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AlIr pollution Is an issue for forests — even today

Oil Sands, Fort Mc Murray, Canada, October 2015 Ja_ck pine _
(Pinus banksiana)
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...but it Is not the only one...
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...always act in combination...

Categories of stressors

Weather
and climate

Competition

Biotic
agents

Disturbances

Target Categories of Effects

Temperature Injury/alterations on
extremes - leaves
Drought - branches
\ﬁ';i‘lj - stem
Lighthning Individual - I’OOtS.
Snow and Ice Alterations of
Fire phisiological processes
Space Changes in sensitivity to
Nutrients other stressors
Light Changes in phenology,
Water
Pathogens
Insects
Alien species
Nematodes Decrease in productivity
Bacteria

Virus and MLOs
Game and grazing
Michorrhyza

Changes in:
- age strcture

Forest - competition, mortality

- community succession

Mechanical damage
Management
Fire

Ecosystem _ -
- species composition

- nutrient cycling
- hydrology

ny

Soil nutrient supply
Foliar nutrients
Nutrient deposition
Air pollution
Xenobiotics

- genetic structure

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



...and Its role may varies.
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Critical Levels - Definitions

UN/ECE, 1989

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.




Critical Levels - Definitions

UN/ECE, 1989

UN/ECE, 1996

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.




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”.
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caused by a given
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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.”




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 O, 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 ...»




Difficult task, with controversial results

« 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”.

Evidence
of relationship with
ozone

« Thisis a likely reason for controversial
results in field studies, e.g. for ozone

effects:
* More important than climate (pe Marcoet ~ Scarce
al., 2017) Potential Foliar symptoms Forest health
« Strong** in Switzerland (Braun et al., 2007, sk Assessment endpoint and growth
2014, 2017)

* Slight* In Sweden (Karlsson et al., 2006).

* No* or limited effect in Italy (rerretti et al.,
2003, 2007, 2014, 2018).

« Contrasting* in Czech Republic (.g.
Srameck et al., 2012).

(Gottardini et al., 2018, ESPR)
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Why ozone? Air pollution in Europe
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Why ozone? Air pollution in Europe
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Why Ozone? Evidence for potential risk

Expected annual growth reduction
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Why Ozone? Evidence for potential risk

Expected annual growth reduction

EUZ7 2015 recZU16
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NAI Europe: 720.6 x 10% m3 (soEr, 2015)

Species Effect Biogeo- | Potential | Critical Ref10 Potential maximum
parameter | graphi- | effect at level POD; rate of reduction
cal CL (% (mmol (mmol (%) per mmol m2
region* | annual m-2 m-2 PLA of
reduc- PLA)** PLA) POD;SPEC***
tion)
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Biogeographic regions

in Europe, 2016
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Contrasting evidence — European forests
expands, climb mountains and grow faster.
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High potential risk — contrasting evidence for
effects.
What else does not work?
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High potential risk — contrasting evidence for

effects.

What else does not work?

e Unrealistic risk estimation?
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CLs - Risk for biomass reduction

Concentration-based CLs ¥
« Cumulated ozone exposure (AOT,,
ppb h) above a certain concentration £
(x).

Flux-based CLs

 Cumulated phytotoxic dose (POD,,
mmol m-2 PLA) above a certain
threshold (y). 9

Always based on dose-response

relationship (DRRS). ‘
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Several sources, in CLRTAP 2017




Derivation of DRRs

“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.”

CLRTAP, 2015 www.icpmapping.org
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High potential risk — contrasting evidence for
effects.
What else does not work?
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Field studies: a former review seuing 2000

Evaluation of n=21 multivariate studies published between 1988 and 1999

Max. in individual study m Total, all studies
Foliage Mg (8)
Soil Soil type (9)
Air pollution SO, (4)
Climate Mean Pr (4)
Geography Elevation (9)
Stand Species composition (3)
Tree Age (17) .
0 20 40 60
Variables, n
Based on:

Seidling, 2000. UN/ECE and EC, Geneve and Brussels, 45 ps.
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1. Introduction

1.1, The need for epidemiological studies
 Corresponding author.

B Achem | of global change and have a high potential for affecting ecosystems
Face) (Bytnerowicz et al, 2007). Ground-level O3 concentrations have

ipxdoiorg 10,1016 sctotenv 201702225
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What about... damaging agents?

Game and grazing

Insects

Fungi

Abiotic agents

Direct action of men

Fire

Atmospheric pollutants’

Not specified factors
(Investigated but) unidentified

W Others
B Powdery mildew
“ Wind

Number of damage symptoms

2000 4000 6000 8000 10000 12000 14000 16000 18000

i°

W Miners W Borers u Defoliators
M Canker M Decay and root rot H Needle cast and needle rust

o Frost w Drought

Percentage (%) 0 5 10 15 20 25 30 35

Steam & collar

Roots (exposed) and collar (< 25 cm height) 2.7
Bole: trunk between the collar on the crown 13.4

Crown stem: main trunk or bole within the crown

Whole trunk 3.1

Branches, shoots & buds

Branches diameter = 10cm

Branches diameter 2- <10cm)

Buds
Top leader shoot

Varying size

Twigs (diameter <2 cm)

Current year shoots

Leaves &
needles

Broadleaves {incl. evergreen spec.) 34.2

Neeedles of all ages 5.0
Older needle year 9.7

Current needle year 1.5

(Michel A, Seidling W, eds., 2017)



Damaging agents affects defoliation that in turn
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affects growth

Black dots: Trentino, Italy;

| - 185000155 oFs White dots: France
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Ferretti et al., 2018, ESPR Ferretti et al., in preparation



Size (% Size,oq)

Annual increment (% Size,qq / year)

80

60

40

20

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Bowman et al., 2013, Trends in Plant Science

What about... management and growth
dynamics?

@

Key:

Stem diameter
Height

Basal area
Biomass

®

(@

0

50

100
Age (year)

150

200

0

20

40 60
Size (% Size,oq)

80

100

Thinned and Fertilised

Management options

Silvicultural
treatments to increase
carbon accumulation
per tree or per hectare.

Thinned Fertilised

A 7Soume: Brix 1993 Control

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, 215t
Sept. 2017)
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FOREST ECOLOGY

Positive biodiversity-productivity
relationship predominant
in global forests

Jingjing Liang,” Thomas W. Crowther, Nicolas Picard, Susan Wiser, Mo Zhou.

Giorgio Alberti, Ernst-Detlef Schulze, A. David McGuire, Fabio Bozzato, Hans Pretzsch,

Sergio de-Mignel, Alain Paquette, Bruno Héranlt, Michael Scherer- Lorenzen,

Christopher B. Barrett, Henry B. Glick, Geerten M. Hengeveld, Gert-Jan Nabuurs,

Sebastian Pfautsch, Helder Viana, Alexander C. Vibrans, Christian Ammer, Peter Schall,

David Verbyla, Nadja Tehebakova, Markus Fischer, James V. Watson, Han Y. H. Chen,
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Christian Salas, Eungul Lee, Boknam Lee, Hyun Seok Kim, Helge Bruelheide,

David A. Coomes, Daniel Piotto, Terry Sunderland, Bernhard Schumid,

mm Gourlet-Fleury, Bonaventure Sonké, Rebecea Tavani, Jun Zhu, Susanne Brandl,
jordi Vayreda, Fumiaki Kitahara, Eric B. Searle, Victor J. Neldner, Michael R. Ngugi,

umxﬁr'phgr Baraloto, Lorenzo Frizzera, Radomir Balazy, Jacek Oleksyn,

Tomas Zamila-Niedinterkl, Olisier Eoutiand, Fi15p0 Busmoit, Loca Finés,

Bogdan e Andrzej M. Jagodzinski,

Pablo L. Peri, Christelle (nmulzme, ‘William Marthy, Timothy O'Brien,

Emanuel If. Martin, Andrew R. Marshall, Franceseo Rovero, Robert Bitariho,
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INTRODUCTION:

relationship (BER; the effect of biodiversity on
ecosystem productivity)is foundational to our
understanding of the global extinetion crisis
and its impacts on the functioning of natural
exweystams. The BPR has been a prominent
research

world-
wide. Although there have been substantial
efforts to strengthen the preservation and
sustainable use of forest biodiversity through-
out the globe, the consequences of this di-
sy lospos  mafouncxsaieyfor cngieg
nd conser-

butitis only recemly that we have begun to
develop a global perspective.

RATIONALE: Forests are the most important
global Hal blodiversi

vation eﬁons The forest BPR represents
critical missing link for accurate valuation of
Sobel bodhersity and sucemtil integration

scale observational studies. Thus, the strength
and spatial variability of this relationship re-
mains unexplored at a global scale.

RESULTS: We explored the effect of tree
species richnesson tree volume productivity at
the global scale using repeated forest invento-

from 777126 perma-

Ties
nent sample plots in 44

Read the full arficle  COUNTIeS containing more

at http:/&dx doi. than 30 million trees from

org/10.126/ 8737 species spanning most

sciencea3B57 of the global temestrial b
omes. Our find

consistent positive concavedown effect of bio-
diversity on forest productivity across the world,
showing that a continued biodiversity loss would
result in an accelerating decline in forest
productivity worldwide.

e BPR shows considerable geospatial var-
iation across the workd. The same percentage of
biodiversity loss would lead to a greater relative,
(that s, percentage) productivity dedine in the
boreal forests of North America, Northeastern
Europe, Central Sberic, East Asia, and scattered
regions of South-central Africaand South-central
Asia Tn the Amazon, West and Southeastern
Africa, Souther China, Myanmar, Nepal, and
the Malay Archipdago, however, the sarme pet-
centage of biodiversity loss would lead 1o greater
absolute productivity decline.

CONCLUSION: Our findings highlight the
negative effect of biodiversity loss on forest
productivity and the potential benefits from
the transition of monocultures to mited-species
stands in forestry practices. The BPR we dis-
cover aeross forest ecosystems worldwide
corresponds well with recent theoretical ad-
vances, as well as with experimental and ob-
servational studies on forest and nonforest
ecosystems. On the basis of this relationship,
the ongoing species loss in forest ecosystems

wordwide could substantially reduce forest pro-

development. Until

thereby forest carbon absorption

but deforestation, forest degradation, climate
change, and other factors are threatening

W s

rate ise the global forest carbon

tree-based diversity experiments, and the forest
BPR has only been explored within regional-

Productivity (mhayrt)

Tree species richness (%)

Glohal afect of ren spaces dharsity on forest productivity Grourcsourced defa Fom 777126

sink. We further estimate that the economic
value of biodiversity in maintaining commer-
cial forest productivity alone is $166 billion to
$490 billion per year. Although representing
only a small percentage of the total value of
biodiversity, this value is two to six times as
much as it would cost to effectively implement
conservation globally. These results highlight
the necessity 1o reassess biodiversity valuation
and the potential benefits of integrating and

i i forest
resource management and forestry practices
worldwide.

global forest ot

(darkblue dots, left),

of the global forest extent (white), reveal a consistent positive and concave-down biodiversity-
productivity relationship across forests worldwide (red line with pink bands representing 95% con

fidence interval, right).
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T ls of athor afiltians is avacble i the ful rtice orie.
authar. Emal: abeca langOgmal

ecal
il this artice as . Larg efal, Sclenco 364, 228957
(2016). DO 101126/science astE96T

sciencemagorg SCIENCE
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Liang etal., 2017, Science

competion, composition
complementarity, biodiversity?
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2017, Journal of Ecology




Outline

Towards a broader perspective
for air pollution studies.
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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 O, 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 ...»




Trees and forests beyond the sunlit leaf




Trees and forests beyond the sunlit leaf
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Back to the many factors

Categories of stressors

Weather
and climate

Competition

Biotic
agents

Disturbances

ny

Target Categories of Effects

Mechanical damage
Management
Fire

Temperature Injury/alterations on
extremes - leaves
Drought - branches
\ﬁ';‘i‘lj - stem
Lighthning Individual - I’OOtS.
Snow and Ice Alterations of
Fire phisiological processes
Space Changes in sensitivity to
Nutrients other stressors
Light Changes in phenology,
Water
Pathogens
Insects
Alien species
Nematodes Decrease in productivity
~ Bacteria Changes in:
Virus and MLOs - age strcture
Game and grazing i, .
Michorrhyza Forest - competition, mortallt'y
Ecosystem - community succession

- species composition
- nutrient cycling
- hydrology

Soil nutrient supply
Foliar nutrients
Nutrient deposition
Air pollution
Xenobiotics

- genetic structure

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



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

. o
I n teg rat I O n aC ro S S p I atfo r m S Ozone effects on European forest growth—Towards an

integrative approach

» Terrestrial, proximal, remote.
Integration across approaches and

scales
« Monitoring, inventories,
. . O3 Fom
ecological research, experiments 0,0 o
and dynamic mOdeIS. Ozone deposition and @
uptake model

(e.g. DOSSE)

Integration among driving forces

 Biotic, abiotic, incl. competition
and management.

nnnnnnnn

Physiological PBMs

Chambers

FACE e

Data catalogue , ﬁ
« Management - ey

« Management history

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

Modelling tools &———>  Experimental/empirical data




|ICP Forests relevance

Human e Climate
stressors recipitation stressors
Windthrow extremes @
. Temperature g
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T 4 /| fertilization
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changes in . 5 —
Bictic  herbivory . Atmospheric/ D
stressors . N, S deposition, biogeochemical <
acidif cation stressors
Invasive (depends on soil) Q’
species and 0
diseases o
Backround Large-scale

stress mortality
1 1
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(Trumbore et al., 2015, Science)



|ICP Forests relevance
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Conclusions: back to ecology and management

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,



