, Figure 4 but with 95 % non-studded vehicles. 

The colour scale gives concentrations of PM10 (µg m-3). 
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As can be seen in Figure 5 even this least invasive abatement scenario has a quite good ef-
fect on PM10 concentrations. The concentrations along roads in the inner city are almost all re-
duced below the threshold level. However concentrations along trafficked roads connecting the 
city to the north-east and on the outer ring roads are still well above target levels for many 
building points along these roads. As much of the most vulnerable cultural heritage buildings 
and monuments are located in the inner city a relatively simple measure like reducing the use of 
studded tyres in the city to only 5 % can be recommended. However it is necessary to make a 
closer study of the location of possible stock at risk along trafficked main roads around the inner 
city. It may well be that more invasive or alternative measures are needed to protect such ob-
jects. 

The second example, Figure 6., shows the total benefit (maintenance cost reductions) of 
reducing pollutants, from the European “urban” scenario, for the range of materials for which 
dose – response functions for the multi-pollutant situation including  also PM10 and HNO3, were 
derived in the EU project MULTI ASSESS7. In addition the figures show maintenance cost re-
ductions for painted rendering in the situation when SO2 dominates8 and for soiling of lime-
stone7. The input was given and calculations performed in an Excel spreadsheet developed by 
NILU and presented by Drdácký et al.9. The maintenance cost reduction is calculated for the 
fourth year of corrosion. Carbon steel and soiling of limestone have dose response functions that 
are non-linear with time, and the cost will vary depending on the years of exposure. For carbon 
steel the cost reduction in the first year was somewhat higher than shown in Figure 6. It was be-
tween that for zinc and copper, whereas the value for soiling of limestone is only slightly af-
fected. 
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Figure 6. Reduction of maintenance cost due to reduction of concentrations of selected pollutants, 

from the European “urban” scenario for a range of materials. 

                                                 
8 Watt, J. ed. (2001) EU project R.E.A.C.H., ENV4-CT98-0708. “Rationalised Economic Appraisal of Cultural 
Heritage Final Report. 
9 Drdácký, M., Sližková, Z., Buzek, J., Měchura, P., Yates, T., Grøntoft, T., Kreislová, K. and  le Fevre, R.  (2006) 
Complex case studies on cost / benefit analyses for selected built heritage types in the reference cities. EU project 
CULT-STRAT (SSPI-CT-2004-501609) Deliverable no. 16. 
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3.3 Stock of cultural heritage at risk in different areas (Work package 3 – 
responsible ENEA) 
The Cultural Monuments (CM) created centuries ago exposed on the open air are very sen-

sitive to the effects of air pollution and climatic factors. To preserve objects of cultural heritage 
is a task of outmost importance as they represent the accumulated memory effect existing in the 
materials, their vulnerability and frangibility. Within this work package methodologies of per-
forming stock at risk at different geographical levels were considered and developed. Case stud-
ies of stock at risk at different scales: continental, national, city, district, single monument were 
performed by different partners. In the sequel a selection is given of the obtained results. 

3.3.1 Continental level 
The European CH is one of the richest in the world. In the present study data were used 

elaborated by international bodies well accepted from the international community. For the 
European CH the UNESCO (United Nations Educational Scientific and Cultural Organization) 
list of CH with universal importance was used (UNESCO official list). In the UNESCO list 745 
sites are included among them 387 are situated in Europe. In the present study the European CH 
sites were separated from the national parks and reserves and the rest 243 CH sites were one by 
one introduced with exact geographical coordinates (very often missing in the official list) on 
the European EMEP (50x50 km grid) projection map. The mapping was performed using the 
Arch View programs. UNESCO sites are very different one from another, starting from a single 
monument  and arriving to sites like “Rome and Vatican city”, which according to the Italian 
conservation authority include more than 2 900 monuments. For a better presentation of the 
concentration of CM in a single UNESCO site, the sites were divided in three categories. The 
sites of different categories are presented with different symbols on the European map, see 
Figure 7. 

Small ball – single monument selected from the CH sites in Europe 
Square- small group of monuments (2-3) situated in the same place selected from the CH sites in 
Europe 
Triangle - large group of monuments selected from the CH sites in Europe situated in the same 
place (for example: old city of Rome and the Vatican city, old city of Florence etc. 

 
Figure 7. UNESCO cultural heritage sites in Europe. 
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It became clear that the distribution of the UNESCO CH monuments in Europe is not uni-
form. A large part of UNESCO CH monuments in Europe are concentrated in some Mediterra-
nean and Central European countries: 

- indicated with triangle: of totally 63 monuments 40 are in the Mediterranean part and 14 
in Italy; 
- indicated with square: of totally 43 monuments 22 are in the Mediterranean part. 
- indicated with little ball: these are quite uniformly distributed. 
As a consequence of the higher concentrations of CH monuments in the Mediterranean re-

gion and in some Central European countries more attention and resources for their preservation 
are needed in this part of Europe. One task is to develop regional studies and valuations of ef-
fects of air pollution in these areas. 

Many CH monuments are situated in cities where they are exposed to urban air pollutants. 
This means that there is a need of valuation and application of urban air pollution models in dif-
ferent kind of cities in which large number of CM are present e.g. Madrid, Milan, Paris, Venice 
etc.  

3.3.2  Country level 
Taking into account the efforts made on national level when elaborating maps of distribu-

tion of cultural heritage the following three representative countries were selected: Italy, Czech 
Republic and Norway. 

These countries were chosen because they are very different concerning climate, history 
and air pollution. This determines also the risk for the respective cultural heritage. Italy is typi-
cally Mediterranean, Norway – Scandinavian and Czech Republic – Central European countries.  

It became evident that in order to elaborate in a reasonable period of time a methodology 
for stock at risk of CH on the continental level or for some separate countries and regions in 
Europe, one need to use available and somehow pre-selected information. This information 
should be similar for the different countries and regions and need to respect some similar crite-
ria. Only such a procedure will create a possibility to compare the results between different parts 
of Europe.  

A practical example of development of maps of stock of materials of CH at risk is the use 
of available information from good tourist guides (Deliverable 3). The Italian risk map of CH is 
developed on this basis, confronting the results with the inventory performed by the local CH 
authority. This type of immediately available information may be obtained from good quality 
tourist guides. The different tourist guides reports more or less detailed information. Checking 
some of the Europeans best tourist guides the Italian Touring Club Guide (ITCG) was selected. 
For purposes of the present study, to elaborate a methodology for stock of materials of CH of 
risk, the Italian ITCG seems to give quite detailed information without entering too deeply in 
details for the single cases. From this ITCG guide only the CH objects with historic and cultural 
value were selected subdividing them in 3 levels: the 1st level will contain the CM situated in 
the capital of the respective country or in very important cities, the 2nd level in the big cities of 
the country and the 3rd level in the medium and small CH towns of the country.  
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3.3.2.1 Italy  
A very detailed national scale survey has been carried out in Italy: the development of a 

‘risk map’ of cultural heritage (Italian map at risk). The mapping process involved a series of 
thematic overlays relating to 40 different types of environmental danger for over 8 000 munici-
palities. In this map around 50 000 single CM where scheduled. The distribution regards only 
the stone materials in open space exposure monuments. A part of the map for the central part of 
Italy is shown in Figure 8. All monuments are geographically differentiated on a map by using 
the ArcGis software. In the data base a description of every object is included indicating the 
main materials used for its construction. This permit a valuation of the quantity of the main 
stone materials used for the construction of the single object.  

Using the database it is possible to map the risks to individual buildings, for example the 
risks of static-structural movement (due to earthquakes, floods, landslides, etc) related to the 
distribution of slender towers, or the distribution of stone buildings in aggressive environments. 
The resources required to complete such a study are very large. As the inventory is done on mu-
nicipality level the individual areas on the map are the respective municipality. From the map it 
is seen that the CH objects in Italy are distributed on the whole national territory. Anyway the 
areas with higher concentration of CH (more than 500 – see the agenda) are in the most impor-
tant historical cities: Rome, Milan, Venice, Naples.  

 
Figure 8. Map of components and distribution of Cultural Monuments for Central Italy. 

The map shows the quantity of architectural and archaeological monuments in each munici-
pality of Italy according to the quoted bibliographical sources. (Sources T.C.I. Guides of Italy 
and Laterza archaeological guides.) 
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3.3.2.2 Norway 
The classification of cultural heritage objects is based on the criteria that all buildings con-

structed before 1650 are considered as cultural monuments. All stone buildings, which are 177 
in total, are included in Figure 9. All monuments are geographically differentiated on a map by 
using the ArcGis software. In the data base a general indication (type of the CM) of every object 
is included.  

From Figure 9 it is seen that the monuments are distributed none uniformly on the territory 
of Norway which is due to climate and historical development of different parts of the country. 
Only the stone cultural monuments are included in the map. In Norway many CM are wooden, 
but as the dose response functions developed in ICP Materials and MULTI-ASSES programs do 
not include wood the present study has been restricted only to stone monuments. 

 
Figure 9. Norwegian map of limestone corrosion (µm/year) for the years 1990 (left) and 2000 (right), 

including CH stone buildings (before 1650) elaborated using the MULTI-ASSESS 
Dose/Response Function and the EMEP unified model, 50x50 km grid. 
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3.3.2.3 Czech Republic 
In the Czech Republic an extensive inventory of the national cultural heritage has been per-

formed. The inventory is based on different categories of objects. The stone monuments are di-
vided in different types of objects: castles, chateaus and ruins. All monuments are geographi-
cally differentiated on a map, by using the ArcGis software.  In the data base a general indica-
tion (type of the CM) of every object is included. The spatial distribution of castles introduced 
on corrosion maps for 1990 and 2000 elaborated using the D/R Functions of the MULTI-
ASSES project is shown in a map, Figure 10. The figure shows that these types of monuments 
are quite uniformly distributed on the national territory. In some areas they are exposed to the 
harmful environment due to the air pollution.  

 
Figure 10. Czech Republic map of limestone corrosion(µm/year) for the years 1990 (left) and 2000 

(right) including CH castle sites elaborated using the MULTI-ASSESS Dose/Response func-
tion, and the EMEP unified model, 50x50 km grid. 

3.3.2.4 France 
France was chosen as an example of the application of the method of inventory based on 

tourist guides. Data on the French CH objects were extracted from the ITCG (actually for 
France there are 3 ITC Guides: for Paris, for the big cities and for the small towns): 

1. Level 1 – Paris: there are some 23 CM indicated. They have been introduced on a mag-
netic support city map which was overlapped with the yearly urban air pollutants con-
centration maps with a detailed resolution (for example 1 x 1 km).The map shows the 
real air pollution situation in which the different monuments are exposed and using the 
dose-response corrosion functions it is possible to calculate the corrosion rate for the 
single materials.  

2. Level 2 – big French cities: Marseilles, Toulon etc. In France they are 19 in total. In 
some, only as examples or as special cases, it is possible to elaborate a city map with the 
CH objects introduced on it. The total amounts of CM in these towns indicated on the 
Guide are between 5 and 14.  

3. Level 3 – relatively small CH towns, like Avignon, Chartres etc. From the ITCG some 
18 French small towns were chosen. Taking into account that in these towns the air pol-
lutant situation generally is not complicated and is very similar, except for some cases 
where there are important industrial areas, there is no need to elaborate a town map with 
indication of CM on it for each town. It will be sufficient to indicate on the country map, 
the position of these towns with a number of CM situated there. The number of CM in 
these towns included in the Guide is between 4 and 6. 
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Using the Guide for obtaining the basic available information reported on the wanted crite-
ria in the questionnaire like type of the monument, historic period, dominant material of creation 
etc., will permit the elaboration of different types of maps on city, regional, country and conti-
nental level.  

The data sets have been introduced in the Arch View System which permits to prepare the 
map of the continent with the possibility to individuate a single country or region in Europe with 
the spatial distribution of single cities or towns. Apart of the maps the system permits to intro-
duce   different data sets and with a simple “click” on the point of the town it is possible to “en-
ter” into the chosen town data sets showing all available information regarding the cultural ob-
jects of the town. In the cases of big cities “clicking” on the city point makes it possible to open 
a detailed city map where the points indicate the spatial distribution of the monuments. “Click-
ing” on the single point of a monument makes it possible to “enter” into the chosen city data set 
showing all available information regarding the single cultural object.  

On the city map it is possible to overlap the air pollution concentration maps, or corrosion 
damage maps elaborated before regarding the single city or part of it. The data included in the 
data sets permit to select single monuments after the type, kind, constructing period, type of ma-
terial etc. (see Deliverable 3). 

4.3.3.2.1. Indicators - Gothic Cathedrals and Convents. 

It is also possible to make inventories and prepare maps on the basis of a historical period 
or kind of monuments e.g. churches and convents. This permits to choose such objects as “indi-
cators” of CH, which are largely distributed in Europe and to use them as a kind of “identikits”. 
In such a way it is possible to prepare maps only for the “indicators” and afterwards evaluate the 
environmental situation in which they are exposed. Using the D/R Functions it is then possible 
to determine the corrosion effect for the single materials from which the object is created. As 
example the data set on medieval gothic stone cathedrals and convents in Europe (see Deliver-
able 3) can be used for evaluation of the corrosion effects due to the environmental situation. 
The spatial distribution of gothic cathedrals and convents in France is shown on a map in Figure 
11. 
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Figure 11. Spatial distribution of Gothic cathedrals and convents in France: identikit elaborated on the 

basis of information extracted from ITCG. 

3.3.3 City level 
Within this work package of CULT-STRAT several studies have been performed in differ-

ent cities. They show that the combination of stock at risk inventories and pollution modelling 
presented in the form of maps are a powerful tool useful for planning preventive actions for pro-
tection of objects of cultural heritage. They can be used both for illustration of  trends of corro-
sion and pollution and as a prognostic tool for future pollution and climate scenarios. In the se-
quel selected part of these studies are presented. 

3.3.3.1 Madrid 

To carry out the inventory of cultural heritage in Madrid City all monuments, monumental 
sites, buildings and sculptures included in both the Madrid Council and the regional official list, 
and exposed to the atmosphere were considered by CSIC. Two types of cultural heritage objects 
belong to this category in the regional files, immovable and movable objects. The immovable 
Cultural Heritage objects are buildings, bridges etc, 260 objects are registered. The movable ob-
jects are sculptures, monoliths, memorial stones, fountains etc, 1618 movable objects are in-
cluded in the Regional Movable Cultural Heritage list and in Madrid Council files and others.  

To elaborate the inventory of cultural heritage the Microsoft Access Software was used, re-
cording as main information the following topics. 
1. Inventory Number.  
2. Denomination (name of the object). 
3. Category (church, school, museum, sculpture, memorial stone, monolith,…). 
4. Address. 
5. X and Y UTM  coordinate. 
6. Materials used in the construction of the building in order of presence: from 1 to 7 for the 

case of immovable objects, and from 1 to 5 for the case of movable objects. 
7. Construction date.  
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See examples in Table 8 

Table 8. Examples from the inventory of Movable Cultural Heritage in Madrid. 

Coordinates Material Nº Denomi-
nation Cat. Address 

X Y 1 2 3 4 5 
Date

138 Neptuno F Plaza Cánovas del 
Castillo 441242 4474505 Marble - - - - 1784 

139 
Maria 
Cristina de 
Borbón 

S Felipe IV 441217 4474288 Cast 
Bronze Marble Lime-

stone Granite - 1893 

140 Apolo F Paseo del Prado  441532 4474283 Lime-
stone - - - - 1803 

141 Miguel de 
Cervantes S Plaza de las Cor-

tes 440988 4474341 Cast 
Bronze 

Lime-
stone Granite - - 1835 

142 Virgen del 
Asedio S Reyes Católicos, 6 438902 4476980 Lime-

stone  Granite - - - 1954 

 

In most of the cases, the materials were very roughly described. The missing information 
was obtained by consulting many other additional sources. Indeed, in the case of objects without 
any description of materials used, in-situ inspection was also very useful. From this database, 
the spatial distribution maps of cultural heritage objects in Madrid City was obtained. Figure 12 
shows a detail of the Movable and Immovable Cultural Heritage distribution in the most Inter-
esting Cultural Heritage Zone of Madrid. A deeper understanding of this zone was obtained 
thanks to the Petrology Research Group of Miner Engineering School of Madrid, which has de-
veloped an extensive database of Cultural Heritage objects of Madrid City (materials used in 
square meters, conservation state, damage estimates, material life cycles...).  

 

  Immovable Cultural Heritage 

  Movable Cultural Heritage 
Figure 12. Spatial distribution of Cultural Heritage for the most interesting area of Madrid City. 
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Using the spatial corrosion distribution of cultural heritage objects at the urban scale in 
Madrid overlapped maps with the pollution situation have been developed. As examples annual 
mass loss of cast bronze-movable cultural heritage and recession of Portland limestone-
immovable cultural heritage in 2005 are shown in Figure 13. 
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Figure 13. Overlapped maps, Madrid city: a) Annual mass loss cast bronze-movable cultural heritage 

and b) Recession Portland limestone-immovable cultural heritage. 

b) 
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Another study consisted in the estimation of the levels of corrosion and recession for cast 
bronze and Portland limestone in Madrid in the years 2010 and 2020 respectively, from a neu-
tral or optimistic (reduction of mass loss and recession of 10% from the year 2005 to 2010, and 
the same reduction from the year 2010 to 2020) point of view. In Figure 14 the maps for cast 
bronze are shown. As can be observed the annual mass loss would in 2020 be less than 2.5 
g/m2.year in an optimistic scenario, which is very near to the background value (2 g/m2.year). 
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Figure 14. Corrosion map for cast bronze in Madrid City: a) normal trend year 2010 b) normal trend 

year 2020, c) optimistic trend year 2010 d) optimistic trend year 2020. 

d) c) 

b) a) 
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Figure 15 shows the maps obtained in the case of limestone. Recession would in 2020 be 
less than 4.1 µm/year in an optimistic scenario, which is very near also to the background value 
(3.2 µm/year). 
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Figure 15. Corrosion maps for Portland limestone in Madrid: a) normal trend year 2010 b) normal trend 

year 2020, c) optimistic trend year 2010 d) optimistic trend year 2020. 

3.3.3.2 Paris 

The task of the University Paris XII (LISA and CERTES Laboratories) was to evaluate the 
stock of materials at risk of degradation (surface loss, soiling) due to atmospheric pollution on 
the building façades located in the central parts of Paris, Venice and Rome inscribed on the 
UNESCO List of Humanity Patrimony. 

The study consisted in the evaluation of the stock of materials at risk of degradation (sur-
face loss, soiling) due to atmospheric pollution, between the Sully Bridge on the eastern side, 
and the Pont-Neuf on the western one, including thus the Ile Saint Louis, the Ile de la Cité and 
the right bank of the Seine facing these two islands, see Figure 16. A photo from the site is 
shown in Figure 17. 

d) c) 

b) a) 
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Figure 16. The studied stock of materials at risk in Paris area of UNESCO CH. 

The methodology consisted in a real in-the-field inventory, façade after façade, based on 
the Paris Map at the scale of 1:2 000. By direct examination of the building façade, the nature of 
the employed materials was determined (Lutetian Parisian limestone, rendering/mortar/plaster, 
painting, brick, metal, modern glass) and their proportions were roughly evaluated in percent-
age. The height of each building was estimated by counting the number of floors and attributing 
them an individual average height of 3 m. The determination of the length of the façades was 
obtained by measurement on the Paris Map. Having height and length, the surface was easily 
deduced. This entire surface was attributed to the constituting materials according to their pro-
portions. The surface of the apertures (windows, doors), classically considered by the architects 
equal to the half of the total surface of the façade, was not deduced because it compensates for 
the roughness of the façade (sculptures, decoration, balconies…). In summary, the total calcu-
lated surface was attributed to the constituting materials and the half of this surface arbitrarily 
attributed to the modern glass of the windows.  

The Total Surface in m2 of the 525 façades of buildings and monuments of the Ile Saint 
Louis, Ile de la Cité and of the right bank of the Seine facing them, and the distribution of the 
different materials in these façades are given in Table 9, on the basis of a 3 m mean height. The 
geographical distribution of the total surface of the facades and the individual materials are 
shown in Figure 18and Figure 19.  

These results demonstrate that the main material present in the façades in the centre of 
Paris is the Lutetian limestone (roughly 76 %), followed by painting (15 %) and then by render-
ing (7 %). Brick (1 %) and metal (0.02 %) play a very minor role. These materials are displayed 
according to the architectural style dominating in each location. Thus, limestone is dominating 
in the Ile de la Cité and on the right bank facing it, due to the presence of many important 
monuments and Haussmannian buildings, while painting and rendering are prevailing in the Ile 
Saint Louis, where the buildings dating from the 17th and 18th centuries have been recently re-
stored and widely painted. Meanwhile, some “Noble Hôtels particuliers” dating from these cen-
turies are in limestone. In the Ile de la Cité or on the right bank of the Seine some remarkable 
buildings are an assemblage of limestone and brick. 
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The main risk for buildings and monuments in the centre of Paris is air pollution due to the 
traffic causing the soiling of façades by deposition of black carbonaceous particles, especially in 
their parts sheltered from rain, and the surface recession of these façades by erosion-dissolution 
in their parts exposed to the rain. The floods of the River Seine affect only the lowest level of 
the banks and attain very exceptionally the streets, buildings and monuments (one or two times 
by century). Capillary raisings of water loaded with salts at the basis of walls are not of major 
importance in the centre of Paris thanks to the entire covering of the ground by impermeable 
pavement. 

 
Figure 17. The Western extremity of the Ile de la Cité: on the left, a building in limestone and bricks on 

the Place du Pont Neuf, in the centre the statue of Henri IV in bronze. In the middle distance, 
the Coupole of the Institut de France and, in the background, the Tour Eiffel are located on 
the left bank of the Seine. 
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Table 9. Comparison of the percentages of different materials present in the façades of build-
ings and monuments in the three studied areas: the Centre of Paris, the Sestiere of 
Dorsoduro in Venice and the Via del Babuino in Rome. 

 
Façades 

Total Sur-
face 

Façades  
Total 

Length 

Lime-
stoneTra-
vertine-
Marble 

Render/ 
Mortar/ 
Plaster 

Painting Brick Metal 

Modern 
Glass 
(esti-

mated) 

Total 
Paris Centre 

525 façades 
= 

200 305m2 
11 203 m 

15  933 m2 
= 

76 % 

14 386 m2 
= 

7 % 

29 907 m2 
= 

15% 

2 534 m2 
= 

1 % 

420 m2 
= 

0,02% 

(50% 
= 

100 152 m2)
(Monu-
ments) (72 354 m2) - (100%) - - - - - 

Total 
Venice 

Dorsoduro 

279 façades 
= 

48 361 m2 
5241 m 

4 808 m2 
= 

10 % 

36 846 m2 
= 

76 % 
- 

6 676 m2 
= 

14 % 
- 

(50% 
= 

24 180 m2) 

(Palaces on 
Canal 

Grande) 

 
(1995 m2) 

 
- (43 %) 

 
(51 %) 

 
- - - 

(Glassy mo-
saics 

= 
6 %) 

Total 
Via del Ba-

buino 
(Rome) 

70 façades 
= 

16 913 m2 
921 m 

3 411 m2 

= 
20 % 

902 m2 
= 

5.4 % 

11 479 m2 

= 
68 % 

739 m2 

= 
4.4 % 

- 
(50 % 

= 
8 456 m2) 

 

 
Figure 18. Geographical distribution of the total surface (m2) of façades in the inspected area in Paris. 
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Figure 19. Comparative geographical distribution of limestone, render and painting in the investigated 

area in Paris. 

3.3.3.3 Venice 
For the evaluation of the Stock of Materials at Risk in Venice, a typical and representative 

area was chosen in Dorsoduro, an administrative district (“Sestriere”) of Venice. The area 
where the inventory of materials was performed is located between the Canal Grande on the 
North, the Giudecca Canal on the South, the Rio Terra Antonio Foscarini on the West and the 
line joining the Palazzo Venier dei Leoni (Guggenheim Foundation) to the Spirito Santo Church 
on the Eastern side, see Figure 20. It represents a territory covering a geographical surface of 
285 m × 305  m =  86925 m2. The total surface of the 279 façades measured is 48 361 m2 (Ta-
ble 9). 

The major materials constituting the façades are: stone (the white Pietra d’Istria), render-
ing-mortar and brick. The renderings are applied onto bricks (except for the modern Casa Ci-
cogna where rendering is applied on concrete) which re-appears when render detaches. The 
metals (grids, portals) and wood (doors, windows, pillars) are present but their surface was not 
estimated. Important mosaics in coloured glass decorate the façade of the Palazzo Barbarigo on 
the Canal Grande. 
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The risks for these materials in Venice are: water raisings (containing dissolved sea salts) 
at the basis of walls, causing damage on several meters height; “acque alte” (high waters): the 
inundation of places and streets causes humidity and major sea water raisings with deposition of 
sea salts on the materials; air pollution due to industry (in the complex of Marghera-Mestre), 
traffic (vaporetti, taxi-boats, boats for transportation of merchandises) and domestic heating 
(methane); surface recession and mass loss by erosion-dissolution in the parts of stone and mor-
tar/rendering exposed to the rain; air humidity associated with marine aerosols (sea spray), due 
to the situation inside the laguna of Venice, causing permanent wetting of the surfaces and fa-
voring the biological colonization (lichens, mosses, algae); mechanical action of waves pro-
duced by the too high speed of motor boats; mass tourism (graffiti, litter, pigeons fed with 
grains…): intense in some restricted areas in Venice (Saint Mark’s Place, Rialto Bridge…) but 
located outside the studied zone, see Figure 21. 

The methodology employed for the setting up of the inventory of materials in the façades 
of Venice-Dorsoduro is based on the direct measurement of the length (L) and height (H) of 
each building or monument using a laser beam (Professional Digital Laser Distance Measuring 
Instrument DLE 150 Bosch). The surface of the façade was then calculated (S = L × H). The 
proportion (%) of each type of material (stone, mortar/rendering, brick) was visually estimated 
and its surface easily deduced.  

The total surface of the 279 measured façades (48 361 m2) consists in 4 808 m2 of stone, 
36 846 m2 of rendering and 6 676 m2 of brick (Table 9). 

The stone (the white Pietra d’Istria) occupies a mean value of 10 % of the total surface of 
the façades in Dorsoduro. This material is thus in minority, except on the Canal Grande where it 
represents 43 % due to the most decorative architecture of the Palaces.  

Rendering and mortar with a mean value of 76 % of the total surface of the façades (51 % 
on the Canal Grande) represent by far the most used materials in Venice façades, Figure 21. It 
has to be kept in mind that rendering and mortar are generally applied on walls in brick, the lat-
ter re-appearing when render and mortar detach: this is the case at the basis of all the walls due 
to capillary raisings and salts crystallisation. The mean value for brick is 14 % of the total sur-
face of the façades in Dorsoduro when remaining naked (not covered by render or mortar at the 
origin). There are no brick façades on the Canal Grande, where there are 6 % of glassy mosaics. 
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Figure 20. Area of stock of materials at risk study in Venice of "Sestiere" Dorsoduro. 

 
Figure 21. View of the southern bank of the Canal Grande, Venice, taken from the Accademia Bridge 

with the Santa Maria della Salute Church in the background. The Palaces on the right de-
termine the northern limit of the studied area. 
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3.3.3.4 Rome 
For the evaluation of the Stock of Materials at Risk in Rome, a typical and representative 

area was chosen: the Via del Babuino joining the Piazza di Spagna to the Piazza del Popolo. It 
is representative of the civil buildings of the historical centre of Rome and comprises three 
churches: Sant’ Anastasio, All Saints and Santa Maria di Monte Santo (at the corner of Piazza 
del Popolo). The employed methodology for the setting up the inventory of materials in the fa-
çades of Via del Babuino is the same as in Venice – Dorsoduro (see above). 

The 70 measured façades spread for a Total Length of 921 m alongside the street. Besides 
the three churches, the buildings of the Via del Babuino are ancient medium sized palaces con-
verted into private flats with high standard shops at the ground level. The inspection of the fa-
çades reveals that many of them were painted at the occasion of the restoration and cleaning 
work performed for the Jubilee and the new Millennium in 2000. All types of materials were 
painted and probably not cleaned before this treatment, inducing an uncertainty for their future 
behaviour. Thus, many columns in travertine are half-painted at the ground level in the aim of 
conservation for people of the aesthetics of the original stone (Figure 22). 

The total surface of façades (16 913 m2) consists in 3 411 m2 of naked travertine (20 %), 
338 m2 of volcanic tuff (2 %), 42 m2 of marble (0.2 %), 902 m2 of naked rendering (5.4 %) and 
739 m2 of brick (4.4 %). The painted materials are predominant: 11 479 m2, that means 68 % of 
the total surface of the façades (Table 9). 

In contrast, two churches (Sant’Anastasio and All  Saints) contain 85 % and 90 % respec-
tively of naked brick, and only 15 % and 10 % respectively of travertine. The third church 
(Santa Maria di Monte Santo) presents on the Piazza del Popolo a frontage containing 90 % of 
travertine and 10 % of painting, and on its side along the Via del Babuino only 5 % of travertine 
but 95 % of painting. In Rome, the most important monuments are in marble and travertine, 
while the façades of other buildings were in coloured rendering before their recent painting in 
2000.  

The risks for these materials in Rome are double: traffic (soiling) and mass tourism (degra-
dation). Another risk was induced by the recent painting applied on all materials and particu-
larly on dirty deposits and black crusts without any previous cleaning or soft sandblasting. The 
rapid detachment of the painting is inevitable in the near future. 

                    
Figure 22. Two examples of half-painted columns for the Jubilee and new Millennium in 2 000:Via de 

Babuino n° 110-118 and n° 121, Rome. 
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A comparison of the Direct Measurement Method applied to the façades in the centre of 
Paris, the Sestiere of Dorsoduro in Venice and the Via del Babuino in Rome allowed to point 
out the very strong contrast between Paris, Venice and Rome regarding the constituting materi-
als (Table 9): 76 % in Paris versus 10 % in Venice and 20 % in Rome for lime-
stone/travertine/marble, 7 % versus 76 % and 5.4 % respectively for rendering/mortar, 15 % 
versus 0 % and 68 % respectively for painting, and 1 % versus 14 % and 4.4 % respectively for 
brick. In the three cities, metals play a minor role in the façades. When regarding the most im-
portant historical monuments, in Paris they are entirely (100 %) in Lutetian limestone while in 
Venice-Dorsoduro the palaces located on the Canal Grande contain  43 % of  Pietra d’Istria, 
51 % of rendering and no brick in their façades, but relatively important glassy mosaics (6 %). 
In Rome, two churches located Via del Babuino are made of  10-15 % of travertine and 85-90 % 
of brick without any painting, while the third church at the corner of the Piazza del Popolo 
shows a strong contrast between its side and its frontage.  

In conclusion Paris is a city of stone, Venice a city of rendering applied onto brick and 
Rome is a city of  painted surfaces on all materials, essentially travertine and rendering. 

3.3.4 Single monument 
In the framework of the CULT-STRAT Programme different studies regarding the mainte-

nance, conservation and restoration costs of single monuments have been developed. The meth-
odology used is demonstrated on two objects: the Aldobrandini Village House, located in the 
Roman province of Frascati and the Santa Maria della Vittoria Church located in the town cen-
tre of Rome. 

3.3.4.1 Aldobrandini Village House 
 

For the determination of the exact loca-
tion of the villa we used the Google Earth 
Programme. This programme not only pro-
vides the coordinates of the country, city, 
area or even the street or monument con-
cerned, but it also shows the real satellite pic-
tures of it, Figure 23. The coordinates of the 
villa are: 41° 48’ 16. 11” North – 12° 41’ 02. 
90” East. 4  

 
Figure 23. Google Earth satellite picture 
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After establishing the location of the villa, the 
total surface of the frontal, lateral and backside fa-
cades of the principal building was calculated. The 
length of the frontal facade measures 52 meters, 
while its height and width is 14 meters.  

From these measurements we can estimate 
that the frontal facade surface or area is 728 m² 
(without the upper tower), and the left and right 
lateral facades areas are 196 m² each one. The 
backside facade is different from the frontal, since 
it has a protrude donjon of 15 meters with a thick-
ness of 5,50 meters, Figure 24. 

Figure 24. Villa Aldobrandini 

The building has a sloping roof with tiles and iron 
zinc plated galvanized eaves, with a stucco cornice. The 
windows have wooden shutters and iron gratings. The fa-
cades prime material is plaster with mortar lime and 
“pozzuolana” in the background. Finished over with a thin 
layer of lime stucco and marble powder, and coloured 
with a water diluted varnish, Figure 25.  

The Villa is decorated with different types of win-
dows, which were classified and measured, in order to es-
timate the total glass surface of the facades. They com-
prised small square or oval windows, to medium and large 
rectangular ones, and arched ones of different sizes. The 
building includes also a full-size balcony in the backside 
facade in the last floor, facing the backyard of the Villa, 
Figure 26.  

 
Figure 25. Villa Aldobrandini 

 
 
 
 

  
 
 
 
 
 
 

  

Small square win-
dows no. 26 

Small rectangular 
windows no 57 

Large rectangular 
windows no. 5 

Arched windows 
n. 5 

Large arched win-
dows no. 1 

Measures 1,10 m x 
1,20 m 

Measures 1,10 m x 
1,50 m 

Measures 1,10 m x 
2,10 m 

Measures    
2 m x 2,10 m 

Measures  
6 m x 4,50 m 

Window area 
1,32 m² 

Window area 
1,65 m² 

Window area 
2,31 m² 

Window area 
5,97 m² 

Window area 
30,53 m² 

Figure 26. Different types of typical Roman windows in the Villa 

Using this data we estimated that the total amount of glass in the Villa’s main building is 
estimated to approximately 200 m². If the frontal facade surface is 728 m² this means that this 
side of the building has 39% glass of the total surface, the backside facade has 43 % and the lat-
eral facades 9 % each one. If the frontal facade has 77,9 m² of glass, and we subtract the en-
trance space (8 m² = 2m length x 4 m high) it can be assumed that the remaining 642 m² is plas-
ter.  
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6.2. Santa Maria della Vittoria Church  

  
Figure 27. Views of the frontal and side facades of the Sa tam aria della Vittoria Church in Rome 

Triangle Surface

Area = ½ Base x Height
Area = ½ (7 m)(1,50 m)
Area = 5,25 m²

Rectangle Surface

Area = Length x Width 
Area = (7 m)(4,50 m) 
Area = 31,5 m²

Larger Rectangle Surface

Area = Length x Width 
Area = (10,50 m)(7,50 m) 
Area = 78,75 m²

Smaller Rectangle Surface

Area = Length x Width 
Area =  (11 m)(1 m) 
Area =  11 m²

Total frontal surface in 
travertine marble = 126,5 m²
* Taking as reference the computer grid

** Decorations not included  
Figure 28. Ares of different parts of the frontal façade of the Santa Maria della Vittoria Church in Rome 

As for the Frascati Villa, the Google Earth Programme was used to find the coordinates of 
the Santa Maria della Vittoria Church, located in the town centre of Rome. The exact coordi-
nates are: 41° 54’ 16.56” North – 12° 29’ 39. 26” East. This Roman baroque church from 1620, 
has a plain solemn travertine marble facade, and an interior rich of important sculptures, Figure 
27. The church has a single wide nave under a low segmental vault with three interconnecting 
side chapels behind arches. The masterpiece of the chapel is the “Ecstasy of Santa Theresa” by 
Bernini located in the left of the altar 
In order to measure the entire frontal facade of the church, it was divided into different geomet-
rical figures, since it has a complex outline, and calculated each area and added them. These 
measurements are not 100% sized, but have been taken from a digital prospect of the building, 
to merely understand the different spaces of the antique construction. 
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3.4 Analysis of risks based on mapping of cultural heritage at different 
pollution scenarios (Work package 4 – responsible UBA) 
Within this work package mapping procedures were developed and used for production of 

maps illustrating risk scenarios for regions and areas at different scales: national, regional and 
local. They show damage to CH materials in the multi-pollutant situation including time devel-
opment and quantification of exceedance levels. 

3.4.1 Mapping of corrosivity at national scale 
By joining together updated national data sets on pollution and climate for Germany, 

Czech Republic, Switzerland and Austria and adapting the individual national geographical co-
ordinate systems into a unified 1km x 1km grid system, it became possible to calculate and to 
produce corrosivity maps for zinc, carbon steel, copper, bronze and Portland limestone for the 
area covered by the four countries, representative for Central Europe. 

An example of the corrosivity map for carbon steel showing the situation in 1990 and 
comparing to the year 2005 is given in Figure 29. 

            
Figure 29. Mapping corrosion rates of carbon steel in Germany. Czech Republic, Switzerland and Aus-

tria in 1990 and 2005. 

Comparison of the size of the areas, which have corrosion rates above the 2.5fold of the 
background corrosion rate enables to locate and quantify the areas, which have corrosivity 
higher then the tolerable rate and which need further action.  
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For instance carbon steel surfaces were exposed in 1990 in all three countries to an envi-
ronment that lead to corrosion rates above the tolerable corrosion rates with the exception of the 
Alpine area. This situation has changed substantially during the following years and in year 
2005 only few areas in Germany and Czech Republic are subjected to higher corrosion risk, 
Figure 30. 
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Figure 30. Exceedance of background corrosion rate for carbon steel in1990 and in 2005. 

3.4.2 Mapping of corrosivity at urban scale 
In general, most of the materials, including those of cultural monuments are located in ur-

ban areas. Therefore it was of great interest to explore, whether and to which extent materials in 
urban agglomerations are exposed to risk of increased corrosion. With the same methodology as 
for the nation-wide mapping, corrosivity maps were produced for some important urban areas 
(Berlin, Paris, Madrid, Milan and Vienna) . They allow comparing the corrosivity situation of 
the year 1990, 2000 and the year 2005. 

In all cities which have been studied the situation has strongly improved. As an example 
the following figures show the calculated surface recession of limestone in the area of Paris. 
Whereas in 1990 in the historic centre of the city the corrosion rate exceeded the tolerable value 
now practically all areas are protected, Figure 31. 

Figure 31. Surface recession of Portland limestone in Paris in 1990 and 2005. 
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3.4.3 Scenarios 
Mapping based on dose-response function application allows also calculation of expected 

corrosion rates with environmental parameters that are expected to be met in the future, for in-
stance following the air pollution reduction policy of the European Union. The current legisla-
tion of the European Union urges within the National Emission Ceiling directive in Germany 
until 2020 a 48% emission reduction of SO2, 51% of NOx and 35 % of PM2,5 related to the base 
year 2000. Additional reductions of emissions due to the proposed Thematic Strategy within the 
CAFÉ initiative would reduce the emissions of SO2 by 58%, NOx by 58% and PM2,5 by 47%, 
again related to the base year 2000. 

For mapping purposes in a simplification the emission reduction percentage was set equal 
to the expected reduction of deposition of SO2, HNO3 and PM10. In reality those transformation 
calculation does not follow a linear relation and the deposition reduction will be lower than the 
reduction in emissions. Nevertheless, also with this imperfection important trends can be made 
visible. With these parameters a scenario mapping exercise could be performed for the area of 
Germany. Both scenario maps exemplified for zinc corrosivity for the year 2020 are compared 
to the situation of the base year 2000 (Figure 32). 

For all materials it can be expected that the corrosivity would be below the tolerable values then. 

 
Figure 32. Mass loss of zinc for 2000 and scenarios for 2020. Background corrosion rate 3.3 g m-2 

3.5 Analysis of life cycles and costs for cultural heritage materials at dif-
ferent pollution scenarios (Work package 5 – responsible ITAM) 
The development of strategies for the analysis and practical determination of life cycles of 

historic materials within modelled scenarios was one of the main aims of the CULTSTRAT pro-
ject. The strategies take into account both knowledge of dose/response and damage functions 
gained from long term exposure programmes and possible effects of expected future changes in 
the air quality, including new multi-pollutant situations and effects of reduction of emissions. 
They are enhanced by the identification of decisive deterioration effects on historic material sur-
faces that substantially influence life time and life cycles. 



 52

Further, strategies for sustainable conservation of historic material surfaces, based on cost 
estimates and comparative analyses of life cycles, and on dependent processes for protection, 
maintenance, cleaning and renovation of built cultural heritage objects, had to be developed, 
This helped to demonstrate the advantages and disadvantages of different conservation ap-
proaches as regards environmental impact, economy and employment, in relation to different 
European environmental and technological conditions. 

Five project partners, BRE, NILU, ENEA, LISA and ITAM, were involved in the work. 
BRE contributed with the identification of construction materials typically used in architectural 
heritage buildings in UK and with a review of classification approach to sorting building mate-
rials, elements and structures and their failures. BRE further provided a set of cost tables related 
to the conservation/renovation works on cultural heritage objects in the UK, and further collabo-
rated with ITAM on life cycle estimate methodology and, in particular, on the final cost/benefit 
analyses. 

NILU has, as a continuation of work from the MULTI-ASSESS project, contributed in the 
development of a method to derive “Time periods between maintenance” for a range of materi-
als and surface types. A number of alternative definitions for the end of the maintenance cycles 
were considered including, “Corrosion depth before action” combined with a “Factor for toler-
able corrosion”, and the “Corrosion depth before action” for the chosen “Time between mainte-
nance” and “Factor for tolerable corrosion”.  This model also gives the ‘acceptable’ gas concen-
trations of SO2, and for copper also a concentration for O3, that satisfies the chosen acceptable 
deterioration or maintenance conditions. NILU has particularly focused on the development of a 
method to estimate general pollution costs, based on a definition of tolerable corrosion before 
maintenance action using dose response and lifetime functions. NILU also provided a cost cata-
logue for some conservation/renovation costs typical for Norway. In addition, the costs of resto-
ration works in Italy were provided by ENEA. 

Three deliverables have been produced during the project. The first one, Deliverable 7, 
summarized and sorted theoretical outcomes useful for life time estimates taking into account 
environmental action. For the materials chosen in earlier tasks in the project the dose response 
and damage functions were reviewed and complemented with serviceability data for situations 
in different classified pollution intervals. During the project work 20 studied materials have 
been selected and their damage functions reviewed as a basis for cost analyses at different air 
pollution scenarios. 

The life cycle time assessment methodology has been further improved by amendments ex-
tracted from critical studies of real maintenance and restoration periods on selected objects (see 
below).. Evaluation of the extent of surface damage, the loss of material - for corrosion - as well 
as optical methods - for soiling – have all been utilized in this work. 

The main part of the Deliverable 10 consists of tables with estimated conserva-
tion/renovation cost information. They are based on data from 4 typical European regions – 
southern (represented by Italy), central (represented by the Czech Republic), western (repre-
sented by the UK), and northern (represented by Norway). In the tables 110 items of restoration 
works or operations are described and typical costs in EUR are presented, giving minimum, 
maximum and average values in January 2006. Seven groups of items have been selected that 
represent typical conservation/renovation works for further study. They are: roof envelope, non-
plastered masonry, glass walls, plastered façades, painted wood, sculptures and sculptural items, 
supporting works (scaffolding etc.). 
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When dealing with costs, it is useful to distinguish between different types of actions and 
to break them down accordingly. It has been accepted as practical to consider three modes of in-
tervention, though more subtle categories can be defined. These three modes are: maintenance, 
conservation, and renovation. These categories correspond to typical demands for individual 
operations and combinations of operations that are reflected in the relevant costs (and lifetimes). 
All three groups can be subdivided according to specific challenges and demands due to the 
need to safeguard and protect various grades or levels of cultural heritage values, which may re-
quire specific skills, technologies and materials. 

According to the ICOMOS United Kingdom Charter for the conservation of buildings and 
sites, maintenance is defined as “the routine work necessary to keep the fabric of a building, 
moving parts of machinery, grounds, gardens or any other artefact in good order”. Maintenance 
actions include i) regular inspection, ii) cleaning, including biocide treatment, iii) local repair of 
the fabric of a building or artefact, iv) renewal of protective layers (water repellent treatment, 
paints, etc.). 

Conservation is defined as “action to secure the survival or preservation for the future of 
buildings, cultural artefacts, natural resources, energy or any other thing of acknowledged value. 
It is considered as actions taken to prevent decay and manage change dynamically”. This is a 
rather complex definition, and we usually include only the following actions: i) survey and re-
search, ii) maintenance, iii) consolidation, and iv) restoration. 

The final family of interventions is gathered under the label “renovation”. These interven-
tions include i) substantial repairs, ii) alterations, iii) rebuilding or remaking, and iv) replication. 
The term repair refers to work on the fabric of a building or artefact to remedy defects, signifi-
cant decay or damage caused deliberately or by accident, neglect, normal weathering or wear 
and tear, the objective of which is to return the building or artefact to good order, without altera-
tion and restoration. 

The example in Table 10 compares the typical modes of interventions mentioned here in 
terms of costs and lifetimes. In the framework of the CULTSTRAT project, we reviewed the 
costs of construction works or building elements related to appropriate units – square metres, 
metres, pieces of a typical element. The costs include material costs and labour costs, together 
with the mean transportation and scaffolding costs relevant for low rise buildings up to 3 sto-
reys. The costs are for 2005. The costs are derived from known examples (mostly restoration 
costs), official price lists (special & general construction works) and long term statistical sur-
veys (general repair & construction costs). 
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Table 10. Comparison of typical modes of intervention concerning costs and lifetimes 

Guided cost EUR Lifetime in years No. Surface layer or system Unit Minimum Maximum Average Min/Max/Average

1 copper sheet – total replace-
ment m2 55,65 85,00 67,82    

2 steel galvanized sheet – total 
replacement m2 16,04 52,00 30,59 5 45 25 

3 plain tiles (double) – total re-
placement m2 30,23 43,32 36,58 40 100 70 

4 flap pantile roofing – total re-
placement m2 24,23 45,39 37,65 30 70 50 

5 wooden shingle split – total 
replacement m2 35,16 83,68 58,04 50 80 65 

6 paint on steel sheet – renewal m2 3,75 5,48 4,62 3 9 6 

7 paint on galvanized steel sheet 
– renewal m2 5,53 57,00 26,02 5 11 8 

8 paint on wooden shingle roof-
ing m2 5,32 43,32 17,96 5 8 6,5 

 

Economic data on conservation and maintenance, namely the costs of conservation and 
maintenance works, provide a basis for optimum planning of interventions on cultural heritage 
objects. The typical average costs of restoration and maintenance works in European countries 
differ substantially. Figure 33 shows average cost ratios for interventions related to the Czech 
Republic – maintenance, renovation and conservation works for roof envelopes (left) and for 
sculptures (right). The Purchasing Power Parity ratios – (in brackets) - related to the Czech Re-
public are added in order to estimate the possible influence of the local economy in the reported 
countries. 
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Figure 33. Average cost ratios for different interventions related to the Czech Republic using the Pur-

chasing Power Parity ratios (PPP). 
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The range of costs associated with roof maintenance, conservation and renovation works 
are displayed in Figure 34, which shows the costs of ten selected actions, (1 copper sheet re-
placement, 2 to 8 correspond to the rows in Table 10 above, 9 regional variants – slate tiles, 10 
flat pantile roofing – repair and making good of up to 10% of the tiles). In this specific case the 
costs are reduced by the ratio corresponding to the Purchasing Power Parity in the relevant 
country and, therefore, the influence of differences in local economies is removed. Data from 
different countries enables the analysis of European diversity in general pollution costs. Costs in 
relation to different items are generally uniform across Europe, but of course, the absolute val-
ues vary significantly namely on works consuming a large portion of skilled labour. The ratio of 
costs in Central Europe (new member states) to the costs in West European countries may reach 
1 : 12 and it is far beyond the differences in national economies if measured by the Purchasing 
Power Parity or GNP. The significant regional differences may also influence the approach to 
establishing heritage management strategies.  
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Figure 34. Range of costs associated with roof maintenance, conservation and renovation works 

The time period between interventions for given historic materials and systems can be cal-
culated using the dose response functions and agreed tolerable corrosion before action, or it can 
be estimated from an evaluation based on practical experience. The second approach inherently 
takes into account the local situation and any increase in air pollution due to local sources with 
quite a limited radius of possible impact. Of course, reliable long-term monitoring of data on the 
environment and on maintenance and construction is a necessary condition for assessing the 
typical time period between two interventions. Such data is usually not available, and we have 
to use archive and/or comparative studies and interpolations or extrapolations for lifetime pre-
dictions. The lifetime is defined as mean time to failure (MTTF) or as a return period (RP), 
which is dependent on the data available. MTTF is estimated from the known lifetimes of sev-
eral similar objects (or elements), while RP is calculated from data known for one object on 
which an identical element has failed several times during the life of the object. The practical 
lifetime value changes according to environmental factors, conservation technologies, materials 
and approaches, state policy, and changes in definitions of critical damage or serviceability. 
Figure 35 shows examples of the ‘return periods’ for the restoration of a fresco. 
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Figure 35. Periodicity of interventions (‘return periods’) for restoration of a fresco in Telc. 

It is clearly important to know the intervention history for architectural heritage. There is 
an urgent need to start extensive monitoring of local environmental data and to relate the data to 
repair and maintenance works on individual objects. The most favourable effects are in cities, 
where local policies can be established and put into practice, and where the benefits can be 
monitored and the cost efficiency can be reviewed. Such monitoring should involve the local 
population, namely the owners of buildings, in order to obtain representative samples for statis-
tical evaluations. As discussed earlier, the public play an important role in scaling the threshold 
damage to visible elements of the architectural heritage, i.e., damage to envelope structures or 
decorative elements, and in reviewing the costs. 

Regional diversity in life time of cultural heritage materials is partly influenced by the re-
gional types (stones), partly by climate differences (weather conditions) and partly by conserva-
tion or surface treatment technologies. 

The costs, combined with the lifetime assessment mentioned above, yield a formula for 
computing the overall pollution cost. The life assessment can be calculated from the damage 
functions or can be known from practical experience. Of course, the result is further dependent 
on the situation in the individual countries. There are relatively few variations in the types of 
materials used for architectural heritage objects across Europe, but the volumes of materials 
typically used in different regions vary considerably. The volumes of various historic materials 
under threat are further influenced by the policies in different countries for listing buildings and 
structures as architectural heritage. 

Atmospheric (air) pollution over a territory is usually characterized by values constant 
within chosen grid units. Therefore, it is reasonable to calculate the pollution costs typical for 
the same grid scheme. We combine the knowledge of cultural heritage materials stock in the ter-
ritory with data on air pollution over the same territory. The general pollution costs can be then 
calculated from the prices given in Table 10 as a sum of pollution costs of interventions on indi-
vidual building surface materials or systems using Equation 1: 
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Cp = sum (Qi*fi*(tti-tpi)/(tti*tpi), i = 1.....n)   ( 1 ) 

where: 

Cp = pollution cost in EUR/year/grid unit 
Qi = the amount of one type of building material or system within the grid unit 
fi = the price for maintenance or repair for the given material in EUR/m2. 
tti = the technical lifetime for the given material in “clean” atmosphere in years. 
tp = the lifetime for the given material exposed to characteristic grid pollution in years. 
i = 1 …..n where n is number of historic materials or conservation systems present in the 
grid and subjected to air pollution action 
 

The study of economy and life expectancy matters has been completed with an attempt to 
analyse costs and benefits in selected European World Heritage cities: Prague, Telč (a small 
Moravian World Heritage Site) and Paris. Different building envelopes and details have been 
investigated, but largely without a clear conclusion or assessment of cost/benefit relations. The 
case studies suffer from the fact that complex, and mutually, linked environmental, economy 
and lifetime data are not available, and in the future it would be beneficial if they are collected 
across Europe. The acquired information enabled the project to reveal some features of return 
periods but not relate them to the environmental – air pollution situation. This can be used to 
support decisions about the planning of maintenance periods for discussed materials and ob-
jects. Three examples of analysis performed for individual buildings in Prague and Paris are 
given in the following. 
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The benefits from a reduction in damage to historic buildings/ monuments is very hard to 
assess because of the difficulty of obtaining information on the value society places on changes 
in the appearance/strength of these structures.  The amount spent on repairs may provide some 
indication but this is likely to significantly underestimate the scale of benefits, due to the intrin-
sic value of historic buildings.  Similarly, donations/ contributions to agencies would provide 
another pointer to the value placed on structures of historic significance.  This would not be use-
ful in valuing changes in damage unless it could be shown that this expenditure changed with 
the condition of a structure, for which no data are usually available. 

In UK, there is estimated that £200m was spent each year on the repair and maintenance of 
historic buildings.  The estimated level of repair expenditure is equivalent to approximately 1% 
of the total sum spent on the repair of modern buildings.  Based upon the expenditure of tourists 
who visit selected buildings, repair expenditure might undervalue historic buildings by a factor 
of ten. Therefore, the benefits, if apparent, are mostly biased. 

The cost/benefit analysis of environmental strategies related to cultural heritage objects 
represents a difficult task and it is distorted by so many side effects, constraints and conditions 
that only very approximate or general tendencies can be revealed and used as the basis for con-
clusion generated by this work package. 

The corrosiveness of different atmospheric environments on metal is well known, and also 
other porous building materials like stone, brick, ceramic, concrete have been studied and re-
lated to their sensitivity to different pollution situations aiming to specify their lifetime in vari-
ous atmospheric conditions. However, both the conservation regime of monuments and building 
maintenance are influenced by many other factors besides the environmental situation. 

The other factors include:  
- the availability of financial resources; 

- the importance of the monument from different points of view (e.g. architectural, historical, ar-
tistic, etc); 

- the quality and expert knowledge of technical supervision of a monument or building (this can 
include knowledge of the causes of the specific technical problems and up-to date repair and 
protective technologies which can be straightforward but often require special materials and 
technologies, not that common in building industry); 

- the extent of previous building or monument maintenance, which may not have been done 
regularly and with the same quality during the life of a historical object; 

- the materials used and complexity of the object’s surface – leading to a greater demand for 
maintenance, and material diversity resulting different aging as well as different durability or 
resistance against weathering.  

The ratio of sheltered to openly exposed parts of the monument or building influences 
staining and leads to uneven soiling, which is a problem particularly for monuments bearing 
carving and relief with a high artistic value or other surface value, the loss of which would be 
considered priceless. In general, the appearance of architectural heritage and sculptures repre-
sent the main phenomenon which can be affected by controlling air pollution and maintenance 
strategies and policies. In cases where the surface is considered priceless it is not possible to tol-
erate any material loss and the life time estimates will concern only protective measures, mostly 
protective layers or treatment. In other words, the measures protecting highly sensitive and pre-
cious cultural heritage from surface degradation and material loss are to be applied, maintained 
and renovated in any damaging environment regardless its corrosiveness rate. For the 
cost/benefit analysis in such cases the damage functions and lifetime estimates of protective 
measures are indispensable. 
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Although questions of cost benefit have only been partially answered so far, an intelligent 
evaluation of pollution monitoring data, data on maintenance costs and life-to-necessary-
maintenance estimates supports the establishment of reasonable heritage maintenance policies at 
municipality level. Such an approach seems to be realistic and viable, thanks to better availabil-
ity of data on materials exposed to pollution and also on local pollution sources in cities and vil-
lages. The results are helpful for decision making on maintenance or restoration planning, and 
for evaluating the effectiveness of interventions that have been made. 

During the CULT-STRAT project the contribution of the Paris XII University to the WP 5 
consisted also in the calculation of the costs of cleaning of 35 façades in Paris, achieved by the 
sub-contractor Thomann-Hanry Company, and the drawing up of 15 fiches on the main monu-
ments of Paris recently cleaned by the same company (Deliverable 16).  

3.6 Selection and testing of indicators and threshold values for cultural 
heritage (Work package 6 – KIMAB) 
The main objectives of the work package are:  
- to perform a comprehensive analysis and synthesis of results from WP1-4 and WP6.  

-  to give recommendations for materials useful as primary cultural heritage indicators and cor-
responding levels of damage. 

-  to show how the levels of primary cultural heritage indicators correspond to pollutant levels 
as secondary indicators. 

-  to evaluate the practical applicability of selected indicators and threshold levels 

It should be noted that the indicators for corrosion and soiling have reached different levels 
of development. The indicators for corrosion have been tested and validated during a long pe-
riod and significant data on trends are available while the indicators for soiling are still under 
development. 

3.6.1 Potential materials and environmental parameters for inclusion in the 
impact assessment model 

The deliverable made a first compilation of potential indicators for materials and environ-
mental parameters. The compiled lists included 23 different materials and 20 environmental pa-
rameters. Four main exposure programs with available data were identified and briefly de-
scribed: 

- - International Co-operative Program on Effects of Materials (ICP Materials). This program 
provides a scientific basis for new protocols and regulations developed within the Convention 
on Long-Range Transboundary Air Pollution (CLRTAP) under the Working Group on Effects 
(WGE) with a secretariat hosted by the United Nations Economic Commission for Europe 
(UNECE). 

- - ISO TC 156 Corrosion of metals and alloys (ISOCORRAG / MICAT). This program was 
initiated in the framework of ISO / TC 156 / WG 4 - Corrosion of metals and alloys - Classifi-
cation of corrosivity of atmospheres. It is an international exposure program with more than 50 
sites located in Europe, Argentina, Canada, Japan, New Zealand and USA 

- - Model for multi-pollutant impact and assessment of threshold levels for cultural heritage 
(multi-pollutant / MULTI-ASSESS). The EU 5FP MULTI-ASSESS project was initiated in 
order to develop dose-response relations and complement the ICP Materials multi-pollutant 
program with measurements of HNO3 and particulate matter. The dose-response functions 
quantify the multi-pollutant effects in combination with climatic parameters on the deteriora-
tion and soiling of different materials. 
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- Regional Air Pollution and Corrosion in Developing Countries (RAPIDC/Corrosion). 
This corrosion project is a part of the 2001-2004 Swedish International Development Agency 
(SIDA) funded Program. Standard specimens of carbon steel, zinc, copper, limestone and paint 
coated steel have been exposed at 12 test sites in Asia and 4 test sites in Africa. 

A strategy for continued work in the selection process for materials indicators was formu-
lated based on the following criteria 

- importance in cultural heritage 

- - ease of use 

- - cost 

- - reliability 

- - quality of dose-response functions. 

Important considerations for the environmental parameters were importance for the degra-
dation process and availability. 

3.6.1 Final assessment model for cultural heritage  
A ranking of effects of climate and pollution on corrosion was performed that identified 

SO2, HNO3, O3 and particulate matter expressed as PM10 as potential secondary indicators. Of 
these, O3 was considered less important for outdoor cultural heritage even though its signifi-
cance for degradation of organic material was recognised. 

Based on an analysis of data for a shorter list of potential materials indicators consisting of 
limestone, carbon steel, zinc, copper, bronze it was concluded that: 

- Portland limestone could be regarded as an indicator for calcareous stones 

- Carbon steel could be regarded as an indicator for iron/steel and bronze 

- Zinc could be regarded as an indicator for zinc, galvanised steel and possibly copper 
but only for longer copper exposure times 

For soiling of materials at present two models were considered, both of them under devel-
opment. One of them was based on measurements on stone, white plastic and white painted 
steel is using an exponential function, which has resulted in dose-response functions that de-
scribe soiling as a function of deposition of particles. The other concept is based on a global 
model for the soiling time evolution, using total particulate matter deposited per surface unit and 
haze (the ratio of the direct and the diffuse transmittance of light) on modern glass. The fitted 
model is the Hill equation, also known as the variable slope sigmoid. Common for these models 
is that they at present only include particulate matter as an independent variable and therefore 
PM expressed as PM10 could be used as a secondary indicator for soiling. 

3.6.2  Verification of indicators and threshold levels for corrosion 
Carbon steel, zinc and Portland limestone were selected as preliminary materials indicators 

for corrosion. These materials have been exposed in a network of test sites (Figure 36). The 
network of test sites is hosted by the International Co-operative Programme on effects on Mate-
rials including historic and cultural monuments (ICP Materials). The exposure started in the fall 
of 2005 and ended one year later. At some sites, the exposure will start at a later stage. 
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Number Name Country 

1 Prague Czech Republic 
3 Kopisty Czech Republic 

10 Bottrop Germany 
13 Rome Italy 
14 Casaccia Italy 
15 Milan Italy 
16 Venice Italy 
21 Oslo Norway 
23 Birkenes Norway 
24 Stockholm Sweden 
26 Aspvreten Sweden 
27 Lincoln Cathedral United Kingdom 
31 Madrid Spain 
33 Toledo Spain 
35 Lahemaa Estonia 
37 Dorset Canada 
40 Paris France 
41 Berlin Germany 
44 Svanvik Norway 
45 Chaumont Switzerland 
50 Katowice Poland 
51 Athens Greece 
52 Riga Latvia 
53 Vienna Austria 
54 Sofia Bulgaria  

Figure 36. List and map of test sites with inset of North America (top/left) 

3.6.2.1 Carbon steel 
Carbon steel was prepared and evaluated by SVUOM Ltd. - Institute for Protection of Ma-

terial in Prague, Czech Republic. Plates of unalloyed carbon steel (with C < 0.2 %, P < 0.07 %, 
C < 0.07 % according to CSN 11373) with dimensions 100 x 150 x 0,5 mm were used, triplicate 
per exposure period. The averages of corrosion values are illustrated in Figure 37. The test sites 
with the greatest corrosion losses of carbon steel were No 41 Berlin and No 50 Katowice.  
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Figure 37. Mass loss of carbon steel after 1 year of exposure (2005/2006) 

One-year exposures of carbon steel in the mentioned network of test sites started already in 
1987. Historical data and the possibility to compare present and past levels increase the value of 
an indicator. Due to decreasing SO2 levels, the general corrosion trend in the past years is also 
decreasing. However, in the present exposure, the average trend for carbon steel is slightly in-
creasing when comparing the two most recent exposures. For some sites, with an overrepresen-
tation of cold sites, corrosion has increased substantially (Figure 38).  
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Figure 38. Trends in carbon steel corrosion showing values for the periods 1987/88, 1992/93, 1994/95, 

1997/97, 1997/98, 2000/01, 2002/03 and last 2005/06 (marked in black). 
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3.6.2.2 Zinc 
Zinc was prepared by the Swiss Federal Laboratories for Materials Testing and Research 

(EMPA), Dübendorf, Switzerland. Zinc plates (99.99%) 100 x 150 mm in size and 2 mm in 
thickness were used in triplicates for each exposure period. The averages of corrosion values for 
1-year exposure (2005/06) are illustrated in Figure 39. The test sites with the greatest corrosion 
losses of samples were surprisingly the unpolluted sites 23 Birkenes and 26 Aspvreten. As for 
carbon steel, the corrosion of zinc at some sites in the northern part of Europe or on elevated lo-
cations has increased unexpectedly in recent years (since 2000), see Table 11 and Figure 40. 
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Figure 39. Corrosion (µm) of zinc after 1 year of exposure (2005/2006).  
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Table 11. Corrosion of zinc (µm) after 1 year of exposure. Comparison of northern and ele-
vated sites with rest of exposure sites 

  1990-91 1992-93 1994-95 1997-98 2000-01 2002-03 2005-06 
Mean 1.17 1.12 0.77 1.10 1.21 1.27 1.38
S.D. 0.37 0.46 0.33 0.32 0.55 0.37 0.58

Median 1.12 1.04 0.74 1.06 1.15 1.20 1.13
Min 0.55 0.49 0.24 0.59 0.37 0.65 0.53
Max 2.34 2.21 1.69 1.69 2.99 2.21 2.74

Northern 
“N”a) 0.92 0.89 0.69 0.88 1.36 1.44 1.70

All sitesb) 1.04 0.98 0.67 0.99 1.11 1.26 1.31
All-“N“c) 1.18 1.14 0.74 1.11 1.06 1.26 1.16

a) Exposure sites “north” and over 1000 MSL:  Svanvik, Oslo, Birkenes,  
Stockholm South, Aspvreten, Chaumont, Dorset. 

b) All exposure sites with more than two exposures during the mentioned time periods: Prague, Kopisty, Ähtäri, Bottrop, Rome, 
Casaccia, Milan, Oslo, Birkenes, Stockholm South, Aspvreten, Madrid, Toledo, Lahemaa, Lisbon, Dorset, Paris, Berlin, Svanvik, 
Chaumont 

c) All exposure sites except “northern” sites  
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Figure 40. Trends in zinc corrosion showing values on the “northern sites”for the periods 1990/91, 

1991/92, 1992/93, 1994/95, 1997/97, 2000/01, 2002/03 and last 2005/06 (black). 

3.6.2.3 Portland limestone 
Portland became popular in the 17th century when Inigo Jones and Sir Christopher Wren 

used it in many buildings including St.Paul's Cathedral, London (Figure 41). Portland has re-
mained popular with architects and builders because of its fine grain and good durability, and 
because it weathers very evenly. The quarries are located on the Isle of Portland in Dorset, Eng-
land and the tablets have been used in many of the large exposure programs including ICP Ma-
terials, MULTI-ASSESS and RAPIDC/Corrosion. 
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Figure 41. St. Paul’s Cathedral, London 

Portland limestone was prepared by the Building Research Establishment (BRE) Ltd, lo-
cated in Garston, Watford, United Kingdom. The stone were sawn from blocks into tablets 50 x 
50 x 8 mm in dimension. The corrosion was assessed by the mass change but then recalculated 
into surface recession (R) in µm. Averages of surface recession values for 1-year exposure 
(2005/06) are illustrated in Figure 42. The test sites with the greatest corrosion losses of samples 
were 10 Bottrop, 15 Milan and 50 Katowice.  
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Figure 42. Surface recession of Portland limestone after 1 year of exposure (2005/2006). 

The ranking of sites is in line with previous exposures of Portland limestone. However, the ab-
solute values are higher than expected. The tablets were from a different batch than previous 
exposure. Preliminary attempts have been made to characterize the two materials (Table 12). 
The new stone has a higher porosity but on the other hand the lower saturation co-efficient im-
plies that it should be more durable, the values for the new stone are typical of the best Portland. 
Overall, it should be expected from the values in Table 12 that the old and new Portland should 
be very similar in weathering. In order to verify this, parallel exposures of the two variants will 
be performed. 

Table 12. Materials characteristic for old and new Portland limestone (duplicate measure-
ments) 

Portland 
Limestone

 

Porosity 
 

Saturation 
coefficient 

Water 
absorption 

Density 

Old 16.0; 16.4 0.73; 0.72 5.13; 5.21 2.27; 2.26 
New 18.6; 19.2 0.61; 0.63 5.35; 5.36 2.20; 2.19 

 

3.6.2.4 Threshold levels for corrosion 
It was realized at an early stage that the term “threshold levels” was not considered appro-

priate for materials. A threshold level is the minimum level at which a response occurs. It relies 
on the dose-response function having a positive intercept on the “dose” axis. For materials, the 
intercept is instead on the “damage” axis since degradation of materials is a natural process that 
occurs even in the absence of pollutants. Therefore, the concept of acceptable (for technical ma-
terials) and tolerable (for cultural heritage) levels was developed in the EU 5 FP MULTI-
ASSESS project. The argumentation for reaching these levels is given in the following and is 
based on the tolerable levels derived in the MULTI-ASSESS and a further discussion and clari-
fication within CULT-STRAT.  
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The tolerable corrosion can be based on experiences from restoration work and calculated 
from two important components: 

The “tolerable corrosion before action”, based on the stage of deterioration when the resto-
ration must start 

The “tolerable time between maintenance”, based on how often it is acceptable to restore 
the object 

The recommended values of these two parameters will be different for old cultural heritage 
materials compared to new monuments or replaced materials. However, it turns out that the re-
sulting tolerable corrosion rate is relatively independent on these factors. As an example of the 
compiled experience from the restoration work, the data relevant for old cultural heritage mate-
rials are given in Table 13.  

Table 13. Tolerable values for corrosion and maintenance intervals for cultural heritage mate-
rials 

Material 
 

Type of surface Tolerable corro-
sion 

before action 

Tolerable time 
between mainte-

nance 

Tolerable 
corrosion 

rate 
Limestone/marble Ornament, aged 100 µm 12 years 8.3 µm year-1 
 Ornament, cor-

roded 
50 µm 6 years 8.3 µm year-1 

Sandstone calcare-
ous 

Ornament, aged 100 µm 12 years 8.3 µm year-1 

 Ornament, cor-
roded 

50 µm 6 years 8.3 µm year-1 

Copper monument Ornament, aged 50 µm 50 years 1.0 µm year-1 
 Ornament, cor-

roded 
10 µm 20 years 0.5 µm year-1 

Bronze monument Ornament, aged 50 µm 50 years 1.0 µm year-1 
 Ornament, cor-

roded 
10 µm 15 years 0.7 µm year-1 

Zinc monument Evenly corroded 80 µm 50 years 1.6 µm year-1 
 

The table use a selection of sensitive materials often found in cultural heritage monument. 
It should be emphasised that the purpose of the table is to assess tolerable corrosion rates and 
not to define best practice for restoration work. 
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When assessing target levels for policy purposes the status of the object cannot be a pa-
rameter and a uniform approach is needed. If the approach in the UN/ECE Mapping Manual for 
acceptable levels is applied to tolerable levels, the tolerable corrosion rate, first year exposure 
(Ktol) can be calculated as 

Ktol = n x Kb 

Where n is a factor and Kb is the background corrosion rate, first year exposure for Europe. 
In Table 8 the tolerable corrosion rate, first year exposure, for the most common materials are 
shown for n=2.5. It turns out that for n=2.5 the tolerable corrosion values are comparable with 
the approach used in Table 13. However, it should be emphasised that the tolerable corrosion 
rates in Table 13 are averaged over a relatively long period while the tolerable corrosion rates in 
Table 14 are averaged for the first year exposure of new material. They are not directly compa-
rable since the corrosion rate usually decreases with time. On the other hand, the time develop-
ment varies substantially depending on location and the corrosion attack can at some sites in-
crease linearly with time. The tolerable corrosion rates, first year exposure, given in Table 14 
are those used for further assessment of target levels and is thus considered a conservative lower 
estimate of the tolerable level. 

Table 14. Tolerable corrosion rate based on background corrosion rates and n=2.5 
Material 

 
Background 

corrosion rate, first year exposure 
Tolerable 

corrosion rate, first year exposure
Limestone 3.2 µm year-1 8 µm year-1 
Sandstone 2.8 µm year-1 7 µm year-1 
Copper 0.34 µm year-1 0.8 µm year-1 
Bronze 0.25 µm year-1 0.6 µm year-1 
Zinc 0.46 µm year-1 1.1 µm year-1 
Carbon steel 8.5 µm year-1 20 µm year-1 

 

The background corrosion rates, first year exposure, are taken from the UN/ECE Mapping 
Manual. In addition to the materials given in Table 13, carbon steel is introduced in Table 14. 
Carbon steel is a valuable complement for defining the tolerable pollution level since carbon 
steel has a worldwide use as a reference material in ISO-standards for classification of the envi-
ronment. In addition, it is proposed as one of the indicators for corrosion. 

Based on the tolerable corrosion rate given in Table 14 and the measured corrosion rates it 
is possible to establish if individual sites have conditions that can be classified as tolerable. This 
is exemplified in Figure 43, which shows trends of carbon steel for individual sites and the rela-
tion to the tolerable level. In 1987 almost all sites had corrosion rates above the tolerable but in 
2002 most sites had values below the tolerable level. 
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Figure 43. Trends of carbon steel corrosion for individual sites. 

As was stated above, the materials behave differently and therefore it is worthwhile to in-
vestigate exceedances for the other proposed indicator materials and sites. This has been done 
for the year 1997 and the results are given in Table 15. The sites have been categorised into 
three groups: sites with no exceedances, sites with exceedances for 1-2 materials and sites with 
exceedances for all three materials. The first group is dominated by remote or rural sites with 
low levels of pollutants. The second group is dominated by moderately polluted cities while in 
the third group three different types of sites can be distinguished: 

- Industrial sites with high levels of pollution (Bottrop) 

- Urban sites with high impact of traffic (Milan and Lincoln Cathedral) 

- Urban sites with influence of chlorides (Lisbon) 

Table 15. Sites with corrosion rates exceeding the tolerable in 1997 
No exceedances Exceedances for 

1-2 materials 
Exceedances for 

all three materials 
Ähtäri  
Waldhof-Langenbrügge 
Casaccia 
Oslo 
Birkenes 
Aspvreten 
Madrid 
Toledo  
Lahemaa 
Dorset  

Prague-Letnany 
Kopisty  
Langenfeld-Reusrath  
Rome  
Venice 
Stockholm South  
Moscow  
 
 

Bottrop  
Milan  
Lincoln Cathedral  
Lisbon 
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3.6.3 Development of indicators for soiling 
The state of knowledge on quantification of soiling of materials is not as advanced as for 

corrosion. Consequently some of the efforts in this field within CULT-STRAT have been de-
voted to testing two concepts of soiling sensors in an extensive field exposure.  

3.6.3.1 Flat modern glass  
In the case of opaque material, such as stones, soiling is commonly defined as “a visual 

nuisance resulting from the darkening of exposed surfaces by deposition of atmospheric parti-
cles”. In this case soiling is assessed by measuring the difference between the sample reflec-
tance measured before and after exposure.  

In the case of glass, the definition of soiling should be slightly modified: “glass soiling is a 
phenomenon resulting in a change of optical properties due to both the deposition of airborne 
particles and to the formation of neo-crystallisations at its surfaces”. Due to its transparency, re-
flectance measurements are slightly difficult to perform, and the most appropriate parameter to 
measure is the transmitted light (direct and diffuse transmitted light) from which it is possible to 
calculate the haze. This latter is a parameter commonly used in the glass industry to assess glass 
optical properties. A perfectly transparent newly produced glass has a haze around 0.2%-0.4% 
depending on the thickness, while a glass with a haze > 1% is considered as optical inadequate.  

Modern glass samples were prepared by the Laboratoire Interuniversitaire des Systèmes 
Atmosphériques (LISA), Paris, France. Glass samples consisted of commercially available Si-
Na-Ca float glass, cut into specimens of 10 x 10 cm in size. Sample thickness was 2 mm.. The 
specimens were exposed vertically in sheltered conditions in a naturally ventilated box at 23 
sites from fall 2005 to fall 2006. The sites are identical with the sites for corrosion exposure pre-
sented in Figure 27. The degree of soiling was assessed by measuring the mass of total depos-
ited particles and the optical impairment of the glass (haze). 

Table 16 contains the specific values (mean, min, max and median) measured on all glass 
specimens for both TP/S and haze. Measured values vary within a large interval for both TP/S 
and haze. 

All data are presented in detail in Table 16 and illustrated in Figure 44 and Figure 45. 

Table 16. Mean, max, min, median values and standard deviation for both TP/S (mass of total 
deposited particles, in µg/cm2) and Haze (in %).  

 TP/S, µg/cm2 Haze, % 
No. of analysed samples 20 22 
Average (all sites) 18.1 3.3 
St. Dev (all sites) 25.7 2.8 
Median (all sites) 10.8 2.9 
Min (all sites) 1.3 0.9 
Max (all sites) 118.3 13.6 
Average rural sites 7.9 2.1 
Average rural site (excepted Chaumont et Casaccia) 4.8 1.6 
Average urban sites  11.9 3.1 
Average urban sites (excepted Oslo) 13.4 3.3 
Average industrial sites 15.4 2.1 
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The mass of total deposited particles was measured by weighing the sample before and af-
ter exposure. Indeed, due to the chemical inertia of the glass, any modification of the sample 
mass may be attributed to the deposited particles. 
Haze, expressed in %, is defined as follows: 

                                         100⋅=
TL
TdHaze                                                  (2) 

where Td is the diffuse transmitted light and TL is the direct transmitted light. 
 

 
Figure 44. Mass of total deposited particles (TP/S) for samples exposed 1 year in sheltered condition.  

 
Figure 45. %Haze measured on samples exposed 1 year in sheltered condition. 
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After the first year of exposure, both TP/S and haze (Figure 35 and Figure 36show that 
Riga samples have the highest level of soiling, followed by samples exposed in Athens. For all 
the other sites, it is possible to draw a partition between samples exposed in different environ-
ments, especially taking into account the haze.  

It might be inferred that, as a general trend the haze of exposed samples is higher at urban 
sites, followed by industrial ones and is the lowest at rural sites. As shown in Table 16 the aver-
age value for haze measured at all sites is around 3.3. Further investigations are needed to ex-
plain these first results.  

3.6.3.2 Cylindrical Teflon filter 
Parallel to the glass sample exposure, Teflon tubes were exposed close to the glass samples 

(inside the box) in order to test the coherence of the two methods. 

Teflon filters were analysed by measuring their reflectance in order to assess their soiling. 
The results are expressed in terms of ln(R0/R), where R0 is the reflectance before exposure and R 
the reflectance after exposure. Preliminary results are presented in Table 17. Values of haze 
measured on glass samples exposed at the same location are also reported.  

Results obtained show a quite large dispersion of the two set of data (r²=0.47). The scatter-
ing between the two measurements is important especially for highly soiled locations (site 41, 
51 and 52). The discrepancy is very likely because the two measurements take into account dif-
ferent kind of particles having different optical characteristics. For instance in the case of reflec-
tance the blackening of the sample is a result of the presence of light absorbing particles (e.g. 
soot) while in the case of the haze (based on transmitted light measurement) both scattering and 
absorbing particles are taken into account. Further developments are needed to better understand 
this behaviour.  

Table 17. Soiling measured on Teflon filters (ln, R0/R, passive tube) and glass samples (haze) 
exposed at the same site during the same period. Colours code corresponds to the 
type of exposure environment.  
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3.6.3.3 Development of tolerable levels for soiling 
As for corrosion (see section ??), tolerable levels instead of threshold levels were devel-

oped for soiling within the MULTI-ASSESS project. The tolerable soiling rate has to be based 
on tolerable degradation and time intervals between actions. For soiling, however, these two 
factors have been assessed in a different way: 

- The “tolerable soiling before action”, based on the public attitudes to soiling and a perception 
of what constitutes tolerable degradation. The EU 5FP project CARAMEL has indicated that a 
35% loss in reflectance triggers significant adverse public reaction. This value has been 
adopted also by MULTI-ASSESS 

- The “tolerable time between cleaning”, based on an assessment of the period of time for which 
the building can remain without cleaning and an economic evaluation of the options. For cul-
tural heritage objects a period of 10-15 years is appropriate. 

- The 35% limit was considered appropriate for painted steel, white plastic and limestone, which 
all followed a dose-response function : 

R = R0 x exp{- k x PM10 x t } 

where PM10 is in µg m-3 and t in years. The k values were 2.2 x10-3, 1.9x10-3 and 2.4x10-3 
for painted steel, white plastic and limestone, respectively. For a polycarbonate membrane the k 
value was lower, 0.9x10-3. 

If the exponential model is applied to the Teflon filter, which is one of the potential indica-
tors for soiling, the tolerable 1-year soiling value is, according to these criteria, equal to 

ln(1/(1-0.35)/15 = 0.029 for a 15-year tolerable time between cleaning.  

Values from Table 17 exceeding the tolerable are only for Berlin (0.032) and Katowice 
(0.054). However, it would be expected that the Teflon filter, as the polycarbonate membrane be 
less easily soiled than painted steel, white plastic and limestone. Therefore, if the Teflon filter 
should be used as an indicator material for these materials, a different tolerable soiling criterion 
than 35% loss in reflectance should be used. A k value for the Teflon filter has not yet been es-
tablished but the principal procedure could be illustrated for the polycarbonate membrane 
(k=0.9x10-3) and painted steel (k=2.2x10-3). If the polycarbonate membrane should be used as 
an indicator material for painted steel the tolerable soiling of the polycarbonate membrane 
should be 1 – (1-0.35)0.9/2.2 = 16%. 

For haze, a tolerable level has not yet been established. 

3.6.4  Secondary indicators for corrosion and soiling 
Secondary indicators for corrosion and soiling are the pollution parameters responsible for 

the degradation. The corrosion dose-response functions for the proposed indicator materials are 
the MULTI-ASSESS functions valid for the first year of exposure. 

This means that, in principle SO2 could be regarded as an indicator for all materials, HNO3 
could be regarded as an indicator for zinc and limestone corrosion and PM10 could be regarded 
as an indicator for steel and limestone corrosion. However, it is also necessary to compare the 
relative importance of the secondary indicators and this ranking of pollutants is presented in 
Figure 46. Particulate matter, expressed as PM10, does not have a dominant position for any of 
the materials and is therefore not a good indicator for corrosion. On the other hand, it is the only 
indicator for soiling of material, where it is totally dominating. 
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Figure 46. Percentage variations in corrosion after one year of exposure calculated from dose-

response functions and typical variations of SO2, HNO3 and PM10. 

3.6.5 Conclusions 
In the present deliverable indicators for corrosion and soiling have been developed and 

validated. The indicators for corrosion have been tested and validated during a long period and 
significant data on trends are available while the indicators for soiling still are under develop-
ment. The analysis permits the following specific conclusions: 

Indicators for corrosion 

- Carbon steel, zinc and limestone degradation expressed as mass loss and surface recession are 
proposed as primary indicators for corrosion. These have been tested and validated during a 
long period and significant data on trends are available. Dose-response functions and tolerable 
levels for cultural heritage have also been established for these materials. 

- Carbon steel can be regarded as an indicator for iron/steel and bronze 

- Zinc can be regarded as an indicator for zinc, galvanised steel and possibly copper but only for 
longer copper exposure times 

- Portland limestone can be regarded as an indicator for calcareous stones 

Indicators for soiling 

- Haze of modern glass, expressed as the ratio of diffuse and direct transmitted light, has been 
considered as an indicator for soiling. However, no dose-response function involving particu-
late matter or a tolerable level for cultural heritage has yet been established. More analysis is 
needed. 

- Loss of reflectance of a cylindrical Teflon filter has been considered as an indicator for soiling. 
However, no dose-response function involving particulate matter or a tolerable level for cul-
tural heritage has yet been established. More analysis is needed. 
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Secondary indicators for corrosion and soiling (pollutants) 

- Sulfur dioxide (SO2) is important for the corrosion for all materials but to a varying extent. It 
is mainly to be regarded as in indicator for carbon steel and bronze corrosion. 

- Nitric acid (HNO3) is important for the corrosion of zinc and Portland limestone. It cannot be 
regarded as an indicator in itself but should be measured in combination with SO2. 

- Particulate matter (PM10) is significant for the corrosion of carbon steel, bronze and Portland 
limestone. The effect is, however, relatively small and it is not proposed as an indicator for 
corrosion. 

- Particulate matter (PM10) is totally dominating for the soiling of materials. It is proposed as an 
indicator for soiling. 

3.7 Strategies for air quality policy and for prevention and maintenance of 
cultural heritage objects (Work package 7 – Middlesex University) 
To achieve these objectives, CULT-STRAT partners have worked to clarify and quantify 

the pathways and mechanisms whereby air pollution is responsible for damage to cultural heri-
tage objects.  The routes and processes are as indicated below. 

The activities undertaken under WP7 can be described under four headings: 
1. The production of a Draft Reference Manual 

2. The organisation and delivery of  two Workshops 

3. The production of a Reference Manual for the European Commission 

4. The production of a book, published by Springer, to support dissemination of CULT-STRAT 
results to a wide audience. 

The draft Reference Manual was produced and presented to the Commission as Deliver-
able 8. This document identified the structure for the Reference manual and included substantial  
information gathered from literature sources and available partner information. 

The two Workshops established within CULT-STRAT WP7 allowed the key issues of Ob-
jectives 2 & 3 to be developed in detail with contributions from CULT-STRAT partners and in-
vited experts. The structure of the workshops allowed the key project themes and the Reference 
Manual topics to be covered as shown below. 
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The 1st Workshop on Economic Impacts of Air Pollution on Cultural Heritage took place on 6-7 
April 2006 in Catania, Sicily. 

The workshop was attended by 36 experts from Austria, Canada, the Czech Republic, Es-
tonia, France, Germany, Italy, Norway, Sweden, Switzerland, the United Kingdom and the 
USA. The attendants represented various fields of expertise, including corrosion and deteriora-
tion of materials, air quality and economics. The major objective of the workshop was to present 
the most recent research on the physical and economic impacts of air pollution on cultural heri-
tage buildings, monuments and artefacts. The 1st Workshop was organized in six sessions, each 
with plenary discussions> 

a) Impacts of air pollution on cultural heritage – methodologies and policy use; 

b) Impacts of air pollution on corrosion and soiling of materials; 

c) Stock at risk and maintenance costs from corrosion and soiling; 

d) Estimating social benefits of reducing impacts on cultural heritage; 

e) Estimating economic benefits of reducing impacts on cultural heritage; 

f) Policy use of cost-benefit analyses with economic estimates of damages to cultural heri-
tage from air pollution and future research needs. 

During the Workshop sessions, 14 papers were presented. There was one general discus-
sion at the end. The details of Workshop 1 were reported to the European Commission as 
CULT-STRAT Deliverable 11.  

The Second Workshop on Protection of cultural heritage from air pollution, the need for effective 
local policy, maintenance and conservation strategies took place on 15-16 March 2007 in the Centre 
de Recherche des Musées de France (C2RMF), Louvre Palace, Paris, France. 

It was organised jointly by the ICP Materials Task Force of the UN/ECE Convention on 
Long-Range Transboundary Air Pollution, the EU project CULT-STRAT (Assessment of Air 
Pollution Effects on Cultural Heritage – Management Strategies) and the local organisers and 
CULT-STRAT partner Université Paris 12, Laboratoire Interuniversitaire des Systèmes At-
mosphériques (LISA) on behalf of the French Environment and Energy Management 
(ADEME). The workshop was also supported by the European Association for Historic Towns 
and Regions (EAHTR). The workshop was attended by 84 experts from Austria, Belgium, 
Czech Republic, Denmark, Estonia, France, Germany, Italy, Netherlands, Norway, Poland, Por-
tugal, Sweden, Switzerland, Turkey, and United Kingdom. The attendants represented various 
fields of expertise, including corrosion and deterioration of materials, conservators, curators, 
heritage organisations and representatives of local, national and international authorities and or-
ganisations. 

The structure and Agenda for the 2nd Workshop was as follows: 

Session  1 
Title The Scientific Evidence Relating Air Pollution to Damage 
Chair Roger Lefevre (University of Paris XII) 
• Introductory  comments  and welcome 

o Laurence Galsomiès, the French Agency for Environment & Energy Management (ADEME). 
o Christiane Naffah, Director of The Centre de Recherche et de Restauration des Musées de 

France 
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• Vladimir Kucera (KIMAB) 
EU and UNECE research Programmes 
• Johan Tidblad (KIMAB) 

Quantifying the Effects of Air Pollution on the corrosion of materials 
• John Watt (Middlesex University)  
Quantifying the Effects of Air Pollution on the soiling of materials 
• Ron Hamilton (Middlesex University) 

The concept of acceptable levels of corrosion, soiling and air pollution 

Session 2 
Title Effects of air pollution and other factors  
Chair Brian Smith (EAHTR) 
• Cesareo Saiz-Jiminez,  Spanish Council for Scientific Research & CSIC Sevilla, Spain.  

The effects of Biological Pollutants 
• Terje Grøntoft, NILU, Norway 

Relationships between indoor and outdoor pollution levels 
• John Havermans, TNO, the Netherlands 

Chemical Interactions between the Indoor Environment and Cultural Artefacts (COST Ac-
tion D42) 

• Roger Lefevre & Anda Ionescu, University Paris XII, France 
The stock of materials at risk in the centre of two cities inscribed on the UNESCO list: Paris 
and Venice 

• Stefan Fitz , Umweltbundesamt, Germany 
  Developing Comprehensive Policies for Multiple Air Pollutants and Effects 

Session 3 
Title Prevention, maintenance and conservation strategies and plans 
Chair Tim  Yates (BRE) 
• Miloš Drdácký & Zuzana Slížková, ITAM, Czech Republic 
Air Pollution Damage Contributions to Heritage Management Policy Strategies. 
• Colin Richards, Conservation Officer in the Welsh Marshes area UK 
The Impact and long term sustainability of commonly available methods of cleaning and consolidating 
structures 
• Sam Sportun, Head of Sculpture Conservation at Liverpool Museums UK 
Managing Expectations: keeping the public involved 
• Stephen Bond, TFT Cultural Heritage, UK 
Managing Change in the Historic Environment 
• Fikret Uccan, Advisor to Turkish Prime Minister 

Some Case Studies on the Preservation of Cultural Heritage in Turkey 

Session  4 
Title Social, economic & legal issues and public attitudes at local, national and interna-
tional levels. 
Chair Vladimir Kucera 
• Brian Smith, EAHTR , UK 
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Roles and Responsibilities of Municipalities 
• Alessandra Bonazza, Institute of Atmospheric Sciences and Climate, Italy 

Impact of Global Changes on Cultural heritage: Results from the Noah’s Ark project 
• Jimi Irwin, University of the West of England / UK Environment Agency 

Policy and Legislation for non-health effects of Air Pollutants 
• Matti Johansson, UNECE 

Developing Comprehensive Policies for Multiple Air Pollutants and Effects 

Elaboration of a Reference Manual 

Following the Workshops, the Cult-Start partnership undertook extensive work to integrate 
the material from the Workshops and other sources into a 200-page Reference Manual which 
was presented to the Commission as Deliverable 18. The chapters of the manual are: 

1. Environment, Pollution and Effects 

2. Monitoring, Modelling and Effects 

3. Corrosion 

4. Soiling 

5. Biological Weathering 

6. Stock at Risk 

7. Economic Evaluation 

8. Impact and Risk Assessment 

9. Air Quality Policy 

10. Assessing and Managing Risks to our Built Heritage. 

The final WP7 activity was to turn the Reference Manual material into a form suitable for a 
wider readership. The book has been developed to permit access to the material at a number of 
different levels.  A short overview is presented at the beginning of each chapter to summarise 
the discussion and place it in the context of the narrative laid out in this preface.  Each chapter is 
a review of the studies undertaken to date within the topic to present the aims and objectives of 
the research and the main features of the methods used.  Results are discussed in terms of the 
current state of the art and any consensus view that may be articulated.  Implications and likely 
future scenarios are evaluated.  These discussions are written for a general reader without as-
suming prior specialist knowledge and, where technical results are presented, they are fully ex-
plained.  More specialist readers will find expanded technical detail in the appendices and in the 
specially created ‘ sources of additional material’ sections that close each chapter. We look at 
the way that buildings weather in the natural environment and then show how pollution adds an 
extra dimension of damage.  We focus on two types of damage – corrosion and soiling – and, to 
do so, we start with present the results of a number of scientific studies.  First of all we look at 
current, past and projected levels of the pollutants that cause the damage.  The picture has 
changed dramatically over the years.  Before the policy actions to reduce coal burning, pio-
neered by the Clean Air Act in the UK but now reflected throughout the developed world, the 
major corrosion was caused by sulphur dioxide (acid rain) and the buildings were darkened by 
black smoke.  We show how this scene has changed and examine the new, multi-pollutant, ur-
ban environment with its lower domestic and industrial emissions but greatly increased traffic.  
Secondly we look at the way that pollution actually attacks buildings and review the findings of 
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a long series of experiments where typical materials have been exposed to a range of different 
natural and pollution situations across the world.  Assessment of the rate at which they are cor-
roded has allowed scientists to develop equations that predict the amount of damage that will re-
sult from a given amount of pollutant.  These ‘dose-response functions’ are very powerful when 
we try to assess the harm that might come to a given building in a given environment.  Such 
studies take many years and are therefore very expensive.  It is therefore no surprise that dose-
response functions are only available for a limited number of materials.  We discuss ways to 
make use of these insights to evaluate pollution impact in any situation.  This leads us to the 
idea that certain materials can be used as indicators for a more general situation and simple test 
kits to utilise them. 

This is not just a book about science though.  It is about geography and economics too.  
Modern map making tools such as geographic information systems are ideal for showing how 
the risk is distributed spatially.  We show how the science discussed above can be mapped – 
pollution maps are developed into corrosion and soiling maps by application of the dose re-
sponse functions.  The risk maps are another way that building managers and owners can access 
the scientific data.  If the risk categories can be made accessible and relevant, then it is rela-
tively simple to locate the particular building or monument on the map and have a simple esti-
mate of the likely impact. 

The damage maps may be developed into cost maps, which illustrate some of the air qual-
ity policy implications, if there is good economic data on repair and maintenance costs and on 
the extent of the material potentially affected (the stock at risk).  We discuss a number of studies 
that have examined these things.  The cost estimates are relatively straightforward in area terms 
(e.g. per square metre of exposed limestone) but it is much more difficult to estimate how much 
heritage material is affected.  We discuss pioneering estimates of what might be termed techni-
cal materials (i.e. materials used in houses, factories and infrastructure), which use generalisa-
tions about ratios of materials to develop ‘identikit’ buildings whose numbers are then estimated 
from land use maps or population density.  Unfortunately, while it is relatively safe to say that, 
within a limited area, most houses are of a certain type, it is certainly not possible to do this for 
heritage buildings.  The latter are, by their nature, less frequent and may reflect a wholly differ-
ent material makeup due to their importance at time of construction and use of special materials 
or due to their having survived from an earlier period with different construction materials.  We 
discuss newly emerging research that is starting to address stock at risk inventories for cultural 
heritage, sometimes including estimates of construction materials. 

This is also a book about risk management and policy.  We discuss ways that people’s val-
ues may be brought into decision making.  Risk management cannot rely solely on numbers, 
however much scientists and economists might like it to.  Numbers come laden with value 
judgements anyway, of course, and we discuss the ways that both can inform each other.  We 
show how conservation values such as ‘truth to materials’ or ‘reversibility’ can be built into the 
costs calculations but, just as importantly, we show how it is possible to use peoples willingness 
to pay to protect heritage to develop more equitable business cases for fund raising.  We discuss 
the way economic impact assessments are used in air quality policy making.  The cost-benefit 
analysis has traditionally relied largely on human health impact but increasingly other costs are 
being accounted for, especially impacts on crops, ecosystems and materials.  Heritage materials 
are important here too and people have pointed out that materials may be more sensitive than 
plants and animals since they have now healing capacity. The final part of our discussion unites 
all of our threads into an evaluation of what heritage owners and managers can do. 

3.8 Project deliverables 
The main outcome of the project is presented in the project deliverables, see Table 18. 
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Table 18. Deliverables list 

Del 
no. 

Deliverable name Work
pack-
age 
no. 

Date 
due 

Date de-
livered 

Estimated 
indicative 
person-
months 

Used in-
dicative 
person-
months 

Lead con-
tractor 

1 Launch of web page giving informa-
tion in “Project Presentation” format 

WP0 31/01/05 15/01/05 0,5 0,5 10. SCI 

2 Potential materials and environmental 
parameters for inclusion in the impact 
assessment model 

WP1 30/04/05 30/06/05 2,0 1,5 10. SCI 

3 Brochure with general project infor-
mation 

WP0 31/07/05 08/07/05 1,0 0,5 10. SCI 

4 First periodic report WP0 15/09/05 09/09/05 2,0 2,5 10. SCI 
1. KIMAB 

5 Methodologies for inventory of stock 
at risk and selection of materials 

WP3 31/10/05 30/12/05 7,5 9,5 3. ENEA 

6 Methodologies for mapping (“Map-
ping manual”) cultural heritage mate-
rials/objects at risk 

WP4 31/10/05 02/11/05 7,5 8 5. UBA 

7 Life time cycles estimates for materi-
als and elements of exposed cultural 
heritage objects for later application in 
cost estimates and management strate-
gies 

WP5 31/10/05 02/11/05 8,5 10 7. ITAM 

8 First draft of reference manual includ-
ing policy instruments available at 
European and Nation State scale 

WP7 31/10/05 02/11/05 5,0 3,0 4. MU 

9 Final assessment model for cultural 
heritage (month 23) 

WP1 30/06/06 14/07/06 7,5 8,5 1. SCI 

10 Estimation of cost for conserva-
tion/renovation works for materials 
and elements considering regional di-
versities 

WP5 30/06/06 25/08/06 7,5 10 7. ITAM 

11 1st Workshop report WP7 30/06/06 20/06/06 7,5 7,8 4. MU 
12 2nd periodic report and dissemination 

plan 
WP0 31/10/06 19/09/06 2,0 1,5 1. KIMAB 

13 Evaluation and recommendations of 
strategic actions for reduction of pol-
lutants in the proximity of areas with 
cultural heritage. 

WP2 31/03/07 11/05/07 16,5 15,8 2. NILU 

14 Inventory of stock of cultural heritage 
materials at risk in selected areas 

WP3 31/03/07 11/05/07 33,5 37,2 3. ENEA 

15 Mapping of damage and cost of cul-
tural heritage at different pollution 
scenarios 

WP4 31/03/07 11/05/07 18,5 7,2 5. UBA 

16 Complex case studies on cost/benefit 
analyses for selected built heritage 
types in the reference cities. 

WP5 31/03/07 11/05/07 10,0 10,1 7. ITAM 

17 Verified indicators and threshold lev-
els for cultural heritage 

WP6 31/03/07 11/05/07 19,5 18,2 1. KIMAB 

18 Reference manual on management 
strategies for cultural heritage includ-
ing 2nd Workshop report 

WP7 31/10/07 01/11/07 11,5 24,3 4. MU 

19 Final report and dissemination plan 
including report on raising public par-
ticipation and awareness 

WP0 15/12/07 20/12/07 3,5 3,5 1. KIMAB 
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4. Dissemination and use  
The final plan for using and disseminating is enclosed as Annex 1.
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ANNEX 1 – FINAL PLAN FOR USING AND DISSEMINATING THE KNOWLEDGE 
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1. Disseminating of knowledge 

Overview table

Actual / 
Planned 

Dates 
Description Type of au-

dience 
Countries 
addressed 

Size of 
audience 

Partner 
respon-

sible 
/involved

Project workshops 
6-7 April 2006 First Workshop “Economic Impacts of Air 

Pollution on Cultural Heritage”, Catania, 
Sicily (1) 

Environmental 
managers 
Heritage con-
servators 
Researchers 

All European 
countries 

36 
(12 coun-
tries) 

MU and 
SCI 

15-16 March 
2007 

Second Workshop “the protection of cultural 
heritage from air pollution: The need for effective 
local policy, maintenance and conservation strate-
gies”, Paris (2) 

Environmental 
managers 
Heritage con-
servators 
Researchers 

All European 
countries 

55 LISA; MU, 
KIMAB 

Conferences etc. 
March 2005 Conference on EEA&Norwegian Fund for re-

search in Prague, Lecture on Recent Norwegian-
Czech co-operation in interdisciplinary European 
research. (3) 

Research, stu-
dents, politi-
cians, 
managers 

International 
 

approx. 140 ITAM 

October 2005 Conference Presentation & publication, 
Lecture “Damages and failures of historic materials 
and structures from natural hazards”, Kos, Greece 
(4) 

Research International Approx. 
300 re-
searchers 

ITAM 

June 2006 Presentation and publication at the 7th European 
Conference on Research into Cultural Heritage 
“Safeguarded Cultural Heritage – Understanding 
and Viability for the Enlarged Europe - SAU-
VEUR”, Prague, CZ (5), (6), (7), (8) 

Research International approx. 300 
researchers 

ITAM 
KIMAB 

June 2006 Presentation and publication at the Conference 
“Heritage, Weathering and Conservation”, Ma-
drid, Spain (9), (10) 

Research International approx. 250 
researchers 

ITAM 

June 2006 Contribution to the Acid Rain 2005 conference, 
Prague (11), (12) 

Researchers, 
students 

International 600 KIMAB, 
ITAM, 
NILU, 
LISA 

12-14 June 
2006 

Presentation at 8th Highway & Urban Environ-
ment Symposium, Cyprus, June 2006 (13) 

Researchers All European 
countries 
+USA+Japan+ 
Australia 

200 MU 

21-24 June 
2006 

Presentation at Heritage, Weathering and Con-
servation Conference, Madrid (14) 

Research, stu-
dents, profes-
sionals – cross-
disciplinary 

International  LISA 

November 
2006 

Key note lecture and presentation at Conference 
Structural Analysis of Historical Constructions, 
New Delhi (15) 

Research International approx. 350 
researchers 

ITAM 
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Actual / 
Planned 

Dates 
Description Type of au-

dience 
Countries 
addressed 

Size of 
audience 

Partner 
respon-

sible 
/involved

22-27 October 
2007 

Lecture and doctoral course, Ravello, Italy (16)  Doctorate stu-
dents 

International 15 LISA 

Not set Pollutants distribution, corrosivity of different 
materials as well as Cultural Heritage maps for 
Madrid city which have been developed during 
the project are planned to be published in 
both, national and international journals and/or 
conferences  

Researchers 
Environmental 
managers 

International  CSIC 

Scientific papers, books and other scientific publications 
June 2007 Cultural Heritage Stock at Risk from Air Pollu-

tion (proceedings of the 8th Highway and Urban 
Environment, Springer) (17) 

Researchers 
Environmental 
managers 

International 1000 MU 

Spring 2008 Risk Management and Critical Levels of Air 
Pollution (17)  

Researchers 
Environmental 
managers 

International Several 
thousands 

MU /  
KIMAB / 
NILU 

Spring 2008 The Soiling of Cultural Heritage Materials and 
Implications for Air Quality Standards (19) 

Researchers 
Environmental 
managers 

International Several 
thousands 

MU 

Spring 2008 Reference Manual (Springer) (20) Politicians, lo-
cal authorities, 
researchers, 
curators and 
managers of 
cultural heri-
tage 

International Several 
thousand 

MU / 
all 

Spring 2008 Dose-Response Functions for Assessing the 
impact of Air Pollution on Cultural Heritage 
Materials (21)  

Researchers 
Environmental 
managers 

International Several 
thousand 

MU / 
KIMAB 

Summer 2008 The Inclusion of Materials damage in Air 
Quality Policy and Management (22) 

Researchers 
Environmental 
managers 

International Several 
thousand 

MU 

Newspaper articles, radio, TV transmissions 
October 2005 Media briefing: Presentation for members of EU 

Parliament and NCP in Brussels (23) 
Politicians, re-
search manag-
ers & planners 

International approx. 18 
(5 MEPs) 

ITAM 

March 2006 Press release resulting in one page newspaper 
article in Aftenposten (24) 

General public Norway 500 000 
potential 
readers 

NILU 

May 2006 Press Conference at the 7th European Conference 
on Research into Cultural Heritage “Safeguarded 
Cultural Heritage – Understanding and Viability 
for the Enlarged Europe - SAUVEUR”, Prague, 
CZ  

Journalists Czech Republic 
and neighbour 
countries 

16 ITAM 

June 2006 Broadcast interview (Radio Vltava)  Citizens Czech and Slo-
vak Republic 

Estimated 
600 000 

ITAM 

December 
2007 

Czech TV shot on environmental problems 
solved in the EC supported research projects – 
programme PORT (25) 

General public Czech and Slo-
vak Republic 

Estimated 
1 million 

ITAM 
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Actual / 
Planned 

Dates 
Description Type of au-

dience 
Countries 
addressed 

Size of 
audience 

Partner 
respon-

sible 
/involved

Exhibitions 
September 
2005 

Posters FORARCH exhibition Prague Research, stu-
dents, profes-
sionals 

CZ 8000 ITAM 

June 2006 Public poster exhibition at the 7th European Con-
ference on Research into Cultural Heritage “Safe-
guarded Cultural Heritage – Understanding and 
Viability for the Enlarged Europe - SAUVEUR”, 
Prague, CZ 

Research and 
general public 

International approx. 300 
researchers 
and 200 
visitors 

ITAM / 
KIMAB 

Web-sites 
January 2005 Project web-site (http://www.corr-

institute.se/CULT-STRAT) 
General public international  KIMAB 

October 2005 Project web-site link from the ITAM and ARC-
CHIP web sites 

General public international  ITAM 

Other ways to disseminating the knowledge 
Date not set Presentation of project results for the compe-

tent authorities that are in charge of the Cultural 
Heritage and Environment of Madrid City Coun-
cil 

Politicians and 
civil servants 

Spain 10 CSIC 

Various dates  Presentation on the value of refurbishing older 
buildings  

Politicians, ar-
chitects and 
surveyors 

UK 30 - 300 BRE 

2. Report on raising public participation and awareness 

The main results of the project (threshold levels and the reference manual) are not purely scientific. There-
fore, the plan for using and disseminating this knowledge will in a natural way result in activities that engage 
actors beyond the research community and the society as a whole. 
The reference manual will in addition to being a deliverable also be printed as a book and an agreement has 
been signed with Springer as a publisher. The hope is that this manual will be widespread among users from 
different categories as outlined in the following.  
The management of the knowledge is directed by the requirements of potential users and expected outcomes 
of the project. All knowledge gained in the project will be open and made available to potential users. The 
consortium includes potential users both as partners, subcontractors and members of the user reference 
group. This expertise will ensure that all of the deliverables are useful contributions to advancing the state of 
the art. The potential users can be divided into following categories: 
- decision and policy makers on international level ( EU DG Environment - CAFE Programme, EU DG 

Culture - Culture 2000; European Environmental Agency (EEA); UN ECE LRTAP Convention)) 
- international bodies and organisations ( UNESCO -World Heritage Fund; EATHR - The European As-

sociation of Historic Towns and Regions) 
- authorities on national level ( ministries, environmental protection agencies, national heritage boards) 
- authorities and organisations on regional and local levels responsible for environment and care of cul-

tural heritage objects 
- owners and managers of cultural heritage objects 
- research organisations and consultants and companies in the field of environment and maintenance and 

restoration of buildings and monuments.  
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In the plan for exploitation of knowledge the users reference group plays an important role. It represents a 
cross section of experts in the field of materials and air pollution monitoring and potential stakeholders like 
policy makers, heritage managers and organisations and companies involved in restoration of monuments. 
The users reference group has been involved in the project by invitation and by participation in the two 
workshops, (1), (2) and represent the following organisations: 
European Association of Historic Towns and Region, EAHTR 
Clean Air For Europe, CAFE 
United Nations Economic Commission for Europe, UNECE 
School of Conservation, Copenhagen, Denmark 
Ghent University, Belgium 
National Museum , Prague, Czech Republic 
Universite de Cergy-Pontoise, France 
Institute of Chemical Technology, Prague, Czech Republic 
Palais du Louvre, Paris, France 
ADEME, France 
CEA-CNRS 
Laboratoire de Recherche de Monuments Historique, Champs sur Marne, France. 
Musée d'ArchéologieNationale, Saint-Germain-en-Laye, France. 
Université Pierre et Marie Curie, Paris, France 
Centre de Recherche sur la Conservation des Documents Graphique, Paris, France 
Nanophases, Materials & cultural Heritage Group, Thiais, France 
Culture Ministry, France 
Laboratoire de Recherche de Monuments Historique, Champs sur Marne, France. 
University of Oldenburg, Germany 
Bergbau-Museum, Bochum, Germany. 
University of Oldenburg, Germany 
ISAC CNR, Bologna, Italy 
University of Torino, Italy 
APAT, Italy 
Friends Dubrovnik Antiques, Kroatia 
TNO, the Netherlands 
Jagiellorian University, Poland 
New University of Lisbon, Portugal 
New University of Lisbon, Portugal 
Spanish Council for Scientific Research & CSIC Sevilla 
University of Granada, Spain 
Chalmers University of Technology, Goteborg, Sweden 
Advisor to Turkish Prime Minister 
Conservation Officer in the Welsh Marshes area UK 
UK Environment Agency 
Head of Sculpture Conservation at Liverpool Museums UK 
TFT Cultural Heritage, UK 
Historic Scotland, UK 
English Heritage, London, UK 
Cliveden Conservation, UK 
University of York, UK 
University of Portsmouth, UK 
 
The production of written material and in particular the reference manual and the organisation of two work-
shops are the major routes by which information will move to and from the users. A wider dissemination will 
take place once the material reaches a final form. Publication of the main results will also be performed in 
the UN ECE report series which reach an audience in the policy making sphere. Presentations at international 
and national conferences and in scientific journals will be undertaken during and after the project to present 
results as they are produced. The project web site http://www.corr-institute.se/cultstrat/ a source for addi-
tional information. 
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3. Reference list 

(1). First Workshop “Economic Impacts of Air Pollution on Cultural Heritage”, Catania, Sicily.  
The First Workshop “workshop on Economic Impacts of Air Pollution on Cultural Heritage” was 

arranged by a co-ordinating group consisting of the Swedish Corrosion Institute / KIMAB; the Agricul-
tural University of Norway; and Middlesex University.  The Agenda was as follows: 

• Applying the Damage Function Approach to Impacts of Air Pollution on Cultural Heritage 
• The Use of Economic Analysis in Designing Air Pollution Policies 
• Impacts of Air Pollution on Corrosion and Soiling of Materials 
• Stock at Risk and Maintenance Costs from Corrosion and Soiling 
• Estimating Social Benefits of Reducing Impacts on Cultural Heritage 
• Estimating Economic Benefits of Reducing Benefits on Cultural Heritage 
• Damages from Traffic-caused Air Pollution on Historical Buildings in Neuchatel 
• Policy use of Cost-Benefit Analysis with Economic Estimates of Damages to Cultural Heritage from 

Air Pollution and Future Research Needs. 

The meeting was well attended with numerous representatives of major organisation in Europe. 
Further information from the workshop can be found at the CULT-STRAT web site: see 
http://www.corr-institute.se/cultstrat/Cult-S_workshop.html. 

(2). Second Workshop “the protection of cultural heritage from air pollution: The need for effective local 
policy, maintenance and conservation strategies”, Paris 

The second workshop was held 15-16 March in the Louvre Palace in Paris. The workshop 
was jointly organized with ICP Materials Task Force and supported by the European Associa-
tion of Historic Towns & Regions.  

The subjects covered were: 
• Methods for estimating the damage (corrosion & soiling) caused to materials following exposure to 

air pollution, including differences between indoor and outdoor exposures. 
• A discussion and evaluation of prevention, maintenance and conservation strategies and plans. 
• The impact and importance of air pollution relative to other factors including an assessment of eco-

nomic and legal issues and public attitudes, 
• Policy at local, national and international levels 

Further information from the workshop can be found at the CULT-STRAT web site: see 
http://www.corr-institute.se/cultstrat/Cult-S_workshop.html. 

(3). Conference on EEA&Norwegian Fund for research in Prague, March 2, 2005. ITAM presented the pro-
ject during this preparatory conference at the occasion of lunching the EEA&Norwegian Fund in the 
Conference session “Cultural Heritage as a Springboard for Local Sustainable Development” as a part of 
the lecture “Czech-Norwegian co-operation in research into European cultural heritage – experience and 
potential”. 

(4). Drdácký, M., Slížková, Z.: Damage and failures of historic materials and structures from natural hazards 
(invited key lecture), Proceedings 2nd International Conference on Hazards and Modern Heritage 
(N.Avramidou, B.Maio (eds.), ISBN 960-87851-2-X, pp.19-28, Kos, 2005 

(5). Bryscejn, J., Drdácký, M., Jakůbek, J., Valach, J., Vavřík, D., Weiss, P.: Enhanced optical methods for 
analysis of historical objects, Proceedings Safeguarded Cultural Heritage (SAUVEUR Project – 
M.Drdácký, M.Chapuis (eds.)), Vol.1, ISBN 978-80-86246-31-4 (Vol. 1), ISBN 978-80-86246-29-1 all, 
ITAM 2007, pp. 453-458 

(6). Knotková, D., Kreislová, K., Skořepová, I.: Regional assessment of the environmental impact on built 
cultural heritage objects in the Czech Republic, Proceedings Safeguarded Cultural Heritage (SAUVEUR 
Project – M.Drdácký, M.Chapuis (eds.)), Vol.2, ISBN 978-80-86246-32-1 (Vol. 1), ISBN 978-80-
86246-29-1 all, ITAM 2007, pp. 397-408  
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(7). Pospíšil, S., Drdácký, M., Slížková, Z., Lesák, J., Knotková, D.: Wind tunnel modelling in conservation, 
Proceedings Safeguarded Cultural Heritage (SAUVEUR Project – M.Drdácký, M.Chapuis (eds.), Vol.1, 
ISBN 978-80-86246-31-4 (Vol. 1), ISBN 978-80-86246-29-1 all, ITAM 2007, pp. 397-408 

(8). Bauerová, Z., Drdácký, M.: The Czech national research programme on cultural heritage and European 
integration, Proceedings Safeguarded Cultural Heritage (SAUVEUR Project – M.Drdácký, M.Chapuis 
(eds.)), Vol.1, ISBN 978-80-86246-31-4 (Vol. 1), ISBN 978-80-86246-29-1 all, ITAM 2007, pp. 573-
576 

(9). Pospíšil, S., Drdácký, M., Slížková, Z., Knotková, D., Delpech, Ph.: Surface degradation of complex 
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