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Abstract 

In this paper, we present an estimate of the level of air pollution and radiation flux over the most important world 

heritage sites which are in danger according to the United Nations Educational, Scientific and Cultural 

Organization (UNESCO). According to UNESCO, there are 36 sites that are in danger. The influence of air 

pollution and radiation on these sites are presented in this work. To achieve the objective we used information 

about black carbon and shortwave radiation using models and remote sensing instruments from space. We found 

that the cultural heritage from Europe is more exposed to black carbon while the cultural heritage is exposed to a 

high level of a shortwave radiation flux.  
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1. INTRODUCTION 

 
The cultural heritage is a very important element of our individual and collective identity. The 

destruction of the cultural heritage may have negative implications on human development. The main 

objective of this paper is to determine an estimate of the radiation and air pollution level over the most 

important world heritage sites which are in danger according to the United Nations Educational, 

Scientific and Cultural Organization (UNESCO) list [1]. The UNESCO world cultural heritage 

contains 869 sites distributed over 148 countries. According to UNESCO, 36 sites are in danger. This 

list of sites in danger was performed after a two-year of consultations with experts in natural and 

cultural heritage. The list was created based on 14 primary factors most of them comprising also a 

number of secondary factors. The experts found that the most important factors are: buildings and 

development, transportation infrastructure, utilities or service infrastructure,  biological resource 

use/modification, etc, and pollution. In this work, the pollution factor will be presented from the 

perspective of air pollution. It is well known that atmospheric pollution is an important element which 

led to the degradation of the historical monuments, surfaces of buildings, etc. According to experts, 

the impact of pollutants emitted into the atmosphere on materials is very high and sometimes 

irreversible. Also, air pollution can lead to chemical corrosion and particle dirt which may destroy the 

cultural heritage. Figure 1 presents the location of the world’s cultural heritage, including the sites in 

danger. A similar study was performed over Romania in 2019 [2]. 
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Fig. 1. The world heritage sites including the sites in danger (red colored), 

(Source: https://whc.unesco.org/en/danger/) 
 

2. EXPERIMENTAL 

 
The UNESCO world cultural heritage contains 869 sites distributed over 148 countries. 

According to UNESCO, 36 sites are in danger [1]. The distribution over the continents of the world 

cultural heritage in danger:  Latin America and the Caribbean: 4;  Europe and North America: 3; Asia 

and the Pacific: 4; Arab States: 21; Africa: 4. Figure 2 presents the NO2 distribution over the world 

using TROPOspheric Monitoring Instrument (TROPOMI) observations [3]. It can be observed that the 

most polluted places are: North America, East Asia, and Europe. Table 2 presents the distribution of 

the UNESCO heritage in danger at the national level. There are several countries that contain more 

than three cultural heritage in danger: Libya, the Syrian Arabic Republic, and Iraq. For this study, we 

selected 10 countries: Afganistan, Austria, Bolivia, Egypt, Iraq, Libya, Mali, Syria, UK, Venezuela. 

To achieve the purpose of this work we show the annual average of the Black Carbon and Shortwave 

Flux over the selected countries. It is well known that black carbon and shortwave radiation have a 

negative influence on the cultural heritage [4, 5]. 

 
Fig. 2. The NO2 distribution over the world using TROPOMI observations (www.temis.nl) 
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Table 1. The UNESCO cultural heritage in danger and their countries  

(Source: https://whc.unesco.org/en/danger/) 

 
 

 

3. RESULTS AND DISCUSSION 
 

Figures 1 and 2 present the monthly average Black Carbon Surface Mass Concentration 

respectively the average surface incoming shortwave flux (clear sky) over the selected countries using 

0.5 x 0.625 pixel degree. The Average Black Carbon Surface Mass Concentration and the average 

Surface Incoming Shortwave Flux are obtained from the „Modern-Era Retrospective analysis for 

Research and Applications version 2„ (MERRA-2), which is a NASA reanalysis atmospheric model 

for satellite based on „Goddard Earth Observing System Model, Version 5” (GEOS-5) [6]. 
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 Figure 3 shows that Austria is the country with the highest Black Carbon content while Libya 

is the country with the lowest Black Carbon content.  

 

 
 

Fig. 3 The average Black Carbon surface mass concentration over the selected countries 
 

Figure 4 shows the level of the surface incoming shortwave flux over the selected country 

during 1980-2019. Figure 2 shows that Venezuela and Bolivia are the countries with the highest level 

of surface incoming shortwave flux radiation. At the opposite pole, the countries with the lowest level 

of the surface incoming shortwave flux are UK and Austria.  

Analyzing Figures 4 and 5, we observed that there is an anticorrelation between black carbon 

and shortwave flux, which is normal. However, none of the two is recommended for the preservation 

or conservation in good condition of the cultural heritage. 

 

 
 

Fig. 4. The average surface incoming shortwave flux (clear sky) over the selected countries 
 

4. CONCLUSIONS 
 

In this work, we presented that the use of space-borne measurements and the associated 

products of models based on space observations can be used as a very useful tool on the evaluation of 

the radiation and atmospheric pollution over the cultural heritage sites. We showed the level of black 

carbon surface mass concentration and the average surface incoming shortwave flux over ten 

countries: Afghanistan, Austria, Bolivia, Egypt, Iraq, Libya, Mali, Syria, UK, Venezuela.  
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We found that the countries with the highest level of mass black carbon are Austria and UK, 

while the countries with the highest shortwave flux radiation are Venezuela and Bolivia. Note that 

there is an interdependence (natural anti-correlation) between black carbon and shortwave flux 

radiation which make the countries with the highest black carbon to be the lowest on the top of 

shortwave flux radiation and vice versa. Also, we show a global map of NO2 using TROPOMI 

observations.   
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