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1. Background
As described in Climate for Culture’s Description of Work (DoW), a significant part of the project
was to undertake detailed case studies on buildings of outstanding significance to inform:
Understanding their state of preservation; interpretation of indoor climate conditions and requirements
from a preventive conservation point of view; and an inventory of the different European/Mediterranean
climate control strategies. The project investigated various types of historic buildings located in different
climate zones and from different time periods and over the duration of the project monitored their
behavior in response to changing weather and different uses. The aim of this work was to improve
assessment of the climatic functions of historic buildings by using whole building simulation; to
understand the environmental risks posed for the interior decoration or works of art by these functions;
and to understand the resulting measures required to improve the internal climate conditions.
A basic classification of historic buildings and buildings in which works of art are preserved is
proposed, to develop realistic risk management strategies for European heritage. This classification
takes account of building structure and use as well as the various European climate zones, and of other
significant factors. Representative buildings have been selected to assess environmental damage and to
evaluate the various building simulation models tested. Collecting all the relevant data for the case study
buildings is an ongoing process.

2. Survey and questionnaire
The overall strategy of the work rests on four cornerstones: an evaluation of case studies (Work Package
2) and climate induced damages (Work Package 4) at heritage sites throughout Europe and the
Mediterranean; their correlation with detailed climate change scenarios through building simulation
(Work Package 3) to identify appropriate conservation strategies (Work Package 7) and developing risk
maps (Work Package 5); and a software based analysis and decision support system to be used by
experts as well as on-site decision makers (Work Package 8). Finally, a report on the economic impact
of the risks posed to European cultural heritage by global climate change intended for political decision
makers (Work Package 6) will make the case for investing in the recommended preventive measures.
The critical links between the Work Packages are represented in figure 1.
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Fig. 1 │The red arrows indicate the links between Work Packages 2, 3, 7 and 8 (which concern the case
studies) and the green arrows refer to milestone M2.1.

Examining the most common types of historic buildings and the movable cultural heritage preserved
inside them in different climates will enhance our knowledge of the complex cause-and-effect
relationships between use, indoor and outdoor climate, technological features and the state of
preservation of the heritage. The case studies are providing the basic data for the assessment of damage,
which will improve the damage functions and form the first major input for the development of the
analysis and decision support system software. Data on the most urgent issues and vulnerability gathered
in the case studies will derive from coupling hygrothermal building simulations with climate change
scenarios. These data will enable new damage functions to be set up, allowing the climate change impact
on movable and immovable cultural heritage to be estimated. The results will inform the calculation of
the economic impact of climate change induced damage and the development of strategies for
mitigating the impact of climate on cultural heritage. These strategies will enhance the preservation of
cultural heritage and enable adaptation to the threats posed by predicted climate change.
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These mitigation, adaptation and preservation strategies form the second major input to the development
of the analysis and decision support system. They will also inform the calculation of the economic
impact. The case studies are relevant to several Work Packages and their objectives. Figure 2
visualizes the position of the case studies within the overall project context: the red ellipse circle
contains the Work Packages which require information from the case studies. A few case studies,
designated by the green ellipse fulfil the requirements of all the Work Packages, and require the
selection of information and data to be carried out in particular depth. Two issues led to the
implementation of a survey with a specially designed, electronic questionnaire: that the case study
information and data should be accessible to all project partners; and that every Work Package
should use the data to decide which case study could be relevant for its purposes and tasks.

Fig. 2 │The red ellipse represents the case studies and the use of data from the
different Work Packages which results in only a small overlap (green ellipse).

The ten-page questionnaire delivers detailed information that enables the classification of the cultural
heritage items (see annex I): 22 themed blocks of questions provide detailed information on the
condition of the case study buildings and their behaviour in response to climate influences, using free
text fields, drop down lists and tick boxes.
The first and general thematic block includes contact information, the name of the case study and details
of its geographic location. Based on the results of the Noah’s Ark Project, specific site-related
factors were developed: temperature derived parameters include extreme variations of short duration,
number of hot days over 25 °C and freeze-thaw cycles; water derived parameters include diurnal
humidity cycles that vary by more than 20 % RH, the amount of precipitation and the danger of sea
level rise; wind driven parameters include wind-driven rain, wind-driven sand (erosion), wind-driven
salts (erosion) and high wind speed. The responses are classified according to whether they derive from
empirical observation or measured/recorded data.
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The building classification thematic block provides data on building dimensions, the building envelope
(material and wall construction) and the roof system including style, construction and material as well
as information on glazing. The building history thematic block includes information on renovations and
refurbishments. In addition to the current use and the number of visitors, the nature of the collections
and interior decorations contained within the building is examined including their material composition.
Another purpose of the questionnaire is to gain an overview of the climate conditions (outside and
inside) and potential environmental control strategies. For this purpose there is a thematic block
dealing with the current indoor climate and its measurement, which can help verify the quality of any
historic climate data. The same questions are asked about the outdoor climate and its measurement.
Climate control inside the building has a great influence on these questions, so information on the way
temperature and humidity is controlled as well as ventilation and other technical building installations is
also requested. Another thematic block deals with damage to the building envelope, the collection
and/or the interior decoration. Finally, the questionnaire asks for existing plans and graphical material
to be enclosed in order for them to be uploaded on the internal document repository.
The questionnaire was sent to all project partners who were asked to complete it for various cultural
heritage sites which would be of interest for the project. By the end of September 2010 the questionnaire
had been completed for 35 case studies in eleven countries: one in Croatia, two in the Czech Republic,
two in France (thereby one in Guyana), nine in Germany, three in Greece, five in Italy, two in Latvia,
one in Romania, two in Spain, four in Sweden and five in the United Kingdom. The information and data
was merged into one Excel spread-sheet which is available in the internal document repository under the
WP2 folder (see annex II).
As a first step the distribution of case studies through Europe was examined by creating a
GoogleEarth map with pins placed according to the geographic data (Figure 3). Work Package 1 has
produced a special map with the location of case studies to be used as baseline for the climate zoning.
This was necessary because Work Package 1 uses a different data format with another resolution (Figure
4).

Fig. 3 │Distribution of case studies, mapped in Google Earth according to the geographic data supplied by project partners.
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Fig. 4 │Distribution of case studies, mapped by Work Package 1
according to the geographic data supplied by project partners.
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An initial evaluation was performed to screen the 35 case studies according to the parameters of type of
building, specific site-related factors, available indoor and outdoor climate data, observed damages and
suitability for other work packages (Figure 5). This evaluation resulted in the following classification of
the case studies:



15 Sacred buildings



5 Museum Buildings



5 Mansion Buildings



4 Palaces



2 Castles



1 Residential Building



3 Other (Chalet, City Hall, Guildhall)

In total 27 buildings house collections which consist of a variety of different organic and inorganic
materials, for example painted wood, wood, textiles, paper, metal, ceramic, stone, photographs and
storage media. In about 70 % of these case studies damages to the collection were observed and
described. Damages to the building envelope were reported for 26 sites and in the case of 25
buildings these damages (weathering, erosion, mould growth, etc.) are linked to the influence of climate.
28 case studies are historic houses containing historic interior decorations and at 24 of these sites damage
has occurred as a result of climate, such as condensation, mould growth, the thermal effects of sunlight,
and inappropriate climate conditions. Local outdoor climate recordings are available for 23 case studies.
In most cases – 29 of the suggested buildings – indoor climate is measured. Some of the records date
back to the 1970s and 1980s, and for one case study climate has been recorded since the late 19th
century. In most cases the indoor climate is identified by the measurement of temperature and relative
humidity but in some of the sites additional data, such as air flow, radiation, microbial contamination and
air exchange rate, are provided.
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Fig. 5 │Graphic display of the first, short evaluation of the survey.
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3. Database
Having considered data use, Work Package requirements and access, it became evident that a common
database was necessary. Based on the structure of the questionnaire, Work Package 8 started to create a
Climate for Culture database which allows every partner to access the information and data on such
case studies that best fit their objectives and tasks. A preliminary structure (Figure 7) was presented at
the 1st annual project meeting in Dubrovnik in October 2010 and the database should be useable soon.
The aim was to create a database that provides relevant information for the Analysis and Decision
Support System (Figure 6) and additionally for all other work packages.
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Fig. 6 │Work Package 8 dataflow structure presented by Kybertec at the project meeting in Dubrovnik.

Fig. 7 │Database with the structure of layers as presented by Kybertec at the project meeting in Dubrovnik.
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4. Building Classification
A basic building classification serves several purposes. It is the background for t h e development of
realistic risk management strategies and the Analysis and Decision Support System. Therefore it has to
be clear and easy to understand for the end users of the Climate for Culture software. In addition, the
building classification informs the building simulation and the generation of the artificial/generic
buildings. A two- stage building classification met these needs: the first step is a simplified building
classification according to the agreed building categories; the second step is the classification according
to the results of the sensitivity analyses of Work Package 3.
The simplified classification is based on the results of the questionnaire. The stakeholders were able to
classify their building according to the following categories: administrative building, castle, factory,
mansion, museum building, palace, residential building, rural building, sacred building, store and other.
However, only the castle, mansion, museum building, palace, residential building and sacred building
categories were used. In the light of this result it was possible to reduce the categories by combining
castles with palaces and mansion with residential buildings. This produced four categories of church
(sacred building), museum, palace and residential. Some monuments would not fit into the
classification categories, for example the Saquarra pyramids, so a class was introduced named
outstanding ( Figure 8). These five categories are intended to reflect commonalities of use, building
volume and construction as well as of the technical equipment they might contain (Table 1).

Fig. 8 │Derivation of the building classification following the two-stage approach.
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In this classification, a church is considered to be a building or structure whose primary purpose is to
facilitate the meeting of people for worship. Traditional Christian church buildings are often halls in the
shape of a cross and frequently have a tower or dome. More modern church buildings have a variety of
architectural styles and layouts. Church architecture or ecclesiastical architecture refers to the
architecture of buildings of Christian churches. It has evolved over the two thousand years of the
Christian religion, partly through innovation and partly by imitating other architectural styles, as
well as responding to changing beliefs, practices and local traditions.
Definition of Church (sacred building): In the context of Climate for Culture the definition of
church also refers to the use: usually huge building volumes, without air-conditioning, that are heated up
for church services on average once a week.
A museum is a building or institution that houses and cares for a collection of artifacts and other
objects of scientific, artistic, or historical importance and makes them available for public viewing
through exhibitions that may be permanent or temporary. Types of museums vary, from very large
collections to very small museums, from general collections covering a particular location to particular
subjects. Categories include: fine arts, applied arts, craft, archaeology, anthropology and ethnology,
history, cultural history, military history, science, technology, children's museums, maps, natural history,
numismatics, botanical and zoological gardens and philately.
Definition of Museum: a museum is characterized by its use. Large numbers of visitors lead to
attempts to provide stable climate conditions for the preservation of works of art. In many cases
climate control is performed with technical support (HVAC - Heating, Ventilation and Air
Conditioning; heating and cooling devices; humidifiers and dehumidifiers; “Temperierung”, etc.).
A palace is a large and richly furnished building, often a royal residence or the residence of a head of
state or some other high-ranking dignitary. In many parts of Europe, the term is also applied to
relatively large urban buildings. Many historic palaces are now put to other uses such as housing
parliaments, museums, hotels or offices. Castle is also placed in this category as a type of fortified
structure built in Europe and the Middle East during the Middle Ages. Scholars debate the scope of the
word castle, but usually consider it to be the private fortified residence of a lord or noble.
Definition of Palace: in Climate for Culture a palace or castle is associated with huge volume,
dressed stone walls or thick brickwork. It is staffed or lived in by a few people, or is presented as an
historical monument open to the public. Large numbers of visitors influence the indoor climate
conditions but in most cases there is no possibility of controlling the climate with HVAC systems.
The term residential building refers to a building used or designed to be used in whole or in part for
residential purposes.
Definition of Residential Building: The Climate for Culture project includes within this category
comparatively small buildings that are or were occupied by a few inhabitants. Mansions are also
included in this category because they were once used as residential buildings even if they are today
mostly put to other uses such as exhibition venues or museums.
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Table 1 │Simplifies classification of buildings as first step of the double-stage classification.

Category

Use

Volume

Construction

Technical
equipment

Church

sporadic

huge

heavy

limited

Museum

permanent

small
huge

light
heavy

available
in most cases

Palace

permanent
seasonal

huge

heavy

limited

Residential

permanent
seasonal

small

light
heavy

limited
available

Outstanding

all

all

all

all

The artificial or generic building needs to be derived from the case studies in order to provide a
representative statistical profile of historic sites (figure 9). The second step involves the development of a
scientific classification based upon the sensitivity analysis of the artificial buildings. The aim is to
produce insightful conclusions on how building envelope parameters influence the indoor climate whilst
being in turn influenced by outdoor climate changes. This artificial or generic building approach classifies
buildings according to structural parameters such as the thickness of the wall, window-to-wall ratio,
surface-area-to-volume ratio and heat transfer coefficients. The balancing and rating of these parameters
will be one of the results of the sensitivity analyses. Simplifying the real case study buildings allows the
important influences to be identified, and means the interdependence of these different parameters can
be examined. This second classification is more scientific and deals only with parameters based on
numbers rather than the building types from which they derive.

Fig. 9 │Artificial/generic building approach as visualized by Work Package 3 at the Dubrovnik meeting.
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5. Climate zoning
The building classification is closely related to the climate zoning. The first approach was to take the
Koeppen&Geiger map to define the climate zones. However, as Figure 10 shows, this zoning is based on
vegetation growth and precipitation and is not appropriate for investigating the interaction between
outdoor and indoor climate and the influence of the building envelope, as well as their correlation with
damage to works of art.

Fig. 10 │Climate zones according to Koeppen&Geiger with the locations of the case studies throughout Europe.

A more appropriate way of climate zoning needs to take into account the target indoor criteria
considered responsible for the damages observed on the works of art. As the damage functions are part
of the project results of Work Package 4 on one hand and the current need for defined climate zones
on the other hand, a preliminary climate zoning is needed that relates to the most important and
commonly agreed target criteria: absolute humidity, relative humidity, temperature, precipitation and
solar radiation. The zoning of the climate is steering the collection of further case studies. In order to
ensure statistically credible analysis, for example of the historic climate, at least one case study of a
building category is required for each climate zone (Figure 10). Therefore a rough preliminary zoning of
the climate is needed as a first step which then undergoes further refinement as knowledge increases
during the project.
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Fig. 11 │Example of applying a building category (in this case the church) to various sensitivity analyses and climate
zones.

Since the climate maps visualizing the above-mentioned parameters are being prepared by Work
Package 1 and are not y et available, figures 12–15 demonstrate how the result of preliminary climate
zoning can look like. The final decision on the first brief climate zoning will be taken jointly in
December 2010 by the coordinators, Work Package 4 and Work Package 1.

Fig. 12 │ Mean annual baseline temperature (1960–
1989) with the locations of the case studies.

Fig. 13 │Difference between baseline and future (predicted)
temperature, with the locations of the case studies.
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Fig. 14 │Mean annual baseline precipitation (1960–
1989), with the locations of the case studies.

Fig. 15 │Difference between baseline and future (predicted)
precipitation with the locations of the case studies.
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