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Background & Context 
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The Mediterranean region is the most exposed to O3 pollution in Europe, and the climate change is 
expected to be more pronounced in the Mediterranean Basin. 
 
In the Western European Mediterranean area, the O3 control measures are effective at rural sites, while O3 
levels are still increasing in the cities (Sicard et al., 2013).  
 
The current O3 ground-levels are high (annual mean > 40ppb; hourly max > 100ppb) enough to cause health 
problems, affecting trees, biodiversity and well-being of citizens. 
 
To date, the O3 pollution appears as a major air quality issue in urban, suburban and rural areas. 

Main objectives: 
 
(1) To assess the current European standards AOT40 (external exposure) 
(2) To refine the criteria for Mediterranean forest protection against O3 and climate change 
(3) To propose proper standards & thresholds based on the quantity of O3 absorbed by plants 
 

FO3REST - Ozone and Climate Change Impacts on French and Italian Forests: Refinement of criteria 
and thresholds for forest protection 
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Description of the work 

Activities  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Spearman test (based on ranks, robust, suitable for non-normally distributed data) was carried out to 
understand the relative contribution of O3 to visible injury occurrence.  

 

In FO3REST, stomatal O3 fluxes were modelled & correlated to real-world forest impacts in terms of visible 
injury to define more realistic thresholds for vegetation protection. 
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In field campaign  (2012 and 2013) for O3 
visible injury (stippling/mottling, crown 
dicoloration & leaf loss) evaluation in 

agreement with ICP Forest methodology 

Meteorological data, soil data and O3 
concentrations were obtained from the 
coupled WRF-CHIMERE modelling system. 
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Location of experimental plots 
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24 plots in Piedmont region 

25 plots in South-eastern France 



Location of experimental plots 
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Nb Latitude Longitude Altitude Tree species 

1 44,292780 6,824440 1980 Pinus cembra 

2 44,198610 7,125280 1820 Pinus cembra 

3 44,201110 7,148890 2350 Pinus cembra 

4 44,195830 7,155560 2250 Pinus cembra 

5 44,140830 7,212780 1880 Pinus cembra 

6 44,141390 7,223610 1950 Pinus cembra 

7 44,078610 7,220830 2020 Pinus cembra 

8 44,144720 7,228330 1990 Pinus cembra 

9 44,143330 7,229440 1980 Pinus cembra 

10 44,138330 7,236390 2050 Pinus cembra 

11 44,136110 7,233890 1975 Pinus cembra 

12 44,128330 7,253890 1790 Pinus cembra 

13 44,106110 7,452220 2100 Pinus cembra 

14 44,116110 7,488610 1820 Pinus cembra 

15 43,741390 7,254720 160 Pinus halepensis  

16 43,713060 7,300830 370 Pinus halepensis 

17 43,691390 7,299440 160 Pinus halepensis  

18 43,690280 7,304170 160 Pinus halepensis 

19 43,739440 7,349440 500 Pinus halepensis  

20 43,736940 7,353890 510 Pinus halepensis 

21 43,754170 7,404440 480 Pinus halepensis 

22 43,534170 5,581110 820 Pinus halepensis 

23 43,515560 5,591390 440 Pinus halepensis 

24 43,403610 6,042220 220 Pinus halepensis 

25 43,415830 6,355280 170 Pinus halepensis 

26 44,024440 6,676110 1670 Pinus sylvestris 

27 44,485280 6,450280 1360 Abies alba 

28 44,131390 5,797500 1300 Fagus sylvatica 

Nb Latitude Longitude Altitude Tree species 

29 45,739440 8,552780 308 Robinia pseudoacacia 

30 46,258610 8,322220 697 Fraxinus excelsior 

31 44,613890 8,674170 250 Robinia pseudoacacia 

32 45,659720 8,348060 288 Fraxinus excelsior 

33 44,795280 9,056110 357 Quercus cerris 

34 44,594440 7,335000 1230 Fagus sylvatica 

35 44,419440 8,118330 653 Fraxinus ornus 

36 44,686390 8,283890 460 Robinia pseudoacacia 

37 44,615000 7,077220 1417 Pinus cembra 

38 46,074440 8,603890 514 Fraxinus excelsior 

39 46,143890 8,489440 998 Pinus sylvestris 

40 45,440830 7,626390 1285 Pinus sylvestris 

41 44,215280 7,965000 1206 Fagus sylvatica 

42 45,377220 7,273330 1513 Fagus sylvatica 

43 44,659440 8,731110 249 Robinia pseudoacacia 

44 44,583610 8,383330 452 Fraxinus ornus 

45 45,073890 8,131940 291 Quercus petraea 

46 44,981670 7,269720 1165 Fagus sylvatica 

47 45,589720 8,160560 289 Robinia pseudoacacia 

48 45,835280 8,132220 926 Fraxinus excelsior 

49 45,027780 6,876670 1740 Picea excelsia 

50 45,087780 7,742500 250 Fraxinus excelsior 

51 45,216670 8,267500 154 Fraxinus excelsior 

52 44,195560 7,271940 1550 Abies alba 

France: 14 plots with Pinus cembra & 11 
with Pinus halepensis. 
 
Italy: 19 Deciduous & 5 Conifers. 

Distributed at different altitudes & main ecological zones to consider climate impact on the 
symptoms occurrence.   



Visit of the experimental plots in the Mercantour National Park in 2013 
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In-field ozone-induced assessment 
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