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Air pollution is an issue for forests – even today 

Oil Sands, Fort Mc Murray, Canada, October 2015 Jack pine 

(Pinus banksiana) 



…but it is not the only one… 

 

 

(Trumbore et al., 2015, Science) 
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…always act in combination… 

 

 



(Manion PD, Tree Disease Concepts, 1991) 
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Critical Levels - Definitions 

UN/ECE, 1989 UN/ECE, 1996 UN/ECE, 2004 
and subsequent revisions 

The concentration of 

pollutants in the 

atmosphere above 

which direct* adverse 

effects** on receptors***, 

such as plants, 

ecosystems or materials 

may occur according to 

present knowledge. 
 

*not mediated by soil 

**on: physiology, biochemistry, 

growth, vitality, ecosystem 

structure, function, diversity 

***may or may not be the most 

sensitive one in a given region. 

The concentration of 

pollutants in the 

atmosphere above 

which adverse effects 

occur on sensitive 

receptors, such as 

human beings, plants, 

ecosystems or materials 

according to present 

knowledge. 

the concentrations, 

cumulative exposure 

or cumulative stomatal 

flux of atmospheric 

pollutants above which 

direct adverse effects on 

sensitive vegetation 

may occur according to 

the present knowledge.  



Critical Levels - Definitions 

UN/ECE, 1989 UN/ECE, 1996 UN/ECE, 2004 
and subsequent revisions 

The concentration of 

pollutants in the 

atmosphere above 

which direct* adverse 

effects** on receptors***, 

such as plants, 

ecosystems or materials 

may occur according to 

present knowledge. 
 

*not mediated by soil 

**on: physiology, biochemistry, 

growth, vitality, ecosystem 

structure, function, diversity 

***may or may not be the most 

sensitive one in a given region. 

The concentration of 

pollutants in the 

atmosphere above 

which adverse effects 

occur on sensitive 

receptors, such as 

human beings, plants, 

ecosystems or materials 

according to present 

knowledge. 

the concentrations, 

cumulative exposure 

or cumulative stomatal 

flux of atmospheric 

pollutants above which 

direct adverse effects on 

sensitive vegetation 

may occur according to 

the present knowledge.  



Critical Levels - Definitions 

UN/ECE, 1989 UN/ECE, 1996 UN/ECE, 2004 
and subsequent revisions 

The concentration of 

pollutants in the 

atmosphere above 

which direct* adverse 

effects** on receptors***, 

such as plants, 

ecosystems or materials 

may occur according to 

present knowledge. 
 

*not mediated by soil 

**on: physiology, biochemistry, 

growth, vitality, ecosystem 

structure, function, diversity 

***may or may not be the most 

sensitive one in a given region. 

The concentration of 

pollutants in the 

atmosphere above 

which adverse effects 

occur on sensitive 

receptors, such as 

human beings, plants, 

ecosystems or materials 

according to present 

knowledge. 

the concentrations, 

cumulative exposure 

or cumulative stomatal 

flux of atmospheric 

pollutants above which 

direct adverse effects on 

sensitive vegetation 

may occur according to 

the present knowledge.  



Critical Levels - application 

UN/ECE, 1989 CLRTAP, 2015 CLRTAP, 2017 

“It could be useful to show 

the degree of critical level 

excess and number of 

critical exceedances. The 

degree of damage 

caused by a given 

amount of excess, or a 

given number of 

exceedances of a 

critical level may not be 

inferred using the 

methodologies 
suggested”. 

“The flux-based critical 

levels and associated 

response functions are 

suitable for mapping 

and quantifying impacts 

at the local and regional 

scale, including effects 

on … roundwood 

supply for the forest 

sector industry and loss 

of carbon storage 

capacity and other 

beneficial ecosystem 

services … Where 

appropriate, they could be 

used for assessing 

economic losses.” 

«The many impacts of O3 

have been considered 

when developing critical 

levels. Here, we provide 

critical levels for the 

potential O3 effects on: 

• Crop yield quantity and 

quality, ... 

• Tree biomass for 

timber production 

and potentially as a 

starting point for 

carbon sequestration 

and biodiversity 

application; 

• Grassland biomass ...» 
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• Straightforward to identify specific foliar 

symptoms due to air pollution, e.g. ozone. 
 

• Very difficult to disentangle the non-direct 

non-acute effect of air pollution on 

unspecific indicators (e.g. defoliation and 

growth) under “real world” condition”. 
 

• This is a likely reason for controversial 

results in field studies, e.g. for ozone 

effects: 

• More important than climate (De Marco et 

al., 2017) 

• Strong** in Switzerland (Braun et al., 2007, 

2014, 2017) 

• Slight* in Sweden (Karlsson et al., 2006). 

• No* or limited effect in Italy (Ferretti et al., 

2003, 2007, 2014, 2018). 

• Contrasting* in Czech Republic (e.g. 

Srameck et al., 2012). 

Difficult task, with controversial results 

(Gottardini et al., 2018, ESPR) 
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Why ozone? Air  pollution in Europe 

1980 

2015 

Source: www.emep.org 

Sulfur NHy O3 
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Why Ozone? Evidence for potential risk 

5000 ppbh: - 5% 

20000 ppbh: - 20% 

Expected annual growth reduction 

Source: CLRTAP, 2017 www.icpmapping.org; www.emep.org 

NAI Europe: 720.6 x 106 m3  (SOEF, 2015) 



Expected annual growth reduction 
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Med. 
deciduous 
oaks 

Whole tree 
biomass 

M 4% 14.0 1.4 0.32 

Med. 
deciduous 
oaks 

Root 
biomass 

M 4% 10.3 1.4 0.45 

Med. 
evergreen 

Above-
ground 
biomass 

M 4% 47.3 3.5 0.09 

* A: Atlantic; B: Boreal; C: Continental, S: Steppic, P: Pannonian; M: Mediterranean. Derived for regions not in brackets, 

but could also be applied to regions in brackets. 

**   Represents the (POD1SPEC – Ref10 POD1SPEC) required for a x% reduction 

*** Calculate the % reduction using the following formula: 

 (POD1SPEC – Ref10 POD1SPEC) * potential maximum rate of reduction. 

 

The flux-effect relationships for individual tree species or groups of tree species are shown 

in Figure III.12.  

     a)                                                                b) 

 

      c)                                                                d) 

 

         

y = 100.2 - 0.93x
Adj. R2 = 0.67
P < 0.001

y = 99.8 - 0.22x
Adj. R2 = 0.31
P < 0.001

y = 100.3 - 0.32x
Adj. R2 = 0.41
P = 0.027

y = 100.6 - 0.45x
Adj. R2 = 0.48
P = 0.016
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 FLUX-EFFECT RELATIONSHIPS AND CRITICAL LEVELS FOR 

FOREST TREES 

                  
 

The applications of the PODYSPEC functions and critical levels for forest trees are 
described in Box 7. Methods are currently being developed for quantifying O3 impacts on 
tree growth rates, such as the Net Annual Increment (NAI; SBD-B, Büker et al.). When 
developed, such methods should be applied to assess O3 impacts over the entire rotation 
periods of trees. Flux models have been developed for the effects of O3 on individual tree 
species in one year. Where effects were reported over more than one year in experiments, 
the mean flux was determined by dividing the total by the number of years of O3 exposure. 
Based on the exponential nature of the growth of young trees, the following procedure was 
applied for the correction of the biomass change in multiannual experiments: 

(III.24)  years

yr biombiom

1

 

where biomyr is the corrected biomass, biom is the biomass in fractions of the control and 
years is the duration of the experiment in years. 

The critical levels for forest trees were set to values for an acceptable biomass loss. Critical 
levels have been derived for either a 2% (Norway spruce) or a 4% (beech/birch, 
Mediterranean deciduous oaks and Mediterranean evergreen species) reduction in annual 
new growth (based on above ground, root or whole tree biomass) of young trees of up to 
10 years of age. For each species, data was from independent experiments conducted in: 
two countries with three species for Mediterranean deciduous oaks; one country with four 
species  for Mediterranean evergreen; two countries with one species  for Norway spruce;  
and three countries with two species for beech and birch (combined in one function)  (see 
Annex 3, Table A2). Critical levels were determined based on the slope of the flux-effect 
relationship and are summarised in Table III.12.  

 

Table III.12: POD1SPEC critical levels (CL) for forest tree species. 

Species 
  

Effect 
parameter 

Biogeo-
graphi-
cal 
region* 

Potential 
effect at 
CL (% 
annual 
reduc-
tion) 

Critical 
level 
(mmol 
m-2 
PLA)** 

Ref10 
POD1 
(mmol 
m-2 
PLA) 

Potential maximum 
rate of reduction 
(%) per mmol m-2 
PLA of 
POD1SPEC*** 

Beech 
and birch 

Whole tree 
biomass 

B,C 
(A,S,P) 

4% 5.2 0.9 0.93 

Norway 
spruce 

Whole tree 
biomass 

B,C 
(A,S,P) 

2% 9.2 0.1 0.22 

Box 7: Applications for species-specific (POD1SPEC) flux-

effect relationships and critical levels for forest 

trees 

The species- group or species-specific flux models, associated 

response functions and critical levels for forest trees were derived 

from experiments with young trees and can be used to quantify the 

potential negative impacts of O3 on the annual growth of the living 

biomass of trees at the local and regional scale. They can be used as 

a starting point for calculation of impacts on carbon sequestration and 

tree diversity. 

Why Ozone? Evidence for potential risk 
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Figure III.3: Biographic regions in Europe (EEA, 2016: http://www.eea.europa.eu/data-
and-maps/data/biogeographical-regions-europe-3) 

 

III.3.4.2 STEP 2. OBTAIN THE O3 CONCENTRATION AT THE TOP OF THE 

CANOPY FOR THE SPECIES OR VEGETATION-SPECIFIC ACCUMULATION 

PERIOD 

Calculation of stomatal flux (or AOT40, see Section III.3.7.2) is based on hourly mean O3 
concentrations in units of parts per billion (ppb volume/volume). Where O3 concentrations 
require conversion from µg m-3 to ppb, a conversion factor appropriate for standard 
temperature and pressure conditions (293.15 K, 101325 Pa) of 2 µg m-3 per ppb can be 
applied. Alternatively, the equations described in detail in Gerosa et al. (2012) could be 
used if temperature and atmospheric pressure are available.  

In this step, the O3 concentration at the top of the leaf canopy of the vegetation of interest 
is determined. This is needed because surface O3 concentrations generally increase with 
increasing height above-ground. Thus, O3 data from monitoring stations where the inlet is 
placed at heights of e.g. 2 – 5 m above the ground will overestimate the O3 concentration 
at the canopy height of crops or low (semi-)natural vegetation such as grasslands, and will 
underestimate the O3 concentration at the top of the canopy of forests.  

Conversion of O3 concentrations at measurement height to canopy height can be best 
achieved with an appropriate deposition model (see SBD-A). However, if suitable 
meteorological data are unavailable, a simple tabulation of O3 gradients can be used (Table 
III.7). This table provides the average relationship between O3 concentrations at selected 
heights, derived from runs of the EMEP model over May-July, selecting noon as 
representative of daytime (Simpson et al., 2012). O3 concentrations are normalised by 
setting the 20 m value to 1.0. For example, with 30 ppb measured at 3 m height (above 
ground level) in a crop field, the concentration at 1 m would be 30.0 * (0.88/0.95) = 27.8 
ppb. If measured in short grasslands at 3 m height, one would obtain 30.0 * (0.74/0.96) = 
23.1 ppb at a canopy height of 0.1 m and for forests one would obtain 30.0 * (1/0.96) = 31.3 
ppb at a canopy height of 20 m.  

 

NAI Europe: 720.6 x 106 m3  (SOEF, 2015) 

Source: CLRTAP, 2017 www.icpmapping.org; www.emep.org 



Contrasting evidence – European forests 
expands, climb mountains and grow faster. 

Net Annual Increment, 

common countries, 

1990-2010 

Source: SOEF, 2015 

Forest area, annual changes  

1990-2010 (%) 



High potential risk – contrasting evidence for 
effects. 

What else does not work? 

Ferretti et al., 2007 
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CLs - Risk for biomass reduction 

Concentration-based CLs 

• Cumulated ozone exposure (AOTx, 
ppb h) above a certain concentration 
(x). 

Flux-based CLs 

• Cumulated phytotoxic dose (PODy, 
mmol m-2 PLA) above a certain 
threshold (y). 

 

Always based on dose-response 

relationship (DRRs). 
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Med. 
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The flux-effect relationships for individual tree species or groups of tree species are shown 

in Figure III.12.  

     a)                                                                b) 

 

      c)                                                                d) 

 

         

y = 100.2 - 0.93x
Adj. R2 = 0.67
P < 0.001

y = 99.8 - 0.22x
Adj. R2 = 0.31
P < 0.001

y = 100.3 - 0.32x
Adj. R2 = 0.41
P = 0.027

y = 100.6 - 0.45x
Adj. R2 = 0.48
P = 0.016

Several sources, in CLRTAP 2017 



Derivation of DRRs 

CLRTAP, 2015 www.icpmapping.org 

“Dose response relationships 

have been established using 

experimental data from 

exposure systems such as 

open-top chambers that enable 

plants to be grown under 

naturally varying climatic 

conditions for one or more 

growing seasons.” 

OTC at Curno, Italy (courtesy: G. Gerosa) 
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Real forest, Carpathians, Romania 



High potential risk – contrasting evidence for 
effects. 

What else does not work? 

• Poor metrics for ozone? 

• Poor metrics for response? 

• Delayed response? 

• Effects on roots and 
mychorryza? 

• … 

• …or 

• Unrealistic risk estimation? 

• Scarce consideration of key 
ecological and management 
factors? 

Ferretti et al., 2007 
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Field studies: a recent review (Braun et al., 2017) 

Evaluation of n=11 “epidemiological” studies published between 1995 and 2016 

Study Tree Stand Geography Climate
Air 

pollution
Soil Foliage

Sutton et al., 2008 2 1 2 2

Kint et al., 2012 2 1 1 1

Roth et al., 2013 1 2 1 1

McLaughlin and 

Downing, 1995 
3 1

McLaughlin et al., 

2007a; McLaughlin et 

al., 2007b; Sun et al., 

2012. 

3 1

Braun et al., 2014 3 1 1

Karlsson et al., 2006 1 1 1 1

De Marco et al., 2015, 

Sicard et al., 2016a 
1 4 2 1

Based on: 

Braun et al., 2017, Science of Total Environment. 
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More than half (53.3%) of all recorded damage symptoms had an extent of up to 10%, 38.2% had an 

extent between 10% and 40%, and 8.5% of the symptoms covered more than 40% of the affected part 

of a tree. 

Causal agents and factors responsible for the observed damage symptoms 

Insects were the predominant cause of damage and responsible for 27.8% of all recorded damage 

symptoms (Figure 7-4). More than half of the symptoms caused by insects were attributed to defoliators 

(52.4%), the most frequent of all specified damage causes. Leaf miners were responsible for 13.6% and 

wood borers for 13.3% of the damage caused by insects. 

Abiotic agents were the second major causal agent group responsible for 15.1% of all damage 
symptoms. Within this agent group, half of the symptoms (49.0%) were attributed to drought, while 
wind caused 8.9% and frost 6.5% of the symptoms.  

The third major identified cause of tree damage were fungi with 12.0% of all damage symptoms. Of 
those, 21.4% showed signs of canker, followed by decay and root rot fungi (17.9%), needle cast and 
needle rust fungi (16.1%), and powdery mildew (13.0%). 

Direct action of man, including silvicultural operations and mechanical damage from vehicles, accounted 

for 5.1% of all recorded damage symptoms. The damaging agent group ‘Game and grazing’ was of minor 

importance (1.1%) and may be relevant only in certain areas. Fire caused 0.7% of all damage symptoms. 

The agent group ‘Atmospheric pollutants’ refers to local incidents mainly in connection with factories, 

power plants, etc. Visible symptoms of direct atmospheric pollution impact, however, were rare (0.03% 

of all damage symptoms). Other causal agents were responsible for 9.0% of all reported damage 

symptoms. Apart from these identifiable causes of damage symptoms, a considerable amount of 

symptoms (29.2%) could not be identified in the field.  

 

Figure 7-4: Damage symptoms according to agent group and specific agents/factors (n=64,630). Multiple damage 
symptoms on the same trees are included in the numbers. 

1 
Visible symptoms of direct atmospheric pollution 

impact only 

The occurrence of damaging agent groups differed between major species or species groups. With the 

exception of Norway spruce and Scots pine, insects were the most prominent agent group (Figure 7-5). 

This holds especially for common beech (39.6%), deciduous temperate oaks (38.6%) and deciduous  

(sub-) Mediterranean oaks (32.7%). Abiotic factors caused by far most damage in evergreen oaks 

(43.8%) and Mediterranean lowland pines (41.4%). Fungi as damaging agents were most important in 

What about... damaging agents? 

2 0 1 7  T E C H N I C A L  R E P O R T  O F  I C P  F O R E S TS   

TREE CROWN CONDITION IN 2016 
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From 1992 to 2016 evergreen oak plots showed an increase in the over-all trend in mean defoliation 

similar to other oaks with 3 percentage points every ten years (regional Sen’s slope of 0.278, p < 0.001; 

Figure 7-2h). The development of defoliation of evergreen oaks shows several positive and negative 

deviations from the trend. A large deviation from the trend in 2015 as well as the steep positive slope of 

the trendline in the last year’s calculations reflect the importance of assessments on Spanish plots which 

are significantly influencing the overall data. In 2016 the over-all plot mean for evergreen oaks is again 

closer to the trendline.  

Damage causes 

In 2016, damage cause assessments were carried out on 100,379 trees in 5,430 plots and 24 countries. 

On 46,965 trees (46.8%) at least one symptom of damage was found. In total, 63,374 observations of 

damage were recorded with potentially multiple damage symptoms per tree. On 1,167 plots no damage 

was found on any tree; 1,217 trees (1.2%) were dead.  

The number of damage symptoms on any individual tree can be more than one, therefore the number 

of cases analysed varies depending on the parameter. The average number of recorded damage 

symptoms per assessed tree was 0.46 for Norway spruce, 0.51 for Austrian pine, 0.58 for Mediterranean 

lowland pines, 0.60 for Scots pine, 0.77 for Common beech and deciduous (sub-) Mediterranean oaks, 

0.90 for deciduous temperate oaks and 1.00 for evergreen oaks. 

Symptom description and damage extent 

Most of the 63,374 damage symptoms reported were observed on leaves of broadleaved trees (34.2%), 

followed by twigs and branches (24.8%), and stems (19.2%; Figure 7-3). Needles were also often 

affected (16.2%), while roots and collar and shoots and buds were less frequently affected (2.7% and 

1.9%, respectively).  

Figure 7-3: Damage symptoms according to specifications of the affected part of a tree (n=63,374). Multiple 
affected parts per tree were possible.  (Michel A, Seidling W, eds., 2017) 
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symptoms shows some consistency with the defoliation pat-

tern. Thereported damagesymptomsweredueto insects(n =

224 trees with observed symptoms), fungi (161), and abiotic

factors (71, due to drought, hail, lightning, snows and land-

slides, wind, and poor soil). No single instance of symptoms

dueto atmospheric pollutants(including ozone) wasreported.

Results of the MLR model for mean periodical 2007–2011

defoliation (mean of annual median values of single sites)

are summarized in Table 2. The model explains 81% of vari-

ability for defoliation, with frequency of damageto treesbeing

the main predictor, followed by the foliar N:K ratio. The two

variables together explain 67% of thevariability in periodical

defoliation. Precipitation and southern exposuresweresignif-

icant, but at a lower extent. Ozone was not a significant pre-

dictor. Regardless of the tree species, defoliation increases

with the increase of reported treedamage (Fig. 3) and—once

subtracted theeffect of damage—increaseswith lower values

of foliar N:K. After removing theeffect of thesetwo variables,

defoliation appears to increase with the increase in precipita-

tion and decrease for southern exposures.

Model results for annual median plot defoliation per year,

species, and plot are reported in Table 3. Among the three

randomfactors, Bplot^ hasthestrongest explanatory potential,

followedby Bspecieŝ whileByear^ isnegligible, asshown by

standard deviation values (indicator of variance, expressed in

theunit of measureof the factor). Onceexcluded thevariabil-

ity explained by each specific random factor, the only fixed

significant factors are the foliar N:K and the damage symp-

toms. Ozonewasnot asignificant factor in explaining annual

defoliation values.

Factors affecting periodical relative BAI 2007–2009

Resultsof theMLR growth model aresummarized in Table4.

Overall, the model explains 77% of the variability of relative

treegrowth (BAI_rel). Foliar N:Mg ratio aloneexplains44%,

andDBH—hereassumed asaproxy for treeage—about 20%.

Water availability and aspect have a minor influence. Ozone

was not a significant predictor. Increase of relative BAI is

positively related to foliar N:Mg and negatively to mean di-

ameter, i.e., younger trees grow faster. Lower tree growth is

observed at sites classified with sufficient water availability

and with northern exposure.

Annual defoliation, growth, AOT40, and stomatal
fluxes 1996–2009 at Passo Lavazè site

Annual valuesfor defoliation and growth of Norway spruceat

thePasso Lavazèsitearereported in Fig. 4aand b, respective-

ly, together with AOT40 and POD0. Without the possible

confounding factor of spatial variability, thesedatawill make

it possible to evaluate whether time trends in tree growth or

defoliation can berelated to ozonelevels(exposureand flux).

Table 2 MLR results for

defoliation. Variance explained

(individual and cumulated) for

eachpredictor isreported together

with significanceand details

about coefficient estimates

(standard error, t, and P)

Predictor

Damage Foliar N:K Annual precipitation Aspect

R2 0.59 0.12 0.08 0.06

R2 cumulated 0.59 0.71 0.79 0.86

R2
Adj cumulated 0.57 0.67 0.75 0.81

F 23.25 6.30 5.28 5.82

P 0.0002 0.0255 0.0372 0.0345

Estimated coefficient 5.17 −3.00 2.01 − 4.85

Standard error 0.645 0.675 0.661 2.009

t 8.03 − 4.45 3.05 −2.41

P < 0.0001 0.00060 0.00940 0.03130

Fig. 3 Defoliation reported against themean damage frequency for each

site. Empty symbols are for broadleaves (FS: Fagus sylvatica; QP:

Quercus pubescens; RP: Robinia pseudoacacia); filled symbols are for

conifers(AA: Abiesalba; LD: Larix decidua; PA: Picea abies; PC: Pinus

cembra; PS: Pinus sylvestris)
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Black dots: Trentino, Italy;  

White dots: France 

Ferretti et al., 2018, ESPR Ferretti et al., in preparation 



What about... management and growth 

dynamics? 

Brix H. 1993. FRDA Report, ISSN 0835‐0752: 196. Victoria: 

Government of Canada, 40. 

 

(Slide after the presentation by Werner Kurz (Canadian Forest 

Service), held in Freiburg, IUFRO 125th Anniversary Congress, 21st 

Sept. 2017) 

Bowman et al., 2013, Trends in Plant Science 



What about… competion, composition, 
complementarity, biodiversity? 
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Fig. 2. Relationship between basal area increment (BAI) and diameter at breast height (DBH) for spruce, fir, beech 

and maple/ash. The solid black line represent the growth in monospecific plots, while the dashed and dotted curves 

represent the growth in different mixtures (S= Spruce; F= Fir; P= Pine; L= Larch; B= Beech; MA= Maple Ash). All 

the other explanatory variables were fixed at their mean in the calculation of BAI. Only the mixtures with a signifi-

cant difference in growth in comparison to monoculture were plotted (see Table S2). Remaining species in Fig. S2.  

Mina  et al., 2017, Journal of Ecology 
Liang  et al., 2017, Science 



 

• Background: why this 

presentation? 

 

• The example of ground-level 

ozone 

 

• Towards a broader perspective 

for air pollution studies. 
 

 

 

Outline 

(Photo: PA Trento, Report 2014) 



Back to Critical Levels’ application 

UN/ECE, 1989 CLRTAP, 2015 CLRTAP, 2017 

“It could be useful to show 

the degree of critical level 

excess and number of 

critical exceedances. The 

degree of damage 

caused by a given 

amount of excess, or a 

given number of 

exceedances of a 

critical level may not be 

inferred using the 

methodologies 
suggested”. 

“The flux-based critical 

levels and associated 

response functions are 

suitable for mapping 

and quantifying impacts 

at the local and regional 

scale, including effects 

on … roundwood 

supply for the forest 

sector industry and loss 

of carbon storage 

capacity and other 

beneficial ecosystem 

services … Where 

appropriate, they could be 

used for assessing 

economic losses.” 

«The many impacts of O3 

have been considered 

when developing critical 

levels. Here, we provide 

critical levels for the 

potential O3 effects on: 

• Crop yield quantity and 

quality, ... 

• Tree biomass for 

timber production 

and potentially as a 

starting point for 

carbon sequestration 

and biodiversity 

application; 

• Grassland biomass ...» 
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Soil nutrient supply
Foliar nutrients

Nutrient deposition

Air pollution 
Xenobiotics

Pathogens
Insects

Alien species

Nematodes
Bacteria

Virus and MLOs
Game and grazing

Michorrhyza

Temperature 
extremes
Drought

Wind
Hail

Lighthning
Snow and Ice

Fire

Space
Nutrients

Light

Water

Mechanical damage
Management

Fire

Individual
Trees

Injury/alterations on 
- leaves

- branches

- stem

- roots

Alterations of 
phisiological processes

Changes in sensitivity to 

other stressors

Changes in phenology

Weather
and climate

Competition

Biotic
agents

Environ. 
chemistry

Forest
Ecosystem

Decrease in productivity
Changes in: 

- age strcture

- competition, mortality

- community succession

- species composition
- nutrient cycling

- hydrology

- genetic structure

Disturbances

Categories of stressors Target Categories of Effects

(Ferretti, 2004, Encyclopedia of Forest Science, Elsevier) 

Back to the many factors 

 

 



Need to integrate other sources of data into 
risk assessment and DRRs 

• Integration across platforms 

• Terrestrial, proximal, remote. 

• Integration across approaches and 
scales 

• Monitoring, inventories, 
ecological research, experiments 
and dynamic models. 

• Integration among driving forces 

• Biotic, abiotic, incl. competition 
and  management. 

• Data catalogue 

• Management  

• Management history 

• Below-ground tree 
compartments. Cailleret et al., 2018, Journal of Ecology 



ICP Forests relevance 

 

(Trumbore et al., 2015, Science) 



(Trumbore et al., 2015, Science) 

ICP Forests relevance 

 



Most studies (e.g. experiments to set CLs; field observational studies) were 

developed from a relatively narrow perspective. Useful at the beginning, now they 

are unrealistic especially in view of a broader target for risk assessment (from 

negative effects unrelated to other factors to impact on C sequestration, timber 

production and biodiversity). 

 

Studies should consider the role of “traditional” ecological driving forces, inherent 

dynamics, and management and their interactions. Their inclusion is as important 

as the choice of a good statistical approach. 

 

ICP Forests can have an important role here: providing data, implement its data 

catalogue to allow full consideration of important ecological and management 

factors and promoting co-operation (e.g., with other ICPs) and integrated studies 

are pivotal for fulfilling scientific tasks and mandate from the LRTAP convention. 
 

 

 

 

Conclusions: back to ecology and management 


