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and how?
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Forest monitoring Law
(currently at the proposal
stage)?

* What is the first step that
should be taken to build
synergies with other
monitoring initiatives?
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Resilience

« >160 definitions.

Ball-and-cup metaphore

* Ability to endure stress and still be able to

perform?

 Capacity to recover after a catastrophe?

* «Any decision a forest manager will need to make is

Thresholde ------

heavily affected by both the ecosystem as well as by

societal demands and perceptions».

Ecological resilience concept
» Forest managers got frustrated: how do you
implement something that you are not exactly sure of

Holling, C. S. 1973. Annual Review of Ecology
what it means? and Systematics 4:1-23.

https://efi.int/articles/how-can-we-measure-
forest-resilience

X N
O k\"” o O ¢ Swis_s Federal @
|CP FO REST AR CONVENTION ResearCh InStItUte WSL WSL




What forest monitoring can offer?

Thresholde - ««---

Ecological resilience concept Holling, C. S. 1973. Annual Review of Ecology
and Systematics 4:1-23.
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What forest monitoring can offer?

Measurements

Forest status and changes
over time and space

®

.
©
Ecological drivers \ @
' ' ®
and boundary ="\ =
conditions : b
A
ECOIOglcal reS”Ience Concept Holling, C. S. .1973. Annual Review of Ecology
and Systematics 4:1-23.
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What forest monitoring can offer?

Measurements

- Understanding

Forest status and changes
over time and space

YO
Ecological drivers \
— ‘

and boundary
conditions

Relationships b/w. variables.
e, Process understanding

.
.
.
.
/
.
.

Thresholde - ««---

. -
------

ECOIOglcaI reS|Ilence Concept Holling, C. S. 1973. Annual Review of Ecology

and Systematics 4:1-23.
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What forest monitoring can offer?

Identifying the conditions that are
MeaSU rements — conducive to thresholds and/or

— Understanding
tipping points

Forest status and changes
over time and space

Y
Ecological drivers \
— \

Relationships b/w. variables.
e, Process understanding

.
.
.
. /

and boundary
conditions

Thresholde ------

. v
-------

ECOIOglcaI reS|Ilence Concept Holling, C. S. 1973. Annual Review of Ecology

and Systematics 4:1-23.
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Weather
and climate

Competition
for resources

Biotic
agents

Human/direct
disturbances

Environmental
chemistry

What to measure and how?

Temperature extremes
Drought
Wind
Hail
Lightning
Snow and ice
Fire

Space
Nutrients
Light
Water

Pathogens
Insects
Alien species
Nematodes
Bacteria
Virus and MLOs
Game and grazing
Mychorrhizae

Mechanical damage
Management operations
Fire

Soil nutrient supply
Foliar nutrients
Nutrient deposition
Air pollution
Xenobiotics

Effects on the
forest ecosystem

Effects on
individual trees

Injury/alterations on

- leaves

- branches

- stem

- roots

Alterations of physiological
processes

Changes in sensitivity to other
stressors

Changes in phenology

Decrease in productivity
Changes in age structure
Changes in competition and
mortality

Changes in community succession
Changes in species composition
Changes in nutrient cycling
Changes in hydrology
Changes in genetic structure

Ferretti, 2004, in Evans, Youngquist, Burley, Encyclopedia of Forest Sciences
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The UNECE International Co-operative Program (ICP) on
Assessment and Monitoring of Air Pollution Effects on Forests

* Collect, validate, store, process and provide data on
forest health, growth, diversity, phenology, soil and
foliar nutrients, climate, deposition and ozone.

* Long-term, large-scale forest condition.

* Large-scale 42 participating countries (lead:

Vegetation
Leaf AreaInde*

Germany).

goh and sl solugjo,
Deposition

* Drivers-response relationships.

+ Standard Operating Procedures (SOPs) and Quality
Assurance (QA) on a continuous basis.

*  www.icp-forests.net

Credit: Michel et al., 2018.
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http://www.icp-forests.net/

B. Level I: ca 6,000 active plots*

I C P FOreStS in brief Ferretti et al., For Ecol Manage, 2024

A. The ICP Forests terrestrial forest monitoring system

Governance, harmonized methods,

Azores (Portugal)

© PCC, Thiinen Institute of Forest Ecosystems. Status: 2024-01-09

Canary Islands (Spain)
L4

T

500 ki

8]

manuals and Quality Assurance

C. Level II: ca 700 active plots*

ETRS89/ETRS-LAEA
(EPSG: 3035)

Q ("', . o
ICP!/[FORESTS

DB

.+ Health* (international level)
« Foliar nutrition*
* Ground
vegelaton | " e ) ~
Level II/111
Large-scale .
systematic |+ Intensive
survey monitoring
i (haphazard site
(nOTr'rr\‘ aglr;ld(;X16 ) selection)
Data collection
(national level)
International
Data Portal
— \

A = - * Meteorology*
-‘r"k ' * Air quality
E * Atmospheric
@ e . deposition*
' * o'y * Health*
* Growth*

« Foliar nutrition*
* Ground vegetation

ek ) LA -LA
4

NS * Litterfall

* Phenology

» Ozone injury
* Soil*

+ Soil solution*

Statistics on forest
condition

3 ETRS89/ETRS-LAEA
Documentation Azores (Portugal Canary Islands (Spain) 500 k 3 1
Acc;ssldownload 1 : ( ) "&(’ P (EPSG: 3035) }
eportin
N\ i e
Relationship b/w

Upscaling

© PCC, Thinen Institute of Forest Ecosystems. Status: 2024-01-09

drivers and forest

response
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Mean plot defoliation

Mean plot defoliation
of all species in 2021

® <10%
® >10-25%
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Michel et al., ICP Forests TR, 2022
Potocic et al., ICP Forests Brief, 2022

George et al., Plant Biology, 2022
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Climate and weather
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Ferretti et al., For Ecol Manage, 2013
Veresoglou et al., New Phytol, 2014
Jaime et al., Global Change Biology, 2021
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Volume increment (m3ha_1yr_1)

Role of N deposition
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Etzold et al.
Anthony et al.,

Fungal community composition (PCoA1)

, For Ecol Manage, 2020.
ISME Journal, 2022
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Forest species diversity
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Dirnbéck et al., Global Change Biology, 2013; Giordani et al., For. Ecol. Manage., 2013; Welldon et al., Annals of Forest Science, 2022; Van der Linde et al., Nature, 2018.
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EM fungi and tipping points in forest ecosystem
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Suz et al., New Phytologist, 2021.



EM fungi and tipping po
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Van der Linde et al., Nature, 2018.
Kriiger et al. , ICP Forests Brief 4, 2020.
Suz et al., New Phytologist, 2021.
Etzold et al., FORECO, 2021.

Anthony et al., ISMEE Journal, 2022.



Outline

* How could the monitoring
network contribute to the
Forest monitoring Law
(currently at the proposal
stage)?
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Information needs

1. Detection and quantification of | 2. Identification and understanding
status and changes of forest resources. I of drivers and processes
[
| A
[ Loiscages)
I
[
[
I
I
[
[
» "Traditional” meaning in the forest community I > “New” meaning for a broader range of scientists
> Spatial coverage I > Time resolution
> Emphasis on statistical design | » Emphasis on models.
> NFls, ICP Forests Level | > |CP Forests Level ll; ICOS;...
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Information needs

1. Detection and quantification of
status and changes of forest resources.

» "Traditional” meaning in the forest community I
> Spatial coverage |
> Emphasis on statistical design [
> NFls, ICP Forests Level |

3. Model future development

2. Identification and understanding
of drivers and processes

Fl=

Biotig ﬁﬁ'ryers

- "; Z'pests,é, ~
B wliscages)
A gk

» "New"” meaning for a broader range of scientists
» Time resolution

» Emphasis on models.

> |ICP Forests Level II; ICOS;...
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Three possible advantages for the new regulation

(i) Operational
* Existing ground-based plots infrastructure with long-term data legacy:

« covering all fields considered by the draft regulation (+ soil);

« for the validation of data originated by the remote sensing component.

* Already harmonized methodologies.
* Already established formal QA/QC procedures.

* Model for governance and data access policy.

(iii) Financial

See (i) + capitalizing the past EC investments after the EC Regulation 3528/86.

(iii) Conceptual
+ Bridging the gap between detection/quantification and understanding.

Canary Islands (Spain);

Azores (Portugal)
I

LY

500 kil ETRS89/ETRS-LAEA
(EPSG: 3035)

d

Ferretti et al., FORECO, 2024.

© PCC, Thunen Institute of Forest Ecosystems. Status: 2024-01-09
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A possible example: the SwissAlIM initiative

~
s Remote Sensing e
(air- space-born, close-range). ‘|
| :
Hiah 8 | b Validation/calibration, auxiliary data,:
9 < 1 w time/space resolution. |
8 1 » 4 2 |
| . .
4 ! gk b !
Q ! =~ D i |
®© ! A |
== i
%) |
ko) ! I
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d= 1 |
) : '
£ I Models :
g . (growth/yield, landscape, !
c | process-based). :
= I Enhanced NFI plots o Lo
% | P Validation/calibration, |
2 '\ Augmented data catalogue understanding, 1‘
E \ and time resolution, core predictions. ,
o) \\\data, ground truth. R
N o S ) | ARy b 2 ToEigrmoilascacccsssscsnaves -
O  Abiotic
= R
© drivers
D 7 o Pests, TBiodiversity
= disease P .
c .\ /4 b, Non-native,
N %, invasive species
~‘\‘ New technologies
) Sensors, TLS,
Low 87" Meta-barcoding, ...

Integration in space and time
Low (segregation) High (integration)

Ferretti et al. Annals of Forest Science (2024) 81:6
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Outline

* What is the first step that
should be taken to build
synergies with other
monitoring initiatives?
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Three main steps

(i) Revising, further developing, and updating the

suggested monitoring concept also beyond the NFls.

* by leveraging the existing and available internationally
co-ordinated monitoring networks.

(ii) Identifying and exploiting complementarities and

synergies

* between existing and available internationally co-
ordinated monitoring networks, filling gaps when
necessary.

(iii) Developing an institutional framework

« for a collaborative multi-level, multi-tier integrated
ground-based and remote sensing forest monitoring
system.

Forest Ecology and Management 561 (2024) 121875
Contents lists available at ScienceDirect

Forest Ecology and Management

journal homepage: www.elsevier.com/locate/foreco

ccccccccc

Resilient forests need joint forces for better inventorying and monitoring | %&&

Marco Ferretti >, Arthur Gessler ", Nathalie Cools ¢, Stefan Fleck ¢, Rossella Guerrieri ©,
Tamara Jakovljevié‘, Manuel Nicolas ®, Tiina M. Nieminen h, Diana Pitar’, Nenad Poto¢i¢’,
Stephan Raspe’, Marcus Schaub *, Kai Schwarzel ¥ Volkmar Timmermann ',

Monika Vejpustkova ™, Lars Vesterdal ", Petteri Vanninen °, Peter Waldner *,

Lothar Zimmermann’, Tanja GM Sanders “

Correspondence

Europe mustjoin
forces to monitor its
forests

Marco Ferretti
| Nature | Vol 626 | 29 February 2024
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Two important quotes: monitoring is simply essential

.monitoring is a crucial part of environmental
science, costs very little relative to the value of
the resources it protects and the policy it
informs, and has added value in that basic
environmental monitoring data can be used for
multiple purposes.” (Lovett et al., 2007)

“Forest science relies on the long-term data that
scientists wring from forests over decades. Our

chances of overcoming climate change are small,

but they will diminish further if we forget the
basics monitoring of our home planet” (Nature,
608, 2022).

REVIEWS REVIEWS

Who needs environmental monitoring?

Gary M Lovett"*, Douglas A Burns’
Lindsey

Environmental monitoring is often cri

Here, we discuss the characteristics of effect

ed as being unscientific, too expensive,
‘monitoring studies o suffer from these problems, there are also many highly succes|
programs that have provided important scientific advances
ve monitoring programs, and contend
considered a fundamental component of environmental science and policy. We w
‘monitoring programs to plan in advance to ensure high data quality, accessibility, 4
we urge government agencies and other funding institutions to make greater com:
amount and long-term stability of funding for environmental monitoring programs.

Y «’, Charles T Driscoll’, JmnlﬁarC]mklm‘ Myzon ] Mitchell’,
Rustad®, James B Shanley’, Gene E Likens', and Ri

and crucial information|

Front Ecol Eaviron 2007; 5(5): 253-260

W» use monitoring data routinely in our daily lives;
we monitor the stock market, the weather, our
blood pressure, and basehall statistics. But, does monitor
ing have a place in environmental science
icisms of environmental monitoring are (1) that it is not
really scienc
funds from

wre,

Common erit-

but merely a fishing expedition that diverts
eal” science, (2) that most monitoring data
are never used, and (3) that we can't possibly know today
what critical questions will need to be answered in the
future. Some people feel that monitoring has no place in
rigorous environmental science, and mindless monitoring
gives the discipline a bad reputation. Who needs it?

In & nutshell:

« Enviranmental monitaring is often criticized as being unsci.
i S

 We argue that monitoring is a crucial part of environmental

science, costs very little relative to the value of the resources

it protects and the policy it informs, and has added value in

that basic environmental monitoring data can be used for
multiple purposes
* Effective. monitoring programs address clear questions, use
consistent and accepted methods to produce high-quality
data, include provisions for management and accessibility of
samples and data, and integrare monitoring into research pro-
grams that foster continual examination and use of the data

Ol (s M Gt G i » sopor
for valuable monitoring programs, and funders of b

ol and environmentl fescich should recomn

monitoring i a fundamental part of environmental science

that

Insttute of Ecosy

n Studies, Millrook, NY “(loveug@ecostd-
S Geological Survey, Troy, }

NY; *University of Vermont, Burlington, VT; *College of

Ensiunmenal Sceceand Frs, S Unirsiy of New Yk
yracuse, NY; “US Deparemen griculture

Cumberland, ME; “US Geolog

Syracuse University,

of A
Survey, M

In thi

environmental monitoring and

we evaluate thy

paper

ssful and unsuc
define | monitor,

of su

Theinternational journal of science /18 August 2022

nature

We mustgetagrip
onforest science —
beforeit’stoolate

surements of physical, chemic
ables, designed to answer ques
change. These

Treesare one of our biggest carbon
hopes. Supporting the scientists who

multiple locations. The mea
on the time scale of the ecolog]
in this paper we focus on datas
discussion is particularly rele
constraints on current mon|

ly

umanity's understanding of how forests are
responding to climate change is disconcert
ingly fragile. Researchers don't fully under-

Ecologcal Obse

Hydrologic

at
A i s -
sary to take into account winter winds (which facilitate

Modelsareoften based onasmall number of functional
tree types' — for example, evergreen broadleaf” or ever.

behaviour of the planet's more than 60,000 known tree
bi

itcomes toa tree’s response to climate change
wid Bauman at the Environmental Change Insti
tute at the University of Oxford, UK, and his co-workers

stand how climate change interacts with a \ge
debate regarding the opportun multitude of forest processes. Complex,
associared with the establishr A4 i
mental observatories in the US GlobalC Uni
vatory Net] Forest of Michi e P
<. an F life-supportsystem, | science that.
cale o sis and we should be more serious about taking their pulse. ;
sale Eng (‘;R;':‘;g(:‘)““ N Six papers n his weekcs Nature provide mportant Ifs::?‘g'r';‘he insouthern boreatoret rces (s pages40)
the challengestofullyunderstanding forests'potentialin | data that
W Is monitoring science? T ienti er for tempera
sci wringfrom assume th: prolonging the
Good science involves more How-
experiments to test a speci fi ever,
(1998) suggests that ecosystem| decades.”

ported by the four legs of theo
site comparisons, and long-tq
tems require long-term study b
and sustained monitoring of

principal record of change. L
abo provide contes oo S
observations. Fo
cxperiment s conducted to
availability on plant produc
observed. If long-term measi

ple, su

year on record, the monitorir

e
climate and, in turn, inform broader Earth-system and

Different DGVMs make different predictions about how

dioxide

forests. There are many influences — including temper
ature, moisture, fire and nutrients — that are generally
studiedinisolation. Yet they interact with each other.
For example, notall DGVMs account for the dampening
effect that a lack of soil phosphorus can have on carbon

Environmental Protection Agency, Washington, DC information for interpreting o,
Parts of. d research
© The Ecological Socery of America has shown thatintroducing phosph

DGVMs can cut the carbon-fertilization effect'. Hellen
Fernanda Viana Cunhaat the National Institute for Amazo
Brazil,

Lovett et al., Front Ecol Environ, 2007

apowerful experimental demonstration of how the soil's

poor
old-growth Amazonian forest (see page 558).

astemperatures riseare alsomissing key drivers”, accord:
ing to Roman Dial at Alaska Pacific University in Anchor-
ageand his colleagues. They report that a white-spruce

2022 Springer Nature

vation Biology Institute in Front Royal, Virgis

To obtain comprehensive data for the models, contin-
uous, long-term observations need to be made, and that
ding. Achieving

. butthe value of

Forzieriat the University of Florenceinltaly. The authors
used 20 years of satellite data to show that nearly one-
q

ifwe forget the basics of monitoring our home planet.

Nature | Vol 608 | 18 August 2022 | 449

imited. Al ighs reserved.

Nature, 608, 2022
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FORECOMON and TFM 2024 Uvod » FORECOMON and TFM 2024

FORECOMON Conference and Task Force Meeting of the ICP Forests 2024

FORECOMON 2024 - The 11th Forest Ecosystem Monitoring Conference

Monitoring for future forests
Prague, Czech Republic
10-12 June 2024
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