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1. Introduction 

 
The International Co-operative Programme on Effects on Materials, including Historic and Cultural 
Monuments (ICP Materials) was launched in 1985 within the scope and the activities of the 
Convention on Long-range Transboundary Air Pollution. The aim of the Programme is to fill some of 
the major gaps in scientific knowledge in the area of materials corrosion influenced by atmospheric 
pollutants by performing a quantitative evaluation of multi-pollutant effects on atmospheric corrosion 
on both technically important materials and materials used in historic and cultural monuments. 
 
Many of the materials used in the construction of historic and cultural monuments are very sensitive 
to air pollution resulting in corrosion and soiling of the materials which was used to create the 
artefacts. The Programme, through the Sub-Centre for stock of materials at risk and cultural heritage, 
started a “Pilot study on the inventory and condition of stock of materials at risk at five United 
Nations Educational, Scientific and Cultural Organization (UNESCO) cultural heritage sites”. 
UNESCO cultural heritage sites are considered of outstanding universal value and are therefore ideal 
for illustration and dissemination of effects of air pollution on materials. 
 
In April 2015, the Task Force of ICP Materials at its 31st meeting in Kjeller, Norway (22-24 April 
2015) agreed to launch a Call for Data on “Inventory and condition of stock of materials at UNESCO 
cultural heritage sites”. A preannouncement letter was sent to Heads of Delegations to the Working 
Group on Effects (WGE) on 18 June 2015 for early information purposes only. A proposal for the 
Call was adopted by the WGE during the first joint session of the Steering Body to the EMEP and 
WGE (Geneva, 14-18 September 2015). The Call for Data was launched on 22 October 2015.  
 
Documents provided by the Call included the Call text, the reporting template, an explanatory note 
with guidance on the use of the reporting template, and a brochure on a pilot study “Inventory and 
condition of stock of materials at risk at five UNESCO world cultural heritage sites”, exemplifying 
the approach. In addition, a page dedicated to the Call for Data was added to the ICP Materials 
website (http://www.corr-institute.se/icp-materials), where all documents and some examples of the 
reporting template are available for downloading. 
 
The main purpose of this Call for Data is to retrieve available documented information to be used for 
the identification of UNESCO world cultural heritage sites that are at a potential risk of corrosion or 
soiling and to provide relevant data on the adverse effects of air pollution on our built heritage. The 
final goal is to identify UNESCO sites at risk in individual countries and assist decision makers and 
heritage managers at national and local levels in taking actions for the reduction of ambient levels of 
air pollution in order to protect heritage and minimize damage costs. 
 
Six Parties to the Convention have shown interest in the Call for Data: Croatia, Germany, Italy, 
Norway, Sweden and Switzerland. Qualitative and quantitative data on both the historic/cultural 
monument and on the environment were provided by using the reporting template developed for this 
purpose and submitting relevant reports and/or website addresses. In total, data were provided for 
nineteen unique cultural objects located in UNESCO world heritage sites.  
 
The aim of the present Status Report is to compile and disseminate the information so far collected 
on the cultural heritage objects considered. This information is the basis for subsequent activities on 
the evaluation of damage due to air pollution by using dose-response functions established by ICP 
Materials for various materials including those used in objects of cultural heritage and the evaluation 
of cost of damage caused by deterioration of materials. 
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2. Croatia   

 
There are eight UNESCO World Cultural Heritage Sites in Croatia: 
 

Number Latitude Longitude Name 
Date 

inscribed 
Note 

1 42.6506 18.0914 Old City of Dubrovnik 1979  

2 43.5094 16.4433 Historical Complex of Split with the Palace of 
Diocletian 

1979  

3 45.2292 13.5944 Episcopal Complex of the Euphrasian Basilica 
in the Historic Centre of Poreč 

1997  

4 43.5125 16.2517 Historic City of Trogir 1997  

5 43.7363 15.8904 The Cathedral of St James in Šibenik 2000  

6 43.1817 16.6386 Stari Grad Plain 2008  

7   Stećci Medieval Tombstones Graveyards 2016 1 

8   Venetian Works of Defence between 15th and 
17th centuries 

2017 2 

Notes: 
1. Transboundary. This serial property combines 28 sites, located in Bosnia and Herzegovina, western Serbia, western 
Montenegro and central and southern Croatia. Two sites are located in Croatia: Velika and Mala Crljivica, Cista Velika 
(N 43 30 55.28, E 16 55 37.9) and St. Barbara, Dubravka, Konavle (N 42 32 30.42, E 18 25 20.57). 
2. Transboundary. This serial property consists of 15 components of defence works in Italy, Croatia and Montenegro. 
Two sites are located in Croatia: Defensive System of Zadar ( N 44 6 42, E 15 13 49) and Fort of St. Nikola, Šibenik-Knin 
County (N 43 43 17, E 15 51 17). 

 
 

 
 

Location of World Cultural Heritage sites within Croatia. 
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Data for the Cathedral of Saint Domnius, which is part of the Historical Complex of Split with the 
Palace of Diocletian have been reported for this Call for Data. 
 
 

 
 

Location of the cultural objects in Croatia selected for the study. 
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2.1 The Cathedral of Saint Domnius, Split 

 

 
 

The Cathedral of Saint Domnius, Split 
 
 
 

2.1.1 Description 

 
Introduction 
 
The Cathedral of Saint Domnius is an imperial mausoleum dating back to late Antiquity, located 
within Diocletian's Palace from which the medieval town of Split originated. It is part of a larger 
complex around the Peristyle where the Palace’s north-south street (cardo) and the east-west oriented 
street (decumanus) meet, which was surrounded by other pagan temples. Diocletian's Palace and the 
medieval town of Split were inscribed on the UNESCO World Heritage List in 1979. Every year 
around 300,000 people visit the cathedral and the bell tower. An increasing number of tourists places 
a significant burden on the complex but also poses a threat and a risk to this World Heritage site. 
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History and description of the mausoleum 
 
The construction of Diocletian's mausoleum began at the end of the 3rd century within an enclosed 
area of temenos (sacral area) in the south-eastern part of the imperial palace. Octagonal structure was 
built using carved stone blocks, with a vaulted dome and bricks laid in a fish-scale pattern. The 
interior consists of a circular floor plan divided by rectangular and semicircular niches, and of two 
rows of granite columns, with intricate stone cornices and upper frieze with portraits of Diocletian 
and his wife Prisca and erotes, depicting hunting scenes. A crypt is located within the high base 
platform of the mausoleum. A peripter surrounds the complex and consists of marble and stone 
columns with the remains of stone panels. When converting the pagan mausoleum into a cathedral, a 
five-storey stone bell tower was constructed on the west side between 13th and 16th centuries, while a 
deep chorus (choir area) was added to the eastern side at the beginning of the 17th century. 
 
 
Dimensions of the object 
 
Mausoleum 
 
The pedestal: octagon with sides of 10.40 m, the surface area 513.0 m2 
Area mausoleum: octagon with sides of 7.70 m, the surface area of 282 m2 and the sacristy 102.0 m2. 
Dome: inner diameter 13.37 m 
The height of the mausoleum (measured from the lowest point of the finished terrain) is 27.50 m and 
the height of the sacristy is 14.60 m 
Thickness of mausoleum walls: 2.5 m 
 
Bell tower 
 
Surface of the bell tower: 83.34 m2 
Floor area (inner dimensions): 24.18 m2 
Floors: ground floor + 5 
Bell tower: 58.70 m 
Average thickness of walls: 0.95 m 
 
 
Conservation history and condition of the complex 
 
An extensive renovation of the cathedral was carried out at the end of the 19th century, when the 
dilapidated segments of stone sculpture were replaced in the interior of the building. The major 
restoration of the bell tower was completed in 1908. The roof of the mausoleum was renovated in 
1996 and the static restoration of the chorus lasted from 1999 until 2002. When repairing the court 
located south of the cathedral, waters, damaging the floor of the former mausoleum, were also 
eliminated. Conservation and restoration works on the interior side of the dome and stone walls were 
carried out continuously from 2012 until 2015, and the restoration of the medieval floor tiling and the 
lower floor was carried out from 2016 until 2017, using the technique opus sectile. 
 
 
Pressures and issues in management 
 
The restoration works of the Cathedral's exterior have been carried out on the main portal and in the 
atrium at the bell tower base, which displayed noticeable level of damage and stone surface soiling 
such as salt sediment, calcification, black sediment, micro-discontinuity, corrosion and iron 
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impurities in the stone. The atrium also houses marble bas-reliefs with inscriptions that required 
specific treatment. The interior has been darkened from centuries of burning candles, and parts of the 
stone sculptures have been affected by soluble salts, calcite deposits, black crusts and micro-
discontinuity. The relatively small Cathedral is frequently visited by large tourist groups which is 
disadvantageous for the rich movable heritage housed (wooden doorways and pews dating from the 
14th century, easel paintings, gilded wood, silver) as it may cause variations in humidity and 
temperatures. There is also prominent abrasion of the stone stairways leading from the entrance to 
Peristyle. 
 
 
Restoration methodology 
 
The methodology of conservation - restoration works depended on the level of damage and results of 
laboratory testing on samples. The methodology applied includes: dust suction using a suction 
device, hand washing using sterilised water with a low concentration of solvent, extraction and 
stabilisation of soluble salts, mechanical removal of calcite deposits using precise hand tools 
(scalpels and micro drills), extraction and replacement of corroded iron elements with new elements 
of stainless steel, laser cleaning, reconstruction of micro-discontinuity in stone, use of artificial stone 
in cementing smaller defects (stone dust, acrylic-lime mortar) with finishing treatments using 
traditional tools, filling flash (spew) lines with lime mortar, stone surface protection using suitable 
chemical agents for consolidation and impregnation.  
 
Fragments of medieval headstones have been cleaned in the same manner, they were joined together 
with micro rods made of stainless steel and missing elements were reconstructed.  The floor in opus 
sectile technique was cleaned with neutral agents, lined and consolidated, and then documented and 
protected with geotextile.  
 
Approximately 8.000.00,00 kn (1.06 mil EUR) has been invested over the last 6 years in the 
restoration of the interior (stone walls, dome, stone flooring). 
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2.1.2 Property data 

 
Total surface of building(s)/monument(s) 1956.76 m2 

Limestone/marble 1385.6 m2 

Sandstone - 

Render/Mortar/Plaster 42.99 m2 

Brick 492.08 m2 

Copper - 

Bronze Yes, 9 bells 

Wood 23.3 m2 

Painted surfaces - 

Glass 12.79 m2 

Others Steel (stairs), 53.49 m2 

 
 
 
 

2.1.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Station: Split-1 
N 43° 30' 38,35''; E 16° 26' 57,63' 
Croatian Agency for the Environment and Nature  
 
Station for ozone: Hum (Island Vis) 
N43° 1' 52,80'', E16° 6' 57,50'' Hum 
 

2015 4 

NO2, g/m3 24 

O3, g/m3 96 

PM10, g/m3 19 

Temperature, °C Meteorological observatory Split-Marjan 
43°30'30.31"N, 16°25'34.75"E  
(Meteorological and Hydrological Service) 

2015 17.5 

Relative humidity, % 56 

Amount of 
precipitation, mm/y 

798.9 

pH of rain 5.6 
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3. Germany 

 
Germany has 39 UNESCO World Cultural Heritage Sites: 
 

 

Number Latitude Longitude Name 
Date 

inscribed 
Note 

1 50.7744 6.0844 Aachen Cathedral  1978  

2 49.3167 8.4430 Speyer Cathedral 1981  

3 49.7928 9.9389 Würzburg Residence with the Court Gardens 
and Residence Square 

1981  

4 47.6813 10.9001 Pilgrimage Church of Wies 1983  

5 50.8250 6.9098 Castles of Augustusburg and Falkenlust at Brühl 1984  

6 52.1528 9.9439 St Mary's Cathedral and St Michael's Church at 
Hildesheim 

1985  

7 49.75 6.6333 Roman Monuments, Cathedral of St Peter and 
Church of Our Lady in Trier 

1986  

8 53.8667 10.6917 Hanseatic City of Lübeck 1987  

9   Frontiers of the Roman Empire 1987 1 

10 52.4 13.0333 Palaces and Parks of Potsdam and Berlin 1990  

11 49.6537 8.5686 Abbey and Altenmünster of Lorsch 1991  

12 51.82 10.34 Mines of Rammelsberg, Historic Town of 
Goslar and Upper Harz Water Management  
System 

1992  

13 49.0008 8.8131 Maulbronn Monastery Complex 1993  

14 49.8917 10.8889 Town of Bamberg 1993  

15 51.7833 11.15 Collegiate Church, Castle and Old Town of 
Quedlinburg 

1994  

16 49.2444 6.85 Völklingen Ironworks 1994  

17 50.9411 6.9572 Cologne Cathedral 1996  

18 50.9748 11.3295 Bauhaus and its Sites in Weimar, Dessau and 
Bernau 

1996 2 

19 51.8647 12.6528 Luther Memorials in Eisleben and Wittenberg 1996 3 

20 50.9775 11.3286 Classical Weimar 1998  

21 52.5197 13.3986 Museumsinsel (Museum Island), Berlin 1999  

22 50.9668 10.307 Wartburg Castle 1999  

23 51.8425 12.4208 Garden Kingdom of Dessau-Wörlitz 2000  

24 47.6987 9.0613 Monastic Island of Reichenau 2000  

25 51.4914 7.0461 Zollverein Coal Mine Industrial Complex in 
Essen 

2001  

26 50.1736 7.6942 Upper Middle Rhine Valley 2002 4 

27 54.3025 13.0853 Historic Centres of Stralsund and Wismar 2002  

28 53.0759 8.8075 Town Hall and Roland on the Marketplace of 
Bremen 

2004  

29 51.5793 14.7264 Muskauer Park/Park Mużakowski 2004 5 

30 49.0205 12.0992 Old town of Regensburg with Stadtamhof 2006  
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Notes: 
1. Transboundary (Germany, United Kingdom of Great Britain and Northern Ireland). Multiple locations. The two 
sections of the Limes in Germany cover a length of 550 km from the north-west of the country to the Danube in the 
south-east. 
2. Multiple locations in Weimar (Thuringia), Dessau (Saxony-Anhalt) and Bernau (Berlin). 
3. Various Luther memorial sites in Saxony-Anhalt and Thuringia. 
4. A 65 km stretch of the Middle Rhine Valley in Germany. The region is home to many castles and historic towns. 
5. Transboundary (Germany and Poland). 
6. The property consists of six housing estates. 
7. Transboundary (Austria, France, Germany, Italy, Slovenia, Switzerland). The serial site comprises a selection of 111 
out of the merely 1000 known archaeological pile-dwelling.  Eighteen of the sites are located in Germany. 
8. Transboundary (Argentina, Belgium, France, Germany, India, Japan, Switzerland). This transnational serial property 
comprises 17 sites chosen from the work of Le Corbusier. In Germany is located the Maisons de la Weissenhof-Siedlung. 
9. Two sites: Ach Valley and Lone Valley. 
 

 

 
 

Location of World Cultural Heritage Sites within Germany. 

31 52.4483 13.45 Berlin Modernism Housing Estates 2008 6 

32 51.9836 9.8111 Fagus Factory in Alfeld 2011  

33 47.2783 8.2075 Prehistoric Pile dwellings around the Alps 2011 7 

34 49.9444 11.5786 Margravial Opera House Bayreuth 2012  

35 51.3158 9.3931 Bergpark Wilhelmshöhe 2013  

36 51.7783 9.4102 Carolingian Westwork and Civitas Corvey 2014  

37 53.5456 9.9994 Speicherstadt and Kontorhaus District with 
Chilehaus 

2015  

38 48.7998 9.1777 The Architectural Work of Le Corbusier, an 
Outstanding Contribution to the Modern 
Movement 

2016 8 

39 48.3878 9.7655 Caves and Ice Age Art in the Swabian Jura 2017 9 
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Germany supported this Call for Data by presenting a report1 with data on the amount and kind of 
building materials of eight World Heritage Sites as well as corresponding environmental and 
meteorological data. The eight cultural heritage sites are: 
 

 Aachen Cathedral; 
 Speyer Cathedral; 
 Würzburg Residence as part of the heritage site Würzburg Residence with Court Gardens and 

Residence Square; 
 The Porta Nigra in Trier as part of the heritage site Roman Monuments, Cathedral of St Peter 

and Church of Our Lady in Trier; 
 Town Hall of Bremen as part of the heritage site Town Hall and Roland on the Marketplace 

of Bremen; 
 The Palas (Great Hall) and the keep of Wartburg Castle as part of the heritage site Wartburg 

Castle; 
 The Hercules Monument at Kassel as part of the heritage site Bergpark Wilhelmshöhe; 
 The Gatehouse of the Abbey of Lorsch as part of the site Abbey and Altenmünster of Lorsch. 

 
 

 
 

Location of the cultural objects in Germany selected for the study. 
 
 
 
 

                                                 
1 Petra Bundschuh and Michael Auras. Teilnahme an einer internationalen Datenanfrage zur Gefährdung von UNESCO-
Welterbestätten (Weltkulturerbe) durch Luftverunreinigungen. Institut für Steinkonservierung e.V., Mainz on behalf of 
the Federal Environmental Agency. May 2017. 
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3.1 Aachen Cathedral, Aachen 

 

 
 

Aachen Cathedral (copyright: Domkapitel Aachen, Dombauhütte) 
 

 

3.1.1 Description 

 
The Aachen Cathedral or Cathedral of Aix-la-Chapelle (50°46‘29‘‘N/06°05‘02‘‘E) was the first 
German monument which was recorded on the UNESCO-World Heritage List (1978). 
 
The original building - the Palatine Chapel (Pfalzkapelle) of Charlemagne - was the first dome-
shaped building of the postclassical area north the alps and it represents the centre of the Aachen 
Cathedral today. The construction of the strong geometric Palatine Chapel (octagon with a 
surrounding hexadecagon) started between 793 and 803. Further Carolingian parts of the Aachen 
Cathedral were the centrepiece of the westwork - which was provided with a bell tower in the 19th  
century - and two flanking stair towers. On each of this stair towers a two-storied chapel was placed 
for relict storage in 1350. Between 1355 and 1414 a Gothic choir was built on the east side of the 
octagon which substituted a previous rectangular Carolingian choir. Due to his enormous glass 
windows the choir was also called the “glass house” of Aachen (caused by the damages of the 
Second World War all windows were replaced by glass of the 20th century). 
 
The Carolingian hexadecagon is surrounded by several side chapels. The oldest of them - St Matthew 
- was built at the same time as the choir. St Anne was built in the middle of the 15th century. Further 
chapels are St Charles & St Hubert (1455-1474), St Nicholas & St Michael (1473-1485) and the 
Chapel of Hungary (1746). 
 
For the construction of the Palatine Chapel (octagon, hexadecagon and westwork) about 20 different 
stone varieties were used. Most of them are greywacke and travertine. Also Aachener Bluestone, 
various Lorraine limestones (e.g.: Euville, Jaumont and Savonnières), sandstones (mainly 
Herzogenrather and Udelfanger), trachyte, tuffs and subordinate granite and brick were used. Most of 
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these stones are used as original building materials and as replacement stones. Most side chapels and 
the choir show facades made up of different sandstones (mainly Nivelsteiner or Herzogenrather) and 
sockets of Aachener Bluestone. The Chapel of Hungary was completely built with Aachener 
Bluestone. For architectural details Udelfanger sandstone and Savonnières limestone were used 
among others. 
 
Restorations in the last decades: 
 
1985 - 1986  Supporting structure of roof truss octagon 
1985 - 1991  Chapel St Charles & St Hubert 
1987   Lantern octagon 
1987 - 1989  Westwork 
1989  Bridge between westwork and roof truss octagon 
1990 - 1991  Chapel St Nicholas & St Michael 
1991 - 1994  Chapel of Hungary 
1994 - 2000  Choir 
2000 - 2003  Roof truss octagon 
2000 - 2004  Carolingian stonework 
2003 - 2004  Tower cross and spire 
2003 - 2006  Chapel St Anne and Chapel St Matthew 
2006 - 2012  Mosaics, marble slabs and floors in the Palatine Chapel 
2012 - 2014  Roof truss St Nicholas 
2014 - 2016  Lead roof hexadecagon 
 

3.1.2 Property data 

 
Total surface of building(s)/monument(s) 17 300 m2 

Limestone/marble 19% 

Sandstone 44.5% 

Render/Mortar/Plaster - 

Brick < 0.1% 

Copper - 

Bronze - 

Wood - 

Painted surfaces - 

Glass 9.0% 

Others Greywacke   3.5% 
trachyte/tuff  1.5% 
granite    <0.1% 
lead and slate (roofs)  22.5% 
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3.1.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Aachen-Burscheid (50°45'16'' N / 06°05'38'' E), 
distance to object: 2,5 km, urban/background 

2016 No 
data 

NO2, g/m3 14 

O3, g/m3 46 

PM10, g/m3 14 

Temperature, °C Aachen-Orsbach (50°47'51'' N / 06°01'20'' E), 
distance to object: 5,0 km 

2016 10.3 

Relative humidity, % 79.1 

Amount of 
precipitation, mm/y 

826.5* 

pH of rain   5.2 

*database: Deutscher Wetterdienst (DWD, www.dwd.de). 
 
 

3.1.4 References 

 
Pufke, A. (Hrsg) (2012): Die karolingische Pfalzkapelle in Aachen - Material, Bautechnik, 
Restaurierung, Arbeitsheft der rheinischen Denkmalpflege 78, 317 p., Worms. 
 
Maintz H. (2007): Sanierung Anna- und Matthiaskapelle, Schriftenreihe des Karlsverein - 
Dombauvereins, Band 9, 94 p., Aachen. 
 
Maintz H. (2008): Die Grund- und Außensanierung 1986 - 2006, Schriftenreihe des Karlsverein - 
Dombauvereins, Band 10, 84 p., Aachen. 
 
Maintz H. (2015): Sanierung Nikolauskapelle - Dachstuhl und Außenflächen, Schriftenreihe des 
Karlsverein - Dombauvereins, Band 17, 76 p., Aachen. 
 
Domkapitel Aachen: Aachen Cathedral, Church - World Heritage Site, 
https://www.aachenerdom.de/en/, 15.05.17. 
 
Wikipedia (2017): Aachen Cathedral, https://en.wikipedia.org/wiki/Aachen_Cathedral, 15.05.2017. 
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3.2 Speyer Cathedral, Speyer 

 
 

 
 

Speyer Cathedral (Image by Alfred Hutter, source: www. wikipedia.de) 
 

 

3.2.1 Description 

 
The Speyer Cathedral, officially the Imperial Cathedral Basilica of the Assumption and St Stephen, 
(49°19’02’’N/8°26’32‘‘E) was 1981 included in the UNESCO World Heritage List as a major 
monument of Romanesque art in the German Empire. The Cathedral was built in two construction 
phases (1025-1061 and 1082-1106) and applies as the greatest preserved Romanesque church in the 
world. The cathedral is place of burials for several German Emperors. 
 
The first construction phase started under Konrad II. According to a legend he wanted build the 
greatest church of the occident. But Konrad II and also his son, Heinrich III, don’t see the finished 
building because both are died during the construction time. First under grandson Heinrich IV the 
Cathedral was consecrated in 1061. Already a few years ago Heinrich IV started an extensive rebuild 
and expansion of the building. In this time the colonnaded dwarf galleries, the towers, the chapel of 
St Afra and the double chapel St Emmeram and St Catherine were added. 
 
The history of the Speyer Cathedral is characterized by times of destruction and rebuild. The building 
experienced two grand firebrands (1450 and 1689), the pillaging and destructing of troops of the 
French Revolution (1794), the use as stable for animals and storage facility during the Napoleonic 
Wars (1803 to 1815) and also the use as army hospital (1813). 
 
The Cathedral was built of red and yellow sandstone and has copper-roofs except the sacristy covered 
by slate. 
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Recent history: 
 
1818 - 1822  Last reconstruction 
 
1846 - 1853  Decoration of the interior walls with Nazarene style frescoes by Johann von 

Schraudolph and Joseph Schwarzmann 
 
1854 - 1858  New construction of the westwork in neo-Romanesque style by Heinrich Hübsch 
 
1957 - 1966  Extensive restoration work, removal of baroque and younger decorations 
 
1962 – 1963 Lowering of the floor to its original level 
 
 
Last restorations (extract): 
 
2016  Cleaning, inspection and restoration of the northwestern tower 

New exterior illumination 
 

2015  Restoration of the south facade of the sacristy 
Revision of the clerestory windows 
Repair of cracks and conservation of plaster in the north aisle 

 

3.2.2 Property data 

 
Total surface of building(s)/monument(s) 26 000 m2 

Limestone/marble - 

Sandstone 65.0% 

Render/Mortar/Plaster - 

Brick - 

Copper 30.0% 

Bronze - 

Wood - 

Painted surfaces - 

Glass 4.0% 

Others Slate (roof)  1.0% 
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3.2.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Speyer Nord (49°21'04'' N / 8°25'23'' E), distance 
to object: 4.0 km, suburban/background 

2015 No 
data 

NO2, g/m3 29 

O3, g/m3 37 

PM10, g/m3 18 

Temperature, °C Speyer Nord (49°21'04'' N / 8°25'23 E), distance 
to object: 4.0 km 

2015 13.3 

Relative humidity, % 73.3 

Amount of 
precipitation, mm/y 

431.4 

pH of rain   5.2 

 
 
 

3.2.4 References 

 
Dehio Georg [Begr.], Gall, Ernst [Ed.](1984): Handbuch der Deutschen Kunstdenkmäler, Rheinland 
- Pfalz - Saarland, 2nd resived and extended edition, p. 975 – 984, Deutscher Kunstverlag, Berlin. 
 
Domkapitel Speyer: Dom zu Speyer, http://www.dom-zu-speyer.de/, 16.05.2017. 
 
Wikipedia (2017): Speyer Cathedral, https://en.wikipedia.org/wiki/Speyer_Cathedral, 16.05.2017. 
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3.3 Würzburg Residence, Würzburg 

 
 

 
 

Garden facade of Würzburg Residence (Image by Rainer Lippert, source: www. wikipedia.de) 
 
 

3.3.1 Description 

 
The Würzburg Residence (49°47′34″N/09°56′21″E) is a baroque monument in Bavarian, Germany. 
Formally, the residence is a building with several courtyards and a large Cour d'Honneur. The 
dimensions are enormous: the garden front is 169 m long, the narrow side 92.6 m. The building 
comprises more than 300 rooms. 
 
Balthasar Neumann, court architect of the Bishop of Würzburg, was the principal architect of the 
Residence, which was commissioned by the Prince-Bishop of Würzburg Johann Philipp Franz von 
Schönborn and his brother Friedrich Carl von Schönborn in 1719, and completed in 1744. Giovanni 
Battista Tiepolo, a Venetian painter, drew frescoes in the building, assisted by his son Domenico. 
 
The interior rooms are considered as masterworks of Baroque/Rococo or Neoclassical architecture 
and art, including the grand staircase, the chapel, and the Imperial Hall. The building was heavily 
damaged during World War II, and restoration has been in progress since 1945. Since 1981, the 
Residence has been a UNESCO World Heritage Site. 
 
The facades of the Residence are built of sandstone (Werksandstein) while the socket is made of 
limestone (Quaderkalk). The masonry consists of brickwork. 
 
History: 
 
1720 - 1744  Construction of the building 
 
1737 - 1781  Stucco-work decoration and paintings in the interior 
 
1945   Destruction by bombing 
 
1945 - 1987  Reconstruction of the building and its interiors 
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3.3.2 Property data 

 
Total surface of building(s)/monument(s) 41 100 m2 

Limestone/marble 2.5% 

Sandstone 47.5% 

Render/Mortar/Plaster 14.5% 

Brick - 

Copper - 

Bronze - 

Wood - 

Painted surfaces Yes 

Glass 8.5% 

Others Slate (roof)  27.0% 

 
 
 

3.3.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Würzburg Südring (49°47'25'' N / 09°56'51'' E), 
distance to object: 0.7 km, urban/traffic 

2016 No 
data 

NO2, g/m3 42 

O3, g/m3 No 
data 

PM10, g/m3 23 

Temperature, °C DWD-station Würzburg (49°46'13'' N / 09°57'28'' 
E), distance to object: 3.0 km 

2016 10.3 

Relative humidity, % 77.9 

Amount of 
precipitation, mm/y 

550.8* 

pH of rain   5.2 

* database: Deutscher Wetterdienst (DWD, www.dwd.de). 
 
 
 
 
 
 
 



 22

3.3.4 References 

 
Bayerische Verwaltung der staatlichen Schlösser, Gärten und Seen: Residenz Würzburg, 
http://www.residenz-wuerzburg.de/deutsch/residenz/bauges.htm, 05.05.217. 
 
Wikipedia (2017): Würzburg Residence, 
https://en.wikipedia.org/wiki/W%C3%BCrzburg_Residence, 
05.05.2017. 
 
Bayerisches Landesamt für Umwelt (2017): Werksandsteinbruch Höchberg, 
https://www.lfu.bayern.de/geologie/geotope_schoensten/86/index.htm, 18.05.2017 
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3.4 Porta Nigra, Trier 

 
 

 
 

South-facade of the Porta Nigra in Trier (Image by Michael Auras) 
 
 

3.4.1 Description 

 
Trier is the oldest city in Germany, founded in 17 BCE as Augusta Treverorum, and was once one of 
the largest metropolises of the Roman Empire. Today the cityscape of Trier is still characterized by 
monumental buildings dating from ancient times, with some of them amongst the best-preserved of 
their kind. In 1986, several Roman buildings were included in the list of UNESCO World Heritage 
Sites: the Porta Nigra (49°45’35’’N/06°38’39’’E), the Imperial Baths, the Amphitheatre, the Moselle 
Bridge (Römerbrücke), the Barbara Baths, the Constantine Cathedral (Basilica) and the Igel Column. 
Further, originating from Roman ruins, the Cathedral of St Peter and the Church of Our Lady were 
included in the list. 
 
The Porta Nigra (the Black Gate) is the largest Roman city gate north of the Alps representing a 
unique piece of roman architecture of the 2nd century. It was built of massive blocks of bright 
sandstone of local provenience. The sandstone is fine-grained and Muscovite-bearing. Today it is 
called Kordeler Sandstein and stratigraphically it belongs to the Upper Buntsandstein. 
 
The gate consisted of two towers and central block, a kind of an inner bailey. A narrow courtyard 
separated the two gate openings on either side. As shown by different grades of stone working, the 
construction of the gate remained unfinished. The gate endured for many centuries because it was 
transformed into a Christian church in form of a double church in the 11th century. At the beginning 
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of the 19th century it was retransformed into a Roman gate and only one medieval building element 
of the church, the Romanesque apsis attached to the eastern tower, was preserved. 
 
History: 
 
About 180 AD  Construction of the Roman city gate 
1040 – 1042   Transformation into a Christian church, the Simeonskirche 
About 1150   Addition of the Romanesque apse 
About 1480   Installation of a vaulted ceiling in the upper church 
1746 – 175x   Baroquization of the interior of both churches 
1804 – 1815   Removal of the church, retransformation into an antique city gate 
 
Restoration: 
 
1968 – 1973   Comprehensive restoration work (stone replacement, copper roofing) 
2017    Start of restoration work at the western facade 
 
 
 
 
 

3.4.2 Property data 

 
Total surface of building(s)/monument(s) 5 500 m2 

Limestone/marble - 

Sandstone 88.0% 

Render/Mortar/Plaster - 

Brick - 

Copper 12.0% 

Bronze - 

Wood - 

Painted surfaces - 

Glass - 

Others - 
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3.4.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Trier Ostallee (49°45'15'' N / 06°38'48'' E), 
distance to object: 0.8 km, urban/traffic 

2016 1 

NO2, g/m3 30 

O3, g/m3 No 
data 

PM10, g/m3 18 

Temperature, °C DWD-station Trier Petrisberg (49°44'52 N / 
06°39'30'' E), distance to object: 1.5 km 

2016 10.2 

Relative humidity, % 79.8 

Amount of 
precipitation, mm/y 

751.3* 

pH of rain   5.2 

* database: Deutscher Wetterdienst (DWD, www.dwd.de). 
 
 

3.4.4 References 

 
Sebald, E. (2014): » … ein Tor … aus außerordentlichen Steinen … « Bemerkungen zur Bau-und 
Restaurierungsgeschichte der Porta Nigra und der Kirche St. Simeon. In: Reinigung der Porta Nigra? 
Naturwissenschaftliche und restauratorische Aspekte zur Verschwärzung und Reinigung der 
Sandsteine. Institut für Steinkonservierung e.V., Mainz, IFS-Bericht Nr. 47: S. 1 – 13, Mainz. 
 
Generaldirektion kulturelles Erbe Rheinland-Pfalz: UNESCO World Heritage Sites Trier, 
http://www.zentrum-der-antike.de/en.html, 05.05.2017. 
 
German Commission for UNESCO: Roman Monuments, Cathedral of St Peter and Church of Our 
Lady in Trier, 
http://www.unesco.de/en/kultur/welterbe/welterbestaetten/welterbedeutschland/romanmonuments- 
cathedral-of-st-peter-and-church-of-our-lady-in-trier.html, 05.05.2017. 
 
Wikipedia (2017): Porta Nigra, https://en.wikipedia.org/wiki/Porta_Nigra, 05.05.2017. 
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3.5 Town Hall of Bremen, Bremen 

 
 

 
 

South-facade of the Town Hall of Bremen (copyright: Landesamt für Denkmalpflege Bremen) 
 
 

3.5.1 Description 

 
The Town Hall of Bremen (53°04’34‘‘N/08°48’27‘‘E) and the large sculpture of Roland on the 
Marketplace are included in the UNESCO World Heritage list since 2004. The town Hall provides an 
outstanding evidence for the development of civil autonomy and market rights in the Holy Roman 
Empire. 
 
The original gothic Town Hall was constructed as so-called Sallgeschoßbau between 1405 and 1409 
and got in the middle of the 16th century an extension with three floors on the north side of the 
building. The gorgeous south facade in style of the Weser-Renaissance with a two-storied oriel, 
gables and abundant architectural elements were built in the beginning of the 17th century by the 
native architect Lüder von Bentheim. Due to space limitations the New Town Hall of Bremen was 
added at the near side between 1909 and 1913. 
 
The core of the old Town Hall consists of the glazed and unglazed bricks of the original gothic 
building and the arcades, gables and the other architectural elements are built with Oberkirchener 
sandstone. The ceiling vault of the arcades is rendered and many of the various architectural elements 
are partly covered by a color paint. 
 
Since its construction the Town Hall of Bremen was regularly maintained and restored. The latest 
restoration works were: 
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2001 - 2004  Comprehensive stone restoration of the facades 
 
2016   Renovation of the complete Copper-roof 
 
 

3.5.2 Property data 

 
Total surface of building(s)/monument(s) 4 060 m2 

Limestone/marble - 

Sandstone 46.0% 

Render/Mortar/Plaster 1.0% 

Brick 17.0% 

Copper 30.0% 

Bronze - 

Wood - 

Painted surfaces Yes (partly) 

Glass 6.0% 

Others - 

 
 

3.5.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Bremen Mitte (53°04'37'' N / 08°48'56'' E), 
distance to object: 0,5 km, urban/background 

2016 2 

NO2, g/m3 23 

O3, g/m3 46 

PM10, g/m3 17 

Temperature, °C DWD-station Bremen (53°02'42'' N / 08°47'52'' 
E), distance to object: 3,5 km 

2016 10.1* 

Relative humidity, % 80.6* 

Amount of 
precipitation, mm/y 

546.7* 

pH of rain   5.2 

* database: Deutscher Wetterdienst (DWD, www.dwd.de). 
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3.5.4 References 

 
Senatskanzlei Bremen: Welterbe / Architektur, 
http://www.rathaus.bremen.de/welterbe___architektur-2085, 19.05.2017. 
 
Wikipedia (2016): Bremen City Hall, https://en.wikipedia.org/wiki/Bremen_City_Hall, 19.05.2017. 
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3.6 Wartburg Castle, Eisenach 

 

 
 

Wartburg castle in Eisenach (copyright: Wartburg-Stiftung) 
 
 
 

 
 

Palas (with Knights bathhouse in front) and castle keep of Wartburg Caste  
(copyright: Wartburg-Stiftung) 
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3.6.1 Description 

 
The Wartburg castle by Eisenach (50°57’59’’N/10°18’23’’E) is included in the UNESCO World 
Heritage list since 1999 as an outstanding monument of the feudal era in Central Europe. Founded 
1067 by Count Ludwig von Schauenburg (Ludwig der Springer) the castle is a place, which is 
intensively connected to the German history. For example the castle is the best known family seat of 
the Ludowinger and in the Middle Ages (about 1200) it was an excellent site of courtly culture. St 
Elizabeth of Thuringia lived here several years (1211 - 1228) and the reformer Martin Luther – 
masked as “Junker Jörg” - was here in exile (1521/1522). He translated in this time the New 
Testament from Greek into German. 
 
Under Grand Duke Carl Alexander von Sachsen-Weimar-Eisenach large parts of the Wartburg castle 
were reconstructed in the 19th century under inclusion of a few preserved components by architect 
Hugo von Ritgen. The Romanesque Palas or Great Hall (built after 1155) was comprehensively 
restored and among other buildings the present castle keep (1853-1859), the dirnitz and the gadem 
were rebuilt on old fundaments. 
 
Wartburg-Konglomerat and Seeberger sandstone are the major building materials of the Palas, 
subordinate limestone (travertine) was used. The castles keep show facades of Wartburg-
Konglomerat with corner blocks and soffits of sandstone. 
 
 

3.6.2 Property data 

 
 Palas Castle keep 

Total surface of building(s)/monument(s) 3350 m2 950 

Limestone/marble 6.0% - 

Sandstone 54.0% 37.5% 

Render/Mortar/Plaster - - 

Brick - - 

Copper 22.0% 3.0% 

Bronze - - 

Wood - - 

Painted surfaces - - 

Glass 3.0% 2.0% 

Others Wartburg-Konglomerat 
15.0% 

Wartburg-Konglomerat 
57.5% 
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3.6.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Eisenach - Werneburger Straße (50°58'41'' N / 
10°19'02'' E), distance to object: 1.6 km, urban 
background 

2016 No 
data 

NO2, g/m3 15 

O3, g/m3 44 

PM10, g/m3 15 

Temperature, °C DWD-station Eisenach (51°00'03'' N / 10°21'44'' 
E), distance to object: 5.5 km 

2016 9.3* 

Relative humidity, % 79.3* 

Amount of 
precipitation, mm/y 

511.7* 

pH of rain   5.2 

* database: Deutscher Wetterdienst (DWD, www.dwd.de). 
 
 
 
 

3.6.4 References 

 
German Commission for UNESCO: Wartburg, 
http://www.unesco.de/kultur/welterbe/welterbestaetten/welterbe-deutschland/wartburg.html, 
18.05.2017. 
 
Wartburg-Stiftung: http://www.wartburg.de/de/, 18.05.2017 
 
Wikipedia (2017): Wartburg, https://de.wikipedia.org/wiki/Wartburg, 18.05.2017 
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3.7 Hercules-Monument, Kassel 

 
 
 

 
 

Hercules-Monument (image by Hendrik Thole, source: www. wikipedia.de) 
 
 

3.7.1 Description 

 
The Bergpark Wilhelmshöhe is a unique baroque synthesis of arts, originating from different currents 
of architecture, garden design, art history, and history of technology. The more than 300 year-old 
cultural landscape with unique water features is an authentic example of the landscape design 
concepts of the European absolutism. The park comprises an area of 240 hectares and thus is the 
largest mountain park of the world. 
 
Descending a long hill, the monumental water displays of Wilhelmshöhe were begun by Landgrave 
Carl of Hesse-Kassel in 1689 around an east-west axis and were developed further into the 19th 
century. The complex includes Wilhelmshöhe Palace, the Hercules-Monument, and the Lions Castle. 
 
The Hercules-Monument (51°18’58’’N/09°23’36’’E) is situated on top of the hill, representing the 
landmark of Kassel. It is about 70 m high, emerging from an octagonal base to a steep pyramid, both 
build in a basaltic tuff. On its top the monumental plastic of the Greek demigod Hercules is 
enthroned. This eight-meter-tall statue is made of sheet copper. 
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Reservoirs and channels behind the Hercules Monument supply water to a complex system of hydro-
pneumatic devices that supply the site’s large Baroque water theatre, grotto, fountains and 350-metre 
long Grand Cascade. Beyond this, channels and waterways wind across the axis, feeding a series of 
dramatic waterfalls and wild rapids, the geyser-like Grand Fountain which leaps 50m high, the lake 
and secluded ponds that enliven the Romantic garden created in the 18th century by Carl’s great-
grandson, Elector Wilhelm I. The ensemble is a remarkable testimony to the aesthetics of the 
Baroque and Romantic periods. The Bergpark Wilhelmshöhe is recorded on the UNESCO world 
heritage list since 2013. 
 
History: 
 
1689   Beginning of the water works 
1700 – 1717  Octagon and the Hercules statue 
1786 – 1798  Castle Wilhelmshöhe 
1793 – 1801  Löwenburg 
 
Recent restoration measures: 
 
2006 – 2008  Restoration of the Copper-statue 
Since 2007  Preservation and restoration work at the Octagon 
 
 
 
 

3.7.2 Property data 

 
Total surface of building(s)/monument(s) 15 100 m2 

Limestone/marble - 

Sandstone - 

Render/Mortar/Plaster - 

Brick - 

Copper 1.0% 

Bronze - 

Wood - 

Painted surfaces - 

Glass - 

Others Tuff and subordinated basalt-lava 99.0% 
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3.7.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Kassel Mitte (51°18'51'' N / 09°29'00'' E), 
distance to object: 5.5 km, urban/background 

2016 2 

NO2, g/m3 22 

O3, g/m3 42 

PM10, g/m3 17 

Temperature, °C Kassel-Schauenburg (51°17'01'' N / 09°21'32''), 
distance to object: 4.5 km 

2016 9.2* 

Relative humidity, % 79.1* 

Amount of 
precipitation, mm/y 

645.3* 

pH of rain   5.2 

* database: Deutscher Wetterdienst (DWD, www.dwd.de). 
 
 
 
 

3.7.4 References 

 
Landesamt für Denkmalpflege Hessen [Ed.] (2011): Das Herkulesbauwerk im Bergpark 
Wilhelmshöhe 
- Berichte zur Restaurierung, 200 p., Konrad Theis Verlag GmbH, Stuttgart. 
 
German Commission for UNESCO: Bergpark Wilhelmshöhe, 
http://www.unesco.de/en/kultur/welterbe/welterbestaetten/welterbedeutschland/bergparkwilhelmshoe
he.html, 05.05.2017. 
 
Wikipedia (2017): Bergpark Wilhelmshöhe, 
https://en.wikipedia.org/wiki/Bergpark_Wilhelmsh%C3%B6he, 05.05.2017. 
 
Kassel Marketing GmbH: UNESCO World Heritage, http://www.kasselmarketing.de/en/traveltopics/ 
unesco-world-heritage, 05.05.2017. 
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3.8 Lorsch Abbey, Lorsch 

 
 

 
 

West-facade of the Gatehouse of Lorsch Abbey (image by Hans Joosten, 2014) 
 
 

3.8.1 Description 

 
The Gatehouse (or King´s Hall) of the Lorsch Abbey (49°39’14‘‘N/08°34’08’’E) is one of only a few 
monuments of the Carolingian era, whose original appearance has not changed in the course of 
centuries. The Lorsch Abbey and Altenmünster were since 1991 included in the UNESCO World 
Heritage List. 
 
The Abbey was a Benedictine priory, founded in 764 and it represented a seat of power, spirit and 
culture till the High Middle Ages. Important written traditions are the Lorscher Codex (Codex 
Laureshamensis), the Codex Aureus of Lorsch (Codex Aureus Laureshamensis), the Lorsch Bee 
Blessing (one of the oldest poetries of Germany) and also the former library. The priory was closed 
in 1564. 
 
Besides the gatehouse only a fragment of the roman monastic church, buildings of the administrative 
time of the elector of Mainz and little residues of the medieval Abbey were preserved. The Gatehouse 
was built around 900. The original purpose is not finally clarified. The Gatehouse is located in the 
interior of the Abbey and has no direct connection to the monastery wall, so probably it had not the 
function of a portal. 
 
Various limestone and sandstone varieties were used to build the main facades of the Gatehouse 
which shows geometric pattern with triangles, hexagons and squares. The gable sides and the stair 
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towers were mainly constructed by quarry stones (sandstone, granite, granodiorite etc.) and are 
plastered today. In the last years the Gatehouse of Abbey Lorsch was completely restored. 
 
 

3.8.2 Property data 

 
Total surface of building(s)/monument(s) 570 m2 

Limestone/marble 3.0% 

Sandstone 21.0% 

Render/Mortar/Plaster 35.0% 

Brick - 

Copper - 

Bronze - 

Wood - 

Painted surfaces - 

Glass Yes (< 0.5%) 

Others Slate (roofs) 41.0% 

 
 
 

3.8.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Heppenheim (49°38'35'' N / 08°38'31'' E), 
distance to object: 5,0 km, urban/traffic 

2016 No 
data 

NO2, g/m3 33 

O3, g/m3 No 
data 

PM10, g/m3 19 

Temperature, °C DWD-station Mannheim (49°30'33'' N / 
08°33'15'' E), distance to object: 16,0 km 

2016 11.4* 

Relative humidity, % 78.3* 

Amount of 
precipitation, mm/y 

680.1* 

pH of rain   5.2 

* database: Deutscher Wetterdienst (DWD, www.dwd.de). 
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3.8.4 References 
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4. Italy 

 
Italy counts 48 UNESCO World Cultural Heritage Sites: 
 
Number Latitude Longitude Name Date 

inscribed 
Note 

1 45.9570 10.2973 Rock Drawings in Valcamonica 1979 1 

2 41.8902 12.4923 Historic Centre of Rome, the Properties of the 
Holy See in that City Enjoying Extraterritorial 
Rights and San Paolo Fuori le Mura 

1980 2 

3 45.4659 9.1705 Church and Dominican Convent of Santa Maria 
delle Grazie with “The Last Supper” by 
Leonardo da Vinci 

1980  

4 43.7731 11.2561 Historic Centre of Florence 1982  

5 45.4343 12.3389 Venice and its Lagoon 1987  

6 43.7230 10.3964 Piazza del Duomo, Pisa 1987  

7 43.4681 11.0417 Historic Centre of San Gimignano 1990  

8 40.6664 16.6103 The Sassi and the Park of the Rupestrian 
Churches of Matera 

1993  

9 45.5492 11.5494 City of Vicenza and the Palladian Villas of the 
Veneto 

1994 3 

10 43.3186 11.3317 Historic Centre of Siena 1995  

11 40.8514 14.2628 Historic Centre of Naples 1995  

12 45.5933 9.5383 Crespi d'Adda 1995  

13 44.8378 11.6194 Ferrara, City of the Renaissance, and its Po 
Delta 

1995  

14 41.0848 16.2709 Castel del Monte 1996  

15 40.7825 17.2369 The Trulli of Alberobello 1996  

16 44.4204 12.1962 Early Christian Monuments of Ravenna 1996  

17 43.0769 11.6786 Historic Centre of the City of Pienza 1996  

18 41.0733 14.3264 18th-Century Royal Palace at Caserta with the 
Park, the Aqueduct of Vanvitelli, and the San 
Leucio Complex 

1997  

19 45.0725 7.6857 Residences of the Royal House of Savoy 1997  

20 45.3991 11.8807 Botanical Garden (Orto Botanico), Padua 1997  

21 44.1069 9.7292 Portovenere, Cinque Terre, and the Islands 
(Palmaria, Tino and Tinetto) 

1997  

22 44.6462 10.9257 Cathedral, Torre Civica and Piazza Grande, 
Modena 

1997  

23 40.75 14.4833 Archaeological Areas of Pompei, Herculaneum 
and Torre Annunziata 

1997  

24 40.65 14.6 Costiera Amalfitana 1997  

25 37.2897 13.5933 Archaeological Area of Agrigento 1997  

26 37.3661 14.3342 Villa Romana del Casale 1997  

27 39.7058 8.9914 Su Nuraxi di Barumini 1997  

28 45.7683 13.3675 Archaeological Area and the Patriarchal Basilica 1998  
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of Aquileia 

29 43.725 12.6333 Historic Centre of Urbino 1998  

30 40.2833 15.2667 Cilento and Vallo di Diano National Park with 
the Archeological Sites of Paestum and Velia, 
and the Certosa di Padula 

1998  

31 41.9442 12.7719 Villa Adriana (Tivoli) 1999  

32 45.4386 10.9939 City of Verona 2000  

33 43.0662 12.6224 Assisi, the Basilica of San Francesco and Other 
Franciscan Sites 

2000  

34 41.9639 12.7962 Villa d'Este, Tivoli 2001  

35 36.8932 15.0689 Late Baroque Towns of the Val di Noto (South-
Eastern Sicily) 

2002 4 

36 45.9745 9.1696 Sacri Monti of Piedmont and Lombardy 2003 5 

37 43.0667 11.55 Val d'Orcia 2004  

38 42.0068 12.1019 Etruscan Necropolises of Cerveteri and 
Tarquinia 

2004 6 

39 37.0594 15.2931 Syracuse and the Rocky Necropolis of Pantalica 2005  

40 44.4122 8.9311 Genoa: Le Strade Nuove and the system of the 
Palazzi dei Rolli 

2006  

41 45.1594 10.7944 Mantua and Sabbioneta 2008  

42 46.4983 9.8464 Rhaetian Railway in the Albula / Bernina 
Landscapes 

2008 7 

43 47.2783 8.2075 Prehistoric Pile dwellings around the Alps 2011 8 

44 46.0942 13.4331 Longobards in Italy. Places of the Power (568-
774 A.D.) 

2011 9 

45 43.8578 11.3042 Medici Villas and Gardens in Tuscany 2013 10 

46 44.6086 7.9636 Vineyard Landscape of Piedmont: Langhe-
Roero and Monferrato 

2014 11 

47 38.1108 13.3531 Arab-Norman Palermo and the Cathedral 
Churches of Cefalú and Monreale 

2015  

48 44.1117 15.2303 Venetian Works of Defence between 15th and 
17th centuries 

2017 12 

Notes: 
1. 140,000 engravings depicting scenes from agriculture, navigation, war and magic. 
2. Transboundary. Italy and Holy See. 
3. Urban buildings in Vicenza and villas in the surrounding Veneto region (Provinces of Padua, Rovigo, Treviso, Venice, 
Verona and Vicenza). 
4. Eight towns (Caltagirone, Militello Val di Catania, Catania, Modica, Noto, Palazzolo, Ragusa and Scicli). 
5. Nine sacred mountains (sacri monti) with chapels and other architectural features built in the late 16th and 17th 
centuries. 
6. Etruscan cemeteries from the 9th to the 1st century BCE in the Provinces of Rome and Viterbo, Lazio. 
7. Transboundary (Italy and Switzerland). Railway line over a total length of 128 km in the Swiss Alps. 
8. Transboundary (Austria, France, Germany, Italy, Slovenia, Switzerland). The serial site comprises a selection of 111 
out of the merely 1000 known archaeological pile-dwelling. All of the 19 Italian sites are located in Northern Italy. 
9. Monasteries, churches and fortresses spread over seven towns in Italy (Brescia, Cividale del Friuli, Castelseprio, 
Spoleto, Campello sul Clitunno, Benevento and Monte Sant’Angelo). 
10. Twelve villas and two gardens in Tuscany. 
11. Winegrowing and processing area for Piemonte wine. The site includes the Castle of Grinzane Cavour. 
12. Transboundary (Italy, Croatia and Montenegro). This serial property consists of 15 components of defence works. 
Three sites in Italy: Fortified City of Bergamo, Fortified City of Peschiera del Garda and City Fortress of Palmanova. 
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Location of World Cultural Heritage Sites within Italy. 

 
 
Data for five monuments have been reported: the Colosseum (Historic Centre of Rome, the 
Properties of the Holy See in that City Enjoying Extraterritorial Rights and San Paolo Fuori le Mura); 
the Tower of Pisa (Piazza del Duomo, Pisa); Palazzo Madama (The Residences of the Royal House 
of Savoy); the Ghirlandina Tower (Cathedral, Torre Civica and Piazza Grande, Modena), and the 
Royal Palace of Caserta (18th-Century Royal Palace at Caserta with the Park, the Aqueduct of 
Vanvitelli, and the San Leucio Complex). 
 
 

 
Location of the cultural objects in Italy selected for the study. 
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4.1 The Colosseum, Rome 

 
 

 
 

Colosseum exterior, inner and outer wall (Photo by Adrian Pingstone2) 
 
 

4.1.1 Description 

 
The Colosseum (41° 53′ 24.6″ N 12° 29′ 32.2″ E), also known as the Amphitheatrum Flavium 
(Flavian Amphitheatre), is part of the UNESCO cultural World heritage site “Historic Centre of 
Rome, the Properties of the Holy See in that City Enjoying Extraterritorial Rights and San Paolo 
Fuori le Mura (Italy and Holy See)”. The whole historic centre of the city was given UNESCO World 
Heritage status in 1980. The inscription was extended in 1990 to include the walls of Urban VIII, the 
Holy See’s extraterritorial properties, and San Paolo Fuori le Mura.  
 
The amphitheatre was built under the Flavian dynasty in 70-80 AD. Further modifications were made 
during 81-96 AD, when the hypogeum, a series of underground tunnels used to house animals and 
slaves, was constructed. The Colosseum was used to host gladiatorial fights, as well as a variety of 
other events such as wild animal displays and hunts, executions and public spectacles. Gladiatorial 
fights are last mentioned around 435 and events happened into the arena until the 6th century. The 
Colosseum was later used for housing, workshops, accommodation for a religious order, a fortress, a 
quarry of building materials, a sacred site, and as a cemetery. Today the Colosseum is a major tourist 
attraction, attracting more than six million visitors a year. The monument is suffering excessive 
tourism pressure, air pollution due to road traffic and vibrations caused by the subway. 

                                                 
2 https://commons.wikimedia.org/wiki/File:Colosseum.rome.arp.jpg 
This work has been released into the public domain by its author. 
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The Colosseum is roughly elliptical in plan (oriented WSW-ENE) and is 187.8  meters long, and 
155.6 meters wide, with a base area of 22 951 square metres. The outer perimeter originally 
measured 539.4 meters. The height of the outer wall is 48.5 meters and the height of the inner wall is 
about 28.7 m. The structure of the amphitheatre is made of blocks of travertine (external walls and 
load-bearing pillars), bricks and blocks of tufa (radial walls and stairs). Over 100.000 cubic metres of 
travertine stone (45 000 only for the external wall) were used. A similar quantity of tuff  blocks, 
bricks and opus cementicium (concrete made of small lumps of tuff in mortar) were also used. The 
travertine blocks were set without mortar; they were held together by 300 tons of iron clamps that 
were removed a long time ago. 
 
The Colosseum has four storeys and each of the first three floors originally had 80 arches on the 
outside. The fourth floor has no arches, but  rectangular windows instead; a window every second 
panel. The first (ground) floor is 10.5 m high and had 80 arch entrances divided evenly along the 
perimeter. Arcs are 4.20 m wide and 7 m high. The pillars in between the arches are 2.40 m wide and 
2.70 m deep with an ornamental  half column in Doric style. The four entrances on the axes of the 
building were the main, un-numbered entrances, reserved for the emperor, the political and religious 
authorities and for the protagonists of the spectacles. The other 76 numbered entrances were used by 
ordinary spectators. Many of the original outer entrances have disappeared with the collapse of the 
perimeter wall, but 31 entrances, from number XXIII (23) to LIV (54) have remained intact. The 
distinctive triangular brick wedges at each end of the north side of the perimeter are modern 
additions, having been constructed in the early 19th century to shore up the wall. The second level, in 
the Ionic style, is 11.7 m high and the arches measure 6.45 m high and 4.3 m wide. The third level, in 
the Corinthian style, is 11.4 m high with the arches being 6.45 m high and 4.3 m wide. The fourth or 
top level is 13.8 m high and had no arches but small rectangular windows and is decorated with 
Corinthian pilasters. 
 
The arena was the area of the Colosseum where the shows took place and was separated from the 
seating areas by a massive wall, faced with marble. The arena itself was 79.4 meters by 47.2 meters 
(area 2943 m2). It comprised a wooden floor covered by sand, covering an elaborate two-level, 
subterranean network of rooms, cells, tunnels, passages, vertical shafts and mechanical devices once 
used to lift scenery, wild animals and gladiators to the arena. The hypogeum was organized  into 15 
corridors, made in blocks of  tufa and bricks, parallel  to a central gallery running along the long axis 
of the ellipse. No remains of the arena flooring itself are lef,. as it was completely made up of wood, 
but the hypogeum is clearly visible.  
 
The Podium was the first floor of the internal of the Colosseum. The Podium was reserved for the 
most prominent government officials, such as the emperor, senators, and dignitaries. The floor of the 
Podium was built on three layers of travertine stone bonded with melted bronze. The cavea (the 
seating area of the Colosseum surrounding the central arena) has a width of 54.2 m and an area of 
about 20 000 m2. It was divided into four horizontal sectors (maeniana), that reflected the rigidly 
stratified Roman social hierarchy. The cavea was made almost entirely of travertine. Stone and 
marble seating was provided for the citizens and nobles, but now the rows of the seats are completely 
lost. According to modern estimates, the stadium could accommodate around 50.000 people arranged 
on 60-80 rows of seats, with an average of 40cm width per spectator and 70cm legroom.  
 
In the past, severe damage was inflicted on the Colosseum by a major fire in 217 (which destroyed 
the wooden upper levels of the amphitheatre's interior), major earthquakes in 443, 484 (or 508) and 
801 and the great earthquake in 1349 (causing the outer south side to collapse). The last strong 
earthquake in 1703 brought other damage at the Colosseum. Tumbled stone and stones stripped from 
the amphitheatre were reused for the building of other sites. The iron clamps which held the 
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stonework together were pulled out of the walls, too. The degradation due to the weathering and 
damage due to the vegetation growing in the wall cracks increased the damage itself.  
 
Two thirds of the original have been destroyed. Of the original outer wall, only the north side is still 
standing (including 31 of the original 80 entrances, together with the part of the building that is 
between it and the inner wall). There also remains the mostly intact inner wall (the remainder of the 
present-day exterior of the Colosseum is in fact the original interior wall), the skeleton of the 
structure between the inner wall and the arena (the load-bearing pillars made of tufa stone or 
travertine which supported the weight of the Colosseum and all of its guests and the radial walls 
constructed of tufa stone and brick), and tunnels and cellars of the hypogeum, made  in blocks of tufa 
and bricks.  
 
Important restoration works were carried out at different times, possibly to repair damage caused in 
217 and 443. More work followed in 484 and 508. The repairs were not always completely oriented 
to rebuild: the hypogeum structures were completely filled and covered by earth while some unsafe 
portions of the amphitheatre were removed. Several popes initiated various stabilization and 
restoration projects, and attempts were made in 1871 to eradicate the extensive vegetation which had 
overgrown the structure. The façade was reinforced with triangular brick wedges in 1807 and 1827, 
and the interior was repaired in 1831, 1846 and in the 1930s. The arena substructure was partly 
excavated in 1810–1814 and 1874 and was fully exposed in the1930s. The effects of pollution and 
general deterioration over time prompted a major restoration programme carried out between 1993 
and 2000 at a cost of €20.6m (at 2000 prices). 
 
In 2011 the shoe firm Tod's Group entered into an agreement with local officials to sponsor a €25 
million restoration of the Colosseum. The project planned to clean and restore the Colosseum's 
arcaded façade, the replacement of the metal enclosures that block the ground-level arches, the 
restoration of the ambulatory and the hypogeum, the implementation of standard equipment and the 
creation of a visitors’ service and reception area3. The restoration of the northern and southern 
prospectus (approximately 13 300 m2, 10 150 m2 of travertine surfaces restored) was completed in 
April 2016.  
 
The project allowed the identification and classification of every block units of the monument and the 
mapping of their state of conservation. Modern travertine integrations were also identified and 
mapped. Conservative interventions were performed by means of biocide and anti fouling treatment. 
Older repairs were identified and replaced with more appropriate materials. Surfaces were cleaned 
from the superficial deposits of extraneous matter with the action of sprinkled water and brushing 
with sorghum brushes or localized chemical cleaning in particularly difficult spots. Gaps in the walls 
and the bonding of fragments were repaired with injections of highly adhesive mortars and hydraulic 
filling, sealing or the insertion of basalt, steel and fibreglass pivots. Deposits not pertinent to the 
original surfaces like stucco from previous restoration work were mechanically removed using 
micro-chisels or localized precision micro-sandblasting. The cost of the restoration work was of 
€6.1m. 
 
 
 
 
 

                                                 
3 www.tods.com/en_ww/colosseum 
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4.1.2 Property data 

 
Total surface of building(s)/monument(s) 22 750 m2* 

Limestone/marble 19 450 m2 (travertine)* 

Sandstone - 

Render/Mortar/Plaster - 

Brick Yes 

Copper - 

Bronze - 

Wood - 

Painted surfaces - 

Glass - 

Others Tufa (volcanic stone) and Roman concrete (opus 
cementicium, a concrete made of small lumps of 
tufa in mortar). 

* Because of the inherent complexity of the site, only the surface of the walls (mainly in travertine stone) is reported. 

 
 
 
 

4.1.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Magna Grecia 41° 52' 59.03" N, 12° 30' 32.18" E 
(distance about 4.2 km) 

2015 No 
data 

NO2, g/m3 65 

O3, g/m3 No 
data 

PM10, g/m3 31 

Temperature, °C Collegio Romano 41° 53′ 54.73″ N, 12° 28′ 
50.29″ E (distance about 1.3 Km) 

2015 19.1 

Relative humidity, % 68.4 

Amount of 
precipitation, mm/y 

735 

pH of rain   No 
data 
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4.2 The Tower of Pisa, Pisa 

 
 

 
 

View of the Leaning Tower and the Duomo in Pisa (Photo by Yair Haklai4) 
 
 
 
4.2.1 Description 
 
The “leaning” Tower of Pisa (43° 43' 23.00" N 10° 23' 48.00" E) is part of the medieval architectural 
complex called Piazza del Duomo or Piazza dei Miracoli (Miracles’ square). The Piazza include the 
Cathedral (Duomo), the Tower (Campanile = bell-tower), the Baptistery (Battistero) and the 
Monumental Cemetery. The complex was included on UNESCO’s list of World Heritage Sites in 
1987. About three million people visit the Tower annually. Development pressure, environmental 
pressure and visitor/tourism pressure are threats and risks to the site. 
 
The construction of Tower of Pisa began in 1173 and was completed in 1372. The Tower is 
composed of a hollow cylindrical body built with limestone and lime mortar, with an outer coating of 
marble. The structure is subdivided into eight segments called “orders” including the ground floor, 
six galleries and the bell-chamber. The first order consists of a closed gallery with 15 marble arches 
and half-columns separated by a geometrical pattern in two colours obtained by using alternating 
blocks of different types of stone. From the second to the sixth order, the central column of the tower 
is encircled by loggias with arches and columns. Each loggia has thirty columns. At the seventh 
order, the geometry is more complex due to the presence of large arches opening into the hollow core 
                                                 
4 https://commons.wikimedia.org/wiki/File:Leaning_Tower-Pisa.jpg 
By Yair Haklai (Own work) [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0) or GFDL 
(http://www.gnu.org/copyleft/fdl.html)], via Wikimedia Commons. 
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of the tower. Finally, the belfry topping the structure contains 16 arches together with the openings 
for the bells. The bell-chamber is connected to the ground floor through a spiral staircase inside the 
annular masonry body. 
 
The height of the tower is 55.86 metres from the ground on the low side and 56.67 metres on the high 
side. The diameter at the base is 15.48 meters and the width of the walls at the base is 2.44 m; the 
inner diameter at the base is 7.368 metres. Its weight is estimated at 14 500 tons. The tower has 296 
or 294 steps made of marble; the seventh floor has two fewer steps on the north-facing staircase. The 
stone facing of the tower is made up of 29 424 blocks. The stone surfaces cover an area of 7,735 
square metres. A large part of the tower’s structure was made from San Giuliano marble, while grey 
limestone from Filettole was used to make the darker ornamental bands. Over the years, numerous 
stone parts were replaced. The original marble of San Giuliano were gradually replaced with white 
Carrara marble. To date, of the 180 columns of the loggias only 45 are in San Giuliano marble and 
175 of the existing 269 columns and 195 of the original 207 capitals result replaced. 
 
The Tower was closed to visitors in 1989 because of the danger of a structural collapse due to the 
foundations/subsoil (in)stability. In the early 90s the inclination had reached a value of 5°30'. This 
means that the top of the tower was displaced horizontally 4.7 metres and continued to increase at an 
average rate of about 1.5 mm/year. From January 1990 to June 2001 a structural intervention was 
performed. The final solution to solve the serious static problems and to prevent the collapse of the 
tower was a gradual and highly controlled extraction (underexcavation) of small volumes of soil 
below the foundation level and underneath the raised end. Between February 21, 2000 and June 6, 
2001, 38 cubic meters of soil were removed, 30% of which from below the foundation and 70% from 
north of it, with maximum penetration below the foundations at a depth of 2 meters. This intervention 
leaded to a reduction in the inclination of about half a degree, which in turn reduced the off-centre 
lean by about 40 cm. The philosophy was that the Tower’s inclination forms an integral part of its 
history and must remain at the core of its memory. The final cost of the geotechnical and structural 
intervention was of 25 million euro. 
 
The restoration work also took into consideration the poor condition of the tower’s stone surfaces. 
Pollution and marine aerosol (the sea is only 13 km away) are the causes of the most severe forms of 
damage, mostly corrosion, blackening, and loss of cohesion. The conservation status of the surfaces 
is strongly influenced by the inclination and the different ways of percolation of rainwater. The 
particulate, which is not washed away by the sheltering effect of the leaning tower’s structure, is 
deposited and causes the formation of black crusts. The extension of the damage was quantified as 
follows: black crusts covered 1,968 m2 (about 25% of the surface, located mainly on lower orders of 
the south side), disintegration affected 2,086 m2; cracks extended for 8,658 metres, with the most 
serious situation on the 3rd order due to the tensional stress. In areas where water is often present, 
there is growth of micro-organisms, moss, lichens and higher plants. The large number of daily 
visitors has left traces on the monument as well: these include not only the wear on the stone steps 
but also the damage due to traces of chewing gum and graffiti scrawled on the stones. 
 
The methodologies chosen for the conservation work were as follows: biological agents were 
removed with a solution of a wide-spectrum biocide; cleaning was carried out with atomised water, 
swabs moistened with solvents, mechanical removal of loose material, black crusts or layers of lime 
with precision tools (micro-drills, micro-chisels or scalpels, mini-percussion tools, vibrating cutters, 
mini sandblasters) and the use of laser techniques (the precision and selectivity of laser cleaning 
proved to be particularly useful on elaborately detailed sculptured pieces and on surfaces with serious 
decay); the stone structure was consolidated by localised impregnation or by immersion in 
consolidating agents (micro-emulsions, ethyl silicate, nano-silicates); cracks, fractures and joints 
between blocks were sealed and pointed by using 18 types of mortar for fillings, each one different 
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according to the type of stonework and its exposure to the elements. Restoration of the stone surfaces 
began in 2003 and ended in 2011. The cost has turned around 5.5 million euro. 
 
 

4.2.2 Property data 

 
Total surface of building(s)/monument(s), m2 7 735 

Limestone/marble* ~ 100% 

Sandstone - 

Render/Mortar/Plaster - 

Brick - 

Copper - 

Bronze 7 bells in the bell-chamber, total weight 10.496 
kg 

Wood - 

Painted surfaces - 

Glass - 

Others Agnano breccia (some part of the internal facing 
wall of the cylinder); Verrucano quartzite (mostly 
used to form door-posts and architraves); 
Caprona breccia (used for the replacement of 
some column capitals and bases); granodiorite 
(used for some half-columns of the base); granite 
(used for the replacement of granodiorite); 
serpentinite (fragments substitute Filettole dark-
grey limestone).  

* San Giuliano marble was the most abundant stone used in the external and internal facing of cylinder structure and 
columns. Filettole dark-grey limestone was mostly used as dark ornamental bands of the façade. White Carrara marble 
was used as replacement materials for many architectural elements, mainly columns. The grey variety ("bardiglio") was 
used for replacing damaged ornamental bands, originally in Filettole dark-grey limestone. 
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4.2.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 PI-Borghetto (urban) 43° 42' 50" N 10° 24' 38" E 
(distance about 1.5 km) 

2015 No 
data 

NO2, g/m3 37 

O3, g/m3 No 
data 

PM10, g/m3 29 

Temperature, °C Facoltà Agraria 43° 42' 40.22" N 10° 24' 43.21" E 
(distance about 2.0 km) 

2015 16.7 

Relative humidity, % Pisa S. Giusto 43° 40'  58.80" N  10° 22' 58.80" E 
(distance about 4.0 km) 

78.3 

Amount of 
precipitation, mm/y 

Facoltà Agraria 43° 42' 40.22" N 10° 24' 43.21" E 
(distance about 2.0 km) 

887.6 

pH of rain   No 
data 

 
  
 

4.2.4 References 
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surface of the Tower of Pisa. In: Restoring in Italy. Art and Technology in the Activity of the Istituto 
Superiore per la Conservazione ed il Restauro. Gangemi Editore, 2013.   
 
F. Veniale, La Torre inclinada de Pisa. Estructura, materiales de construcción e intervenciones de 
refuerzo - The leaning Tower of Pisa. Structure, building materials and reinforcement interventions. 
Materiales de Construcción. Vol. 50, n°259, julio/agosto/septiembre 2000, pp. 5-25. 
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4.3 Palazzo Madama, Turin 

 
 

 
 

Palazzo Madama, Turin (Photo by Adelina Rossano5) 
 
 

4.3.1 Description 

 
The Residences of the Royal House of Savoy are a serial site made up of 22 buildings, 10 of which 
are part of the central “Command  Zone” in the city of Turin (Palazzo Reale, Palazzo Chiablese, 
Royal Armoury/Royal Library, Palazzo della Prefettura, State Archives, Former Military Academy, 
Riding school and stables, State Mint, Facade of  the Royal Theatre) while the others are residences 
or places for pleasure and hunting activities in Turin (Palazzo Madama, Palazzo Carignano, Castello 
del Valentino, Villa della Regina) or outside the city (Castello di Rivoli, Castello di Moncalieri, 
Castello di Venaria, Castello della Mandria, Palazzina di Stupinigi, Castello d'Agliè, Castello di 
Racconigi, Pollenzo Estate, Castello di Govone). The Savoy family, after the transfer of the capital 
from Chambéry to Turin (1562), began a vast series of building projects to demonstrate the power of 
the ruling house in Italy and Europe. Each building is distinguished by particular characteristics 
which, in their entirety, offer an extraordinary fresco of the history of Piedmont and of Italy. The 
Residences of the Royal House of Savoy were inscribed on the World Heritage List in 1997.  
 
Palazzo Madama (45°04′15″N 7°41′09″E, hectare 0.67) summarizes two millennia of history. Its 
roots lie in the origins of the city and date back to the Roman Empire as it stands on the remains of a 
Roman gate (Porta Decumana), which was flanked by two polygonal towers. In the Middle Ages 
(13th century) the two towers were incorporated into a fortress. In the 15th century the Princes of 
Acaja turns it into a real castle by adding two more towers on the eastern side. In the 17th century, the 
castle became the home of Marie-Christine of France, wife of Vittorio Amedeo I, and then of Marie 
Jeanne Baptiste of Savoy-Nemours, second wife of Carlo Emanuele II. From them (known as Royal 

                                                 
5 https://commons.wikimedia.org/wiki/File:Palazzo_Madama_facciata.jpg 
By Adelina Rossano (Own work) [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia 
Commons 
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Madams) the palace took its name. Between 1718 and 1721, the Savoy commissioned Filippo 
Juvarra, one of the major architects of the Baroque period, to reface and redesign the exterior of the 
palace. The project was restricted to the building of a façade, a monumental staircase, and an atrium. 
The building therefore shows two faces: the medieval architecture on the rear, opposed to the 
baroque façade on the front structure. The palace remained the residence of the princes of Savoy until 
the end of the 18th century. Between 1848 and 1864 the central room became the seat of the subalpine 
- later Italian - Senate. Since 1934, Palazzo Madama houses the Museo Civico d’Arte Antica (Civic 
Museum of Ancient Art). 
 
The palace has a polygonal shape resulting from the combination of a central trapezoid body (the 
Medieval castle) and the rectangular body of the facade. The exterior of the castle is made by plain 
brick walls. Of its four towers with sixteen sides, two only, those on the east side towards the Po 
river, are in full view; the two on the west side (the two Roman towers) being included in the part  
added by Juvarra. The Castle is still surrounded on three sides by the ancient moat, which today 
houses the Medieval Garden of Palazzo Madama. 
 
The architectural structure of the façade is constituted by a lower order with bossage pillars, a higher 
order of 17 meters in height within which there are nine large windows separated by fluted 
Corinthian pilasters (the three central openings are marked by additional four fluted columns on the 
balcony), and a high balustrade adorned with reliefs, allegorical statues and vases. The three arches 
of access to the building are decorated with four bas-reliefs with military trophies. The verticality is 
interrupted by cornices, capitals, windows and friezes and extends in the balcony of the first floor and 
in the balustrade surmounting the building. 
 
The facade opens on an atrium and the monumental staircase leading to the main floor. The staircase, 
also constructed in white stone, consists of two ramps that come together in a terrace. The marble 
facade has the function of a large perforated box, through which it is perceived the decorative inner 
development while the atrium and the monumental staircase take advantage of the natural light 
flowing from the large windows. The interior of the building is developed on four floors. 
 
In the front of Palazzo Madama stands the monument to the Sardinian army. On a base of granite an 
ensign of  the Piedmontese infantry, sculpted in white marble, defends the flag of Italy; a bas-relief in 
bronze represents King Victor Emanuel II, on horseback, who, at the head of the army, gives the 
signal for departure.   
 
The facade is made of stone materials from different quarries in Piedmont: the Chianocco marble (a 
light marble with warm tones that fade from pink to ochre) for the larger surface and columns, the 
Brossasco marble (white with green veins) for  the vases, the statues and other decorations at the top 
of the Juvarra façade, while the basal plinth of the facade is in a gray stone (gneiss) from Vajes. 
 
The Chianocco marble is a porous material and therefore extremely exposed to deterioration due to 
atmospheric agents and pollutants. To reduce air pollution (for public health reasons) restricted traffic 
zone was introduced in Turin city centre years ago. However, periodical conservative interventions 
are necessary to clean the blackened surfaces.   
 
The building was closed in 1988 and re-opened in 2006 to allow a large restoration campaign aimed 
at functional recovery of spaces in relation to both the museum objectives and the protection and 
enhancement of the historic building. The total cost of the restoration work was 32 million EUR. 
 
In 1997-1998 the facade was interested by a restoration project aimed to remove the dark patina 
created by the particles of smog and resolve the de-cohesion problems of the stone. In 2010, a new 
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restoration was necessary: direct exposure of stone surfaces and plasters weathering created, over 12 
years, blackening and cohesion losses. The consolidation was performed with impregnating agents 
and, when necessary, with the addition of pins. On the whole façade, dry cleaning was carried out 
with the use of brushes and vacuum cleaners, which allowed the removal of deposits of dirt and 
smog. The fillings of previous restoration interventions were overhauled and all the cracks where the 
water could infiltrate were grouted ex novo. 
 

4.3.2 Property data 

 
Limestone/marble 2 700 m2 

Sandstone - 

Render/Mortar/Plaster 900 m2 

Brick 3 500 m2 

Copper - 

Bronze - 

Wood - 

Painted surfaces - 

Glass 200 m2 

Others Gneiss (basement of the facade): 50 m2 

Terracotta tiles (roofing tiles) 
* Because of the complexity of the building, in particular the facade in marble with its fine decorations and statues, the 
estimate of the surfaces is affected by uncertainty (perhaps 10%). 

 

4.3.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 TO-Consolata (urban traffic) - Long. 7.678055 
Lat. 45.075832 (distance about 0.8 km) 

2015 7 

NO2, g/m3 53 

O3, g/m3 No 
data 

PM10, g/m3 40 

Temperature, °C TO-Giardini Reali - Long. 7.69 Lat. 45.072 
(distance about 0.6 km) 

2015 14.8 

Relative humidity, % 74.7 

Amount of 
precipitation, mm/y 

961.6 

pH of rain   No 
data 
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4.3.4 References 

 
http://www.palazzomadamatorino.it/ 
 
Augusto Telluccini. 1928. Il Palazzo Madama di Torno. Pubblicato a cura del Municipio di Torino. 
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4.4 Ghirlandina Tower, Modena 

 

 
 

The Cathedral in Modena with the Ghirlandina Tower (Photo by Biancamaria Rizzoli6) 
 
 

4.4.1 Description 

 
The central square in historical Modena and its principal monuments were recognised by UNESCO 
as a World Heritage Site in 1997. The site includes the Piazza Grande itself, virtually unchanged 
since its creation in the early medieval period, the 12th century Romanesque cathedral (Duomo) and 
the Torre Civica (Civic Tower), also known as the Ghirlandina Tower. The tower was named 
“Ghirlandina” by the city's inhabitants due to the two marble balustrades around the top of the tower, 
looking as garlands (ghirlanda in Italian). The area of the World Heritage property is relatively small 
with its 1.2 ha. The buffer zone extends for 1.1 ha.  About 15,000 people went up on the Ghirlandina 
Tower in 2013 (visitors of the Piazza and Duomo are impossible to count). 
 
The Ghirlandina Tower (44° 38' 48.953" N 10° 55' 33.436" E) is 89.32 metres high and it is joined to 
the cathedral by two large arches made in the 14th century and rebuilt in the last century. The tower is 

                                                 
6 https://commons.wikimedia.org/wiki/File:Emilia-Romagna_Modena_Duomo_Abside_e_Ghirlandina.JPG 
By Biancamaria Rizzoli (Own work) [CC BY-SA 4.0 (http://creativecommons.org/licenses/by-sa/4.0)], via Wikimedia 
Commons 
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formed by a six-floors square base (height 47 meters, side 10.8 meters, with an average thickness of 
the walls of 2 meters), topped by an octagonal base (up to a height from the ground of about 57 m) 
and a truncated pyramid (up to 87 m) completed by a gilded copper sphere and a cross. The tower is 
inclined to the southwest because of interactions with the ground. The slope varies according to the 
plans because it is the result of successive corrections of verticality that occurred already under 
construction. The average axis inclination is 1° 04’, and the overhanging is 1.54 m towards South-
West. 
 
The complete realization of the Ghirlandina Tower has resulted in several construction phases 
covering a period of about three centuries. The first 5 lower orders were probably finished at the end 
of 12th century while the last floor and the octagonal spire were designed and raised between 1261 
and 1319. So, the tower is a combination of two architectural styles: the square base section is in 
Romanesque style, while the octagonal and pyramidal upper parts are Gothic in style. 
 
The structure of the Tower is internally masonry bricks, coated on the outside with stone slabs of 
various thicknesses and of various types. Up to the fifth floor (the floor level of the belfry), the 
Tower was built with recycled materials derived from the despoliation of buildings of the ancient 
Roman city (Mutina). Only the upper part, starting from the sixth floor, was completed with a single 
type of rock, which was specifically purchased. 
 
The external wall of the Ghirlandina is adorned by a rich decorative apparatus. The square part is 
decorated with single-lancet windows on the third floor, double-lancet windows on the fourth floor, 
while the fifth and sixth floor have triple-lancet windows. The different floors of the Tower are 
marked by five cornices with suspended arches of various shapes decorated with protomes. The first 
three cornices are decorated with angular sculptures depicting fantastic figures (medieval bestiary), 
animals and human figures. At the second level on the east side are placed three Roman panels, 
depicting plant and animal elements, as well as the third level on the south side where there is a head 
of Medusa. The windows of the fourth floor and triple lancet windows of the fifth level are decorated 
with fine capitals, of which 19 are located outside and 8 inside. In total, there are 20 statues, placed to 
the corners of the tower, and 138 architectural elements. 
 
The octagonal part is extremely perforated with symmetrical openings on the eight sides that are 
divided vertically into two types: double-lancet windows in the lower part and triple-lancet windows 
in the upper part. Above the octagonal area there is a first balcony that surrounds the base of the 
pyramid. which is interrupted toward the top by a second balcony. 
 
The external stone facing (2650 m2) consists of more than 18,000 blocks of various sizes that in some 
areas seem detached from the brickwork. Twenty-one different ornamental stones have been 
identified in the Tower, mainly Rosso Ammonitico (red marly limestone) and Scaglia veneta from 
the Verona area, pietra di Aurisina (Aurisina fiorita and granitello) from the Trieste area, pietra di 
Vicenza from the Berici Hills, trachyte (a volcanic rock) from the Euganei Hills. There is a smaller 
amount of pietra d’Istria from Croatia and minor amounts of marble (from Carrara, Proconnesian 
from the island of Marmara in Turkey, and Crevola from the Alps), sandstone from the Apennines 
(three varieties, Pantano, Scabiazza and Monte Pastore) and, installed during the most recent 
restorations, bronzetto from Verona, pietra  di Chiampo from Vicenza and travertine from Lazio. 
 
The different types of stone are not distributed evenly. In particular, the fourth and fifth floors of the 
Tower were covered mainly in Aurisina stone, allowing hypothesize that during the construction of 
this part the yard was supplied with slabs of divestiture of a massive building built entirely of 
Aurisina stone. The sixth floor, the octagonal base and the pyramid are covered with the same 
material (Rosso Ammonitico). 
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To the contrary of what is normally thought, the Tower has only a few marble slabs. At present, only 
a few blocks of sandstone remain on the Tower, all of them deeply altered. Since these local rocks 
are characterized by a very low durability, they were probably progressively replaced by slabs of 
Rosso Ammonitico. In the Tower there are only two blocks of bronzetto, both emplaced during the 
restorations of the last century, and only one replacement block of travertine. 
 
The top of the trunk of the tower, at the point where the octagonal base rises from the part with a 
square base, the walking surface of the balcony at an altitude of 78 meters, and the pinnacle are 
covered with sheets of lead. The belfry currently retains five bronze bells: Campanòun (year: 1639, 
kg 2085, mouth diameter 146 cm); S. Omobono (1639, kg 1500, 133.5 cm); III (1988, kg 900, 115 
cm), IV (1988, kg 550, 101 cm); recall bell (1660, kg 50, 47 cm). A bell of 1350 (kg 250, cm 88) was 
removed in 1989 from the bell concert and now is on display along the route. 
 
During the nearly 700 years since it was built, the tower has undergone many restoration projects. 
The first major restoration work took place after the 1501 earthquake, when a well-documented 
major seismic event caused significant damage to numerous buildings in town, including the 
Ghirlandina. 
 
The main problems encountered are given by the infiltration of water, the accentuation of the slope, 
falling fragments from the external covering of the Tower and erosion and degradation processes of 
the stone material resulting from the atmospheric agents, especially water, frost and humidity, and air 
pollution caused by heating systems and transport. Environmental risks connected with pollution do 
exist, though a policy of traffic road limitation and exhaust monitoring policy has been implemented 
by the Municipality for many years now in order to contain them.  
 
During 1970s, a significant renovation intervention was carried out on external surfaces. Several 
detached parts were integrated with an epoxy resin base mortar mixed with stone chips and pigment 
in order to imitate the stone and many degraded slabs were replaced. In the following thirty years, 
only a small amount of maintenance was performed, mainly due to the detachment of fragments on 
the outer parts.  
 
The last renovation was in 2008 and lasted until September 2011. The intervention was focused on 
cleaning and consolidation of the stone. The most important degradation phenomena on which action 
was taken were: manure deposits of birds and other debris, biological colonization by algae, fungi, 
lichen, moss and plants, black crusts (mainly composed of particles from the atmosphere, trapped by 
the growth of gypsum crystals), stains, differential degradation, disaggregation, exfoliation, 
fracturing, detachment of fragments, removal of resin fillings (from the 1973 restoration). 
 
The restoration involved all external sides of the monument and the interior of the spire. A biocide 
treatment and cleaning with a low pressure steam-jet was performed on all stone surfaces. 
Additionally, localized treatments with compresses of ammonium carbonate, spray with deionized 
water or a mixture of water and fine calcium carbonate were performed, with the help of a gentle 
mechanical brushing action. On the sculptures and decorated shelves the laser technique was used. 
The stone were consolidated and protected with a water-based micro dispersion of a siloxane and 
silane blend. Restoration work (inside and outside of the tower) required an investment of over 3.3 
million euro. 
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4.4.2 Property data 

 
Total surface of building(s)/monument(s), m2 2 650 

Limestone/marble ≈ 99% 

Sandstone Few blocks 

Render/Mortar/Plaster - 

Brick - 

Copper Yes (the gilded copper sphere on the top) 

Bronze 5 bells in the bell-chamber (total weight 5,085 kg) 
and 1 bell (kg 250) on display along the route. 

Wood - 

Painted surfaces - 

Glass  

Others Trackyte, travertine, lead 

Comments Twenty-one different ornamental stones have 
been identified in the Tower, mainly limestone. 
Few marble slabs, few blocks of sandstone  two 
blocks of "bronzetto" and one replacement block 
of travertine. 

 

4.4.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Parco Ferrari (urban background) 44° 38' 56.202" 
N 10° 54' 26.987" E (distance about 1.5 km) 

2015 No 
data 

NO2, g/m3 32 

O3, g/m3 43 

PM10, g/m3 31 

Temperature, °C Ponte Alto 44.670257 N 10.900713 E (distance 
3.2 km) 

2015 14.5 

Relative humidity, % 75 

Amount of 
precipitation, mm/y 

592.4 

pH of rain   No 
data 
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4.4.4 References 
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4.5 Royal Palace, Caserta 

 
 

 
The main façade of the Royal Palace of Caserta (Photo by Antonio Gentile7) 

 
 

4.5.1 Description 

 
The monumental complex at Caserta, located about 20 miles north of Naples, was designed in the 
second half of the 18th century by the architect Luigi Vanvitelli according to the wishes of the 
Bourbon king Charles III, as soon as he became king of Naples, to rival Versailles and the Royal 
Palace in Madrid and to display the power and grandeur of the new kingdom, no longer a part of the 
Spanish reign. It includes the Royal Palace (Reggia in Italian) with a park, gardens and wooded area, 
as well as the Aqueduct Carolino and the industrial complex of San Leucio, built for the production 
of silk. The complex is considered the last major architectural work in the Italian Baroque style and is 
the largest royal residence in the world. The complex was listed as a UNESCO World Heritage Site 
in 1997 (18th-Century Royal Palace at Caserta with the Park, the Aqueduct of Vanvitelli, and the San 
Leucio Complex). The property (N 41° 4’ 23.988” E 14° 19’ 35.004”) extends for 87.37 ha and its 
buffer zone is 110.76 ha. The number of visitors to Caserta's attractions is around 0.7 million a year. 
 
The Royal Palace is located on a central axis which connects and unifies the entire complex. Along 
the central axis, wide lawns, flowerbeds, ponds and fountains, decorated with large sculptural groups 
and other architectural elements, are present. Just behind the Reggia itself lies a landscaped park, a 
typical example of an Italian garden. This perspective terminates in the scenic backdrop of the Great 
Waterfall (Grande Cascata), where water cascades down from a height of 150 m into an ornate basin 
that depicts the Roman goddess Diana bathing while observed by Actaeon. Water needed to keep the 
water games, the Royal Palace, the silk factory and surrounding communities was brought from 
spring over a distance of 38 km through the new built structure called the Acquedotto Carolino. 
 
The Royal Palace is the primary feature of the UNESCO site. The palace has a rectangular plan, 
measuring 247 x 190 m, and a surface of approximately 47,000 m2. It is 38 metres high and has five 
floors in addition to the underground level housing the kitchens, cellars and workshops. Of all the 
royal palaces in the world, Caserta is by far the largest in terms of volume, with more than 2 million 
m³. The four sides are connected by two buildings intersecting at right angles, forming four inner 
court yards which are also rectangular (each of 3,800 m2). The structural units, intersected at right 

                                                 
7 http://www.reggiadicaserta.beniculturali.it/wp/ 
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angles to one another, have their apexes extended a little beyond the perimeter line, giving rise to 
articulations accentuated by the pilasters of these elongated apexes. In front of the main façade is the 
elliptical parade ground. An imposing portico constitutes the ideal connection with the park and the 
waterfall, scenographically placed at the peak of the vanishing point thus created. 
 
The immense residence contains 1200 rooms including 24 state apartments, a monumental white 
marble staircase (18.50 meters wide, 14.50 meters high and 117 steps) giving access to the royal 
apartments, 34 staircases, 1742 windows (245 windows on the main façade and the same on the 
back), a magnificent library, a chapel (the Palatine Chapel, inspired by a chapel of the same name at 
Versailles) and the Royal Theatre, a smaller version of the Teatro San Carlo opera house in Naples. 
The interior of the palace is decorated with frescoes, stuccoes, sculptures, bas-reliefs and inlaid 
floors. 
 
The masonry of the building is in squared blocks of yellow tufa stone placed in place with mortar, 
with a thickness of 3.50 m on the ground floor. On the outside, the first two floors are covered with 
travertine slabs (Pietra di Bellona) while the upper floors are faced with clay bricks. Some parts of 
the external surface is coated with plaster (based on lime and pozzolana with a stucco finish based on 
lime and stone or marble powder) coloured or painted to simulate a fake brick curtain. The exterior of 
the palace is adorned with half columns, fluted pilasters, embossed architectural elements (cornices, 
window frames, capitals, sculptural friezes) in Pietra di Bellona or white Carrara marble and with 
architectural elements, subordinate to the main elements, in painted plaster. The main façade has 
three vaulted entrances and 2 doorways The façade giving onto the park is similar, but even more 
ornate, with fluted pilaster framed windows. The whole structure is crowned by a penthouse 
punctuated by small windows and shaded by a frame surmounted by a balustrade in white Carrara 
marble and Pietra di Bellona. The roof is formed with large tiles and channels, as well as the bricks 
for the floors. 
 
The materials needed in the construction of the work were drawn largely from existing quarries in the 
area or in the territories of the kingdom: San Nicola la Strada (tufa), Bellona (travertine), 
Mondragone (gray marble), San Leucio (lime), Bacoli (pozzolan), Gaeta (arena), Capua (bricks and 
the like), Sicily, Calabria and Puglia for different marbles. For the statues and some mouldings, the 
white Carrara marble was used. 
 
Since the 1990s, funding problems have led to serious shortcomings in the building’s maintenance, 
culminating in the autumn of 2012 in the collapse of two structures, the terminal cornice of the main 
façade and the gable of a window, highlighting the state of decay of the architectural decorations. It 
was determined that the falling of the larger stone blocks was caused by the rusting of the ancient 
iron anchoring grips due to the infiltration of water and favoured by the growth of weeds in the 
cracks. An extensive restoration project was then launched. 
 
The restoration work was preceded by instrumental investigations (using modern technologies like 
laser scanning, ground-penetrating radar, pulse induction and thermal imaging) and close inspections 
aimed at analyzing in detail the type of material, its state of conservation, the presence of any 
anomalies and at mapping of the disconnections of the stone material. The façades of the 
monumental complex were checked and repaired. The stone parts of the façade were cleaned with 
ammonium carbonate, freed from the so-called “black crusts” caused by pollution and from mosses, 
lichens and plants, and reinforced with injections of hydraulic mortar. The original metal cramps 
were replaced by small fibreglass pins and bars of stainless steel. 
 



 61

The restoration work on the external and internal facades for a total surface area of 74,000 square 
metres, lasted two and a half years and had a full cost of €15 million, in part co-financed by the 
European Regional Development Fund (ERDF). 
 
 
 
 
 

4.5.2 Property data 

 
Total surface of building(s)/monument(s), m2 149 800 

Limestone/marble 54 700 m2 

Sandstone - 

Render/Mortar/Plaster 4 000 m2 

Brick 28 500 m2 

Copper Yes 

Bronze - 

Wood (window and door frames) 6 700 m2  

Painted surfaces - 

Glass 17 400 m2 

Others Terracotta tiles (mainly roof) 35 800 m2 

Iron (gratings, railings and gates)* 2700 m2 
Comments * Measures of maximum dimensions projected on 

a parallel plane, therefore without taking account 
of voids, protrusions, indentations. 
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4.5.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Caserta CE51 Ist. Manzoni  
41° 4' 43.273" N     14° 20' 18.150" E 
(distance about 1.1 km) 

2016 No 
data 

NO2, g/m3 26.4 

O3, g/m3 53.7 

PM10, g/m3 21.3 

Temperature, °C T and rain: stazione pluviometrica di S.Marco 
Evangelista, Lat. 41,04  Long. 14,34  
(distance 3.8 km) 
Relative humidity: stazione meteo di Caserta 
Grazzanise, longitudine : Lat 41.09 Long 14.105 
(distance 18.7 km) 

2016 18.5 

Relative humidity, % 83.5 

Amount of 
precipitation, mm/y 

873 

pH of rain   No 
data 

 

4.5.4 References 

 
http://www.campania.beniculturali.it/index.php/trasparenza-valutazione-e-merito/public-
procurement-bandi/bandi-archiviati/230-caserta-reggia-lavori-di-restauro-delle-facciate-interne-ed-
esterne-finalizzato-alla-fruizione-in-sicurezza-ed-alla-valorizzazione-del-complesso-vanvitelliano-
scadenza-ore-12-00-del-12-11-2013 
 
http://www.campania.beniculturali.it/index.php/trasparenza-valutazione-e-merito/public-
procurement-bandi/bandi-archiviati/265-caserta-reggia-lavori-di-restauro-delle-facciate-interne-ed-
esterne-finalizzato-alla-fruizione-in-sicurezza-e-alla-valorizzazione-del-complesso-vanvitelliano-
scadenza-ore-12-00-del-13-05-2014 
 
I. Titomanlio. Conservation of stone cladding on the façade of Royal Palace in Caserta. International 
Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-
5/W2, 2013.  XXIV International CIPA Symposium, 2 – 6 September 2013, Strasbourg, France 
 
Agenzia regionale protezione ambientale Campania (Arpac) http://www.arpacampania.it/ 
 
SCIA (Sistema nazionale per la raccolta,  l’elaborazione  e  la  diffusione  di  dati  Climatologici  di  
Interesse  Ambientale). web site http://www.scia.isprambiente.it/scia_eng.asp  
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5. Norway 

 
Norway is home to 7 UNESCO Cultural World Heritage Sites: 
 

Number Latitude Longitude Name 
Date 

inscribed 
Note 

1 61.3 7.3333 Urnes Stave Church 1979  

2 60.3972 5.3231 Bryggen 1979  

3 62.5739 11.3856 Røros Mining Town and the Circumference 1980  

4 69.95 23.1833 Rock Art of Alta 1985 1 

5 65.6167 11.75 Vegaøyan  - The Vega Archipelago  2004  

6   Struve Geodetic Arc 2005 2 

7 59.8786 8.5936 Rjukan-Notodden Industrial Heritage Site 2015  

Notes: 
1. Five sites (Kåfjord, Hjemmeluft, Amtmannsnes, Transferdalen, Storsteinen) located in and around the municipality of 
Alta, with more than 6000 individual carvings. 
2. Tansboundary (Belarus, Estonia, Finland, Latvia, Lithuania, Norway, Republic of Moldova, Russian Federation, 
Sweden, Ukraine). A chain made up of 34 commemorative plaques or built obelisks out of the original 265 station which 
constituted the Struve Geodetic Arc, stretching from Hammerfest in Norway to the Black Sea through ten countries and 
over 2,820 km. The Geodetic Arc yielded the first accurate measurement of a meridian. Four elements of the chain are 
located in Norway (Fuglenes in Hammerfest, Raipas in Alta, Luvdiidcohkka in Kautokeino, Baelljasvarri in Kautokeino). 

 
 
 
 

 
 

Location of World Cultural Heritage Sites within Norway. 
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Data for two sites have been reported: Hydroparken, Notodden, a part of the larger Rjukan-Notodden 
Industrial Heritage Site, and Nidarosdomen (Nidaros Cathedral). Nidarosdomen, located in the city of 
Trondheim in Sør-Trøndelag county, is not an UNESCO site but is one of the most important 
heritage stone buildings in Norway and is the northernmost medieval cathedral in the world. For 
these reasons, it was considered still to be interesting in this context. 
 
 

 
 

Location of the cultural objects in Norway selected for the study. 
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5.1 Hydroparken, Notodden 

 

 
 
 
 
 

5.1.1 Description 

 
Hydroparken, Notodden (59°52’43” N 8°35’37” E) became a UNESCO heritage site in 2015 as a 
part of the larger Rjukan-Notodden Industrial Heritage Site. Hydroparken, Notodden is an industrial 
site with 14 listed industrial buildings that were part of the nitrate and fertilizer production, which 
was based on hydroelectric power from upstream waterfalls and power stations. The fertilizer 
production was initiated with the establishment of the company Norsk Hydro in 1905, and is still 
going on in the successor company Yara (from 2004) in Norway but not any longer at Notodden, and 
today also in 17 other countries. The assessment/calculation  of the outdoor building material surface 
areas were based on descriptions of the separate buildings given in the "Decision to list the buildings 
for public protection", the UNESCO nomination documents, the "Hydroparkern web site" and also by 
using Google Earth to measure building areas.  
 
The height of the buildings was assessed based on the reported height for one building and visual 
comparison using the panoramic viewer in the "Hydroparken web site". The approximate areas of the 
windows were assessed similarly. The additional roof areas, as compared to a flat roof, due to tilting 
of the roofs were for all the buildings based on an assumed tilt of 20°. The painted metal (steel and 
iron surfaces), and small area of wood surfaces were differently worn, from unspoiled to, in some 
instances, seriously corroded: (esp. building 115 and 130). Further information about the state of 
conservation is given in the listed references. 
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5.1.2 Property data* 
 
Total surface of building(s)/monument(s) 40 460 m2 

Limestone/marble - 

Sandstone - 

Render/Mortar/Plaster (on concrete or brick) 11 220 m2 

Brick 1460 m2 

Copper - 

Bronze - 

Wood - 

Painted surfaces (roof plates, probably mainly steel plates (?) + iron window 
frames and chimneys etc (~ 165 m2) + painted wooden wall beams (~ 35 m2)) 

5950 m2 

Glass (in windows) 2820 m2 

Others:   

           Concrete 9010 m2 

           Tar paper/ruberoid (modified bitumen membrane) or the like (on concrete 
           or wood roofs) 

10 000 m2 

* The reported assessment of materials areas was based on written and photographical documentation, and has 
considerably uncertainty: the likely uncertainty in total building areas is ± 10%. The uncertainty in the proportion window 
area may be somewhat larger, maybe ± 20%. The determination of roof material was partly based on photographical 
records and the amount "tar paper" vs. painted surfaces may be different (esp. some of the area determined to be "tar 
paper" may be painted roof plates. The values were rounded to the nearest 10 m2. 
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5.1.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 The values were estimated based on location 
parameters (emissions, meteorology, population 
size, city area, traffic density) and, or similarity 
to other locations/general background (especially 
from Norwegian ICP stations) 

2015 1 

NO2, g/m3 5 

O3, g/m3 55 

PM10, g/m3 8 

Temperature, °C Norwegian Meteorological Institute measurement 
station. Notodden airport (59.5688;  9.2643 
(59°33'54; 9°13'10)) 

24 Nov. 
2014 – 
24 Nov. 
2015 

5.3 

Relative humidity, % 80 

Amount of precipitation, 
mm/year 

737 

pH of rain Based on similarity to Norwegian ICP stations 5.0 

 
 

5.1.4 References 

 
Taugbøl, T., Andersen, E.M., Grønn, U., Moen, B. F. (2014). Nomination Dossier, Rjukan – 
Notodden Industrial Heritage Site, Nomination to the UNESCO World Heritage List, Norway 
(http://brage.bibsys.no/xmlui/handle/11250/177026, accessed 14. Dec. 2015).  
 
Riksantikvaren - Direktoratet for kulturminneforvaltning, 2014. HYDROPARKEN NOTODDEN - 
GNR/BNR. 243/526 MED FESTETOMTER 1, 2 OG 3 OG GNR/ BNR 243/528 I NOTODDEN 
KOMMUNE - VEDTAK OM FREDNING MED HJEMMEL I LOV OM KULTURMINNER 
§15OG § 19 IF. å 22 
(http://www.telemark.no/Media/Files/Kulturminner/Prosjekter/Hydroparkene/Fredningsvedtak-
Hydroparken-Notodden-brev-08.09.2014, accessed 14. Dec. 2015) 
 
http://www.riksantikvaren.no/en/Topics/Norwegian-World-Heritage/Rjukan-Notodden-Industrial-
Heritage-Site 
 
http://whc.unesco.org/en/list/1486 
 
https://en.wikipedia.org/wiki/Rjukan%E2%80%93Notodden_Industrial_Heritage_Site). 
 
http://www.telemark.no/Vaare-tjenester/Kulturminner/Prosjekter/Hydroparkene-paa-Notodden-og-
Rjukan), 
 
http://www.hydroparken.no/index.php 
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5.2 Nidarosdomen, Trondheim 

 
 

 
 

A panorama of Nidarosdomen, Trondheim (Photo by Eikern8) 
 
 
 
 
5.2.1 Description 
 
Nidarosdomen (63°25’37” N 10°23’45” E) is located in the city of Trondheim in Norway, and is 
considered to be the world’s northern most medieval cathedral. It is not an UNESCO site, but it is 
one of the most important heritage stone buildings in Norway. Most of the UNESCO sites in Norway 
are wood buildings. As the most monumental and well known stone heritage building in Norway it 
was considered to be interesting in this context.  
 
The modern conservation of the cathedral started in 1869 when the cathedral was in a very bad state. 
The renovation was finished in 1969, but a permanent conservation workshop, with 60 employees, is 
located at the cathedral premises to perform the ongoing conservation and maintenance, which after 
1969 has also involved some conservation and replacements of stone from the previous 100 years of 

                                                 
8 https://commons.wikimedia.org/wiki/File:NidarosdomenPanorama.jpg 
By Eikern (Own workby uploader) [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0) or GFDL 
(http://www.gnu.org/copyleft/fdl.html)], via Wikimedia Commons 
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renovation. The renovation and reconstruction added elements, which authenticity have subsequently 
been considerably discussed.  
 
The source for the building information provided here is the Ph.D thesis of Storemyr (1997). This 
thesis also includes an evaluation of the air pollution impact on the cathedral. It shows how especially 
marble surfaces (columns) have darkened over time due to air pollution impact (SO2), but also that it 
is difficult in some instances to determine if air pollution is the (main) reason for darkening of 
surface crusts on some stones, as these stones (not the marble) contain sulphur compounds. It was 
observed that outer church surfaces facing the wind and pollution transport from the city of 
Trondheim was more affected by surface deposition and darkening. However, surfaces in this 
direction (north-east) were also colder and more humid, and less subjected to rain washing than other 
surfaces, favouring the building of black crusts. The thesis explains the complex reasons for damages 
of stone due to air pollution, transport of humidity, salt formation and frost, and how this depends on 
the stone properties, especially the porosity, and thus how deposition of air pollution is one among 
many factors affecting the damage. 
 
 
5.2.2 Property data* 
 

Total surface of building(s)/monument(s) 4430 m2 

Limestone/marble 60 m2 

Sandstone 60 m2 

Render/Mortar/Plaster - 

Brick - 

Copper 1165 m2 

Bronze - 

Wood - 

Painted surfaces - 

Glass (in windows) - several glass mosaics/paintings 94 m2 

Others:   

            Sopastone/Talcschist (serpentine) 3041 m2 

            Greenschist, syenite and hyperite, slate 10 m2 
* The total geometric wall area (minus area of roof and windows) was multiplied with 1.5 to include the more intricate 
real geometry. The most intricate geometry is found in the west front, which is "covered" with statues. Here the 
multiplication factor may be larger than 1.5, for other parts it may be less than 1.5. The  multiplication factor is difficult 
to determine. If the multiplication factor is between 1.2 and 1.8 then the total wall area (minus windows) is between 2540 
and 3800 m2, signifying 20% uncertainty in the wall area estimate. The smaller areas of stones (< 60 m2) were 
estimated/evaluated based on partly incomplete stone volume inventories for total, both indoor and outdoor, use of stone, 
and are thus likely to be more uncertain - but they are a minor part of the total area. 
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5.2.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Trondheim-Sverresborg. EU Master project (It is 
not expected that O3 or SO2 has had any trend 
since 2004) 

Mar. 2004 - 
Feb. 2005 

1 

O3, g/m3 51 

NO2, g/m3 Torvet. Trondheim centre. "Source: Luftkvalitet i 
Trondheim 2014. Rapport TM 2015/2" 

2014 18.9 

PM10, g/m3 12 

Temperature, °C Norwegian Meteorological Institute measurement 
station. Trondheim-Voll (63.4107; 10.4538).   

July 2015-
June 2016 

6.5 

Relative humidity, % Trondheim-Sverresborg, EU Master project Mar. 2004 - 
Feb. 2005 

76 

Amount of 
precipitation, mm/y 

Norwegian Meteorlogical Insitutute measurement 
station. Trodheim-Voll (63.4107; 10.4538).   

July 2015-
June 2016 

751 

pH of rain ICP station Oslo (similar urban background 
situation as in Trondheim) 

2008-2014 5.3 

 
 
 

5.2.4 References 

 
http://www.nidarosdomen.no/ 
 
https://no.wikipedia.org/wiki/Nidarosdomen 
 
Storemyr, P. (1997): The Stones of Nidaros. An Applied Weathering Study of Europe’s 
Northernmost Medieval Cathedral. Ph.D-thesis no. 1997:92, Norwegian University of Science and 
Technology, Trondheim (https://per-storemyr.net/publications/). 
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6. Sweden  
 

6.1 Introduction 

 
A preliminary screening of all 15 Swedish UNESCO World Heritage Sites has been performed in 
order to exclude sites with probable minor impact by air pollution and sites where the amount of 
buildings and affected materials are low, i.e. the impact is mainly on the landscape (natural site). If 
the pollution is low, it is high probability that the corrosion, degradation and soiling of the materials 
are low. Exceptions can be heritage sites with buildings which are positioned close to the sea and/or 
in areas with high relative humidity. In those areas the corrosion of some materials can be relatively 
high compared to drier areas and areas on the countryside depending on moisture and salt deposition. 
 
As reported many times earlier in the ICP reports etc. the general trend in many industrial countries 
in Western Europe is that the emission and concentration of SO2 has been decreased quite a lot 
during the latest 25-30 years1. This has led to a generally decreased corrosion rate, as SO2 is the main 
pollutant affecting the corrosion rate of many materials.  
 
In the capital of Sweden, Stockholm, a quite strong correlation has been seen between the decrease of 
corrosion rate of zinc and the decrease of concentration of SO2 already from the early 1960s to the 
beginning of 2000s2. This trend can also be seen at sites in rural environments, but here the 
concentration of SO2 and the corrosion rate have been and are still on much lower levels. 
 
Soiling of glass and other materials occurs mostly close to big cities where there are roads with lots 
of traffic. The second biggest source for soiling are industrial sites and then urban sites. In rural 
environments problems with soiling are quite minor. 
 
The preliminary screening performed is therefore based on where the Swedish UNESCO world 
heritage sites are positioned, i.e. if they are in a region close to pollution from traffic or industries 
and/or also close to the sea with risk of humidity and salt deposition. Furthermore the screening 
includes describing if the sites have important buildings with materials that can be affected or if the 
sites are more cultural nature sites, where the landscape is affected. 
 

6.2 Screening of the UNESCO World Heritages in Sweden 
 

In this chapter all Swedish UNESCO sites are briefly described from: historic point of view, year 
nominated by UNESCO to be a World Heritage, their geographic position and their relative risk to be 
affected by air pollutions or by climate factors as salt deposition and humidity. The sites are also shortly 
described regarding if there is considerable amount of building materials which will be affected by air 
pollution or more the landscape. The historic descriptions are summarized separately in the sections 6.2.1-
15 below and the other information in the table in section 6.2.16. 
 
A map describing the geographical locations of the World Heritage Sites in Sweden is enclosed below. 
The sites are numbered from north to south and these numberings can be seen for the respective section 
below. 
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Map of the Swedish World Heritages 2017.  

 

6.2.1 Agricultural Landscape of Southern Öland (no 14 on the map) 
 

The Great Alvar (Stora Alvaret) is a vast limestone plateau on the southern part of the island Öland in 
the Baltic Sea. The area of this formation exceeds 260 square kilometres, the largest in Europe and 
comprises more than 25 % of the area of the island. The plateau was formed during the Ice Age, but 
the limestone material itself about 500 million years ago in more southerly seas3. The material was 
hardended gradually and was drifted northwardly during the years, also to the Baltic Sea. 
 
Because of the thin mantle of the soil created (max 2 cm) and high pH levels, the nature is 
characterized by a great assortment of vegetation with numerous rare species, for instance wild 
flowers like stonecrop, kidney vetch, orchids and dropwort. Furthermore a number of grasses is 
found, see photo below. 
 

 
Great Alvar (photo from http://www.raa.se/publicerat/br2008_5.pdf) 
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6.2.2 Birka and Hovgården, Ekerö (no 8) 
 

Birka on the island Björkö in Lake Mälar was an important trading center, where goods were handled 
from Scandinavia as well as from central and eastern Europe and the Orient during the 8th to 10th 
century. Generally Birka is regarded as the oldest town in Sweden4 and it is located ca 30 km west of 
Stockholm. Together with the site Hovgården, on the neighbour island Adelsö, Birka makes up an 
archeaelogical complex which illustrates the trading networks of the Vikings in Scandinavia and their 
influence on the subsequent history of Europe. A silver ring from a grave from the Viking era is the 
first ring found in Scandinavia with an Arabic inscription5.  
 
Approximately 700 people lived at Birka at the most and about 3 000 graves have been found. The 
most recent large excavation was undertaken between 1990-1995 in an area with dark soil, believed 
to be the site of the main settlement. The archaeological remains are located in the north part of 
Björkö and represent approximately 7 hectares. The remains are seen as both burial-sites and 
buildings.  
 
The construction technique of the buildings is still unknown, but the main material was wood6. Open-
air events, called tings, at which important decisions were taken and discussions were held, were also 
taken place at Birka. These tings required plenty of place as a lot of people were gathered. 
 

 
Birka, typical landscape (photo from http:/whc.unesco.org/en/list/555) 
 

6.2.3 Church Town of Gammelstad, Luleå (no 3) 
 

Gammelstad church town, near the city of Luleå at the northern end of the Baltic Sea, is the best 
preserved example of a town which was once common throughout northern Scandinavia. The church 
town was probably built during the 17th century. 
 

  
Gammelstad church town (photo from http:/www.lulea.se/gammelstad). 

 
In the centre of the church town, the stone church Nederluleå is located and it is surrounded by more 
than 400 wooden houses, all of them unique to size and/or construction7. Behind the red-coloured 
facades there is almost always a timber body, some of them quite complex, which required skilled 
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craftsmen. The houses have span roof, which today is covered with metal sheets, tiles or roofing felt. 
Most of the houses have window shutters of wood. 
 
The first wooden houses were probably built during the 1500s and the church town is said to 
originate from the beginning of 1600s.The reformation period during the 16th century had lead to that 
the Swedish people were put under a more severe penance. 
 
The big and lavish church building is made of big natural stones in mortar with a roof of tarred 
shingles and next to it is the plastered clock tower with a roof of metal sheets on a wooden 
construction. The church building was inaugurated 1492 and testifies about the wealth of this area. 
The clock tower however, was built much later, around 1850.  
 
The wooden houses were only used on Sundays and during religious festivals to accommodate 
worshippers from the surrounding countryside, who could not return home the same day.  
 
The place for the church town was already used during the 12th century for ecclesiastical gatherings 
and also as a market place and for tings8. 
 

6.2.4 Decorated Farmhouses of Hälsingland (no 5) 

 
The farmhouses of county Hälsingland consist of seven farmhouses from the 1800s, which show a 
rural building tradition already from the Middle Ages, using only wood as a building material. The 
uniqueness of these farmhouses lies in the ambition of the farmers to build big, with more and larger 
rooms for festivities. However, this tradition to build big and for festivities started already during the 
1600s8. The wooden farmhouses, see photo below, are spread at seven different places in 
Hälsingland. 
 

 
Farmhouse in Hälsingland (photo: Anders Nordlen) 
 
The background to these more luxurious buildings is probably that the farmers have owned the farms 
for themselves for a long while and could now decide more over their own incomes, lives and 
buildings. Many of the farmers had built their prosperity in agriculture, cattleraising, trading, forest, 
production of linen goods etc. 
 
Furthermore an unprecedented number of decorative interiors have been preserved in theses 
farmhouses. Art paintings, stencilled decorations  and expensive wallpapers can be found on the 
walls. Biblic motifs were transformed into Hälsingland milieu. Funny stories and cautionary tales 
were mixed in the artwork with the decorative style of the wandering painters from county Dalarna, 
characterized by religious motifs, ribbons and large flowers9. The amount of well-preserved original 
interiors is unique in the world. 
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With the farms in Hälsingland a large number of other buildings are included, freely placed outside 
the courtyard. Grand barns, large log cabins, smithies, breweries, grain storage houses, stables and 
liveries all giving a picture of the system with many outbuildings. This way of building was by the 
end of the 19th century replaced by large multifunctional buildings, that housed many functions under 
the same roof. 
 

6.2.5 Engelsberg Ironworks, Fagersta (no 7) 
 

The history of iron production in this region of Sweden dates back to at least the 13th century and in 
Engelsberg, named after the German person Englika, iron started to be produced in the 14th  
century10. 
 
Engelsberg Ironworks gives an example of how the development of iron production grew during the 
1700-1800s, i.e. before the time where mass production of steel was introduced (around 1860s). 
Engelsberg was one of the most modern ironworks during this period and took the iron ore from the 
neighbourhood. 
 
The ironwork milieu consists of a manor house and park, mill office, workmen´s dwellings and 
industrial buildings including smelting works with a blast furnace. The introduction of a the blast 
furnace meant a fast development of the European and the world´s handling and production of iron. 
Also the use of waterwheels for operating the bellows for the furnace and forges was important for 
the development of the iron industry. 
 
Engelwork ironworks is preserved from how it looked during 1890s. The blast surface from 1778 is 
unique and has been rebuilt after new principles valid from 1800s with for instance a preheating 
station and a new roasting station, where the iron ore was cleaned from sulphur and crystal water8.  
 
Most of the buildings included in this heritage site are either of wood or mortar. 
 

 
Engelsberg Ironworks (photo from http:/whc.unesco.org/en/list/731) 
 
 

6.2.6 Grimeton Radio Station, Varberg (no13) 

 
The experiences of broken cable connections during the First World War lead to the decison to build 
a radio station in Sweden in order to send morse telegrams across the Atlantic11. Grimeton radio 
station started to operate 1924, mainly for telegraphy with America and its location was chosen after 
careful calculation for giving the radio waves free passage over the sea. 
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The radio station in Grimeton experienced its golden age during the Second World War, 1939-45. 
Once again, cable connections had then been quickly destroyed by nations at war and the wireless 
telegraph deserved as a communication link to the world outside Scandinavia. 
 
The radio station is the only remaining one in the once transatlantic network of nine long wave 
stations that were built after the First World War. All of those stations were equipped with the 
technology which has been constructed by Ernst Alexandersson. This technology is still fully 
operational and is used by the Swedish Navy on special occasions every year. 
 
The 110 ha Grimeton site comprises buildings housing the original Alexandersson transmitter, 
including their antennae. Short wave transmitters with their antennae and a residential area for staff 
housing are also within the site. The main buildings are in neoclassical style and the six 127 m high 
antenna towers of steel were the tallest built structures in Sweden at that time12. 
 

 
Grimeton Radio Station (photo from www.grimeton.org: Magnus Nylén) 

 

6.2.7 Hanseatic Town of Visby, Gotland (no12) 

 
Visby is a former Viking site on the biggest island in Sweden, named Gotland. It was the main centre 
of the Hanseatic cities around the Baltic Sea from the 12th to the 14th century. Its 13th century 
ramparts and more than 200 warehouses and wealthy merchant´s dwellings from the same period 
make it the best preserved fortified commercial city in northern Europe13.  
 
Visby was important for the trading in the eastern direction, especially the important connections 
with Novgorod. A lot of silver treasures has been found on Gotland, that reminds of the strategic 
position of the island in the Baltic Sea. 
 
The Hanseatic town is characterized by a town wall, church ruins, a well preserved street grid and a 
small-scale architecture from the Middle Ages and onwards14. The town wall is regarded as the most 
well preserved city wall in northern Europe. It was built in limestone during the 13th century and is 
about 3.6 km long. 
 

 
Visby ring wall (photo from http://www.guteinfo.com/id=1236) 
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6.2.8 High Coast/Kvarken Archipelago, Västernorrland (no 4) 

 
The Swedish High Coast and the Finnish Kvarken Archipelago are together a world heritage site and 
is located in the northern part of Baltic Sea, Gulf of Botnia. The site affords outstanding opportunities 
for the understanding of the important processes that formed the glaciated and land uplift areas of the 
earth surface15.  
 
 

 
High coast (photo from http:/whc.unesco.org/en/list/898) 
 
The melting of the continental ice sheet (at the most ca 3 km thick) occurred ca 10-24 000 years ago 
and the High Coast has been largely shaped by the combined processes of glaciation, glacial retreat 
and emergence of new land areas from the sea. Since the last retreat of the ice from the High Coast, 
ca 9 600 years ago, the uplift has been in the order of 285 m, which is the highest known “rebound”. 
This was the major cause for the site to be on the world heritage list. Still the ground level is 
increased by ca 8 mm/year8.  
 
After the ice melting the first people arrived attracted by the possibilities for seal and bird hunting as 
well as for fishing. 
 
The observations of the uplift in the Nordic countries has affected science, religion and society all 
over the world. The worldview was overturned when the researchers in the beginning of the 19th  
century through measurements pointed out the uplift. During the years the flora and fauna at Höga 
Kusten have developed a large diversity. 
 

6.2.9 Laponian Area, Lappland (no 1) 

 
The Arctic Circle region of northern Sweden is the home of the Sami, a people from the county 
Lappland. It is the largest area in the world, and one of the last, with an ancestral way of life based on 
the seasonal movement of livestock16. Every summer the Sami lead their huge herds of reindeer 
towards the mountains through a natural landscape hitherto preserved, but threatened by the advent of 
motor vehicles. Historical and ongoing geological processes can be seen in the glacial moraines and 
change of water courses. 
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Laponian Area (photo from UNESCO World heritage) 
 

The Laponian Area has traces of several thousands years of human activities and is also one of 
Europe’s largest continuous nature landscape (9 400 km2). Within the area there are nine Sami 
villages, some national parks and reservates. 
 
The area is a good example of how the earth has been developed geologically and how ecological and 
biological changes proceed today. 
 
The Laponian Area is the only World Heritage Site in the Nordic countries, which have been 
nominated for both nature and culture values. The nature consists of mountains, virgin forests, large 
water systems and a special flora and fauna. The culture is characterized by the long term interplay 
between human and nature in the Sami culture with reindeer and seasonal movements. 
 

6.2.10 Mining Area of the Great Copper Mountain in Falun (no 6) 

 
The city Falun was in the 1600s an international city with a large and modern workplace - Falun 
Mine17. The historical landscape around the Great Copper Mountain and Falun is one of the world’s 
most important areas for mining and metal production.  
 
The copper mining started already during the 8th century8. However. mining came to an end in the 
closing years of the 20th century, but it has for many centuries exercised a profound influence on the 
technical, economic, social and political development of Sweden and Europe. 
 
During the 17th century the Falun Mine stood for about 70 % of the copper production in the western 
world. The copper metal was for instance used in coins, for roofing of palaces and cathedrals and for 
casting of church bells and bronze cannons. 
 
There are several preserved buildings from the 1600s in and around Falun. At the mine there are 
administration buildings, wheel house and buildings above the mine shaft. In the landscape around 
the copper mountain there are mining farms and also the city Falun with its wooden buildings and 
residues from the mining and production. Around the mine the milieu is quite barren, however 
colourful from black to “Falu red” and yellow.  
 
The emissions from the copper mining and production during the time for operation led to blackened 
facades of the red-coloured buildings. 
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Great Copper Mountain of Falun (photo from http://www.raa.se/publicerat/br2008_5.pdf) 

 

6.2.11 Naval Port of Karlskrona (no 15) 

 
Karlskrona is a European example of a late-17th-century planned naval city. The original plan and 
many of the buildings have survived intact, along with installations that illustrate its subsequent 
development until totay18. The city is situated by the Baltic Sea in the southern part of Sweden. 
 
Karlskrona has been inspired by other naval cities in other countries and has in turn served as a 
model for other cities in Europe with similar function8. 
 

 
Naval Port of Karlskrona (photo from http:/whc.unesco.org/en/list/871) 

 
During Sweden´s great power time in the 17th century the country needed a strategic naval base to 
keep the country together around the Baltic Sea. Current Finland, Estonia, Latvia and northern part of 
Germany belonged to Sweden during those years. Karlskrona was chosen as the naval base and 
experts in fortification led the building of the naval city with new technical solutions. 
 
Karlskronas shipbuilding, architecture, city planning as well as its construction and defense 
technologies attracted wide attention during the 17th century. For more than 100 years the shipyard 
facility in Karlskrona was the military industrial centre in the Baltic region.  
 

6.2.12 Rock Carvings in Tanum, Tanumshede (no 11) 

 
The area Tanum in the northern part of the county of Västra Götaland has a relatively high 
concentration of petroglyphs, i.e. carvings and drawings made on smooth rocks during the Bronze 
Age, i.e. 1800-500 BC8. Around 500 diverse groups of petroglyths are within a 25 km distance, close 
to the former coastline of the fjord during the Bronze Age19.  
 
Scandinavian people from the Bronze and Iron Ages were sophisticated craftsmen and competent sea 
travellers and many of the depictions include boats with around a dozen passengers. Other glyphs 
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depict birds, snakes, trees, palms and soles and humans with a bow, spear or axe. Others depict whole 
hunting scenes or other performing rituals.  
 

 
Rock carvings in Tanum, painted red for better visualisation (photo from http://www.raa.se/publicerat/br2008_5) 
 
The carving in rocks ceased some hundred years BC when the written language was introduced in the 
Nordic countries8. The rock carvings are endangered by erosion due to frost and heat damage as well 
as acidification, of which the latter demonstrably has decreased the latest years. To the dismay of 
some archaeologists some depicts have been painted red to be more visible for the tourists. 
 

6.2.13 Royal Domain of Drottningholm, Ekerö (no 9) 

 
The Royal Domain of Drottningsholm stands on an island, Lovön, in Lake Mälar in a suburb of 
Stockholm. It is a private residence of the Swedish royal family20. This world heritage include the 
castle, the castle theatre and park, China pavilion, the area Kanton and a part of the suburb Malmen8. 
 
The original stone castle was built in the late 16th century. Rebuilding of the castle after a fire, with a 
new design, was finished in the late 17th century with an architecture from Italy and France. The 
well-preserved theatre was then built 1766. It is unique, also from an international perspective, partly 
due to its early ingenious stage machinery and replicas of the preserved original scenarios used.  
 
The whole Royal domain is highly influenced by the palace of Versailles, not only the castle21. The 
oldest part of the park is in baroque style, other parts are from the rococo era and there is also a part 
inspired from United Kingdom. The China pavilion expresses the 1700s fascination for the Chinese 
culture and reflects the Swedish trading with Far East. 
 

 
Drottningholm castle and park (photo from http:/whc.unesco.org/en/list/559). 
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The Kanton area was built in the middle of 1700s for production of silk, lace and finer forgings. 
Residentials for the court were also built here and they are still in use.  
 
In the Malmen part of Drottningholm residentials for the castle craftsmen were built. Later the 
buildings were used for court officials, castle administration and accommodation of the castle guests.  
 

6.2.14 The Woodland Cemetery, Enskede (no 10) 

 
The design of this cemetery (Skogskyrkogården in Swedish), by two young Swedish architects, 
reflects the development from Nordic classicism to mature functionalism. The cemetery was created 
late 1910s on a site of former gravel pits overgrown with pine trees22.  
 
The design blends vegetation and architectural elements, taking advantage of irregularities in the site 
to create a landscape that is finely adapted to its function. This design has had a profound influence in 
many countries of the world. 
 
The cemetery includes natural landscape with for instance tall pine trees, a hill, a pond and among 
others the Resurrection chapel, a crematorium and an ornamental colonnaded entrance as well as 
crosses like the giant dark granite cross23. 
 

 
The Woodland Cemetery with the giant dark cross(photo from http:/whc.unesco.org/en/list/558) 
 

6.2.15 Struve Geodetic Arc (no 2) 

 
This World Heritage Site stretches from Hammerfest in Norway to Black Sea in the south. It is a chain of 
265 main measuring stations, where of 34 are marked by drilled holes in rock, carved crosses, cairns, 
obelisks or others. The chain is 2820 km long and goes through 10 countries including Sweden24. Seven 
of the measuring stations are located in Sweden and four out of them are part of the heritage site; in 
Kiruna, Pajala, Övertoneå and Haparanda.  
 
The Geodetic Arc was established during the first half of 1800s thanks to the German-born Russian 
scientist von Struve. It was done in order to find out the exact size and shape of the earth through 
triangulations8. This was an early evidence that scientists in different countries could be united in an 
international project.  
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Struve Geodetic Arc (photo from http://worldheritagesweden.se/en/world-heritages-in-sweden/struve-geodetic-arc) 

 

6.2.16 Summary of the 15 screened Swedish UNESCO sites 

 
The table below describes a summary of the different sites when it comes to location and type, 
nominated year for being an UNESCO site and a relative estimation of the amount of stock materials. 
There are also estimations regarding the relative risks of the sites for being affected by air pollution 
and climate degradation. Note that these relative estimations are based on “Swedish standards”, 
which for instance mean that “high risk of air pollution” in Sweden is not comparable with high risk 
of air pollution in Rome or Athens. 
 
It could already here be mentioned that the site Rock Carvings in Tanum have been evaluated when it 
comes to air pollution, salt deposition and present and future maintenance and restoration 
maintenances and costs. This was done in the early 2000´s in a project called REACH (Rationalised 
Economic Appraisal of Cultural Heritage) 25. 
 
From the table it can be concluded that four sites seem to be most at risk when it comes to amount of 
stock materials affected by air pollution (and climate degradation); Church Town of Gammelstad, 
Hanseatic Town of Visby, Naval Port of Karlskrona and Royal Domain of Drottningholm. Of these, 
Naval Port of Karlskrona may have somewhat less air pollution from traffic due to its very close 
position to the open sea with often quite strong winds. Visby has very intense traffic in a small area 
during the summer time and with only marginally winds. In Gammelstad there is estimated pollutions 
from traffic and the industry and the site is not so close to the sea as in Karlskrona. Drottningholm in 
Stockholm has a location quite close to roads with heavy traffic. 
 
When it comes to climate degradation by salt deposition and humidity it is estimated that the effect is 
rather similar and not so high for the three sites mentioned. All of them are situated by the Baltic Sea 
(or at least not so far from) with brackish water. The sites in Karlskrona and Visby have probably 
somewhat higher exposure to salt and humidity compared to the others, but in the other end, most of 
the buildings both in Karlskrona and Visby are made of quite robust and resistant stone.  
 
Based on the above reasoning, including also that it initially seems to be more easily to get 
information from three of the sites, only three sites will be selected to be studied more in detail; 
Gammelstad, Visby and Drottningholm (marked with bold text in the table below). Data for 
Drottningholm Palace Theatre in the Royal Domain of Drottningholm and Nederluleå church in 
Gammelstad church town are included in the present report. 
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Table. Summary of relative amount of stock materials and estimated air pollution and climate degradation of the Swedish 
World Heritage Sites. 

 
Site/description Location: 

county/position 
UNESCO 
nomination 
year / ref 

UNESCO 
criteria, 
type of site 
(C=cultural. 
N=nature) 

Relative 
amount 
of stock 
materials 

Estimated risk 
for direct air 
pollution 
(traffic, 
industries, 
others) 

Estimated risk for 
climate degra-
dation (salt 
deposition, 
humidity) 

Note: 

Agricultural Land-
scape of Southern 
Öland 

Kalmar: 
56° 19′ 30″ N, 
16° 29′ 0″ E 

 

2000 / 968 C Low Low   Minor salt 
deposition from 
brackish water, 

humidity 

Mainly landscape 
affected 

Birka and 
Hovgården. Ekerö 

Stockholm: 
59° 20′ 7″ N, 
17° 32′ 34″ E 

 

1993 / 555 C Low Medium (traffic) Minor salt 
deposition from 
brackish water, 

humidity 

Mainly landscape 
affected. Close to 
capital Stockholm 

Church Town of 
Gammelstad, 
Luleå 

Norrbotten: 
65° 38′ 46″ N, 
22° 1′ 43″ E 

1996 / 762 C High Medium-high 
(traffic and 
industries) 

Salt deposition 
from brackish 
water, humidity 

Medium sized city, 
close to SSAB and 
E4 road 

Decorated 
Farmhouses of 
Hälsingland 

Gävleborg: 
61° 42′ 26″ N, 
16° 11′ 45″ E 

2012 / 1282 C Medium Low  -  

Engelsberg 
Ironworks, Fagersta 

Västmanland: 
59° 58′ 0″ N, 
16° 0′ 30″ E 
 

1993 / 556 C Medium Low -  

Grimeton Radio 
Station, Varberg 

Halland: 
57° 6′ 0″ N, 12° 23′ 0″ E 

2004 / 1134 C Low Low-medium Minor salt 
deposition from sea 
water, humidity 

Close to E6 road and 
North Sea 

Hanseatic Town of 
Visby 

Gotland: 
57° 38′ 30″ N, 
18° 17′ 45″ E 

1995 / 731 C High Medium-high 
(traffic 
summertime) 

Salt deposition 
from brackish 
water, humidity 

Lots of tourists in a 
small area, also 
buses & cars, in a 
small area  

High 
Coast/Kvarken 
Archipelago 

Västernorrland: 
63° 18′ 0″ N, 
21° 18′ 0″ E 

2000  & 
2006 / 898 

N Low Medium (traffic) Salt deposition from 
brackish water, 
humidity 

Mainly landscape 
affected. Close to E4 
road.  

Laponia Area Norrbotten: 
67° 20′ 0″ N, 
17° 35′ 0″ E 

1996 / 774 C + N Low - -  

Mining Area of 
Great Copper 
Mountain in Falun 

Dalarna: 
60° 36′ 17″ N, 
15° 37′ 51″ E 

2001 / 1027 C High Low  -  

Naval Port of 
Karlskrona 

Blekinge: 
56° 10′ 0″ N, 
15° 35′ 0″ E 

1998 / 871 C High Medium (traffic) Salt deposition from 
brackish water, 
humidity 

Close to E22 road 

Rock Carvings in 
Tanum 

Västra Götaland: 
58° 42′ 4″ N, 
11° 20′ 28″ E 

1994 / 557 C Medium Medium  Deposition from sea 
water, ca 3-4 times 
higher than central 
Sweden25 

Close to E6 road and 
North Sea. Mainly 
landscape affected 
(incl. rocks) 

Royal Domain of 
Drottningholm, 
Ekerö 

Stockholm: 
59° 19′ 23″ N, 
17° 53′ 0″ E 

1991 / 559 C High Medium-high 
(traffic) 

Minor salt 
deposition from 
brackish water, 
humidity 

In capital 
Stockholm 

The Woodland 
Cemetery, Enskede 

Stockholm: 
59° 16′ 32″ N, 
18° 5′ 58″ E 

1994 / 558 C Medium Medium-high 
(traffic) 

Minor salt 
deposition from 
brackish water, 
humidity 

In capital Stockholm 

Struve Geodetic 
Arc 

Norrbotten:       
(four different places in 
Sweden) 

2005 / 1187 C Low - - Mainly landsacape 
affected 
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Location of the cultural objects in Sweden selected for the study. 
 
 
 
 __________________________________________________________________________________________ 
1 ICP report 76: Trends in Pollution. Corrosion and Soiling 1987-2012. 
2 Tidblad. J & Kucera. V & Mikhailov. A A & Henriksen. J & Kreislova. K & Yates. T & Singer. B: Outdoor and Indoor 
Atmosperic Corrosion. ASTM STP 1421. Townsend. H E. Ed. American Society for Testing and Materials. West 
Conshohocken. PA (2002). 
3 Jansson. T. Stora Alvaret. Lenanders Tryckeri. Kalmar. 1999  
4 

Encyclopedia Britannica. article “Sweden” 
5 http:/www.c.nn.com/2015/03/19/europe/sweden/-viking-arabic-ring. 
6 http:/www.en.wikipedia.org/wiki/Birka 
7 http:/www.lulea.se/gammelstad 
8 Världsarv i Sverige – Riksantikvarieämbetet 2014. Taberg Media Group. offset. ISBN 978-91-7209-682-0 
9 http:/www.en.wikipedia.org/wiki/Decorated_Farmhouses 
10 http:/www.ekomuseum.se/page id=385 
11 http:/www.grimeton.org/historia 
12 http:/whc.unesco.org/en/list/1134 
13 http:/whc.unesco.org/en/list/731 
14 htttp:/worldheritagesweden.se/en/world-heritages-in-sweden/hanseatic-town-in-visby 
15 http:/whc.unesco.org/en/list/898 
16 http:/whc.unesco.org/en/list/774 
17 http:/www.varldsarvetfalun.se 
18 http:/whc.unesco.org/en/list/871 
19 http:/www.en.wikipedia.org/wiki/Rock_Carvings_in_Tanum 
20 http:/www.en.wikipedia.org/wiki/Drottningholm_Palace 
21 http:/whc.unesco.org/en/list/559 
22 http:/whc.unesco.org/en/list/558 
23 http:/www.en.wikipedia.org/wiki/Skogskyrkogarden 
24 http:/www.en.wikipedia.org/wiki/Struve_Geodetic_Arc 
25 Magnusson. J; Rock Carvings in Tanum World Heritage Area and Bohuslän/Østfold – Case Study. Rationalised 
Economic Appraisal of Cultural Heritage (REACH). County Administrative Board of Västra Götaland. 
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6.3 Drottningholm Palace Theatre (Drottningholms slottsteater), Ekerö, Stockholm 

 
 

 
 

The south facade of Drottningholm Palace Theatre (Photo by Arild Vågen9) 
 
 

6.3.1 Description 

 
Drottningholms Slottsteater was built in 1766 at the request of Queen Lovisa Ulrika. It is the only 
surviving 18th century theatre where the original machinery is still regularly used. The wooden stage 
machinery is operated by hand. It includes wind, thunder and cloud machines, as well as traps and 
moving waves. About 30 stage sets have been preserved, all decorated with themes from 18th century 
repertoire. Today the theatre offers new productions of 17th and 18th century operas and attracts 
audiences from all over the world every summer. In 1991, the theatre, along with the Drottningholm 
Palace (the residence of the Swedish royal family), the Chinese Pavilion and the surrounding park, 
became the first Swedish patrimony to be inscribed in the UNESCO list of World Heritage Sites. 
 
The building is unusual in many architectural aspects. Although the theatre was designed to simulate 
the artistic style of Versailles, the exterior of the building is very simple compared to other theatrical 
buildings, in the style of a country manor without any indication from the outside that an opera house 
is inside. The interior uses trompe l'oeil, wallpaper and stucco to imitate more expensive materials 
such as marble and gold. 
 
 
 

                                                 
9 https://commons.wikimedia.org/wiki/File:Drottningholm_June_2013_07.jpg 
By Arild Vågen (Own work) [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia Commons 
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Renovation history: 
 

 The first Theatre was destroyed by fire 1762. The new building was erected between 1763 
and 1766. It is a summer theatre. Architect Carl Fredrik Adelcrantz. 

 
 The theatre was enlarged in 1791 with a “Déjeuner Salon” that faces the Landscape park. 

 
 Around turn of the century to 1900 the facades and outdoor stairs were renovated, 1906-1907 

the sheet metal roof was replaced. 
 

 During 1950’s the old façade plaster was removed and was substituted by lime cement 
plaster, however on the north façade old plaster was preserved as well as on the roof foot. 

 
 The roof was repainted 1990. 

 
 The last coloration with lime paint on the lime plastered outside walls was performed 1994. 

During that occasion doors and windows wood work were painted as well as the sheet metal 
roof. 

 
 The roof was replaced by hot dipped galvanized sheet 2004 and top painted 2005.  

 
 Wood work has been repainted at different occasions with linseed paint. The southern part of 

the woodwork was repainted 2013. Some of the windows in west were repainted 2015. 
 
 

6.3.2 Property data 

 
Total surface of building(s)/monument(s), m2 2105 m2 (plus 2100 m2 roof) 

Limestone/marble - 

Sandstone 55 m2 (facade base) 

Render/Mortar/Plaster 1577 m2 (limewash) 

Brick - 

Copper - 

Bronze - 

Wood 52 m2 

Painted surfaces 2100 m2 (sheet metal painted roof) 

Glass 288 m2 (windows) 

Others - 

Source: Marie Edman Franzén, Statens Fastighetsverk, Stockholm 



 87

6.3.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Average Stockholm city high and low levels, at 
Drottningholm supposed to be somewhat lower 

2015 ca 
0,25-2 

NO2, g/m3 ca  <15 

O3, g/m3 ca <30 

PM10, g/m3 ca <12 

Temperature, °C Lat: 59.3 Lon: 18.7 20150303-
20160302 
(Jan-Feb 
2015 data 
missing) 

8.7 

Relative humidity, % 79.6 

Amount of 
precipitation, mm/y 

656 

pH of rain   5 

Source: SMHI, Norrköping and IVL, Stockholm 
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6.4 Nederluleå church in Gammelstad church town, Luleå 

 
 

 
 

Nederluleå church in Gammelstad church town (Photo by Lars Falkdalen Lindahl10) 
 
 
 

6.4.1 Description 

 
Nederluleå church (Swedish: Nederluleå kyrka) is the largest medieval church in the Swedish land of 
Norrland. It forms a part of the Site Gammelstad Church Town, which was added to the UNESCO 
World Heritage list in 1996. The Gammelstad site is the world's most extensive and best preserved 
example of a church town, with a total of 520 protected buildings within the World Heritage property 
(extension:16.402 ha; buffer zone: 243.474 ha), comprised of 404 church cottages and 116 other 
buildings gathered around the medieval stone church. 
 
The construction of the presently visible Nederluleå church began in the late 1400s and continued 
until the beginning of the 16th century. Then, like now, the church was under a steep, chip-clad saddle 
roof. On the roof there is a turret with a sphere, a cross and a gilded tip. Successive changes and 
renovation works have affected the internal medieval frescos, the windows (two windows were 
installed in the wall oriented to the north and two windows oriented to the south were expanded), a 
new entrance was made, the interior was changed and the external was painted red.  

                                                 
10 https://it.wikipedia.org/wiki/File:Nederlule%C3%A5_church_October_2011.jpg 
By Lars Falkdalen Lindahl (Own work) [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia 
Commons 



 89

The whitewashed bell tower, which is directly adjacent to the west wall of the church, was built in 
1851 and replaced an older, wooden bell tower. The two bells date from 1554 and 1684, respectively, 
but have both been re-cast in later times. The large bell (from 1554 and recast the third time in 1747) 
weighs 1 930 kg, is 149 cm tall and has a diameter of 152 cm. The small bell (from 1684 and recast 
second time in 1851) weighs 1 680 kg, has a height of 135 cm and a diameter of 145 cm. 
 
Nederluleå church is16 x 47 meters in outer dimensions. The masonry is made of natural stone with 
window and door fences and tiles in bricks. In 1954, the old, red painted plaster was removed. When 
removing the old plaster, the masonry appeared to be of such good quality that the decision was made 
to abort the replacement of the plaster. Today, the stone material consisting of about 40 different 
rocks or rock variations are freely visible. 
 
 
 
 

6.4.2 Property data 

 
 Church building Bell tower 

Total surface of building(s)/monument(s), m2 1503 m2 (façade) 
8 m2 (doors) 
500 m2 (roof) 

1100 m2 (façade) 
25 m2 (doors) 
30 m2 (roof) 

Limestone/marble - - 

Sandstone - - 

Render/Mortar/Plaster 1503 m2 (façade, big 
natural stones in mortar) 

1100 m2 (façade, 
plastered) 
 

Brick - - 

Copper 2 m2 (doors) - 

Bronze - - 

Wood 6 m2 (doors) 
(Window frames?) 

25 m2 (doors) 

Painted surfaces  30 m2 (roof, painted 
metal sheet) 

Glass 150 m2 (windows) 25 m2 (windows) 

Others Roof, tarred shingles, 500 
m2 

- 

Source: Hans Sundling, Svenska kyrkan, Nederluleå församling 
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6.4.3 Environmental data 

 
Parameter Location of measurement station Year Value 

SO2, g/m3 Sandviksgatan, N 7291855, E 828830  
(coordinate system: SWEREF99) 
 
Stadshuset, N 7292158, E 828954 
(coordinate system: SWEREF99) 

2015 1.9 

NO2, g/m3 9.5 – 
11.6 

O3, g/m3 54.7 

PM10, g/m3 12.4 

Temperature, °C Lulea airport, Kallax 
Lat: 65.7 Lon: 23.1 

2015 4.5 

Relative humidity, % 83.5 

Amount of 
precipitation, mm/y 

824 

pH of rain   5 

Source: Amera Ulakovic, Miljö- och byggnadsförvaltningen, Luleå Kommun and confirmed via 
SMHI, Norrköping (atmospheric pollutants) 
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6.5 Hanseatic Town of Visby, Gotland 

 

 
 

Visby town wall (Photo By En-cas-de-soleil - Own work, CC BY-SA 3.0) 
https://commons.wikimedia.org/w/index.php?curid=27992087 

 

 
 

The figure contains an illustration of the town wall with all the gates and towers marked out.  
(By Anonymous and the Wall overlaid by W.carter - Nordisk Familjebok) 

https://commons.wikimedia.org/w/index.php?curid=36548292 
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6.5.1 Description 

Fel! Ogiltig länk.The Hanseatic town of Visby (0.77km2) is surrounded by a 3.44km long town wall 
("Visby ringmur"). Within the wall there are 15 churches (or ruins) and over 200 well preserved 
secular buildings, dated to the 13th and 14th centuries, all a part of UNESCO world heritage site. The 
following information will be restricted to the town wall. More information is available on the church 
ruins but a detailed description is beyond the scope of the present project. 
 
The construction of the wall 
 

The original wall was about built around 1250; it was 6 meters high and about 2 meters at the base 
(~30000m2). It had parapet with crenellation and a rampart walk on top of an arcade inside see the 
left illustration in the figure below. During a second building period the wall was built higher, with 2-
3 meters and wall towers were added, see illustration to the right. This period took place sometime 
between 1289 and 1361. Originally the wall had 29 large towers and 22 small wall towers riding on 
top of the wall, out of them today 27 large towers and 9 of the small towers remain.  
 

 
 
 
 

 
  

Simplified sections of the wall. The section to the left show the wall before it was heightened and the 
section to the right shows it after the heightening and how it is today. The arrows show the eccentric 
loading of the outer leaf and the thrusting force from the bottle neck shape. I) Rampart walk. II) 
Parapet. III) Outer masonry leaf. IV) Core with clay mortar and no bond. V) Openings of inside 
archers. VI) Top of inside archers. VII) Thin masonry leaf inside archers. 1) The height of the 
original wall . 2) Heightening of the wall in solid masonry. 3) Masonry of bottle neck shaped 
masonry. 4) Upper core inside former parapet wall. [U. Mebus, K. Balksten (2009) “Visby ringmur – 
kulturarv som rasar och återuppbyggs”, an RoD report from The Swedish National Heritage Board] 
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Original- and rebuilding material 
 

Stone: 
The wall was built in limestone from the surroundings of Visby, which is very pure ≥96% calcite.  
 
Mortar: 
The historic mortar present in the town wall is mainly of three different characters and they are 
correlating to the two main building phases. In the first building phase the bedding mortar in the 
outer leaf and in the arches on the inside are made of a fat pure air lime mortar. In the core under the 
pathway of the older part of the wall a clay soil was used as bedding mortar. In the second building 
phase another pure lime mortar was used in the core as well as in the two leaves. It is not as rich on 
lime as the mortar from the first building phase. 
 
The historic mortar recipes are the base of mortar used in recent time reconstructions. The mortar has 
been designed from several criteria like; workability, adhesion, the ability to consolidate and harden. 
Something unique for Gotland is the preservation of knowledge about producing lime learned from 
handling the local limestones during the Middle Ages passed on until today. The calcination and 
slaking methods are still optimised to the local limestones from Gotland, even if these methods are 
rarely used in the modern society.  
 
Damages and reconstruction 
 

The main reason for wall collapses is not degradation of the limestones but instead degradation of the 
joints consisting of render/mortar/plaster, which needs to be taken into account when doing damage 
estimations based on environmental data. 
 
Moisture: 
With moisture present in a masonry wall several deterioration processes can occur, frost damage, 
leaching lime binder, cracks and movement due to swelling and shrinkage, biological growth both on 
the surface and roots inside the joints, insects building nests etc. The original lime mortar of the wall 
were made fat with a high lime content compared to sand, it is very compact giving very good frost 
resistance and low capillary transport. Due to the pore structure the deterioration has been a very 
slow process occurring on the surface of the joints 13th century until the beginning of the 20th century, 
and still on the parts that were never repointed.  
 
As the cement mortar used for repointing during the 20th century have lower vapour permeability 
than the original lime mortar, the moisture can stay longer inside the joints than before. If lime mortar 
is saturated with moisture for a very long time the lime will slowly be solved followed by a lost effect 
in the mortar. In combination with presence of salts giving a lower pH the solubility increases as 
acid-base reactions solve the lime. On the wall of Visby the phenomenon with lime precipitations can 
be seen only were the joints has been repointed with cement mortar. Also the thermal expansion 
coefficient of cement mortar can be two or three times higher than for limestone, and two times 
higher than for lime mortar at normal temperatures. The effect often seen at old masonry repointed 
with cement mortar is stiff cement mortar with cracks between the stone and mortar, giving no or low 
adhesion as those cracks lead water inside by capillary effect.  
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Biological growth: 
Having a moist environment and a soluble lime is 
excellent life condition for the small crustacean 
“woodlouse”. They need moisture as they breathe 
through gill, they need the lime to build their shells and 
they feed on decaying plants and leafs producing 
humus.  They live well in symbiosis with several plants 
and a small seed can easily grow in the moist behind the 
cement mortar. As the roots grow bigger they can cause 
damage far inside the wall and are almost impossible to 
remove. On the part of the city wall where the joints 
still consists of original mortar no plants growing from 
inside the wall can be found. 
  

 
The use of cement mortar was stopped in 1960 and mortar recipes are now more similar to the 
original lime mortar. With all new repointing and joint cleaning all the growth including root system 
and humus material have been removed.  A major damage inspection of the wall was made in 1985 
which is now the base for the annual inspections made by The Swedish National Heritage Board and 
Byggnadshyttan (A local construction company specialised on resoration culture historical buildings 
and lime production.). The results from these inspection has been the foundation of the care and 
maintenanse programe. Sensors placed along the wall measuring wall movements have been added to 
facilitate the maintenance. 
 
Renovation history: 
 

 ~1250 The original town wall was built 
 

 Between 1289-1361 the wall was heightened and wall towers were added. 
 

 Smaller parts of the wall have collapsed and been reconstructed many times. The years of 
collapses are only exceptionally documented such as 1361, 1525 and 1679. The collapses are 
in many cases easily recognised in the masonry. Several collapses was probably triggered by 
the wall towers as their construction had a load distribution concentrated to the one wall leaf 
facing the outside.  

 
 1400 addition of towers on seawall, one of them was Jungfrutornet. 

 
 1500 addition of two caponiers on the east side of the wall, they are called “Sparbössan” and 

“Smörasken”. To build the caponiers some of the closest ground towers were dismounted in 
order to become limestone supply. 

 
 New gates have been opened up and others sealed depending on the need of that period of 

time. For example in 1600 the wall was opened up to build “Kajsarporten”, in order to 
facilitate passage of farm animals.  

 
 The first decade of 1700 opened up holes for cannons in the 3 gate towers and a tower called 

“Silverhättan”.  
 

 1712 the redoubt “Havsfrun” was built in attachment to the south wall. 
 

 1800 the well gate (Brunnsporten) was opened up to facilitate a new well outside the wall. 
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 Several collapses and reconstructions have occurred on a short part of the wall (~200m); 1863 

a small tower riding on top of the wall collapses, 1871 and 2012 the wall collapses. The 
reason for several collapses of such concentrated part of the wall was probably due to the 
concrete reinforcements used for restauration during 1850-1960. 

 
  1940 two smaller gates on each side of the south gate were created as a safety measure to 

separate pedestrian and cars. 
 

 Two greater collapses and reconstruction of the wall occurred in 1961 and 2012. The 
reconstruction of the 70m2 outer leaves collapse (2012) was a unique possibility for 
researchers to document the two building phases of the wall, to study the performance of the 
structure and its materials, as well as the effect of modern restorations. 
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Uppsala University Campus Gotland 
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6.5.2 Property data 
 

Total surface of building(s)/monument(s), m2 Wall: L 3440m H 9m A 2x(9x3440) ≈ 62 000m2 
estimation without towers. 

Limestone/marble 95%  Limestone (from local quarry) 

Sandstone - 

Render/Mortar/Plaster 5% Limestone plaster (from local quarry) 

Source: The limestone/plaster ratio consider only the surface and is a rough estimation based on 
knowledge from U. Mebus, K. Balksten (2009) “Visby ringmur – kulturarv som rasar och 
återuppbyggs”, an RoD report from The Swedish National Heritage Board) 
 
 

6.5.3 Environmental data 

 
Parameter Location of measurement station (Visby, Gotland) Year Value 

SO2, g/m3 1) Id: 9818 Visby X=6391987 Y=1648228 (RT90) 
2) Id: 581 Hoburg X=6313000 Y=1643000 (RT90) 
3) Id: 34048 Visby X=6392960 Y=1649154 (RT90) (from 2014) 

 
 
Atmospheric pollutants data comes from; 
IVL Swedish Environmental Research Institute 
(http://www.ivl.se/sidor/omraden/miljodata/luftkvalitet.html) 

 

2)5)  
 

2009 0.71) 

NO2, g/m3 5.71) 

O3, g/m3 64.12) 

PM10, g/m3 37.43) 

Temperature, °C 4) Interpolated data from climate research unit University of East 
Anglia (UEA) (http://www.int-res.com/abstracts/cr/v21/n1/p1-25/) 
 

1961- 
1990 

74) 

Relative 
humidity, % 

854) 

Amount of 
precipitation, 
mm/y 

5) Id: 1554 Majstre X=6315400 Y=1644800 (RT90) 
 

Precipitation data comes from; 
IVL Swedish Environmental Research Institute 
(http://www.ivl.se/sidor/omraden/miljodata/luftkvalitet.html)  

2009 3995) 

pH of rain 4.95) 

 
Since the middle of 1980s the region of Gotland no longer use road salt (NaCl) for de-icing purpose, 
thus no longer causing enhanced chloride content in the ground water supply. This is the first and 
only region in Sweden that no longer uses road salt. [Swedish Environmental Protection Agency] 
 
 

1) & 3) 
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7. Switzerland 

 
Currently, nine properties in or partially in Switzerland are inscribed on the UNESCO World Cultural 
Heritage List:  
 

Number Latitude Longitude Name 
Date 

inscribed 
Note 

1 46.9481 7.4503 Old City of Berne 1983  

2 47.4233 9.3778 Abbey of St Gall 1983  

3 46.6294 10.4476 Benedictine Convent of St John at Müstair 1983  

4 46.1931 9.0224 Three Castles, Defensive Wall and Ramparts of 
the Market-Town of Bellinzona 

2000 1 

5 46.4919 6.7461 Lavaux, Vineyard Terraces 2007  

6 46.4983 9.8464 Rhaetian Railway in the Albula/Bernina 
Landscapes 

2008 2 

7 47.1039 6.838 La Chaux-de-Fonds/Le Locle, Watchmaking 
Town Planning 

2009 3 

8 47.2783 8.2075 Prehistoric Pile dwellings around the Alps 2011 4 

9 46.4684 6.8293 The Architectural Work of Le Corbusier, an 
Outstanding Contribution to the Modern 
Movement 

2016 5 

Notes: 
1. The Bellinzona site consists of a group of castles and fortifications grouped around the castle of Castelgrande. 
2. Transboundary (Italy and Switzerland). Railway line over a total length of 128 km in the Swiss Alps. 
3. The site consists of two towns situated close to one another in a remote environment.  
4. Transboundary (Austria, France, Germany, Italy, Slovenia, Switzerland). The serial site comprises a selection of 111 
out of the merely 1000 known archaeological pile-dwelling.  Fifty-six of the sites are located in Switzerland. 
5. Transboundary (Argentina, Belgium, France, Germany, India, Japan, Switzerland). This transnational serial property 
comprises 17 sites chosen from the work of Le Corbusier. Two sites are located in Switzerland: Petite villa au bord du lac 
Léman and Immeuble Clarté. 

 

 
 

Location of World Cultural Heritage Sites within Switzerland. 
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Two sites have been selected for the present Call for Data: the Abbey of Saint Gall (47°25’23.988” N 
9°22’40.008”E), a Roman Catholic religious complex in the city of St. Gallen, and the Bern Minster 
(46°56’50”N 7°27’05”E), a Swiss Reformed cathedral (Minster) in the old city of Bern. The Abbey 
of St. Gall and the old city of Bern were awarded UNESCO World Heritage status in 1983.  
 
 
 

 
 

Location of the cultural objects in Switzerland selected for the study. 
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7.1 Towers of the cathedral of the Abbey of St. Gall, St Gall 

 
 

 
 

The towers of the cathedral of the Abbey of St. Gall (Photo by Petar Marjanovic11) 
 
 
 

7.1.1 Description 

 
The baroque cathedral with its twin towers and the Abbey Library with its rococo room are the most 
famous monuments of the city of St. Gallen, a city situated in Eastern Switzerland whose centre 
attracts visitors with its historical old-town architecture. The Abbey, including the library and the 
surrounding monastery buildings, was added to the UNESCO World Heritage List in 1983. 
 
The history of this site begins in 612 AD when an Irish monk, Gallus, founded a small hermitage. 
From this arose a monastery in 719, which in 800 developed becoming one of the most important 

                                                 
11 https://commons.wikimedia.org/wiki/File:Stiftskirche_St.Gallen.jpg 
By Petar MARJANOVIC (edit von Image:StiftskircheSt.Gallen.jpg) [GFDL (http://www.gnu.org/copyleft/fdl.html), CC-
BY-SA-3.0 (http://creativecommons.org/licenses/by-sa/3.0/) or CC BY 2.5 (http://creativecommons.org/licenses/by/2.5)], 
via Wikimedia Commons. 
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European centres for religion, culture and art. By the 9th century, the church and monastery were 
already being extended. Down the centuries, the former St Gallen church has been reconstructed 
several times and building work was periodically made necessary by a succession of fires and 
destructions. 
 
The present abbey church was completed in 1766, following a 10-year construction period. The 
cathedral today comprises a central rotunda, dividing a long rectangle into two parts of the same 
length, the choir and the great nave. This is one of the characteristic features of late baroque churches 
in the German-speaking areas of Europe. The architectural jewel of the building is the façade: 
between two 68 m-high towers stands a projecting, three-storey central panel; this structure is 
reinforced by the numerous elements of decoration. Inside, the building is organized around the 
central space of the rotunda. The interior of the church is sumptuously painted, adorned with stucco, 
and richly decorated with carvings. 
 
The site, whose present appearance is largely the result of building in the 18th century, is an imposing 
architectural ensemble composed of various buildings grouped around the great Monastery Square: 
on the west side are the abbey, flanked by its two towers and the former cloister whose wings now 
house the library and the headquarters of the canton authorities. On the other side of the square stand 
the former arsenal, the Children’s and Guardian Angels’ Chapel, and the old Catholic school. 
 
The only parts of the Baroque monastery buildings in St. Gallen open to most visitors are the 
cathedral and the magnificent library. The library at the Abbey is one of the richest medieval libraries 
in the world. It contains some 130,000 volumes, including precious manuscripts dating back to the 8th 
through the 15th centuries. Around 120,000 visitors come to admire the exhibitions in the abbey 
library every year, making it one of Switzerland’s most visited museums. 
 
Main periods of architectural history: 
  
1761-1766 Construction of the double tower facade 
1841-1845 Restoration East Facade 
1928-1935 Restoration of the church exterior 
2000-2003 Restoration of the church exterior 
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7.1.2 Property data 

 
Total surface of 
building(s)/monument(s) 

3150 m2  

Limestone/marble < 5 % Muschelkalk Mägenwil  (2003) - Used 
for the restoration of the socle in 2003 

Sandstone Type 1 < 5 % Sandstone Teufen (1766) - Mainly used 
for upper parts of the towers 

Sandstone Type 2 < 5 % Sandstone Rorschach (1766) - Mainly 
used for the lower third of the towers. 

Sandstone Type 3 < 5 % Sandstone St. Margrethen (1845) - Used 
for the restoration of the socle of the east 
facade in 1845 

Sandstone Type 4 10 % Sandstone Teufen (1845) - Used for the 
restoration in 1845 

Sandstone Type 5 35 % Sandstone Teufen (1936) - Used for the 
restoration in 1936 

Sandstone Type 6 15 Sandstone Teufen 2003 - Used for the 
replacement of stones in 2003 

Sandstone Type 7 5 % Sandstone Rorschach (2003) - Used for 
the replacement of stones in 2003 

Sandstone Type 8 15% Sandstone Bolligen (2003) - Used for 
the replacement of stones in 2003 

Copper Total surface ca. 75 m2 Helmed roof of the towers (1766) 
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7.1.3 Environmental data 

  
Air pollution. 
 
Measurement station:  St-Gallen-Rorschacherstrasse 
 
Distance to UNESCO site:  958 m 
 
Coordinate:    East 746950, Nord 254950 
 
Height over sea level:  660 m 
  
 
Measurement data (annual average) 
Year O3, µg/m3 SO2, µg/m3 NO2, µg/m3 PM10, µg/m3 
2001 45.4 3.7 30.7 20.0 
2002 42.2 3.7 32.9 20.8 
2003 48.6 3.4 36.8 22.8 
2004 46.3 3.0 32.5 19.3 
2005 41.4 4.7 34.4 18.8 
2006 47.9 3.6 34.9 23.6 
2007 44.1 3.5 33.0 19.7 
2008 45.1 3.5 30.9 17.8 
2009 46.3 3.0 30.3 18.7 
2010 46.7 2.8* 31.2 18.2 
2011 45.7 2.2* 32.1 18.0 
2012 47.1 2.2* 31.7 15.3 
2013 46.8 2.0* 31.4 16.4 
2014 44.2* 1.8* 29.5* 12.8 
Source: Immissionsdatenbank Luft (Cercl'air/BAFU) 
http://www.bafu.admin.ch/luft/luftbelastung/blick_zurueck/01694/immissionsdaten/index.html?lang=
de 
* values not measured at test site, they were approximated using data from  Zurich Kaserne. 
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Climate.  
 
Measurement station:  St. Gallen 
 
Distance to UNESCO site:  1.624 m 
 
Coordinate:    East 747861, Nord 254586 
 
Height over sea level:  775 m 
 
Measurement data. 
Year Temperature, °C 

(annual average) 
Relative humidity, % 

(annual average) 
Precipitation, 

mm/year 
1999 8.51 77.26 1632 
2000 9.36 74.15 1455 
2001 8.49 76.5 1372 
2002 9.13 76.26 1708 
2003 9.20 71.74 1018 
2004 8.25 75.81 1308 
2005 8.12 76.23 1211 
2006 8.85 74.77 1278 
2007 9.01 61.50 1105 
2008 8.62 75.30 1372 
2009 8.89 74.53 1246 
2010 7.68 76.11 1515 
2011 9.49 74.00 1237 
2012 8.67 75.30 1553 
2013 8.00 77.37 1468 
2014 9.66 76.13 1343 
Source: MeteoSwiss (zusammengestellt durch Meteotest) 
 
 

7.1.4 References 
 

Architekten rlc: Kathedrale St.Gallen. Erhaltung eines Baudenkmals. Fassaden- und Turmrenovation 
2000-2003 Building documentation (in German). 
 
Josef Grünenfelder: Kathedrale St.Gallen. Die ehemalige Benediktiner-Stiftskirche St.Gallus und 
Otmar. (Schweiz. Kunstführer. Nr. 847). Bern 2009 (with list of further publications) (in German). 
 
Francis de Quervain: Gesteinsarten an historischen Bau- und Bildwerken der Schweiz. Band 3. 
Zürich: Institut für Denkmalpflege. 1983 (in German). 
 
Weltkulturerbe Stiftsbezirk St.Gallen: http://stiftsbezirk-sg.ch/ 
 
Jann Eberhart, Claudio Nef, Peter Bützer. Sandstone – The restoration of the Abbey of St Gall (In 
German): https://docs.shima.ch/sandstone/2002a_standard.pdf 
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7.2 Bern Minster, Bern 

 
 

 
 

The Cathedral (Münster) of Bern (Photo by Maksym Kozlenko12). 
 
 
 

7.2.1 Description 

 
The Old City of Bern, the medieval centre of the city, was founded in the 12th century. Despite a 
major fire in 1405, after which much of the city was rebuilt in sandstone, the Old City has remained 
essentially unchanged and has retained its medieval character. It is a UNESCO Cultural World 
Heritage Site since 1983. 
 
The Old City is home to Switzerland's tallest and largest ecclesiastical building, the Cathedral of 
Bern (Das Berner Münster). The first church on this site was probably a small chapel, built around 

                                                 
12 https://commons.wikimedia.org/wiki/File:M%C3%BCnster_(Bern).jpg 
By Maksym Kozlenko (Own work) [CC BY-SA 4.0 (http://creativecommons.org/licenses/by-sa/4.0)], via Wikimedia 
Commons. 
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the time Bern was founded (1191). Its existence is first recorded in 1224. A larger church (length of 
29.5 m, width of 24.5 m) was constructed in the 13th century. The 1356 earthquake caused extensive 
damage to the church walls, arches, and tower. Repairs proceeded slowly, however this church was 
still being used during the early stages of construction of the Minster. 
 
The construction of the monumental new gothic cathedral started in 1421 to celebrate the growing 
power of Bern which had become a major city-state north of the Alps. The construction continued 
under a series of different builders for generations and it was not fully completed until 1893, when 
the bell tower was added. 
 
The Bern Minster is a three nave basilica without a transept. It is 84.2 meters long and 33.68 m wide. 
The central nave is 39.37 m long by 11.10 m wide and is 20.70 m high. The two side naves are very 
similar in dimensions, the north nave is 52.50 m long, while the southern one is slightly longer at 
52.72 m. They are both 6.45 m wide and 10.40 m high.  
 
The cathedral has a single tower in the west, which is 100.60 m high. Below the tower, there is a 
10.15 m long by 10.46 m wide, tower hall. The Münster bell tower is the highest in Switzerland. The 
largest bell in the bell tower is also the largest bell in Switzerland. This bell, weighing about 10.5 
tons and 247 cm in diameter, was cast in 1611. 
 
The three entrances of the cathedral are located at the back of three large portals. Each of the portals 
is of a different height and is differently shaped and decorated. The central portal is decorated with 
more than 200 carved wood and stone figures that represent the Last Judgment in Christian theology. 
Such a large collection of late-Gothic sculpture is a rare survival in Europe. The 170 smaller figures 
are 15th-century originals; the 47 larger freestanding statues are replicas (originals in the Bern 
Historical Museum). 
 
The majority of the building is built from local sandstone. Materials come from different quarries, 
each with differing colour and quality. The various stone types were used more or less randomly 
throughout the entire building. The pillar bases, capitals, windows and sculptures are all from the 
highest quality. During reconstruction projects in the 19th and 20th centuries, several other sandstone 
types were used. The vaults are built of brick. 
 
The large stained glass windows date from 1441–1450 and are considered the most valuable in 
Switzerland. The windows include a number of heraldic symbols and religious images. The most 
remarkable window in Bern Münster is the “Dance of Death”, found in the Matter Chapel at the top 
of the right aisle. 
 
Some special parts of the cathedral facades, touched by air pollution:  
 

 the main door porch and its painted sculptures: the portal and its sculptures have been last 
restored 1964-91; since then the biggest problem are bird droppings, however air pollution 
plays a role too; cleaning is necessary every 10(?) years; it can be estimated that about 30% of 
the cleaning costs are caused by the factor air pollution13. 

 
 Clerestory windows: These tracery windows have never been restored since the Industrial 

Revolution during the 18th and 19th centuries; they are now cleaned and restored; the 
sandstones of their tracery have been painted and are now, at places protected from rain, 

                                                 
13 http://www.bernermuensterstiftung.ch/unterlageninfoblaetter/infoblaetter.htm 
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covered with gypsum crusts up until 1 mm thickness. The costs for the restoration are not 
known, these costs are probably caused to about 50% by 150 years of industrial air pollution. 

 
 Vaulting above the so-called "Haspelboden" (special vault): this vault made of Bernese 

sandstone ribs and rendered surfaces in-between, was restored in 2010. The main cause of 
degradation (about 80%) was the deposit of gypsum due to air pollution. The total cost of the 
restoration were 137,000 CHF; hence nearly 110,000 CHF due to the air pollution from the 
past 120 years. 

 

7.2.2 Property data 

 
Materials Specification Age Surface, 

m2 
Orientation Inclination Remarks 

Limestone/marble 
 

Shell 
limestone and 
other 
limestones 

780 - 0 
years 
old 

40 West Vertical Limestone 
form 
exclusively 
the base of 
the building 

40 East 
80 North 
80 South 
240 Total 

Sandstone Type 1 Bernese 
Sandstone of 
Burdigalian 
age (Upper 
Marine 
Molasse) 

780 - 0 
years 
old 

920 West Mainly 
vertical, but 
richly 
decorated 
parts all 
types of 
inclinations 

This is the 
stone used 
originally, 
and later for 
many stone 
replacements 
until today 

920 East 

1500 North 

1500 South 

4840 Total 

Sandstone Type 2 Granitic 
sandstone of 
Aquitanian 
(stage) lower 
most  Miocene 
(Lower 
Freshwater 
Molasse); 
sandstone 
from canton 
Zug 

110 - 0 
years 
old 

230 West Mainly 
vertical, but 
some parts 
inclinations 
of about 45° 

 

230 East 

430 North 

430 South 

1320 Total 

Sandstone Type 3 Sandstone of 
Obernkirchen 
(Germany) of 
upper 
cretaceous age 
(Wealden) 

110 
years 
old 

420 West Mainly 
vertical, but 
some parts 
inclinations 
of 45° and 
some richly 
decorated 
parts all 
inclinations 

Quartz 
sandstone; 
very 
weathering 
resistant; 
used after 
Berne was 
connected by 
the railway 

420 East 

870 North 

870 South 

2580 Total 

Render / Mortar / 
Plaster 

Surfaces on 
the rib vault of 
the 

about 
120 
years 

   This vault 
(constructed 
in 1889) lies 
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"Haspelboden" above a 
room open to 
the 
surroundings 
which thus is 
prone to be 
contaminated 
by air 
pollution; 
further this 
vaulting was 
restored a 
few years 
ago so that 
the costs of 
the air 
pollution 
impact can 
be calculated 
(see below); 
the ribs of 
the vault are 
made out of 
Bernese 
sandstone 

Painted surfaces Painted 
sculpture 

Oldest 
ca. 550 
years 
old 

some  m2   Especially 
interesting: 
the main 
door 

Glass Type 1 Stained glass 
windows 
without 
protective 
windows 

Oldest 
ca. 560 
years 
old 

some  m2    

Glass Type 2 Protection 
glass windows 
for stained 
glass windows 

Some 
decades 
old 

some  m2    

Lead Frames in 
stained glass 
windows 

? small    

Lead Metal covers from ? 
until 
recent 

Surface 
estimation 
not 
feasible 
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Behaviour of stones towards weathering caused by air pollution: 
 

 Shell limestone: stone showing on surfaces exposed to the rain showing dissolution and on 
surfaces protected from rain showing accumulation of black crusts of gypsum; 

 
 Bernese Sandstone: stone having a tendency to produce granular disaggregation and forming 

contour scaling only on western to north-western facades14; 
 

 Granitic sandstone: stone having a tendency forming contour scaling15 
 

 Obernkirchen sandstone: stone only very little degrading. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
14 Bläuer, C., 1987, Verwitterung der Berner Sandsteine.: Unpubl. Dissertation, Universität Bern; available on: 
http://www.csc-sarl.ch/5-0-publications.html 
15 Zehnder, K., 1982, Verwitterung von Molassesandsteinen an Bauwerken und in Naturaufschlüssen.: Beiträge zur 
Geologie der Schweiz, Geotechnische Serie, 61. 
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7.2.3 Environmental data 

  
Air pollution. 
 
Measurement station:  Bern-Brunngasshalde 
 
Distance to UNESCO site:  370 m 
 
Coordinate:    East 600833 Nord 199785 
  
Height over sea level:  533 m 
  
Measurement data (annual average) 
Year O3, µg/m3 SO2, µg/m3 NO2, µg/m3 PM10, µg/m3 
1990  13.3 55.4  
1991  11.3 58.5  
1992  10.3 54.4  
1993  8.2 48.2  
1994  6.2 45.2  
1995  4.1 45.2  
1996  4.1 47.2  
1997  4.1 46.2 33 
1998  4.1 46.2 29 
1999  3.9* 48.2  
2000 34 3.8* 45 25 
2001 33 3.6* 35 23 
2002 32 3.5* 35 24 
2003 43 3.3* 34 30 
2004 37 3.2* 32 26 
2005 38 3.0* 36 27 
2006 41 2.9* 33 28 
2007 39 2.7* 31 23 
2008 38 2.6* 30 21 
2009 39 2.4* 31 21.4* 
2010 42 2.3* 30 20.5* 
2011 39 2.1* 28 21.2* 
2012 41 2.0* 28 19 
2013 41 1.8* 27 22 
2014 38 1.7* 25 16 
* values not measured at test site, they were approximated using data from  Zurich Kaserne. 
 
Source: Immissionsdatenbank Luft (Cercl'air / BAFU) - 
http://www.bafu.admin.ch/luft/luftbelastung/blick_zurueck/01694/immissionsdaten/index.html?lang=
de 
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Climate.  
 
Measurement station:  Bern-Zollikhofen 
 
Distance to UNESCO site:  5,600 m 
 
Coordinate:    East 601929 Nord 204409 
  
Height over sea level:  552 m 
 
Measurement data 
Year Temperature, °C 

(annual average) 
Relative humidity, % 

(annual average) 
Precipitation, 

mm/year 
1999 9.58 76.56 1318 
2000 10.20 75.32 984 
2001 9.75 75.77 1278 
2002 9.84 77.53 1316 
2003 9.88 73.65 738 
2004 9.13 76.64 1012 
2005 8.87 76.02 856 
2006 9.41 79.51 1213 
2007 9.51 79.29 1293 
2008 9.04 79.34 945 
2009 9.48 77.73 959 
2010 8.64 77.01 915 
2011 10.15 76.55 789 
2012 9.25 78.61 1128 
2013 8.74 79.61 1113 
2014 10.05 80.15 1034 
Source: MeteoSwiss (zusammengestellt durch Meteotest) 
 
 

7.2.4 References 
 

http://www.unesco.ch/wie/kultur/welterbe/1-altstadt-von-bern/ (Information on the city of Berne) 
 
http://www.bernermuensterstiftung.ch/unterlageninfoblaetter/infoblaetter.htm (Building  history of 
the cathedral and description of important building parts) 
 
http://www.bernermuensterstiftung.ch/taetigkeitsberichte/taetigkeitsberichte.htm (Information on the 
on-going work at the cathedral) 
 
Quervain de. F.. 1945. Verhalten der Bausteine gegen Witterungseinflüsse in der Schweiz. Teil I.: 
Beiträge zur Geologie der Schweiz. Geotechnische Serie. 23. Lieferung. (weathering behaviour of 
Swiss sandstones in general) 
 
Quervain de. F.. and Jenny. V.. 1951. Verhalten der Bausteine gegen Witterungseinflüsse in der 
Schweiz. Teil II. Versuche über das Verhalten der Bausteine gegen die Einwirkung leicht löslicher 
Salze zur Aufstellung einer allgemeinen Prüfmethodik über die Wetterbeständigkeit.: Beiträge zur 



 111

Geologie der Schweiz. Geotechnische Serie. 30. Lieferung. (weathering behaviour of Swiss 
sandstones in general) 
  
CSC Sàrl, Mrs Ch. Blaeuer, Route de Beaumont 13, CH-1700 Fribourg. http://www.conservation-
science.ch/ 
 
Wikipedia (2017): Bern Minster, https://en.wikipedia.org/wiki/Bern_Minster 
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8. Conclusions 

 
This report presents information for building materials and stock of materials from twenty-one 
unique monuments that are part of UNESCO world cultural heritage sites located in six countries in 
Europe: Croatia, Germany, Italy, Norway, Sweden and Switzerland. In addition, concentrations of 
main air pollutants and meteo-climatic parameters measured at monitoring stations close to the 
selected cultural heritage sites were also collected.  
 
Taken together, the twenty-one cultural heritage objects have a total external surface area of about 
430,000 m2. Not surprisingly, a high percentage of the external surfaces of this sample of built 
heritage, about 60%, consists of natural stone, mainly several varieties of sandstone and limestone 
but also talc-schist, tufa, slate (mainly for roofing) and other ornamental stone varieties, which reflect 
the geo-diversity and the availability of stone resources in a determined region or territory. The 
different stone materials that are found in built heritage are an important element in the cultural 
heritage of people. 
 
Artificial stone materials such as ceramic (bricks, “terracotta” tiles), plasters, mortars, and cement-
based concrete are also largely present in the monuments covered by the study and exposed to the 
outdoor environment (about 17% of the total external surface). Artificial stone materials have 
different characteristics with respect to natural stones. Sometimes, roofs of buildings are covered 
with waterproof materials based on asphalt, bitumen or tar (about 2.5% of the total external surface 
of the monuments considered in the present study). 
 
In some cases a certain fraction (a little less than 2%) of the outer surfaces of the monuments is 
painted. Most of the decorations and paintings are inside the buildings and therefore not directly 
exposed to outdoor concentrations of atmospheric pollutants and other external deteriorating 
parameters (wind, rain, salt crystallization, presence of lichens or moss, cycles of wetting and drying, 
etc.). However, the exterior of the considered monuments is often finely decorated and adorned by 
statues, bas-reliefs, columns, capitals, etc. Carved stone is very delicate and more vulnerable to 
damage than bulk masonry. 
 
Regarding the use of metals, copper and bronze are widely present in the monuments considered. In 
addition, decorative objects of historic and artistic interest may include other metals such as iron and 
lead. Copper is a constituent element of the roof in eight cultural buildings and accounts for about 3% 
of the total outer surface. Bronze is mainly present in belfries in the form of bells. However, it was 
not possible to evaluate their overall surface. Historic bells and the frames they hang in are an 
important part of our heritage and should be cared for appropriately.  
 
The twenty-one cultural heritage objects characterized in the present Call for Data are particularly 
rich in windows containing glass and especially stained glass windows. Glass is present in fourteen 
monuments and accounts for about 6.5% of the surface exposed to the outdoor environment. Historic 
glass is one of the most fragile materials and is particularly susceptible to soiling due to the airborne 
particulate contamination. 
 
The twenty-one cultural objects are located in different environments that can be characterized as 
urban, suburban or rural. Monuments located in very clean air areas have been deliberately excluded 
during site selection as the relative risk of damage due to air pollution is definitely lower.  
 
In areas close to the investigated monuments, SO2 concentrations range from 0.1 to 7 μg/m3, NO2 is 
between 5 and 65 μg/m3, O3 19-96 μg/m3 and PM10 8-40 μg/m3. It should be noted that nowadays 
SO2 is measured only in a limited number of stations for air pollutant monitoring because SO2 has 
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been stagnant for years at a low level and its significance for air quality assessment is no longer 
relevant. In addition, air quality monitoring networks prefer background stations to traffic stations for 
ozone measurement. Therefore, for many monuments located in urban areas data on ozone 
concentrations in nearby sites are unavailable. The number of measured data of the pH values of 
precipitation is also very low. These missing data will have to be obtained from other sources in the 
next stages of the project.  
 
Regarding climate factors in the surrounding of the twenty-one cultural heritage objects, the average 
annual temperature ranges between 4.5 and 19.1 °C, relative humidity is between 56 and 85 % while 
the amount of precipitation ranges between 400 and 1343 mm per year. 
 
The characterization of a specific cultural heritage object in terms of total external surface, the 
classification of the different building materials and the estimate of the amount of each material 
exposed to air pollution is a time-consuming task. Moreover, not all the UNESCO sites, and not all 
individual cultural heritage object are suitable to meet the objectives of the present study.  
 
Although the number of cultural heritage objects taken into account in this Call for Data can be 
considered relatively small compared to the number of objects that constitute UNESCO world 
cultural heritage sites located in countries which are Parties to the Convention on Long-range 
Transboundary Air Pollution, the quantity and quality of the collected data, as well as the wide range 
of materials and environmental conditions that they cover, represent a remarkable result for the 
continuation of the activities and the subsequent assessment of the expected damage due to air 
pollution and the evaluation of cost of damage caused by deterioration of materials. 
 
 


