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Introduction
Climate change challenges the experts, authorities and heritage owners and managers
responsible for preservation of heritage assets. The large European consortium of institutes,
academic organizations, individual experts, SMEs, heritage site managers and other
stakeholders gathered in the EU FP7 CLIMATE FOR CULTURE project tried to understand
the influence of climate change on heritage assets and contribute to development of efficient
measures for mitigation and adaptation to climate change. Knowledge is collected in project
deliverables that are important for further research and planning of activities for heritage
protection.
However, knowledge from research projects should be used and introduced into practice.
Therefore, the project consortia aimed to make the results available to future generations of
experts and researchers as well as to all those who are interested in the protection of cultural
heritage. The deliverable no. 10.1 produced within the Work Package 10, opens the
knowledge to a wider public in the form of a curriculum which is a collection of lectures
produced by project partners. In addition, the Course of 180 hours of study (6 ECTS Credits)
is developed for any interested educational organization.
On the following pages the specifications containing a concise summary of the main features
of the course and the learning outcomes that a typical student might reasonably be expected
to achieve and demonstrate if full advantage is taken on the learning opportunities that are
provided.
The basic source of knowledge is the 664 page collection of 7 Lectures on the influence of
the climate change on the cultural heritage assets provided by partners of CLIMATE FOR
CULTURE project. However, this collection of lectures is only a basic source of knowledge
that can be completed by other sources and published publications. It should be understood
as a kind of guideline for studies of the influence of climate change on heritage assets.
The presentations collected in an e-publication are free to be used for teaching purposes and
are downloadable from:
http://www.climateforculture.eu/index.php?inhalt=furtherresources.projectresults
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Course Specification
1. Course Code:

CfC - EU

2. Course Title:

Damage risk assessment, economic impact and
mitigation strategies for sustainable preservation of
cultural heritage in the times of climate change

3. Short Title:

Climate for Culture

4. Academic Session:
5. Level:
6. Credits:

6 ECTS (180 hours of study)
European Credit Transfer and Accumulation System

7. Subject:
8. Campus:
9. College:
10. Lead School/Institute:
11. Collaborative:
11.1. Teaching Institutions:
12. Course Aims:
This is a course about the influences of fluctuations of environmental conditions and of
climate changes with ambition to contribute to development of effective and efficient
sustainable adaptation and mitigation strategies for preservation of cultural heritage
assets. More reliable assessments of the impact of climate change will lead to better
prediction models, which in turn will enable preventive measures to be taken, thus
reducing the consumption of energy and resources. The students completing this course
will be able to understand the influence of climate changes and contribute in their future
carriers to mitigation and adaptation activities.
13. Outline of Course:
Lecture 1: Impact of climate change to cultural heritage
Lecture 2: Climate change scenarios and influences
Lecture 3: Investigation as a basis of preventive conservation
Lecture 4: Hygrothermal building behavior and simulation
Lecture 5: Risk and damage assessment
Lecture 6: Economic aspects of climate change impact
Lecture 7: Analysis and decision making tools
14. Intended Learning Outcomes of Course:
Having completed this module, students should be able to demonstrate: i) An understand
the climate change phenomena and influence on different parts of Europe and
Mediterranean basin ii) A recognition of influence of climate change on heritage asset and
needs for mitigation and adaptation iii) An information on monitoring possibilities and
investigation of climate change influences using non-destructive methods of investigation
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and damage assessment iv) A basic understanding and use of the methods and techniques
for hygrothermal building simulation v) A basic skill in development of mitigation, adaptation
and preservation strategies and decision making regarding interventions vi) An information
regarding assessing of economic impact to heritage damages due to climate change
15. Requirements of Entry:
16. Co-requisites (courses that must be taken in conjunction with this course):
17. Excluded Courses:
18. Associated Programmes:
19. Typically offered:
20. Timetable (if known) and length and frequency of teaching sessions:
The lectures will take part in one semester (15 weeks). Two lectures per week and a
weekly seminar or IT session and exercises in software application. Two one-day field trips
will also be held. The course will provide a survey of the typical cases of damages caused
by environmental impacts.
21. Minimum Requirement for Award of Credits:
75% of the overall assessment must be completed
22. Available to visiting students:
23. Taught wholly by distance learning:
24. Open Studies Credit Bearing:
25. Represents a work placement or year of study abroad:
26. Learning and Teaching Methods:
Method

Formal Contact
Hours

Notional Learning Hours
(including formal contact hours)

Lecture

30.00

0.00

Seminar / Presentation / PBL

0.00

10.00

Tutorial

10.00

0.00

Laboratory work

10.00

0.00

Project work

15.00

0.00

Field work

15.00

0.00

E-learning / Distance Learning

0.00

0.00

Placement

0.00

0.00

Examination

0.00

30.00

Essay

0.00

10.00

Private study

Not Applicable

40.00

Other (please specify below)

0.00

0.00

TOTAL

90.00

90.00
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26.1 Description of “Other” Learning and Teaching Methods:
27. Summative Assessment Methods:
Method

%

Coursework

20

Project work

30

Examination

50

TOTAL

100

27.1 Description of Summative Assessment:
50% examination (1½ hours long); 20% essay (1500 words) and 30% from two worksheets
based upon fieldtrip, museum & IT sessions
27.2 Description of “Other” Summative Assessment Method:
28. Grading Basis:
ECTS grading scale (European Credit Transfer and Accumulation System)
29. Examination Diet:
30. Total Exam Duration (Excluding in-class tests):
30.1 Non-Standard Rationale:
31. Are reassessment opportunities normally available for all summative
assessments in this course:
32. Formative Assessment:
Lecturers/tutors feedback on all returned assessed coursework and verbal feedback in
seminars/tutorials.
33. Additional Relevant Information:
The course is based on the publication: “Lectures on the influence of the climate change
on the cultural heritage assets” (downloadable from http://www.climateforculture.eu)
34. Intended Student Numbers—Max:

120

35. Intended Student Numbers—Min:

40

36. Intended Student Numbers—Target:

80

Date of production / revision:

31/10/2014
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LECTURES
ON THE INFLUENCE OF THE CLIMATE
CHANGE ON THE CULTURAL HERITAGE
ASSETS
The lectures are the result of the EU 7th Framework Programme Project entitled: “Damage
risk assessment, economic impact and mitigation strategies for sustainable preservation of
cultural heritage in the times of climate change” (CLIMATE FOR CULTURE, Grant
agreement no. 226973, http://www.climateforculture.eu).
The research has been organized in working groups where all partners have contributed their
knowledge and experiences as presented in the collection of lectures.

Editor: Roko Žarnić, University of Ljubljana
October 2014
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Climate change is one of the most critical global challenges of our time. This factor, coupled
with the increasing demand our society makes on energy and resources, has forced
sustainable development to the top of the European political agenda. Scientific research has
shown that also the cultural heritage of Europe is particularly vulnerable to these factors
making its preservation and conservation a high priority to all stakeholders.
Therefore, more effective and efficient sustainable adaptation and mitigation strategies need
to be developed in order to preserve these invaluable cultural assets for the long-term future
since they represent a non-renewable resource of intrinsic importance to our European
identity. More reliable assessments of the impact of climate change will lead to better
prediction models, which in turn will enable preventive measures to be taken, thus reducing
the consumption of energy and resources.
Against this background, the CLIMATE FOR CULTURE project estimates the impacts of
changing climate conditions on historic buildings and their vast collections in Europe and the
Mediterranean. A multidisciplinary research team of 27 partners aims to identify the damage
potential of our cultural heritage most at risk, so as to encourage the development of
strategies to mitigate the effects of climate change, including through policy makers and the
Intergovernmental Panel on Climate Change (IPCC) reports. Furthermore, the project
provides insight into the possible socio-economic impact of climate change, given the
importance of cultural heritage to Europe’s economy.
The main innovation of the project is to use simulation and modelling tools to better predict
the influence of the changing outdoor climate on the microclimate in historic buildings until
2100, and to assess the damage potential of these future microclimates on art collections in
various climate zones. For the first time ever, regional climate models with a high resolution
of 10x10 km are therefore being developed and coupled with whole building simulation tools
to identify the most urgent risks for specific regions.
Buildings of outstanding significance are subject to in depth case studies providing
knowledge on the state of preservation, interpretation of indoor climate conditions and
requirements from a preventive conservation point of view. Various types of historic buildings
located in different climate zones and from different time periods are investigated concerning
the behaviour due to weather changes and different utilization. The aim is an improved
assessment of the climatic functioning of historic buildings and their future energy demand
using whole building simulation with regard to the dangers for the interior equipment or works
of art and resulting measures to improve conditions. For these research tasks, the newest
available technologies from European projects (AMECP, LASERACT, Noah’s Ark, Friendly
Heating, EUROCARE EU-1383 PREVENT, OnSiteforMasonry, SMooHS) are applied.
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List of partners of the project whose knowledge and experiences are presented in following
lectures:

Fraunhofer IBP, MOEZ, ISC|Czech Technical University in Prague|Italian National Research
Council|University of Zagreb|Foundation for Research and Technology|Max Planck Institute
for Meteorology|Technical University Munich |Eindhoven University of Technology|University
of Ljubljana|Gradbeni Institut ZRMK|Uppsala University|Andreas Weiß|Engineering
Consulting & Software Development|Krah & Grote Measurement Solutions|TB Käferhaus
GmbH|Haftcourt Ltd.|ACCIONA Infrastructure|Bavarian Administration of Stateowned
Palaces, Gardens and Lakes|Bavarian State Painting Collections |National Trust for England,
Wales and Northern Ireland|Kybertec Ltd.|Glasgow Caledonian University|Center for
Documentation of Cultural & Natural Heritage|Jonathan Ashley-Smith|The National Institute
of Cultural Heritage|London School of Economics & Political Science|Foundation Salvatore
Maugeri|Prussian Palaces and Gardens Foundation Berlin-Brandenburg (associated
cooperation partner)|The Evangelical church (associated cooperation partner)
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TABLE OF CONTENT
Lecture 1: Impact of climate change to cultural heritage
1. Climate change impact on historic houses and collections – the EU project
Climate for Culture
Johanna Leissner, Constanze Fuhrmann, Ralf Kilian, Uta Pollmer and Urban Kaiser

2. The „Climate for Culture“ approach: From global climate to works of art
Ralf Kilian and Johanna Leissner

Lecture 2: Climate change scenarios and influences
3. Dynamical downscaling of anthropogenic climate change simulations for
Europe: from global climate model results to data suitable as input for building
simulations
Lola Kotova, Daniela Jacob, and Uwe Mikolajewicz

4. Downscaling the effect of anthropogenic climate change with a regionally
coupled atmosphere-ocean- model
Uwe Mikolajewicz

5. Collecting and assessing climate data – the “climate for culture” database
Henk L. Schellen, Marco Martens, Zara Huijbregts, Rick Kramer, Jos van Schijndel

Lecture 3: Investigation as a basis of preventive conservation
6. Experimental investigation on surface monitoring of materials
Vivi Tornari, Eirini Bernikola, Kostas Hatzigiannakis, Michalis Andrianakis, Nota
Tsigarida, Chiara Bertolini, Dario Camuffo, and Johanna Leissner

7. Identification of climate change influence on heritage assets by using 3D optical
microscope system
Violeta Bokan Bosiljkov, Petra Štukovnik and Roko Žarnić

8. Digitchart – software for digitizing analogue data charts from thermohygrographs
Jan Radon

Lecture 4: Hygrothermal building behavior and simulation
9. Building simulation as a tool for future projections of indoor climate in hsitoric

buildings
Florian Antretter

10. Generic sacred buildings – generating indoor climate and risk maps through an
automated risk assessment method tool for future projections of indoor climate
in historic buildings
Florian Antretter and Matthias Winkler

11. Assessment of the hygrothermal and energy performance of cultural heritage
buildings in current and future climate change scenarios
Paul Baker, Anastasios Markopoulos, Nigel Blades, and Florian Antretter

12. Mechanical degradation of a historic wooden cabinet: modelling of heat and
moisture induced strain based on a reconstruction of the historical indoor
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climate
Zara Huijbregts, Henk Schellen, and Jos van Schijndel

13. Assessing the impact of climate change on conservation heating in national trust
historic houses
Nigel Blades and Katy Lithgow

14. Dubrovnik Cathedral and St. Barbara’s Chapel - building simulation, validation
and mitigation strategies
Vlatka Rajčić, Ana Skender, and Domagoj Damjanović

15. The wall heating system (“temperierung”) at Brežice Castle in Slovenija
Mihael Mirtič, Gašper Stegnar, Marjana Šijanec Zavrl

16. Sustainability in historic buildings is Possible!: A Résumé of our ‘Climate for
Culture’ research studies
Jochen Käferhaus

Lecture 5: Risk and damage assessment
17. Learning from history: cultural heritage in times of climate change
Melanie Eibl and Andreas Burmester

18. Risk and damage assessment
Jonathan Ashley-Smith

19. Climate change impact on cultural heritage
Dario Camuffo and Chiara Bertolin

20. Sorption model for the risk assessment of moisture derived deterioration of
wood
Pavel Zítek, Vivi Tornari, Eirini Bernikola, Jaromír Fišer and Tomáš Vyhlídal

21. Application of computational fluid dynamics (CFD) models for risk assessment
and mitigation of indoor climates in historical buildings
Goran Simeunovic, Tomas Vyhlidal, and Pavel Zitek
22. Isopleth ranges of historic materials
Nicole Krueger, Wolfgang Hofbauer, and Ralf Kilian

Lecture 6: Economic aspects of climate change impact
23. The economic benefits of built heritage interiors conservation from climate
change damages in Europe
Susana Mourato

24. Experience with the visitor surveys in Germany
Constanze Fuhrmann and Johanna Leissner

25. What will be the implications for energy use in historic buildings in Europe in the
future?
Tor Broström and Jos van Schijndel

26. Stakeholder experience - putting “climate for culture” in the context of the
national trust
Katy Lithgow
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Lecture 7: Analysis and decision making tools
27. Indoor-climate control and mitigation strategies: methods and decision-making
Tomáš Vyhlídal, T. Brostrom, P. Zítek, R. Kilian, G. Leijonhufvud, Jiří Šolc

28. Climate for Culture – the decision-making support system
Aleš Sládek, Oto Sládek, Vlatka Rajčić
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