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A slight but

significant decline

Trend analysis of ICP Forests data reveals a slight
but significant decrease in growing season (April-
September) ozone concentrations between 2000

and 2014 (0.63 ppb per year).

These findings are consistent with those of

the European Environment Agency (EEA), the
European Monitoring and Evaluation Programme
(EMEP) and other studies of ground-level ozone
trends in air reporting a decline in peak ozone
concentrations, combined with a slight increase or
stabilisation of annual mean ozone concentrations.

Marked north-south

gradient

The long-term mean ozone
concentrations in the growing
season (April-September)
showed an increasing trend from
north to south in forests across
Europe for the period 2000 to
2014 (average: 36.2 ppb, ranging
from 14.5 to 70.1 ppb). The
highest concentrations occurred
in ltaly, southern Switzerland,
the Czech Republic, Slovakia,
Romania and Greece.
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Foliar symptoms in trees

@ None with foliar symptoms

© Up to 50% with foliar symptoms
@ Over 50% with foliar symptoms

Exposure and risk

ICP Forests data for the period 2002-2014 reveal that
ozone-induced symptoms in woody plant species occur
every summer on many plots and species across Europe.
The relationship between ozone exposure and visible
symptoms is not straightforward, however. Ozone-induced
symptoms may be found on plots with low summer
background concentrations (20-30 ppb) while infrequent
(or even no) symptoms may be found on plots with high
concentrations (>50 ppb). This reflects the various species-
specific sensitivities of trees to ozone and the influence of
environmental factors such as nutrition, water availability
and climate. Foliar symptoms are the only ozone-specific
visible diagnostic tool readily usable in the field. They provide
a way to detect potential ozone effects on natural vegetation
on a qualitative basis. Quantitative estimates of risk (e.g.
reduced tree growth - which can occur even in the absence
of visible symptoms) require complex modelling approaches,
including the calculation of ozone fluxes into leaves/needles
(such as the phytotoxic ozone dose - see page 4).

A Spatial distribution of April-September mean ozone concentrations interpolated from 18,464 passive samplers on 206 plots in
15 countries for the period 2000-2014 (background colour) and occurrence of ozone-induced foliar symptoms on 155 plots in 11

countries for the period 2002-2014 (coloured dots).



Ozone-induced symptoms
in European tree species

A European beech (Fagus sylvatica L.)

A European ash (Fraxinus excelsior L.)

A Poplar (Populus x berolinensis Dippel)

A Wayfarer (Viburnum lantana L.)

Future developments

Additional experimental and long-term monitoring
studies are needed to further the understanding of
ozone effects on forest ecosystems and the impacts

of ozone on tree growth under real conditions.
Upscaling these results to longer timescales and wider
geographical areas will require the development of
appropriate physiological and ecosystem modelling
tools, from the tree to the landscape level.
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High ozone exposure in forests across Europe
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Between 2000 and 2014,
accumulated ozone exposure
over a threshold value of

40 ppb (referred to as 'AOT40')
ranged from 4.3 to 35.5 ppm h.
The AOT40 threshold of

5 ppm h - set to protect
sensitive tree species from
adverse ozone effects -

was exceeded in 13 out

of 15 countries.

<4 Mean AOTA40 for 15 countries
based on April-September
ozone concentrations
measured with passive
samplers (n = 18,464 samples)
for the period 2000-2014 at
206 ICP Forests intensive
monitoring plots.
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The data underlying this Brief were collected through ICP Forests.
Monitoring sites are maintained by the ICP Forests member states
and a wide range of environmental parameters and ecosystem
responses are regularly assessed. See ICP Forests Brief #1 for
further details.
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