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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 were used to create the 

artefacts. The Programme, through the Sub-Centre for stock of materials at risk and cultural heritage, 

agreed to launch a Call for Data on ñInventory and condition of stock of materials at UNESCO world 

cultural heritage sitesò. UNESCO sites are considered of outstanding universal value and are therefore 

ideal for illustration and dissemination of effects of air pollution on materials. The Call was approved 

at the 1st joint session of the Steering Body to the EMEP and the Working Group on Effects (Geneva, 

14-18th September 2015) and then launched in October 2015. 

 

Six Parties to the Convention, Croatia, Germany, Italy, Norway, Sweden and Switzerland, provided 

qualitative and quantitative data on both historic/cultural monuments and on concentrations of main 

air pollutants and meteo-climatic parameters measured at monitoring stations close to the selected 

UNESCO world cultural heritage sites. Taken together, the twenty-one cultural heritage objects 

included in the call have a total external surface area of about 430,000 m2 and cover a wide range of 

materials (natural stone, artificial stone, copper, bronze, glass and others) as well as a wide range of 

environmental conditions. Detailed information on monuments/sites and their selection can be found 

in the ICP Materials Report No 80: Call for Data ñInventory and condition of stock of materials at 

UNESCO World Cultural Heritage sitesò, 2015-2017. Status Reportò released in September 2017 

(ICP Materials, 2017). 

In the report ICP Materials Report No 83: ñCall for Data-Inventory and condition of stock of materials 

at UNESCO World Cultural Heritage sites, Part II ï Risk assessmentò released in September 2018 

(ICP Materials, 2018), the damage due to air pollution on the materials of these twenty-one cultural 

objects was assessed by using dose-response functions established by ICP Materials. In the 

subsequent report ICP Materials Report No 86: ñCall for Data-Inventory and condition of stock of 

materials at UNESCO World Cultural Heritage sites, Part III ï Economic evaluationò (ICP Materials, 

2019) an assessment of the cost of damage due to corrosion and soiling from air pollution for the 

twenty-one unique monuments was reported on the basis of a well-recognized methodology for cost 

assessment developed in the EU REACH Project. The  Report No 89 presented the assessment of the 

relative importance of individual pollutants and the effect of their reduction on the cost of pollution 

to some materials constituting the selected twenty-one objects of cultural heritage and a case study 

on the impact on the cost of damage on the Italian sites included in this study by using the forecasts 

of the national model MINNI (4x4km) on atmospheric concentrations of pollutants in 2030 following 

the measures that will be taken in Italy in response to the requests of the National Emission Ceilings 

Directive (EC, 2016) for reducing emissions. The last ICP Materials Report No. 90 reported the 

application of air quality models with increased resolution at selected UNESCO sites in Campania 

(Italy) to assess the damage on materials due to air pollution. EMEP MSC-W models (previous 

EMEP50 with resolution of 50x50Km, and actual EMEP01 with resolution 01°x01°) and Italian 

national model AMS-MINNI (resolution of 4x4km and 1x1Km) were considered. 

 

Because of every monument is not an isolated entity this report ñPart VI ï  The relationship between 

the environment and the artefactò concerns the study of the relationship between the environmental 

context surrounding some selected UNESCO sites and the air pollution responsible for the corrosion 
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and soiling effects of the material. 

On the basis of the economic evaluation reported in the report No.86 three UNESCO sites with 

different cost of maintaining due to air pollution were chosen: Saint Domnius, Split in Croatia, 

Wurzburg Residence, Bavaria, Germany and Royal Palace, Caserta, Italy. 



Report No.93: Pilot study on inventory and condition of stock of materials at risk at UNESCO cultural heritage sites. 

Part VI ï The relationship between the environment and the artefact 

 

6  

2 Saint Domnius, Split, Croatia. 

 

2.1 Geographic and climate profile of Split 

 

The Republic of Croatia became an independent state on 8th October 1991. It is a member of the 

United Nations since 22nd May 1992 and of the European Union since 1st July 2013. 

 

 
Fig.1- Croatia map and zoom on Split-Dalmatia1 

 

Split-Dalmatia County borders on the north with the Republic of Bosnia and Herzegovina, on the 

west with Ġibenik-Knin County and on the east with Dubrovnik-Neretva County (Fig.1). Split is the 

largest town of the region of Dalmatian and the second largest city of Croatia. It lies at the center of 

the eastern Adriatic coast on a peninsula between the eastern part of the Gulf of Kaġtela and the Split 

Channel. The Marjan hill (178 meters), rises in the western part of the peninsula. The Kozjak (779 

meters) and Mosor (1339 meters) ridges protect the city from the north and northeast, and separate it 

from the hinterland. (Wikipedia.org) 

The geographic coordinates of Split are: 43Á30ǋ36ǌN 16Á27ǋ00ǌE. 

The climate of Split is classified as Mild Mediterranean. 

Summers are long, hot, sunny and moderately dry. Split receives more than 2,600 sunshine hours 

annually. Afternoons are characterized by the Mistral, a light and nice breeze. July is the hottest and 

the driest month with an average temperature around 28°C and total precipitation usually below 28 

mm. 

Winters are mild, wet and windy because of the strong cold northern wind Bura and the humid 

eastern-southern wind Jugo. Temperature rarely goes under 0°C and snow is extremely rare. 

January is the coldest month, with an average temperature around 7 °C. 

Autumn begins late and is wet: November is the wettest month, with a precipitation total of nearly 

110 mm and 12 rainy days. (Drģavni hidrometeoroloġki zavod) 

Because of its mild climate, Split is a popular tourist destination of the Adriatic Sea all over the year. 

 

Table1- Air temperature and Precipitation averages for Split (https://meteo.hr/) 

 

 
1 TUBS, CC BY-SA 3.0 via Wikimedia Commons 
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Figure 2 - The Split Urban Area2 

2.2 Population 

 

According to the Census performed by the Croatian Statistical Office (POPIS ó21), in 2021 the total 

population of Croatia is 3,888,529, while the total population of Split-Dalmatia County is 425,412 

inhabitants. The city of Split has 161,312 inhabitants with a population density of 2,032/km2. In the 

table the settlements included in the administrative area of the City are reported.  

 

Table 2 - Administrative area of Split settlements (POPISô21)

 
 

  

 
2Google Earth Pro-Image Landsat/Copernicus  
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2.3 Energy 

 

Figure 3 reports a simplified energy balance of Croatia (PROSPECT 2030) 
 

 

Figure 3 - Croatian simplified energy balance (PROSPECT 2030) 

 

Because of the richness in water, in Croatia the production of electricity is characterized by use of 

hydro plant system (55% of total electricity production) that causes dependence on energy imports. 

In 2015 primary energy generation underwent a reduction of 6.7% compared to the previous year: 

adverse hydrology caused a consistent reduction of hydro power utilization. (Republic of Croatia- 

Ministry of Environment and Energy. 

Croatian data energy consumption can summarize as follows: 84% Non-Industry, 15% 

Manufacturing Industry, 0.2% Extractive Industry and 0.7% Non- specified (Industry) (European 

Emission Agency). 

 

In 2016 total demand of energy for Split-Dalmatian county was assessed at about 5,607 GWh, 7% of 

the total national consumption. 

Crude oil and petroleum, followed by electricity are the most used fuel (Figure 4a). Renewable 

energies cover the 11% of requirement and they are used largely by residential sector for heating aims 

by means wood burning (Figure 5) 

Transport sector presents the largest demand of energy (52%), followed by residential sector (24%), 

while the percentage attributable to industry sector is only 7% (Figure. 4b) 

 

     
Figure 4 - Final energy consumption estimation for Split-Dalmatia County 

 by fuel (a) and by sector (b) 2016 (Prospect2030 -source: Croatian Bureau of Statistics]) 

 

   
Figure 5 - Distribution of renewable energies for sector (Prospect2030) 
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As reported by the following table, electricity is produced only by renewable sources: 80% from 

hydro, 18% from wind and 2% from solar photovoltaic plants.  

 

Table3 - Energy generation in Split-Dalmatia County (Prospect2030) 

 
 

 

As already mentioned, it could be a reduction of production of electricity by hydro, due to the inherent 

characteristics connected to hydrology. 

 

2.4 Industry 

 

According to the EUROSTAT data (EUROSTAT) the contribution to national GDP by Split-

Dalmatia County is about 8.4%. In the following figures are reported the GDP per capita trend from 

2015 to 2019. The values for Split-Dalmatia County are lower than for Croatia, but they present the 

same increasing trend. 

 

 
Figure 6 - GDP per capita trend for Croatia and Split-Dalmatia County; time range 2015-2019 (own 

elaboration from EUROSTAT data) 

 

In the following figures national and local gross value added (GVA) per sector are reported on the 

base of EUROSTAT data  

 

   
(a) 
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   (b) 

 
Figure 7 - annual national (a) and local (b) GVA-%. Years 2015 and 2019 

 (own elaboration from EUROSTAT data) 

 

Regional wholesale and retail trade, transportation, accommodation and food service activities are 

larger than national ones, while industry sector is less present (food-fishing, olive, wine production, 

paper, concrete and chemicals) (Wikipedia). It is due to the strong tourist vocation of Dalmatia, 

moreover confirmed by the consistent contribute to regional GVA of real estate activities. 

 

The Split-Dalmatia County has about 9% of the total national employees (EUROSTAT), the most 

part employed in the service sectors (figure 8). 

 

 
Figure 8 ï National and local employees by sector (Prospect2030) 

 

In Split-Dalmatia County the average annual registered unemployment rate decreased from 17% in 

2017 to 14.3% in 2018, a little more than national data (12.1% in 2017 to 9.7% in 2018), but the 

average monthly net earnings are below the national average for ~12.1% (Croatian Bureau of 

Statistics) 

To be mentioned Brodosplit the largest shipyard in Croatia. It employs around 2,300 people. 

(Wikipedia) 

 

 

2.5 Transports and infrastructures 

 

Relate to public transportation all parts of Split are connected by a network of buses (Official website 

of City of Split) 
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Figure 9 - Split public traffic network (Promet Split) 

 

In Split-Dalmatia county rail transport is not the most used public transport. Split is connected with 

some municipalities as Primorski Dolac and the Town of Kaġtel, and through the counties of Ġibenik-

Knin and Zadar is connected to Zagreb (HĢ INFRASTRUKTURA-https://eng.hzinfra.hr).  

 

 
Figure 10 - Railway system in Split-Dalmatia County (HĢ INFRASTRUKTURA) 

 

Usually bus transport is preferred to rail transport for saving time. At passenger service more than 30 

lines are available for suburban and wider city traffic. 

https://eng.hzinfra.hr/





























































































