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The Internationaloperative Programme on AssessmentFafidwing is a summary of the presented results from regulal
Monitoring of Air Pollution Effects onlEBrésteftsone  evaluations in ICP Forests (Part B).

of the mosbmprehensjregrams within the Working Gro
on Effects (WGE) undeN\fB€Eonvention on Lagge
Tansboundary Air Pollufén Qonventjoio provide a
regulaoveraw of therpgragi s  a cthelCR iFdrdsts

%Rmospheric deposition is an important pathway for atmospheri
pollutants reaching remoées,asach as forest ecosystems.

Pollutants are produced by industry, traffic, agriculture, and othe
*human activities, and they are emitted into the atmosphere. The

Programme—@dmatmg .Ce (REG) 'arl3publ|skm§riC.P can be transported towards other areas, where they are deposit
Forests Technical Repatsummanrsresearch highlights . L : L
mainly through wet depngiff compounds dissolved in rain,

and prowdea.appolrtunlty for all parhmpqtmg Counmes%ﬁéw, sleet, or similar, and dry deposition of particulate matter
report on their national ICP Forests activities. The P also

invites all ICP Forests Expert(PBlerking Groups, an nd gases, for example, through gravity or adsorptlon on the
Committees to publish a comprehensive chapter on thecher?lt Scano'm]h.e amount of pollutants deposited Can. be
recent results fregutar data evaluations. modgﬂed, WS/tuneasurg m.ejnte aceded becausg of'the!r

relatively high local variability, related to the distribution of
This 222 Technical Report presesufidrom32 ofthe 42  pollutant sources and local topography.

countries participating in ICP Rasfs presenis

including

acowriseoverview by the EP Chairs of the most relevant key _ _ _ -
findingsn the scientific literainréhe forestlevant, As in previous years, high values of nitrate deposition were
priority themes for the WGE strategic planning@iMly found in central Europe (Germany, Denmark, and Austri
deposition, ozone, heavy metals, air pollution/cr{m&féfor ammonium they were also found in Belgium, northern
change interactions; Italy, Slovenand Switzerlandil&\imost of central Europe
alistof70scientifipublications for which ICP Forests d&EE1VeS @ moderate amount of sulphate tiggosaiaes

and/or the ICBdSts infrastructure werg used are mainly found close to the largest point sources. In the

. - h f E Iph ition is also infl
alist ofall21official requests for ICP Forests data bet@%l%% Iecrgn?cagcct)ivi t;:r?g,biutﬂea;;ggs;z;gogf I;;Z?al: uence(

JanuagndDecembafPl; dust.
a review of the"9CP Forests Scientific Conference
FORECOWZD21 Calcium, potassium, and magnesium deposition can buffer th
acidifying effect of atmospheric deposition. High values of
Part Bocusemn from within the programmecalcium deposition are reported in southern Europe, mainly

This yed#ine Technical Report inchalé&slowinghapters related to the deposition of Saharan dwesisterd Burope.

Amosphertaroughfaleposition Buropedorestin — p,,1ing 2020, most of Europe experienced a prolonged lockdow
2(Q due to the CO¥®pandemic. Fortunately, the deposition
Treecrown condition 2120 monitoring operations of ICP Forests partners were only
History and progress of the ICP Forests ringtest progranginm&lly affected. Howéveseems likely thtte

and the Working Group QA/QC in Laboratories environemtal effect of the limitation of traffic and industrial
activities caused a decrease in the emission of sulphur anc
nitrogen oxides, which in turn led to a significant reduction in
nitrate and (to a lesser extent) in sulphate deposition.

Part @icludes fromithe
participating countries.

complementingart Bis
availablenline

Forcontact informatioaligfuthors apersons responsible Tree crown dition and occurrence of biotic and abiotic
this programmeease refer to fheexat the end of this damage are important indicators ofciodésinUnlike
documerfEor more information on the ICP Fomprograssessments of tree damage, which can in some instances tra

we kindly invite youisit the ICP Forests website tree damage to a single cause, defoliation is an unspecific
parameter of tree vitalitych can be affected by a number of

http://icdorests.net/pagefm@stéechnicakport http://icdorests.net


http://icp-forests.net/page/icp-forests-technical-report
http://icp-forests.net/

anthropogenic and natural factors. Combining the assegsnant ajents were the second major causal agent group
damage symptoms and their causes with observatiespons$ible 161246 of all damage symptoms. Within this agent
defoliation allows for a better insight into the condition oftmamimoshalf of the symptoats2e) were attributed to

drought, while snow and ice t@i8edvin€.Q%6, and frost

47% of the sytoms.

calrried

out in 221, as well as letlegm trends for the itne@species
and species groups. An importanand mostly little considefeedor in lorigrm
environmental monitoring is consistently good data quality in the

. . laboratory. After all, only actual changes or small trends in nature
onl@ 451trees oB565plots in 2Zountrie®ut of those y y g

. . . should be detectadt fluctuations in thaliuof laborator
101663trees were assessed in the field for dEfO“atlond';fgL?his was taken into account at a vgu early sta gin the ICP
overall mean defoliation for all spe2@S/mias2?l, there ' fy early stag

. ; _Forests Level | and Level Il surveys.
was no ahge fobroadleavesd a very slight increase in

defoliation faoniferin comparison witR@Broadleaved In the early 193fore the Eurepede soil and foliage surveys

trees showed a higher mean defoliation than coniferogs tre¥sl | started, the Expert Panels Soilecidéibl@arry

(23.3% vs.£2). Among the main tree species and tree speicia@goratory comparison tests (ringtests) prior to and in parallel
groups, decidutemsperate oaksl evergreen ahikslayed with their surveys. 2007, the Working Group QA/QC in

the highest mean defoliati@o(2nd &Po, respectively). Laboratories was establigtiedhe aim to-calinate the

Common beech had the lowest mean defoliation (RW9%eXIge exchange between the differentairfotizss

followed by ediduous (subMediterranean oawd soil, and water (deposition and soil solution) in which nearly 100
Mediterranean lowland piitles22.0% eabtediterranean laboratories participate:

lowland pines had the highest percéBtayef(frees with

925% defoliation, whi | e ldeeV'@ikidoucooupsQA/PDeimmedraiartee o ak s had
lowest50.06).

The tmasnationatown conditisurvey in 20was conducted

In 202, damage cause assessments were carrigd@@ut on 10
trees on4bPlots and in 26 countrie$ ees @L4A0)

at least one symptom of damageumdiswhich 0s8
percentage points less tha20i@2@3%0).

Insects were the predominant cause of damage and responsible
for 24% of all recorded damage symptoms. Within the group of
insects,141% of damage symptoms were caused by defoliators.
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FOREWORD

FOREWORD

| am pleased to introduce tBer@€inical Report of the  Council is implementing the action plzih @0ke overall
International -Gperative Programme on Assessment arsdrategy for adaptation to €lahange in Switzerland.
Monitoring of Air Polliffects on Forests (ICP Forests).

Forest Monitoring data becomes more important and valuable
In 2021, Switzerland hosted"thas&7orce Meeting of the with every year. The temporal development of forest conditions
ICP Forests and th8c&ntific Conference in Birmensdorfand growth reveal their interlinkages with deposition, climate
This was the second Task Force meeting in Switzerlandaadtesite conditions. After decades nhgyevitthave now
the one 31 years ago in 19@8riaken. Switzerland is still a precious treasure of robust data.
an active member to the Air Convention and the ICP Forests.

I would like to thank the ICP Forests community for their efforts
The Swiss forest covers nearly 1/3 of the country. Preveantohgvish the programme all the best and success for the future.
natural hazards is the most important function for 50% of the
forests. Swiss forests are maragled @dhcept of close
to-nature silviculture since decades. However, also na
forests receive deposition of air pollutants, leading to st
changes in forests.

Forest monitoring provides us with information on the st
and trends of the forestliton. Together with data on é -
deposition and on changes in the climate, we gain insigt ”n;:
dosegesponse relations and we can determine tt

sustainability boundaries of forests. This is essential fo :
national and international air pollution aljzdéoyeand
for regulatory measures aiming at reducing negative im

on forest ecosystems. Whereas the sulfur emissions
successful reduced in the last decades, the high nitr?ﬂeln-’aul Steffen

emissions are still a matter of concern. Deputy Director General, Federal Officerfeiraghenent
OEN

The climate change i©i@nobhallenge affecting the Swiss
forests. Measures to strengthen forests against climate change
are already addressed in the Swiss forest law. Now the Federal

FORECOMON 2021 Excursion to the Sv




DEAR READER,

dd0Mm3d04

Itis my great pleasure and honor to introduce the ICPpadtiegiating Countries, the RragCaordinating Center,
Technical Report G For e st Gro@ps, rPdnelsd i Committdes of theulCPo fprests fofT th
Assessment y. enduring support, passidrcommitment.

The report includes three main parts with highlights reftedh#ve plans for the future. We want to further expand our
our monitoring agtiyPart A: publications, data requests n@hitoring in termpaffolio of attributes to be measured and
Scientific Conference, and condensed overview about theaswa@ment methods, and in terms of geographical scope. W
findings in relation to air pollution and forests that appearedaleo planning to make our annual Technical Report more
selected scientific papers iR2@P2) recent results andcomplete, and in future there will be an augmented contribution
development (PartaBnospheric deposition, tree cronom our Expert Panels.

condition, and fiegts among laboratories), and the traditignal . . . . .
. of the time being, however, | wish you an informative and
reports from countries (Part C).

stimulating, still enjoyable, reading.
All the parts of this report help very much to understand the

wealth of activity carried out within the ICP &bpssts (i)
European scale, (i) in thieetomgand (iii) with a concept th:
connesta largscale survey for status and change dete
(our Level 1) to highly equipped sites feresjproress
relationships (our Level Il). Thanks to its inclisainel nat
multimedia and multilevel concept, a program that was|
conceived to monitor the effects of air pollution on fi{"
proves now to be useful also to monitor the effects re
climate change. In this respect, it is rewarding th
maitoring concepts, methadd governance are no
considered exemplary by many.

It is always important to consider that ICP Forests is pe
UN ECE Air Convention, the oldesttiomatiand multi
lateral environmental agreementviorltheandhat the
values of our data series grow every year as data series W@rsngerretti

3 see the amount of data requests and the increasing Gbantsean of the ICP Forests

(and quality!) of publicatising our data. Here, my gratitu&aviss Federal Research Institute WSL
goes to the Air Convention bodies, the Leaall Goaintry,

2022 TECHNICAL REPORT
OF ICP FORESTS



The UNE@®nvention on Lamge Transboundary A ecosystenwver thepast35 yeardUnder recent climatic
Pollution was the first international treaty tohanges, iteigen morelevartharever.
limit, reduce and prevent air palhdimprovide information
onits effects on a wide range of ecosystems, human heal

E}]ﬁg}/early publishé@ Forests Technical Report series
u
and materialSince its establishnert979ijt ha been

M3 thep r o g anauatdsslts ankdasbecome a
) , valuable source of informatiBuropean forest ecosystem
extended by eight protocols, advancing the ammen{:hoangesithtimeThis 2@Technical Report of ICP Forests, its

emission of s_ulphu,r r‘ﬂf_i))gen oxides QN@OUH@V?' online supplenayt materjahnd other information on the
ozone @) volatile organic compounds (VOC), persistent IC?rrgamc

pollutants (POP), heavy charticulate maieN| gramme can be downloaded ffGimrthe
including black carboe

issone of seven subsidiary groups (six ICPs and a joint

Task Force with WHO) that report to the Warkifdf&risup The lead country Germany has appointed a new

(WGE) under the Air Convinitoed by Germany; its . . S
Programme-@dinating Centre is based at the Thiinen Institut@epresentatlve after the retirement of SigridiStrich.
of Forest Ecosystems in Eberghitgdts Chairperson is based been warmly welcomed to the Programme
at the Swiss Federal Research Institute WSL '
from theAustrian Research Centre for
Forests BFW in Vieassaken overpbsition as Chair

of thé~orest Foliar@dination Centre (FFCC) from Alfred

ICP Fore#t an extensive kargn forest monitoring network
coveringurope and beydimhs established in ¥88bthe

aim to collecompileand evaluatata on forest ecosystems
across the UNECE ragtmmonitdorestcondition and

performance ovee Laboratories.

ICP Foregtmovidescientific knowledge on the effects of Lir
pollution, climate charayel other stressors on forest

) " ) . The data itlat the Programmer@dmating Centre (PCC)
ecosystenttanonitors forest condition at two intensity levels:

of ICP Forests is constantly improving the data
The monitoring is baseBb@dobservation plts management, data availability and usability, and
at 2@1) on a systematic tratisnal grid of XtB6km information flow within the programme and to the scientific
throughout Europe and beyond to gain insight into t§@mmunity and the public. The following developments
geographic and temporal variations in forest condition  the data unit weeeently accomplished:

The intensive monitoring compéisplotyas at and know

2®Q Table-1)in seleet! forest ecosystems with the aim before |l ast yeards submi

to clarify causfiectelatioshipdetween environmental successfully.

drivers and forest ecosystem responses All data available in the database is newetgsted
night according to thatest The

Quality assuranceqaatity control procedures are coordinated
by committees within the progeamdrifes
ensures a standard approach for data collection in forest

resultswhich provide an overview of any problems
detectedye providetbngvith the data.

monitoring among the 42 participating ¢otinkrigs: Finally; . i . o
isavailable upon reuast providing ywhich considerably facilitates the submission

of longer time series and improvesithy ofthe

anoverview of the deteludingeneral plot descmgtiand S
monitoring data.

information on data availability per plot @masr Gmndirectly
downloaded frthra ICP Forests website

Transnational letegm forest monitoring under ICP Forests
been a pioneering initiative thatolvago be successful
detectingunderstanding, and modeliampes iforest

ha%erious effects of @he on the data
collection, evaluation, and reporting of the forest

https://unece.org/environpodiny/air http://icdorests.org/open_data/
http://icdorests.net/pagefm@stenanual http://icdorests.net/pagefm@stéechnicakport
http://icdorests.net/page/datpuests

from the Federal Ministry of Food and Agriculture has

FurstAlfred will stay with us as Chair of the WG QA/QC in

S S


https://unece.org/environment-policy/air
http://icp-forests.net/page/icp-forests-manual
http://icp-forests.net/page/data-requests
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http://icp-forests.net/page/icp-forests-technical-report

monitoring under ICP Forests were reporteafénom only At the (812 March 202433

countriesre thank all programnrécigants for their registered participantsdainline from92European
continuous effort and support in these difficult times.  countriesnddiscussedirrent issues and developments in
Thenew ICP Forests Brie§ Nitded nine Expert Panels and Working Groups.

reported thahe The Wastorgaed by

proportion of fully foliated trees has declined over the paisé Swiss Federal Research Institute WSasaad held

30 yem, while mean defoliation has increased, particulamybrid meetjrfie-11 June 2@ wih58participants from
since2010. Insects and drought are the most frequently7 countries.

reported causes for tree damage.

The on
The results from the Working Group on Quality Assurapegest monitoring to assess forest functioning under air
and Quality Control ofi‘thee pollution and climate chaogelace as a hybrid meeting
with # laboratories frof 2 at th Swiss Federal Research Instifi@ JVSd 2021,
countrigghe with 23 oral and 61 ppst=entations with authors and
with 3labs from 23 countaesd the coeauthors from 36 countries

with 32 labs from 21 couneies The
published. These teman be downloaded from the ICP

Forests website met in
> Berling310November 20 to discuss currengéssand
A report 6 thel CP Formats.d further

was) published
2021by Tine Bommarez, Ida@aoland Bruno De Vos _ o _
from the Research Institute for Nature and Forest (IN&®)¥ah to thank the Federal Ministry of Food and Agriculture

ICP Forests Sothrdmating Centre (FSCC) in BelgiudtBMEL) and all participating countries for the continued
can be downloaded from the ICP Forests website implementation and financial support of the ICP Forests. We als

thank the Wed Nations Economic Commission for Europe
(UNECE) andTthénen Institute for the partial funding of the
|8]§ Forests Programrogdi@ating Centend the Swiss
Federal Research Institute WSL for supporting the Chairman

using data that had either originated from
ICP Forests database or from ICP Foeastsns dtigh
at JIthereby provihgrelevance amkof the
ICP Foresista and infrastructurarinusesearch areas Our sincere gratitude gdesetoWaldner (NFC Switzerland)
such amosphedepositiosp. of nitrogen and sulfurfind hisolleagues from3iess Federal Research Institute WSL

ozoneoncentratigriseavy metatimate effectsee and Sabine Augustin (Ministry Switzerland) and the Federal Offi
conditiorand damage caufmest biodiversity and for the Environment (HOfprganizatiamd suppata

deadwood, nutrient cycling, tree physiology, pheongg@hybrid37" Task Forddeeting of ICP Forasts
forest sojland soil carbon FORECOMON 26821 Jine 20.

For more than 35 years the success of ICP Forests depends on
continuous support from 42 participating countries and the
The expertise of many dedicated indiwWeualzuld like to hereby
under the UNECE Air Conventiofinett4 March ~ €Xpres again our sincere gratitude to everyone involved in the
221 and13216 SeptemberZ( to discuss the progresdCP Forests and especially to the participating countries for the
in activities and further development edriffeets ~©Ngoing commitment arupemtion in forest ecosystem
activitie®.gwith regard tbe 2022021 workplan for monitoring across the UNECE region.

the implementation of the Convémiarpdate of the For a complete list of all couhgiesre participating in ICP
WGIEMEP scientifitategyand the review of the Forests with their responsible Ministries and National Focal

Gothenburg protocol Cents(NFC), please refer toithe
http://icdorests.net/pagefmestbriefs http://icdorests.net/pagefm@stotheipublications
http://ipforests.net/page/worgingmpnquality http://icdorests.net/page/publications

http://icdorests.net/pagefm@stotheipublications https://unece.org/environpodiny/ia
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Table 4L: Overview of the number of Level Il plots per survey and ¢or@2fodavh were submitted to the ICPdtabests (27 Jun2022

Air quality Crown  Deposition Foliage Ground Ground Growth Leaf Litterfall Meteorology Ozone  Phenology Soil Soil
condition vegetation vegetation and area injury solution
biomass yield index

Austria 15 16
Belgium 5 13 9 5 5 5 9 5 9
Bulgaria 4 4 4 3
Croatia 1 7 4 7 4 2 5 3
Cyprus 1 4 2 2 4 2
Czechia 15 7 15 7 11 7
Denmark 4 4 3 4 4 3 4
Estonia 6 6 1 1 5
Finland 6 7 6 8 8
France 27 13 14
Germany 38 46 78 41 33 13 40 22 49 69 17 60 58
Greece 4 3 4 4 4 3 3
Hungary 7 9 7 7 8 6
Italy 6 28 7 8 7 6 3
Latvia 1 3 3 3 3
Lithuania 3 9 3 9 3
Norway 3 3 1 3
Poland 12 133 12 12
Romania 5 12 3 4 3 5
Serbia 5 5 3 5 4 5 5 5 5 1 3
Slovakia 3 9 7 6 4 4
Slovenia 10 4 5
Spain 14 14 14 14 14 14 14 14 14 5
Sweden 50
Switzerland 7 17 14 18 8 9

NOILONAOYLNI
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PART A
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FOREST CONDITION AND
ENVIRONMENTAL DRIVERS IN EUROPE -
RECENT EVIDENCE FROM SELECTED STUDIES

Marco Ferretti, Lars Vesterdal, Roberto Canullo, Nathalie Cools, Bruno De Vos, Stefan Fleck, Elena Gottardini,
Hambergd,om Levani ¢, Al do Mar cNeeitatdo,PoTtioicnmac , M.P alNsiie niRaruar

VolkmaFimmermann, Liisa Ukonmaanaho, Arne YPeestraeten, Wa | d n e r , Dani el S/ indr
Introduction Recent evidence from selected
Marco Ferrettars Vesterdal StUdieS

ICP Forests raporof activities to stakeholders (e.g. Air
Convention bodies, Participating countries) is largely badddrgnsphere
data and results produced by the Programme but should be also

viewed in the perspective ofcitivgific sources. 1.1Atmospheric deposition
] Arne Verstraet en,, AldoéMarehetto Wa | d n e
Here we present a briefewegrepared by all the ICP Forests

Expert Panels (EPs) and reviewed by the Scientific Cqreauiieevork focused on shifts in N and sulfur (S) deposition, the
EPs were asked to provide an overiewwdence and keyrefining of methods for deposition monitoring and critical loads
findings in their subject areas over the past year and as fgpgéngttive lichens in relation to climate change.
within the Working meuEffec'Fs (_W.GE) strategic pla_n_nmgrchm et al. (2021) conducted a study aiming to further
under the UNECE Air Convention: nitrogen (N) deposition, ozon% .
heavy metals, air pollution/climate change interactions. Improve both measurements andasedeistimates of S and

N deposition in Europe. Measured N and S depositions from EMEP
EPs based their input on approximately five arbitrarily s@l@¢®® Forests, two largely independent networks covering most
recent papers that did not adyessiginate from the ICPof Europe, we@mpared to depositions calculated with the
Forests network. As agreed at the Progoadinatingo EMEP MBCmodel. A generally good agreement (bias <25%)
Group Meeting in 2021, scientific publications were selgatedoifind for S and nitrate deposition in the open field. For
(1) peereviewed; (2) from the reporting year or the year lagfeienium, however, differences were larger at some sites due
if not yet included; (4) coverimgrgnigsues; and (5) relevant local ammonia sources,oabidmot be accounted for by
to the UNECE Air Convention. A further requirement thahstodiesnt model.

should include data from more than one country, was not always . L
y haﬁmgxegl al. (2021) evaluateéerforananges in precipitation

considered, as many valuable studies were carried out a ng . A, .
. . acidity and the composition of acidifying compounds using data

level. In the future, the swieptiocedure will be further , )
refined from three different networks across North America, Europe, and

' East Asia.eJHound a general tendency towards increasing pH
In the following, we summarize the main evidence accdrdiNgrith America and Europe owing to the reduction of SO
three main ecosystem compartments: atmosphere erfiggkins. With regard to N, deposition evolved fcom nitrate
vegetation, and forest soil. Given the interrelationships @anehthréudominated.

continuous flux of energy and metvss the three
g9y Lsé%ﬁrm trends of total (dry + wet) inorganic N deposition i
N

compartments, some overlap will of course exist aman
P P |seh forests were evaluated by Karlsson et al. (2021),

different chapters. Connection and mterrelatlonshlp?1 are
. . L ) . showing somewhat larger decreases than expected from the
particularly important in view of the interactions betweén the® ~ o . .
- S ) . gcrease in the reported emissions in Europe. They emphasized
abiotic and biotic environment, and specificallipmir pollt . ) e
. . the need to include estimates of dry deposition in the assessment
deposition, climate change and extreme events.

of N depdisin in forests.

Geiser et al. (2021) reassessed critical loads for epiphytic
macrolichens in US forests and studied the interaction between
effects of N deposition, relative humidity, temperature and
precipitation on lichen communities. Critical répads we
estimated to be 1.5 Rg@Hl deposition and 2.7 kg f@

deposition, which is extremely low, confirming the high
sensitivity to air pollution of this group of organisms.

2021 TECHNICAL REPORT
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Interestingly, the study suggested that a reduction?ifgNegt vegetation
depositions abuhitigate the expected negative effects of

climate change on forest lichen communities. 2.1Forest growth
TanjaSandersTom Levani ¢

1.2Tropospherizane

Diana Pitar, Elena Gottardini After the drought years of 2018 and 2019, insights into tree

responses emerged. Changes in tree growth in response t

There is a general agreement about the need to-adopY@ifiug environmental factors have therefore beco
based risk assessment for the protection dbEastspean increasingly important. Several studies investigated the re
tropospheric ozong @study on the stomatal ozone flugédeeh fagus sylvaticato drought and reported increase
carried out at lelevation forest sites in Western Germanyldégéine and mortality. It was found that basal area increm
the period 129819 pointed out the importance to accourd@d8 was significantly lower than the average annual incr
both @ and droughtduced effects on forest pgysiid  in previous years (Rohner et al. 2021).

health: During growing seasons with sufficient water sdpl¥non et al. (2022) usedeatime dendrometer data to
and often loweyl&@elss forests are at highaisk than gy that there appeared to be no impact on growth duri
during hot and dry periods (Eghdami et al. 2022). drought period, only on stem hydration; thus, the questi

As for the impact gfrOvegetation, the integrated effect Whether we can capture the current processes.

clilmateand' @fl'uxes on intemnual tree ring increments Qhatailed analyses of the effects of ozoné (dakoeliev a |
Picea abjefinus sylvestrBetula penduland Betula o the composition of ectomycorrhizal fungi (Anth@y et al.

PU[?E’SCE’”‘E‘S studied in 'the reiern part Of Lithuaniag,rther increase the complexity of factors affecting gro
during the 208818 period. Surfagéu®es stimulated highlighting the need for multifactor studies.

shrinking and inhibiteel $welling of the tree stem, which

resulted in a reduction of tree ring width in all tree species

(Augustaitis 2021). Applying the ICP Forests protogdl foFst health: _ o
assessment of leafnjory, Sicard et al. (2021) found\gna€ o t, vakmar TimmermanT om Levani c

significant correlation between thetgmpecof symptomatic

. . . . . T % grcalvth and defoliation are widely used as indicators of tre
plant species within the light exposed sampling site (LE\/ﬁaIﬁg{%nd forest health, despite beipgaifimin terms of
talian :

POD1, based on observations carried out at nine Level . . . -
causes. Approaches to investigate defoliation as an indicator c

forest monitoring sites oves2MF. The results confirm thforest health (mean values, defoliation classesatiegsg@nded

suitability of this pleegponse indarafor the assessment o .
. . . . e}r?[ related to different research approaches and research goa
phytotoxics(@vels in forests. In addition, a critical level of 11. o
. or simply to the fact that many climatic -elimdation
mmol APPOD1 was recommended for forest protection st o . .
- - .(Struciural, abiotic/biotic, etc.) factors influence defoliation as ar
Q injury. The appearance of visible symptoms on hybri

VEtarehi | indi f healthl i
leaves was preceded by microscosis that developed OVETaIE ing, general indicator of tree healthlitand vit

. Regarding tree growth as an indicator of tree/forest health,
weeks before and at half the phytoimsé(Turc et al. 2021). 9 g g
) : T : vanoHs measures of growth are commonly used

Notwithstanding the initial visible injury to foliage, the treate - . . :

lars had still not sh th or bi d tannual/perlodlcal basal area increment, radial increment, etc.
popiars had st not shown any growth or biomass reduGiidily, is dictated both by the diversity of available data and the
During the 2dentury, simulatioggest a decreasedfi®  researchsign and needs.
to air pollution control; this decrease, combined with the indirect
effects of rising atmosphera@@ntration, which reducegecent papers dealing with the association of tree defoliation an
stomatal uptake ¢dr@ increases water use efficiency, shqwth are building on the pool of knowledge accrued from the
lead to the decline ein@ucedeductions in northern €arly 1990s onwards and are now aiming at a fresh perspectiv:
hemispheric gross primary production (GPP) and carbdrPlpfgkance, Ferretti et al. (2021a) ossshtperiodical
However, in hot spot regions such as East Asia, th&€f§aipn (averaged over ten years) ayehtheufiiulated
simulations suggest a sustained decrease in GPP by @t¥ithi determine possible negative effects of defoliation on
8% throughout th&@mtury (Franz and Zaetilg T0us, it tree growth across 91 Level Il plots in France. They found tha
is important to continue the monitogiamgpoh® assessmentbasal area increment (BAI) is consisteivey ramgat

of effects considering the possible role of other envirostaBHtg@ntly related to mean defoliation, across functional group:
factors. and for most of the individual tree species considered, at a rats

of 0.9% per unit increase of defoliation. The difference in BA
becomes significant at 15% (overalB38p6{iddividual

species) defoliation levels, thus providing evidence that the 25%
defoliation threshold adopted by international monitoring
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programs can be a reasonable approximation for tre¢uheddid to differences in their adaptive capacity to a changing
classification. climate.

Tallieu et al. (2020), on the other tmemt tcaiidentify Espinosa et al. (2020) observed an increasing trend in N, P, and K
defoliation and radial increment signals inFdmech @oncentrations in needles after prescribed burning treatment in a

sylvatida) in relation to climate, and opted to keep onlyi§Rd Stand@fius nigandPinus pinaserthe El Pozuelo

frequency inmnual signals. This led to the conclusionSifxt@s Well as in a pure s@mdenigaathe Beteta site in

several climatic drivers have an effect orl boolwtadiad  th€ Cuenca Mountains.

crown condition, where prg@auslimatic variables tend tginally, Prescott and Vesterdal (2021) reviewed recent key
control defoliation, while radial growth is more sensiti&/dpments and the current understanding of litter
curreryear climate. In terms of sensitivity of tree hgalihposition and transformation processes as well as pathways
indicators, radial growth presented a strong c@hmorfosigfyanic matter incorporation in forest soils. They highlighted
among trees, while the response of defoliation was more @jstiRétfollowing issues: (i) The labile component of litter is a

at the individual tree level, resulting in defoliation cagi¥fBble sourcesaif organic mat&OY . (ii) The 3} m
fewer pointer years than radial growth. decomposition |imitd represent

: o . Lo that has beeansformed into persistgmbdycts rather than
Regarding the applicability of defoliation as an |nd|catortﬁ)é t:Sﬁ%unt that has not been decomposed. (iii) Decompaosition

vitality, Fette .et.al. (2021b) found that.the r?Iat'OnSQWd_ soil incorporation of organic matter can follow several
between defoliation and growth changes in relation to ﬂﬂ%tﬂwgys, depending on the site conditions (climate, parent

scale considered, becoming stronger when data are agrﬂg?gﬁgﬁdsoil chariattes), soil biota and vegetation
over longer time scales. This effect is likely due to the ' ' '

mechanisms behind thaatiefajrowth relationship and is
modified according to the factors causing damage. Nevertheféss! tree phenology
in the view of the significant negative relation of radial gré\fitor/eck

defoliation the study supports the use of defoliation as?hg}gidls consensus that human influence has warmed the

indicator of forest tieahd vitality.
nct viraity atmosphere, ocean and land, and each of the last four decades

Regardless of the research approaches used, or the hag ket successively warmer than any decade that preceded it
these studies, the number of recent papers that discti8§8tn850 (IPCC 2021). These climate changes substantially
relation of growth and defoliation, coupled with some GMERSitge Phenology of forest trees. In the years 2020 and 2021,
research projects on similar topics, underlimtattoe iafipo significant advances were achieved in phenological modelling of
longterm monitoring of crown condition and growth as m&AARy foliage status. Nolte et al. (2020) improved the
health indicators, as well as the need for continuous sBBEfW@gibﬂmeOde'S for budburst and leaf senescence of oak

parEuropean, harmonized forest monitoring data in the {24 &G model using extensive datasets from Germany and
come. France. While budburst was modelled based on a regression of its

anomaly to mean spring temperature, the anomaly of leaf
senescence was modslladegression to mean temperature

2.3Forest nutrition of October.

Pasi Rautio, Liisa Ukoaimaa

o ) Garat&scamilla et al. (2020) developed a new leaf senescence
The hlghllgt_ed studies  from _the _laSt year chgser%o(?& for beech based on mean temperature in September,
ch_aracterlzatlon of @aatlable soil nutrients and Var'at'ond?:tober, and November in the population area of the beech
foliar N_ and phosph_orus (P)_contents as affected Wovéﬁtance and of the sempertdure variable at the actual
production and prescribed burning. location of the beech stand. In their linear mixed model, they
Bel et al. (2020) found that fp88%@nd 90% of the soifound that early dates of budburst are correlated with early dates
samples (respectively for calcium, magnesium and potassil@af{lognescence when populations originate from warmer
the planavailable pools measured by isotopic dilution regiens in Europe, while the atoonbafi early budburst with
greater than the conventional exchangeable pool of thiatsal@af senescence is typical for colder origins e.g. in the
nutrients. northern countries in Europe.

Nussbaumetr al. (202t¢portethat leaf N and P contentsrhe climatic adaptation of trees also plays a role in budburst
decreased with increasing fruit prodéagos sy/vasiod  models: Liang and Wang (2021) showed that a basic degree day
Quercipecies, as did leaf carbon (C) oBagestsy/vatica pydburshodel, applied to data of 14 tree species in the USA
Overall, their findings suggest different resource dyRafies) Phenology Network, is improved when climatic
strategies Fagus sylvatindQuercuspecies, which might inggaptation is considered in an empirical way in the model. The
multivariate linear model of Marchand et al. (2020) models the
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https://www.sciencedirect.com/topics/earth-and-planetary-sciences/soil-organic-matter

interindividual varility of budburst of oak, beech, and silzeross the soil layers, especially among bacteria. Changes |
birch based on previ ous ynEcaobia communites sesemafed Witk de€reasing nrgasic e n
size and could explain 66% of the budburst variability. Aammiel nitrogen, and clay content when soil depth increased
comparison for budburst models of birch, larch, spruceBash bacteria and fungi were also affected by tree species an
hazel was madedsg At al. (2020) based on eight years ofdatstrate. In deep soil layers, poorly known bacterial, archaes
from the French Alps, with the conclusion tHadseecessnd fungal taxa were found.
models are more robust under climate change conditions than

purely correlative models. 3 Forest soil

) . Bruno De Vos, Nathalie Cools, Tiina Nieminen
The influence of photoperiod on budburst of beech, oa{<, ash,

alder, birch, and horse chestnut was modelled by Meng ebakojid phase

(2021) based on 36 years of observations from the Pan Eéﬁ&@%necosystem research continues to support that t
Phenological Network in the Northern Alps. They Propgg&dy¥eracts in a complex way with climate change and
alternative model formulations to consider photoperiodegggygﬁem compartments, among others aod, rplants

et al. 1021) modelled fruit production of beech and oa&@iﬂqsmsl Anthony é&0@i2howed that fast tree growth
discovered an effect of current year canopy duration on g fi the associated with ectomycorrhizal fungi that are

weltknown effect of previous summer temperature. affiliated to inorganic and less to organic nitrogen acquis
When including climate change scenarios in fidnsegbrojec

2.4 Foresiodiversity and ground vegetation carbon and nitrogen cycles, Schlutow et al. (2021) expe

Leena Hamberg, Roberto Canullo German forest soils that the litter decomposition rates

increase.ottever, Kwon et al. (2021) suggested that t
Richardteal. (2021) investigated the temporal dynamipsojgicted increases in N deposition may have the capacity t
understory vegetation responses to climate change. Theydioymrdthe climati¥iven increases in litter decomposition,
time lag in the response of temperate forest undelspeiyding on the biome and decomposition stage of substrate
vegetation to warming climate: the velocity at which atmasphadalusia, forest health studies revealed the relevance o
air temperaturesraiag is twice as fast as the velocity at wiichidgemporal changes in environmental factors including soil
understory plant communities are responding. The lagrispéities clu as organic matter content, soil moisture and
response of herbaceous plant communities to climate wattingavailability (SarChesta et al. 2021).
increased linearly over time. Greater lags were observed in plots
with warmer baselémeperature conditions, and in denser aroil solution
older forests. No clear differences were found bditélecreasing trend in deposition since the 1990s seems t
coniferous and deciduous forests nor between inside anéPdig@igRveral changes in the nutrient balances in the forests. S
of the fenced forested sample plot area (effect of herl5iQbHé®). emistry continues to show decre&ihg S

However, forest disturbandeanthropogenic disturbancegncentrations but on the other hand an increasing trend in
had a negative effect on the lag. dissolved organic carbon (Bardule et al. 2021, Sawicka et. 202:

In Germany, Brumme et al. (2021) showed in seven beech stan
In a study by Kermavnar et al. (2021), local stand Charqﬁlﬁ”ﬁ%}& of the depdsititrogen is retained in the trees,

and soil properties were the main controlling factors f%rs;?é)é%”y in the stands on less acidic soils, and that 28% is
speme_s and trait Q|ver§|ty mahelrbcommumtu_es acr9SSetained in the soil with high N/P and C/P ratios. P limitation in
Sovenia whereas climatic parameters had a minor role. European forest soils is observed in more and more studies (C
Kaarlejarvi et al. (2021) investigated temporal turnoveebfith@021; He et aR1P0Oespecially in combination with
boreal forest understory in Finland in response to anthrggegenial drought (Asensio et al. 2021).

disturbance, especially forest management, along a soil fertility

gradiem They found that changes in vascular plant communitie .
in boreal forests were driven jointly by time since disturbrgzggglusmns

fertility. The greatest change was observed in the mo<{ #rfié erretiars Vesterdal

forest stands during the first decade after a major distLi.rHance ; . .
. . . ere’Was important evidence that emerges from the overview
sich as cleautting, but fertility was not a driver of communi

. an(tjythat shows in which scientific advancements ICP Forests de
change in the oldest forests. .
can play anportant role.
Frey et al. (2021) investigated the vertical distribution of the soil _ _ _
microbiome to a depth of 2 m in Swisexisosgttforests. (i) Air pollution continues to affect forest ecoSittems.
With increasing soil daptaf biomass and microbial diverdfiglay, several forest ecosystem compartments (from trees
in soils decreased. However, bacterial abundance incre@&d¢giyegetation, mosses and lichens, including their diversity

soil depth. Bacterial and fungal communities varied sigrfi@@ap@gition of soil and soil solution) arsespitrees
nutrition, tree growth, soil acidification, N and P cycling) are
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affected by air pollution, namely by N depositi@vebroutateraction between N deposition, ozone and drought that can
ozone, and heavy metals. While the acidity of precipitetsuft i very diversified effects. While a considerable body of
decreasing due to successful reduction of amthropmgeviedge exists in terms of experimental studies under
Semissions, N deposition is becoming more -ammoonirolled conditioemgdence from observational studies of
dominated, and effects of local aemittimg sources European forest ecosystems is still limited. Among others, this is
remain a challenge to modelling and mapping. The needafea of clear concern for the Air Convention, and where
continuous monitoring remains in order to documemroginess in scientific understanding and assessment remains
mitigate these effects on ém@Eststems. necessary.

(i) Air pollution changes, and its effects on foreStSRé"Perences
diversifiedncreased pH in precipitation in North America and

Europe, a shift from nitrate to ammonium domiﬂﬂfﬂgnyM Crowther TW, van der Lénadi(ZD22Forest

Ndeposition, and possible future reduction of troposphericgégrberomh i linked to mycorrhizal fungal composition and
wee reported. On the othetigde,deposition level remains ¢, nction  across EuropéSME J. (in press).

high in several European regions and has been found tqﬁﬁﬁg.‘ﬁdoi.org/10.1038/s4m39611597

tree growth, lead to imbalances in tree nutrition, promate.sQib D Zuccarini P Ogaya R, eSmh(20ad)climate
acidification, and affect the composition of undersiiy,qe and seasonal drought increase carbon and phosphorus
communitied plants, mosses, and lichens. Ozone has and in Mediterranean forestSaiiilBiol Biochem

reported as a potential threat to biodiversity, tree growth 88q og4omtips://doi.org/10.1016/].50ilbio.2021.108424

health, although effects are not always unidirectioral. ThesqWlly Randin CE. Bonhomme M ePaicEBetpd

level, muithedia monitoring concept of ICP Forests provegdfels outcompete correlative models in projecting spring
be essential ssess and model the condition of foreEgenologyoftrees in agfutarmer climatgr For Met 285

ecosystems, and to favor co_mparisons_ between mode 6"?@5793&11tps://doi.org/10.1016/j.agrformet.2020.107931
measurements. It should be reinforced with e.g. a remotg&suﬁggis A (202btraannual

component.

variation of stem
circumference of tree species prevailimyibordsd
forest on hourly scale in relation to meteorology, solar

iii) New insights to explain ecosystem redpoveles. L

(i) g .p y o radiation and surface ozone fitxegsphere 12:1017.

methods and approacbesigpmew opportunities to unravel .

) L . https://doi.org/10.3390/atmos12081017

the mechanisms, processes and organism interactions by wWhich _ _
. . . ardul e A, Bar dulTremnds &f,ScoBo | man i

ecosystems respond to air pollution and climate change. A ;

. . . ine forest health and element flow changes in the ICP
example is the study of ectomycorrhizal community compasition

at ICP Forests Level Il plots, whathdrean association orests .momtorlng sites in LaBadt For 27.
) httg?://dm.org/lO.46490/BF536
between high rates of tree growth and ectomycorrhjz . , . .
" . . Bel J, Legt ASairfndré kf alZ02Q0Conventional analysis
communities adapted to inorganic rather than organi : , .
L L L m[et ods underestimate theZplailable pools of calcium,
Nacquisition, a characteristic of forests with high N deposition. . . . o
o : o : ... magnesium and potassium in foreSicgmilific Reports
The role of the soil microbiome and its diversiyydod vitali .
. . . iJ[O'.’LS?O:BLttps://domrgllo.1038/3417274Jw
growth of forest trees under increasing stress from air pollution .
. . . . . . rymme R, Ahrends B, Block J, eCgt(@@24nd retention
and climate change is a promising topic for integration in ?nrqI ) )
of . hitrogen in European beéagug sylvatita)

term forest monitoring and research, as shown also by other e
studies ecosystems under elevated fructification frequency.

Biogeosciences 1837&3.https://doi.org/10.5194/bg

(iv) Climate chargekey driver and modifiair gfollution 1837632021

effects.Recent drought episodes coupled with higfchapg-C Yang-IL HuangHK et al (202Changes of
temperatures in different parts of Europe have been shdgcipitation acidity related to sulfur and nitrogen deposition
affect tree vitality, growth, nutrition and phenology at difféfef@rests across three continents in north hemisphere over
scales. Alongside, windstorms hit several regioopacross 8t wo decadesSci Total Environ 806:150552.
causing devastating windthrow damage. Both disturbance 1@ f&loi.org/10.1016/].scitotenv.2021.150552

(drought and windstorms) caused subsequent barkPHe&eDoorn M, de Vries W &p@a2ib)ly divergent
infestations. It is likely that extreme events related to cliff@éls of nitrogen versus phosphorus limaitedsm
change will increase in frequency, and this will cause addrigieRpean forestSci Total Environ 771:145391.
pressure on European forests. When considering the ehdg{floi.org/10.1016/).scitotenv.2021.145391

pressure caused by air pollution in different forms aR@N@RMI H, Werner W, Bueker P, et/Ass(apagnt of
projected increasing frequency of climatelatexshgeents, ~ 0Z0ne risk to Central Eurdqessts: Time series indicates
there is an urgent need to better understand their interad®ig§inial exceedance of ozone criticak iewires. Res

An eample mentioned by several authors is the obseffy111798itps://doi.org/10.1016/j.envres.2021.111798
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https://doi.org/10.1016/j.soilbio.2021.108424
https://doi.org/10.1016/j.agrformet.2020.107931
https://doi.org/10.3390/atmos12081017
https://doi.org/10.46490/BF536
https://doi.org/10.1038/s41598-020-72741-w
https://doi.org/10.5194/bg-18-3763-2021
https://doi.org/10.5194/bg-18-3763-2021
https://doi.org/10.1016/j.scitotenv.2021.150552
https://doi.org/10.1016/j.scitotenv.2021.145391
https://doi.org/10.1016/j.envres.2021.111798

Espinosa J, Madrigal J, Pando V, eTld €e2D)of lew Karlsson P E, Akselsson C, Hellsten S, eTveén({3021)
intensity prescribed burns in two seasons on litterfgdlars of nitrogen deposition to Norway spruce forests
biomass and nutrient corltgnd. Wildland Fire 29:1029 in  Sweden. Sci  Total Environ  809:152192.

1041https://doi.org/10.1071/WF19132 http://doi.org/10.1016/j.scitotenv.2021.152192

Ferretti M, Bacaro G, Brunialti @02tla)ree canopy Ker mavnar J, K u tDisentangling theMa r i 1
defoliation can reveal growth decline -iatitonde ecological determinants of species and functional trait
temperate forests. Ecol Indic 127:107749. diversity in heldyer plant communities in Earopea
https://doi.org/10.1016/j.ecolind.2021.107749 temperate forests. Forests 12:552.

Ferretti M, Ghosh S, GotEa(@b215tem radial growth is  https://doi.org/10.3390/f12050552
negatively related to tree defoliation and damage in coKifens, T, Shibata H, KRpjas S, et al (28&&kts of climate
Northern IltalyFront For Glob Change 4:775600and atmospheric nitrogen deposition on eastgrto mid
https://doi.org/10.3389/ffgc.2021.775600 stage litte decomposition across bidired. For Glob

Franz M, ZaeBI (202Cpompeting effects of nitrogen Change 4:67848tphs://doi.org/10.3389/ffgc.2021.678480
deposition and ozone exposure on northern hemispraregL, Wu J (288Bmpirical method to account for climatid
terrestrial carbon uptake and storage;209950 adaptation in plant phenotogygelsint J Biometeorol
Biogeosciences 18332 https://doi.org/10.5194/bg  65:1953966https://doi.org/10.1007/s602882152/
1832192021 Marchand LJ, Dox |, Gricar J. et aht€2d@iyidual

Frey B, Walthert L, RéoazC, et al (2024¢p soil layers of  variability in spring phenology of temperate des@fuous
droughexposed forests harbor poorly known bacterial atelpends on species, tree size and previous year aut
fungal communities. Front Microbiol 12. phenology. Agr For Met 290:108031.
https://doi.org/1B3&micb.2021.674160 https://doi.org/10.1016/j.agrformet.2020.108031

Garatexcamilla H, Brelsford CC, Hampe A, @ralat2d20)Marchetto A, Simpson D, Aas W, etGb@2agBement
capacity to exploit warming temperatures in northdsetween modeled and measured sulfur and nitrogen
populations of European beech is partly driven by delalgabsition in Europe, in spite of marked differences in some
leaf senescenceAgr For Met 284:107908. sites. Front Environ Sci 9:734556.
https://doi.org/10.1016/j.agrformet.2020.107908 https://doi.org/10.3389/fenvs.2021.734556

Geiser LH, Root H, Smith RJ, et @h@®2%ed critical loads Meng L, Zou Y, Gu L, et alRR6@period decelerates the
for deposition of nitrogen and sulfur in UBreiests$2ollut advance of spring phenology of six deciduous tree species
291: 118181tps://doi.org/10.1016/j.envpol.2021.118187 under climate warmi@fpb Change Biol 27:2924.

He H, Janssdg, R5ardenés Al (2D@dpModel (v6.0): an  https://doi.org/10.1111/gclb1557
ecosystem model for coupled phosphorus, nitroger\ddtedA, Yousefpour R Hanewinkel Ghé2@es) in sessile

M3ITATY

carbon dynanmsesvaluated against empiritalfadan a oak Quercus petrapeoductivity under climate change by
climatic and fertility gradient in Sweelesci Model Dev  improved leaf phenology in & 3nodeEcol Model
14, 73%761https://doi.org/10.5194/G#d352021 438:10928httys://doi.org/10.1016/j.ecolmodel.2020.109285

IPCC (2020limate Change 2021: The Physical Scidvuegsbaumer A, Gessler A, Benham S, &oaltréRih)
Basis.Contribution aforking Group | to the Sixth resource dynamics in mast years for European beech and oal
Assessment Report of the Intergovernmental Paned @n continental scale analffsant For Glob Change
Climate Change [Md3sbnotte V, P Zhai, A Pirani, et a#:689838@ittps://doi.org/10.3389/ffgc.2021.689836
(eds.)]. Cambridge University Press. In Pressott CE, Vesterdal L {a6#h)reviews: Decomposition
https://www.ipcc.ch/report/ar6/wgl/downloads/report/IP@ad transformations along the continuum from litter to soil
AR6_WGI_Full_Report.pdf organic matter in forest $wiest Ecol Ma#i@d 19522.

Jakovl jevi ¢ T,et d@202)inpackal v hitps://ddi.erd/10.40164foreco.2021.119522
groundevel ozone on Mediterranean forest ed®ichard B, Dupouey J, Corcket E, éitad (2id24tjc debt is
systems healthSci Total Environ 783:147063. growing in the understorey of temperate forests: Stand
https://doi.org/10.1016/j.scitot2h12@063 characteristics mattelob Ec@iogeogr 30:141487.

Journé V, Caignard T,-Raikét, et al (202Bf phenology  https://doi.org/10.1111/geb.13312
correlates with fruit production in European bdechner B, Kumar S, Liechti K, et alr&02ijality
(Fagus sylvayicand in temperate oaReefcus robur indicators revealed a rapid response of beech forests to
and Quercus petrae&ur J For Res 14433 the 2018 drought. Ecol Indic  1206903.
https://doi.org/10.1007/s1:03421362 https://doi.org/10.1016/j.ecolind.2020.106903

Kaarlejarvi E, Salemaa M, Tonteri T, et @npopdl) Salomén RL, Peters RL, Zweifel R, et Ehe(2Z02P3
biodiversity change following disturbance varies alongeanopean heatwave led to stem dehydration but not to
environmental gradigdlob Ecol Biogeogr 381896 consistent growth reductioferéstdNat Commun 13:1
https://doi.org/10.1111/geb.13233 11 .https://doi.org/10.1038/s402627579
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NEW DATA REQUESTS
FROM PROJECTS USING ICP FORESTS DATA

ICP Forests welcomes scientists from within and outside chentf@ihEptestse ICP Forests data for research purposes. De
applicants must fill out a data request form and send it to the-dtohgatimnEeC@Pe ©F ICP Foreatsl consedntthe
ICP Forests Data Policy. For more informationtpkbaskCiefeorests website

The following list provides an owéfidtrequesterlCHrorests ddtatweedanuapnddecemba@l. All past and present

ICP Forests data uses are listed on the ICP Forests website =
=

I Name of Applica Insitution Project Title -
=

m

220 Jan Peter Georg University of Tartu Monitoring ash dieback with ICP Forests Le\ Internal =
Nenad Potocic, data <

Tanja Sanders

221 Susanne Jochne Katholische Universitat Eichsti Evaluation of masting behaviour of birch External
Oette Ingolstadt

222 Joseph Levillain INRAE Evaluation of pedotransfer functions for estir External
available water content of soil in a forest cor

223 Benjamin Stocke Swiss Federal Institute of Tect Nextgeneration modelling of the biosphere External

ETHW@ich Including new data streams and optimality a
224 Enmanuel University of Trier, Luxembour Using muliensor rematnsing data and deep External
Rodriguez Paulit Institute of Science and Techn learning methods to disentangle causes of f
Martin Schlerf vitality loss

227 James Weldon Swedish University of Agricultt Understorey vegetation community stability i External
Sciences of change

228 Arthur Gessler SwisEederal Institute for Fores lllustration of midéasonal meteorological pat External
Snow and Landscape Researc to reduced forest productivity in Europ202@(

231 Axel Gottlein Technische UmtérMinchen  Derivation of nutritidheeshold values for the External
element sulphur for the tree species fir

232 Ryan McClory  University of Reading Assessment of weather typologies and remc Extenal
data to explain and predict acorn production
Quercus robndQuercus petreae

233 Federico Magna University of Bologna Improved estimation of forest C sequestratic External
PRISMA retrieval of canopy N and photosyn
potential

234 Hendrik Martin  Fraunhofer Institute for Compt Al for climaadapted forest restructuring External

Wiirz Graphics Research
235 Colin Averill ETH Zdrich ICP Forestigrobiome linkages to soil carbon Internal

L http://icgforests.net

2 http://icfforests.net/page/prdisict

31Dnumberirgiarted in 2011.

“Internal Evaluations can be initialized by the Chairperson of ICP ForestspttimBnggtamimee the Expert Panel Chairs and/or other bodies under the Air
Convention. Different rights and obligations apply to internal vs. external data users.
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ID Name of Applica Insitution Project Title Externa
Interndl

236 Joachim Fallmar Karlsruhe Institute of Technolc Cloudbased Decision Support System: EDEZ External
Enhanced Dynamiad-&lanning 4.0

237 Raisa Makipda Natural Resources Institute Fir Holistic management practices, nadklling  External
(Luke) monitoring for European forest Soils (HoliSo

238 Radoslaw JagielPoz naj Uni v er slinteraction betwddscum albsspaustriacuemd External
Pinus sylvestmsdifferent spatial and tempora

scales
240 Anita Zolles AustriaRederal Research and Alierplants in managed forests across Europ External
Training Center for Forests, Ni types and management intensitiesnoaer
Hazards anddsarape change
241 Mitja Skudnik,  Slovenian Forestry Institute  The development of the Machine Learning F Internal
Tanja Sanders Growth SimulatorH®)L
242 Manuel Ehling, ChristiaAlbrechdniversitat Kie Temporabpatial analysis on damages to fore: External
Rainer Duttmant Germany
243 Andrey Lessa D International Institute for Applit European Umiiodiversity and Clifirattegies External
Augustynczik  System Analysis Assessment (EU BIOCLIMA)
244 Aleksandar University of Natural Resource Quantifying forest net primary production at External
Dujakovic, Life Sciences (BOKU) spatial resolution
Francesco Vuolc
245 Eric Andreas Th Landesforst Mecklenburg Evidendeased cultivation recommendations | Internal
Stephan Raspe Vorpommern climate change
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FORECOMON 2021 - REVIEW OF
THE 9™ ICP FORESTS SCIENTIFIC CONFERENCE
ON FOREST ECOSYSTEM MONITORING

Marcus Schaub, Lars Ve&arddk Vos, Mafeerretti, Stefan Fileéky Merilinne<atrin Prescher,
Kai Schwértekd/konmaanaho

FORECOMON 2021

The 9ICP Forests Scientific Confer€arasotonitoring to
assess Forest Functionieg AmdPollution and Climate
Chang®ok place as a hybrid meetisg fumé 2021 at the |gg =
Swiss Federal Research Institute WSL in Birmensdogs- | Eh‘ "
Zurich, Switzerland, followed bycanfesnce excursion & [A]A
from 1412 June 2021 into the Swiss Alps.
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The goal of FORECOMON 2021, was to highlight the ¢&
ICP Forests data series on forest growth, phenology anc
index, biodiversity and ground vegetation, foliage and
ambient air quality, deposition, meteorology, soil and:
condion. We combined novel modeling and asses:
approaches and integratedetongrends to assess aif 2rticipants of the exonrs the Swiss Alps
pollution and climate effects on European forests and related

ecosystem services. Novel results and conclusions frorBdaealitd he Classgkonegerm trends in forest ecosystem
European scale studiespresented and discussed. Despiteraiesses as affected by air pollution,, dowdghér
challenges imposed by -C@QWWiE enjoyed an inspiringextreme weather events

conference with new insights from 23 oral and 61 895%8% tation

presentations with authors-anthoos from 36 countries.

M i F [Keyndted ing for time: ff f
A special issue Arontiers in Forestd &lobal Change agnant [Keyn .ountlng of time: gy etfects o .
N adcéltlon darest biogeochemistry and C sequestration

comprises 6 publications presenting the results on resourc
dynamics in mast years for European beech and oak (Ni3shaiihidwustnes Krends in water chemistry in Europe and
et al. 2021), drought effe€iggars sy/vatiesed on 37 years North America

of forest monitoring in Switzerland (Brauz0d)al, Dirnbdck Kobler J, Geiger 8Chronic nitrogen deposition

continuous parameterization of leaf grea mdex and phenoég@ggl under climate change in an Austrian karst catchment
phases (Zolles et al. 2021), the relationship between stem radial

growth and tree defoliation in conifers from northerrEtzglyS Ferretti M, Gessler ANstragien deposition is the
(Ferretti et al. 2021), Tretbidtiological droughtyamath most important environmental driver of cosstiréatal
indicator network (Zweifel et al. 2021), and on variation ifP1eaf growth in Europe

morphological traits of European beech and Norway SPrYCEOMPLKahashi M, Ohizuhdidification and recovery of
two decades in Switzerland (Zhu et al. 2022). forest ecosystems in central Japan during fine pas

For more infos on FORECOMON 2021, dggades

https://forecomon2021.thuenen.de/ Vanguelova\Ehat is the current carbon storage and future

The following list includes all oral and poster presentatigi®kan sequestration potential of forest soils in the UK?
the9"ICP Forests Scientific Conference. All conference abstracts
are available from the ICP Forests website

* http://www.idprests.net/pagefm@sistheipublications
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Poster Waldnd?, Braun S, Raspe SAsdedsing the risk of ele

Andreett&,Cecchi@, Marchett@ialTrends and fluxes of vated nitrate leaching from Swiss forests

soil solution chemistry focusing on nithiegleasponses Zhul, Thiomier A, Meusburger KLehglerm changes in
to air pollution in Italian forest soils leaf morphological traits of European beech and Norway spruce

ApariBFKasatkir®A Sukhachd¥et alt ongierm along multiple gradients in Switzerland

monitoring of forest ecosystems of the taiga zone of European
Russia Session Zhe Exchang&lethodologies and models applied

ithin ICP F
Braui®, de Witte LC, Hopf $Hhet aeffect of ozone and within ICP Forests and beyond

nitrogemleposition on the vitalitfagus sylvateealPicea  Presentatien

abiesn Switzerland Buchmann Gharun[KeynotedResponses of Swiss forests to

Ekeme®, Kaya(zturs:Evaluation of air temperature and long and shoterm environmental changes

precipitation values in Turkey Anthony NCrowther T, van der Limdeal&ctomycorrhizal

Ferrett, Ghosh S, Gottardire€ health and annual and fungal communities and functional genes drive forest
periodical radial gtimim coniferous trees in northern Italy  productivity across the |@BtF¢gEtwork

Fetzed, Frossard E, Kaiser Rhetsphorusleaching in Badea,®itar D, Leca S;len&lng in situ measurements with
beech forest soils as affected by fertilization and seasonsremote sensing in Level | and Il ICP Forests network in

. Romania: Prototyping a national forest monitoring system
Flecls, Ahrends B, Wagner Mhet abtential of through yping g8y

fall measurements for thgateEm of canopy attributes Gessler Bachli L, Treydte K,Whate does the watereco

. . from? Variations in soil water uptake depth in a beech forest
Hunovk Groundkvel ozone and nitrogen deposition in the P P

. . . during the 2018 drought
Czech Republic: assessment-timomigends and spatial unng ug
changes Guidi Brunner |, Hartmann MLebhgkrm irrigation in a
droughstressed pine forest accelerates carbon cycling and

Jochheibh, Wirth S, Paulus Sjrepact of drought on soi leads to vertical redistribution ofgamilio carbon pools

CQefflux and vertical partitigndf soil @@roduction at a
beech and a pine forest site ireasttGermany Lang FKrueger J, Bauhus I, étea@lmensions of the

- . osphorus status of European beech forest ecosystems
Kay& EkemenOzturs:Assessment of air pollutants at phosp P y

Levelll forest monitoring sites in Turkey Puhimann, Habel:Rhe water budget of foreste big

. " . unknown outside of our intensive monitoring plots?
Kriger, Schmitz A, Sandatertfiifying effects of climate gp

condibns on foliar nutrition Rohner,Banz A, Kumar S; €aabpy and growth response

of beech trees after the 2018 drought in Switzerland
Michopoul&sBourletsikas Kaoukisfuxes and stocks of ughtin switz

nitrogen in the litterfall and soil in evergreen broadleavedaies ASchiler S, Gartner KCenéihuous approximation
fir forests of leaf area index and phenological phases within deciduous

forests based on temperaheasurements
NussbaunferGessler A, Etzold S wtogdean beech and P

oak show different resalyicamics in mast years Posters
Ozturls, Kaya S, EkemBap®sition properties ibei@l |1 Brang P, Frei E, Streit, A etelv experimental plantation
forest monitoring sites in Turkey network to test the future climatic suitability of 18 tree

. species in Switzerland
PascliS Dobra AC, Leca SFetedt monitoring from the P

cloudSoil water content case study Cherubini P, Battipaglia G, |Assesking tree vitality to

. . . . evaluate foresdith: can treang stable isotopes be used
Pohjanmies@enikova N, HotaRe et aBite types re L g P
as,indicators?

visited: comparison of traditional Russian and Finnish
classification systems for Eutmpealforests Da Ros L, Rodeghiero M, Ventur&ahogtyal:  nitrogen

! : . _ . fertilization of two Italian temperate mountain forests: an
Salehil, Thimonier A, Braun S,estfainorphological traits . . .p :
isotopic approach to quantify the fate of atmospheric

and leaf nutrient concentrations in European lolsech stan .,
L L nltlrogen depositions
across a water availability gradient in ICP Forests Level Il plot

. . . Fati P, Martin8ancho E, Petetd-fRears of tregowth
Tatzbevl, Furst Monitoring of mercury in tree foliage in oo re . o .
monitoring along a 1400 m elevation transect in the

Austria Lotschental
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Helfenstein IS, Schneider FD, Morsdégsessiradibio- Faralli MCristofolini F, Cristofori A etiabnmental factors,
diversity from space: Functional diversity across spatial deaferaits and ozone visible symptoms are interrelated in
ard optical sensors Viburnum lantana

losifescu Enescu |, Haeni M, PlatitealBchitectural-re  Meesenburg H, Bedhrends B,:dflathanisms explaining
guirements for forest monitoring data integration in EnviNattock and acidity dynamics in German forests between 1990

Jocher G, Fischer M, SiguiMioeitaling  forest  carbon and 2007 and possible climate change feedbacks

exchange in complex terrain Martinez Pastur Rbsas YM, Toro Manriquez M, et al

i . . . Patagonian forests vulnerability t limat han
Massey A, Ferkéttianz Besigibased improvements in atagonia orests vulnerability to ¢ a.e chang
({onsequences for management and conservation

change estimation for the Swiss National Forest Inventory
through integration with external monitoring networks@udn j e nSoevl i ect, R tv B,@&i alBeech nutrition
data sources depends on defoliation, soil and climate across Croatia

Monteleone Mdtificial electromagnetic fields (telecoms)\&arstraeten @ottardini E, Bruffaerts Njrgiaadt of pollen
forests' pollutan®lans for testing monitoring proceduren throughfall biochemistry in European temperate 3

i¢0¢ NO®0J3404

three protected forests of Italy boreal forests
Monteleone MCrase study for the effects of telecordieikl JFDanzberger J, Pretzsch H,Eetoalycorrhizal
microwaves on forest trees functionality after 5 years of summer drought in a mat
forest

Paoletti E, Alivernini A, Anav Poegsalmonitoring towards
the definition of stomdltad critical levels for forest WohlgemuthHoch G, Alewedt@Foliar uptake of gaseous
protection against ozone: the MOTTLES approach elemental mercury by European forests

Peti bon F, Cz yCémbihihg spé&tal antifmearst i G, et al

molecular approaches to capture leaf pigment dynami%sdame P, Alber@iafiellas I, ePaédicting the spread of

Polevshchikova |, Lezhhisessment of land use change o Gonipterus scutellatus forest pest under climate change in
environmental security Spain using Universal Kriging model

Portier J, ZellwdgBridging forest inventories to improvB a b ur E, Hdwisail dagboncaidlnitrogdh:changes in
international reporting on biodiversity the topsoil formed under different tree species?

Temper@, Blattert C, Stadelmann Gragteaffs between Ballikaya P, Brunner |, Cocozz&€an ettaées take up
ecosystem service provision and the predispositionaitborne nanoparticles through their leaves?

disturbacesAn NFHbased scenario analysis Batkhuyag LE Lehmann M, Cherubini etP al:

Vitalv, Klesse S, Weight Riligirefrequency stable isotope Air pollution and climate change effects on tree growth at
signals as proxy for physiological responses-tDudimate Ulaanbaatar city, Mongolia

isotope approach at a European scale BrunnerPlasticity of tree fine root traits under drought and

VosMIAE, Sterck FJ, Veen ©netEsdchange sRemethod irrigation

for quantifying bulk (throughfall) deposition Burkhardt J, Zinsmeister D, Granfehe, epalribon of

Wachend@f Graefe U, Broll GAet atoncept for a ambi ent aerosol s to J} wax d
consolidated humus form description in forest sdibught tolerance

Investigations in Europe Ceol jar G, Dolmpaetofiedtremelclimatg a ,

WiéjciRK & d AMLargesgale mistletoe inventory in factors on forests drought in Republic of Serbia

CentraPoland Chi QE, Zinsmeister D, Claega®irect  impact  of

atmospheric aerosols on the ecophysiGloggmbmum
Session: Ihe Mechanisgair pollution effects on forest camphora

ecosystem functioning under extreme and/or prolonged . .
y _ g L P B%nzbergi:r\Mkl F, Buegger F, €aalion allocation in
unfavorable climate and weather conditions

Picea abifls. Karst) roots during recovery fromearfive
Presentations long drought

Hagedorn Guidi C, Zimmermann fKetraljeForest soil  Glnthar@ioertyl, Vollenweider P, Schalo®e and be
carbon cyclader drouglihking experiments, monitoring lowground metal accumulation and growth responses in
and natural gradients across Switzerland young afforestasoon model brown field sites
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Hunzikes, Begert M, Gesslghy:are Scots pines dying “Special Issue “Forest Soil Monitoring"
the Swiss Rhone valley?

Koch, Kahmen A, Burkhasdbliar water uptake fostered byA special issue on research in Forest Soiy Masitor
aerosol deposition? supported by the Scientific Committee and launched through the

journal Applied Sciencéds focusses on methodological
guestions in soil monitoring, e.g. of soil gas exchange (Adisaputro
et al. 2028ppl. Sci. 11xier et al. 202ppl. SED(23)
Marquds Weng E, Harald HAeeaforests thickening due o |abile soil carbon and nitrogen (Zou 2@bappé Sci.
to rising COB? Insights 1§ bil AMdnStdcksi(FuEBalahppl. saiaff mecha
modelling and of soil water content with FDR BeMage( al. 2021
MurazM E, Cherubini P, BrunnerCastdiest trees take Appl. Sci. 11§2#)also presents new reslaltgierm forest
up nanoplastic from their roots and transport them inrdagiitoring from water budget calculations (Ziche, et al. 2021
aboveground tissues? Appl. Sci. 1)(®ase cation budget calculations (Vanguelova et
Oberhubl, Gruber A, Wiesdis€ng adequate  growth al. 2022Appl. Sci. 1p(B)odelled liming effects on the acid

response of coniferous tree species to climate warmin&ﬁ??hquget (Greve _Et al. Wlsajl(_s» inventories (_Df
Alpine forest line inorganic and organic pollutants (Riek et AppR03ti.

. ) 11(3) and repeated assessment of microarthropod assemblages
Ouyan§, SchonbgclSaurer M, eRabt .carbmutrlent along pigradients (Guo & Siep8| 28l. Sci. 10(22)
balance determines downy oak survival and recovery from

drought

SoyeErden®0, Ganbat G, BalddrpBn air quality in
Mongolia: concentrations, sources and future needs of
studies

KowalskdBO i §,81t o | M, retcaknalysis of floodplain
forest sensitivity to drought
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Sturnd, DammIpactfahe European drought 2018 on tree
health and mortality in Swiss forest ecosystems

UslwS, Babur E, Demir ZTle¢ afffects of land use types on
the soil organic carbon content

VollenweidBr Schleppi P, Vitté@year monitoring of
ecosysteragponses to understory removal in goirg oak
forest of Central Valais, Switzerland

FORMON 2021

On the same topic, the FORMON 2021 Summer School took place
on 2228 August 2021 in Davos, Swijtaedadnplemented

the 9ICP Forests Scientific€@wmaeThe 2021 Summer School

was supported by ICP Forests, the SwisaRdrebitab
European Network for forest research and higher education
NFZ.forest.net. FORMON aimed to provideptlan in
understanding of the concepts, approaches, anateavailable d
infrastructure of foresttienmg monitoring. Novel modelling and
assessment approaches were discussed considering the
expectations to future forests from a scientific, forest management,
and sociEconomic perspective. Students and young scientists
were provided an insight into the data treasure of ICP Forests and
took advantage eddpth lectures by renowned scientists on
selected topics concernidgtonfprest ecosystem research. 24
students from 10 countries attended the lectures held by 19
experts from 9 institutions and 4 countries.

Impressions from FORMON 2021 can be watched at
https://youtu.be/Wpx3Pt8UKt8
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ATMOSPHERIC DEPQOSITION IN EUROPEAN FORESTS IN 2020

Aldo Marchetto, Arne VerstRegeeriValdnera n i e /Andfelas Seluhiitza

In some countries or regions, restrictions were still present at the
end of 2020, mairdlated to the partial closing of schools,

. implementation of smart working and restrictions to mobilit
The atmosphere contains a large number of substances {R%a{ﬂraﬂ 9 y

L : .. _between countries or between regions. This contributed to a
and anthropogenic origin. Musinadre ultimately deposite . e
ogv?ﬁganaverage level of road traffic and related emissions.

to the grouqd, either by C°”'°'”79 with .surface Strucwrﬁogora et al. (2022) shihaethe reduction in the emissions
forest canopies or by wet deposition (rain, snow, etc.). . : ) S

of sulphur and nitrogen oxides was mirrored by a significant drop
In the last century, human activities led to a dramatic ingrease wet deposition of sulphate and nitrate in some sites
the deposition of nitrogen andrstdpipounds. located in the southern slope of the central Alps. The central Alps
Emitted gaseous sulphur dioxidis @@venged from thedre an area with usb'mjtydeposition of poIIuta.mts (Rogora et
atmosphere by rain droplets in contact with water andaJcill%%%@ pecause of the high amount of rain and snowfall, and
completely transformed igto Sphur deposition occurs | e prOX|m|_ty to the Po _Valley, one of the mc_n_st densgly_populated
the form of sulphate?}SBut also as gaseous siiptide and urbanized areas in Europe. As mobility restrictions were

(SQ, e.g. taken up through stomata, and as sulphur?@f%f&d i_n most Eumpear?t_ries_, we vertieldwthat
(HSQ). Natural emissions &fd@@ve from marine aerosc)Igeductlon in 3@nd N$deposition in 2020 was also detected

and volcanic activity, and from forest fires. Anthrongoetnf?:r areas covered by the ICP Forests network.

emissions are caused by combustion, includisgaiodsil fuel

have increased since the 1850s, causing an increase in sulphate

deposition and deposition acidity, which can be partly tM%e(r@fiiaB and methods
by the deposition of base cations, mainly é3laanch (Ca

magnesium &Yig

Introduction

Atmospheric deposition is collected on the ICP Forests
Natural sources of nitrogen (N) in the atm@sphainly permanent Level Il plateniree canopy (throughfall samplers,
restricted to the emission of nitrous )dexi(Atmospheric Fig.6.1) and in a nearby clearance (open field samplers).
nitrogen gNduring denitrification and the decomposition dfltteughfall samples are used to estimate wet deposition, i.e. the
nitrogen gas molecule in the air by lightning. However am@uah of pollutants deposited by rain and snow, but they also
activities cause the emission of large inimagenmxides include dry deposition foaniiculate matter and gases

(NQ, from traffic and industrial activities, and of agymonieofiited by the canopy. For nitrogen, the deposition of reduced
deriving from agriculture and farming. They are foweinpeunds (N&hd Ndi and of oxidized compoungds (NO
atmospheric deposition in the form of nifraéeni@rium HNG N@ NO) is measured AsNHNOIn the throughfall

(NH) and are also deposited as gaseous dikapitricds samplers. The total deposition t hdareser, also includes

acid (HNQnitrogen dioxide;(d@d ammoniag{NH nitrogen taken up by leaves directly and organic nitrogen
o i lyi h
Nitrogen compounds have two effects on ecosystems: ,%’égz%ggds t can be estimated by applying canopy exchange

are important plant nutrantgaugeroblesiof ecosystem

eutrophication at high deposition rates, with strong efféicis iomportant to note the different behaviour of individual ions
plant metabolism (e.g., Silva et al. 2015), forest ecowystethey interact with the canibyycase of sodiurt) (Na
processes (e.g. Meunier et al. 2016) and biodiversiagndeSg), the interaction is almost negligible and it can be
Bobbink et al. 2010). Sedhey contribute to acidification iBssumed that throughfall deposition includes the sum of wet and
addition to sulphur (Bobbink and Hettelingh 2011). dry deposition.

Emission angpdsition of oxidized and reduced nitrogen hligis not the case for other ions, sucii@e MBnopies
decreased in the last decade (Waldner et al. 2014; EBad2besassociatecbiimrcommunities strongly interact with
Rogora et al. 2022). them, for example tree leaves can takienpaid release

. . . tassium, calcium and magnesium ions, and organic
Starting in March 2020, most European countries e%?orcec}J . g o g“
}Bds, affecting the composition of throughfall deposition.

lockdown measures aimed at reducing the spread of thgo&?\c/)
19 pandea) leading to a large reduction of mobility, a diSprimpling, analysis and qualityl cpracedures are
transpoend a reduction in productions and industrial actist@edardized on the basis of the ICP Forests Manual (Clarke et al.
with the important exception of agriculture. 2016).
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Quality control and assurance include labetiegtsyudegy Results

of control charts, and performing conductivity and ion balance

checks on all samples (KénigatQal In calculating the ion

balance, the charge of organic compounds was considergderic throughfall deposition in 2020

proportional to the dissolved organic carbon (DOC) ToateReven distribution of emission sources and receptors an

following Mosello et al. (2005, 2008). the comgk orography in parts of Europe result in a marked
spatial variability of atmospheric deposition. However, on a

In this report, we analyze the 2020 yearly throughfall deppsitigt} scale, regional patterns in deposition emerge. In the ca:
colected in 277 permanent plots, collected following thg |G high and moderate throughfall deposition was mainly

Forests Manual. Lockdowns only marginally affected dgpaiipNceat Europe, including Belgium, Germany, the Czech
monitoring: Ten plots, mainly in Spain and ltaly, COUIdF&‘Hu‘BﬁC, Poland, Denmark and Italy, but single plots with higt

reached for more than two months. Bgcause of.the high paQBBQIE% values are also reported in other cotijries (Fig.
of saple deterioration, they were not included in the discussion

of the results. Fourteen further plots were excluded becill§eafg@ of high and moderateniuthroughfall deposition
duration of sampling covered less thand29%) (¥2Be year. is larger thdoN@, with higher throughfall deposition values
One hundred other plots weaficlariyg@Eekmaay, Bglglumandgnertheyndialy, vizeriany
the conductivity check was passed in less than 30% of théHfligsedovenia, Slovakia and P@a)d (fig.

of the year, or the laboratory did not participate in the mandateynerally considered that negative effects of nitrogen
Working Ring Test, or did not pass the minimum requiren‘@%géﬁ;@n on forestsome evident when cth@bined
test. For seven more sites, data for specifievariejgesd inorganic nitrogen depositd@ aihdNH* is higher than a

because the laboratory did not pass the test for that varialacific threshold, known as the critical load. Critical loads can &

As the deposition of marine aerosol represents an in@y@i#Hgd for each site by modeling, but more generic ¢
contribution to the total depositiof,d%&nd Mg a sea loads (empirical critizadd) are also bemg evaluated, rgngln

fluxes the marine contribution, calculated as a fractior?81 the

chloride deposition according to the ICP Integrated MOgitgjp@, throughfall inorganic nitrogen depositions higher
Manual (FEI 2013). 10 kg hiayr' were mainly measured in central Europe, inclu

Differences between 2019 and 2020 values of the anfé@HP@fy. §lem, Northern Italy, Switzerland, and Aust
precipitation and of the depositiseleofed ions were (Fig6.4).

compared using-tast for paired samples on the annual

deposition including only values validated in both years.

- 'Q‘ -::- ‘7

Figuré.1: Snow sampler (left), rain sampler (middle), and stemflow sampler (right) to determine thraughfbliRIEosgterevel I
site irsouthwestern CzecfiinageseteiValdnér
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The area with high and moderate throughfall deposifioh9aind 2020sM6d SBdeposition were significantly and
sulphatécorrected for the marine contribution) is smallenthikedly loweR020 than in 2019 (30% forsdD32% for
for nitrogen compound$®igHigh values are mainly foutdl3 in the throughfall measurements).
clo§e to thg-lallrgest ppmt sources. In the S.Ommmt 01(]1% weather during the spring 2020 lockdown included several
S& depositiois also influenced by volcanic emission an ) . o
. . unH ual warm and sunny weeks in central Europe. Such individual
the episodic deposition of Saharan dust. The area of moderate . o
. . eather phenomena may explain e.g.prexipitaion but
deposition extends to most of Europe from Belgium to poana . . .
and Sweden to Greece also complicate disentangling the lockdown effect. However, the
W ’ found 30% and 32% reductibii® afdSG deposition
Calciurandmagnesiuare also anagzin the ICP Forestscompare well to the the 25% to 46% reduction of NO
deposition monitoring network, as their deposition can buffectmration in the air for the Swiss Plateau and the Po valley
acidifying effects of atmospheric deposition, protecting sestifrated with modelling emissions and air mass movement
acidification. High values afa{fsearrectedf'@aoughfall  (Ciarelli et al. 2021).
deposition are mostly reporeadtarn and southern EuropE : .
. ! N d dbyR t ait thus likely that th
(Fig. 6.6). After correction forsaeacontribution, the s discussed by Rogora et ait (@28, thus likely that the

Lo . . .__pattern is the result of the reduction in N and S oxide emissions
distribution of the highest valuesinEMdes a large portion . . .
; due to the lockdown, as mobilitgestidahproductions were
of soutieastern and central Eurof@&7(Fig.

reduced, while agriculture was not affected. Tl pattern

need to be confirmed with the 2021 deposition values (when
Changes between 2019 and 2020 available), and in regard to the variations measured for decades
The amount of pretipn under the tree canopy (throughf@he ICP Forests Level Il netwditknéc;ahwotddggest

in 2020 was sligh®4d) but significantly lower than in 20t decreases in atmospheric deposition are still possible and to
(Fig6.8). Nitleposition was not significantly different betvisgesxpected, if emissions can be further reduced.
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Figire6-2: Throughfall depositionioftenitroger(kgNG-Nha' yrt) measured in22bn the ICP Faseisevel Il plots and the Swedish
Throughfall Monitoring Netv@mlored dotsalidated dafalorediclesnot validated d&ackirclesmonitoring period shorter than 330
day®r irregular sampling
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Figuré-3: Throughfall depositioanefioniurmitrogeitkgNH*-Nhat yr') measured2@0on the ICP Forests Level Il plots and the Swedish
Throughfall Monitoring Netv@mlored dots: validated data. Colored circles: not validated data. Black circles: monitoring period shorter th
daysor irregular sampling
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TREE CROWN CONDITION IN 2021

Vol kmar Ti/ mmer mann, Nenad Potocic, M aden Ognj en

Highlights and the interpretation of the state of European forests and its
trends in time and space is made easier.

In 2021, mean dafmn remainathpproximatelyesame  This chapter presents results from the crown condition
level as in 2020 with no change for broadleaves and onjsgeseients the largscale, representative, transnational
slight increase for conifers. Deciduous temperate oaksph@sltéiig network (Level I) of ICP Forests carried out in 2021

highest increase in mean defoliation (+1.4%), while ¢n\Nas lotegm trends for the main species and species
beech had the largest dedte@%). groups.

Based on the data of the past 20 years, trends show a
considerable increase in defoliation of Austrian pine and
evergreen oaks (7.1% and 6.7%, respectively). On the o .[Zf;%
the increase in defoliation for deciduous temperate oakgg. OHS of the 2021 survey
0 .
ard commo.n beech (3.4%) has been relatively low and. qjﬁetrgggessment of tree condition in thierig ]
for Scots pine and Norway spruce shows a moderate increase in ) . .
o . etwork Is conducted according to Bidepdearmonized

defoliation of 4.3 and 3.8%, respectively. No trend was det ctgd . : . |
for deciduous (stbediterranean oaks methods described in the ICP Forests Manual by Eichhorn et

' (2020, see also Eichhorn and Roskams 2013).
There was again a decnethgeriumber of observed damage

symptoms compared to last year. As in previous years, tlﬁ?e%ﬂﬁﬁgﬁ

of recor_ded fjamage symptoms - per assesse_d tre[?engl%f'lon fbe key parameter of tree condition wghin for
substantially higher for broadleaves than for conifers. M}ﬁﬁﬁ%ﬁng describing a loss of needles or leaves in the
abiotic ?ausﬁs’ a”f’ fungi wer e, the Irrmstdhemnalgme agr:ant asl?e?sable crown compared to a local reference tree in the fiel
groups for all species, comprl_smg altogether m_oret_ an r?)"?l A Q‘gsolute, fully foliated reference tree from a photo guide.
damage records. Tree mortality increased again sllghtlybréi%%&on is estimated in 5% steps, ranging from 0% (no
mainly due to abiotic factors. defolition) to 100% (dead tree). Defoliation values are grouped

into five classes (Tahle In the maps presenting the mean

plot defoliation aimd Tablé-4, class 2 is subdivided into

Introduction and scientific clasg-1 (> 2640%) and clasa (& 4860% defoliation).
bBCkg round Tablg-1: Déoliation classes

Tree crown defoliation and occofrdrioic and abiotic | eAelEUEIRNCEL USRI R R CIl I

damage are important indicators of forest health. As s class loss

are considered within the CrifOeruptohOtNopne cForest health
one of six criteria adopted by Forest Europe (formerly the 1 > 1625% Slight (warning stage)

Ministerial Conference on the Protdebiasts in Eudpe 2 > 2560% Moderate
MCPFE) to provide information for sustainable forest 3 >66< 1009 Severe
management in Europe. 4 100% Deadstanding dead trees

Defoliation surveys are conducted in combination with g}

etai :
- L a@#g shows countries anduthber of plots assessed for
assessments of biotic and abiotic damage causes. Unlike

. . crown condition parameters frano 208, and the total
assessments of tree damage, whisbroaninstances trace .
. o number of sample trees submitted Th2dmber of trees

the tree damage to a single cause, defoliation is an unspecjfic . .
. . u or. analyses differs from the number of submitted trees du
parameter of tree vitality, which can be affected by a nymger of ~ .. . i
: - to the lication of various datars@iextedures. Both the

anthropogenic and natural factors. Combining the assessmen

. L number of plots and the number of trees vary in the course o
damage symptoms and their causes ewitttioobsof . . .
me, for example due to mortality or changes in the sampling

defoliation allows for a better insight into the condition oggg(a%
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Tablg-2: Number of plots assessadvior condition paramétrs202to 2@1in countriegith at least one Leeabivn condition survey
since 2@ and totalumber of sample teegmnitteth 221

Plot
Country 206 207 2018 201 2020 2(315
Andorra 3 11 11 12
Belarus 373 377
Belgium 8 8 8 8 53 53 52 52 51 51 528
Bulgaria 159 159 159 159 159 160 160 160 160 159 557C
Croatia 100 105 103 95 99 99 99 97 98 95 2 28C
Cyprus 15 15 15 15 15 15 15 15 361
Czechia 135 138 136 136 135 132 132 127 121 4 55C
Denmark 18 20 20 20 19 19 19 19 19 18 439
Estonia 97 96 96 97 98 98 98 98 95 95 2242
Finland 785
France 553 550 545 542 533 527 521 515 512 509 10 23(
Germany 415 417 422 424 421 416 410 421 416 409 9 758
Greece 57 47 23 36 40 45 38 33 771
Hungary 74 68 68 67 67 66 68 68 68 69 153C
Ireland 20 28 30 33 700
= Italy 245 247 244 234 246 247 249 237 240 256 4 70C
E Latvia 203 115 116 116 115 115 115 115 115 115 174¢€
§ Lithuania 77 79 81 81 82 82 81 81 81 81 1941
= Luxembourg 4 4 4 4 3 3 4 4 4 96
MoldovaRep. of
Montenegro 49 49 49 49 49 49 49 49 1174
Norway 496 618 687 554 629 630 623 687 604 629 5 20&
Poland 369 364 365 361 353 352 348 346 343 343 6 831
Romania 241 236 241 242 243 246 246 247 226 234 5 61€
Serbia 121 121 128 127 127 126 126 127 126 126 2 83€
Slovakia 108 108 107 106 103 103 101 100 99 97 4 35€
Slovenia 44 44 44 44 44 44 44 44 44 44 1067
Spain 620 620 620 620 620 620 620 620 620 14 88(
Sweden 609 740 842 839 701 618 760 849 841 733 2574
Switzerland 47 47 47 47 47 47 47 47 47 47 1 00C
Turkiye 578 583 531 591 586 598 601 597 599 580 13 46¢

5565 106 45
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Damage cause assessments (488.P0) or two to three6@@Btree species per plot. On 10.4%
The damage cause assessment of trees consists of thoé@lotdimir to five tree spgevere assessed, and3hiyf2.

parts. For a detailed description, please refer to Eichhqiotstf@htured more than five tree speclie811A262the

(2020) and Timmerratah (2016). assessed trees were broadled88warwhifers. The species
percentages differ slightly for damage assessments, as selectic

T Symptom .deSCI’Iptllor? ) ) of trees for assessrmgpdsticipating countries varies.
Three main categoneigate which parts of a tree are

affected: (a) leaves/needles; (b) branches, shoots, buds, and
fruits; and (c) stem and collar. A further specificatio? 6t ¢He-al analyses o
affected part along with a symptom description is giféh. calculatioselection procedures were applied in order to

1 Determination of the damage cauz@geats / factors) include only correctly coded trees in the sampledidbles

The main groups of causal agents are insects, fungZ'gbi_cﬁf?:r the calculation of the mean plot defoliation of all

factors, game and grazing, direct action of man, fi?@,egi\’?(?my plots with a minimum number of three trees were

atmospheric pollutants. In each group, a more dg{g},gaed. For analyses at species level, three trees per speci

description is possible through a hierarchical soding%9g:d® be present per plot. These criteria are consistent with
L earlier evaluations (e.g. Wellbrock et al. 2014, Becher et al. 201
9 Quantification of symptoms (damage extent)

. . ..and gplain the discrepancy in the distribution of trees in
The extent is the estimated damage to a tree, speci Ing pancy

Ilaﬁon classes between7¥alaled Table-51in the
percentage of affected leaves/needles, branches or stem

S .
circumferendele to the action of the causal agentocr)"rIne supplementary material

factor. Trends in defoliaticere calculdt@ccording to Sen (1968)
and their significance testettiebyoiparametric Mann
Additional parameters Kendall test .(ta.u). .These methods are appropriate for
notonous, sirdifection trendghout the need to assume

Sevetaother tree, stamhd site parameters are assess@&’,

providing additional information for analysis of the gp(ymartlcular distribution of thg data. Due wstm fo )
values and corresponding robustness against outlier

condition data. For the full information, please refer to éR%ﬁ#éFh

et al.7020. Analysis of these parameters is not within the3&5,4 968, DrageidDrapelova 2011, CgﬂdSImpson .
of thiseport. 2014), the results are less affected by single trees or plots witt

unusually high or | ow defoli
_ Europe were calculated accordingandiedsel (2006). For
Tree species both the calculaton of Maem d al | ds -rdlaledd and
For the analyses in this report, the results for the foyf g0stye | | as the regimthaR Senc

abundargpecies are shown separately in figures and tagleSical softwareironme(éarchetto 2015) was used.
Fagus sylvatisaanalyzed together Withsy/vaticssp.

moesiac&ome species belonging intand Quercus
genus were combined into species groups as follows:

Figires/-2aj show (1) the annual mean defoliation per plot, (2)
thechange ofieardefoliatioacross platser the yeaasad
(3) the trend of defoliation
1 Mediterranean lowland ghimss(brutfa halepens?s  calculations for the perio2s208. For the Malandall

pinasteP. pinga testa significance leveggdf 0. 05 was applied
9 Deciduous temperate Qaksdus petraadQ. roblyr  calculations and yearlyativerean defoliation values were
{ Deciduous (9uiMediterranean oaReefcus cerris based on consistent plot selections with a minimum of three tree

Q.frainettaQ. pubesce@s pyrenajca per species and per plot. Maps of defoliation trends for the perio
1 Evergreen oa@siércus cocciférailexQ. rotundifalia 201%202 can be fouimdtheonline supplementary material
O. subr For all trend calculations plots were included if assessments wel

available for at least 80% y#dhef interesAll queries and
Of all treesubmitteffomthe Level | network inl.202us statistial analyses were condudtesRifRStudio software
sylvestrisvas the most abundant tree spe@esof all e€nvironment (R Core Team 2016).
trees), followkdfagus sylvat(@a8)Picea abiasi5n),
Pinus nigrd0%), Quercus petradé.3%)Quercusbur  Quality assurance and cQ&ODC)
(4.2%)uercus i1E&7%),Quercus cefB%),Pinus brutia  Since ICP Forests is-Bupapean monitoring programme,
(2.80), Betula pubescddg¥), Pinus halepent2si%),  stemming from various national initiatives that had already beer
Quercus pubescel®),Abies alli@.1%)Betula pendula in placevhen the programme started operating, the methods of

(2.1%)Rinus pinastgr8%) ar@arpinus betlfi8%). Most monitoring employed in ICP Forests partly reflect the initial
Level | plots with crown condition assessments contained one

! http://icgorests.net/pagefm@stsechnicakport
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differences of these systems. In line with that, initigdlgsessments in the die= conducted. Data submigiséon to
consistent, 'tdpwn' quality assurance (QA) approachl@Rsorests collaborative database is regulated by protocols and
adopted and the leasjs was placed more on the quality cootretk procedures. Internatiorabempasson courses (field

(QC) issues. A lot of effort has been invested intmdtiphoto ICCs) ersarpossibility to compareadaias
development of the monitoring methodology in terrpartimipating countfe€i c kenschei dt 2015,
harmonization and intercalibration of methods, and, whdieirtimg et al. 2018)tHe Photo ICC organized in 2021,

was not possible, into the inteisompéaresults obtained byparticipants from 21 countries made 37 047 assessments of
different methods. photographed trees in total {Fable. Some countri

. assessed photos from more than origepagiding on the
Quality assurance and control measures for crown condition P 9

assessments are organized at multiphe leatgdeal level, reglon, thg following tree spemes were LSS, .
Picea fzb/es, Fagus sylvatica, Quercus petraea & Q. robur, Q. ilex,

regular calibration trainings of the survey teams and ﬁ%z}.rsop/naster

Tabl&-3: European regiposuntrieand number of teamsaasdssed phatothePhotdCC 2021

Photos (assessable ci Photos (assessable ¢

Region Country Team: widest spal national metho

Northern Europe 43 1140 2579

Denmark 3 180 180

Estonia 3 180 180

Ireland 1 60 60

Latvia 6 360 360

Lithuania 2 120 119

Noway 24 0 1440

2 Sweden 4 240 240
© Central Europe 135 14069 14069
= Belgium 3 330 330
= Croatia 24 1440 1440
= Czech Republic 3 360 360
= Denmark 3 329 329
France 5 600 600

Germany 64 7680 7680

Hungary 4 480 480

Ireland 1 120 120

Italy 8 330 330

Romania 10 1200 1200

Slovenia 2 240 240

Switzerland 7 840 840

Tarkiye 1 120 120

Mediterranean Europe 36 2730 2460

Croatia 9 540 540

Cyprus 1 90 90

Greece 1 90 90

Italy 7 390 120

Spain 17 1530 1530

Tarkiye 1 90 90

Total 214 17 939 19 108
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National surveys yslightd (72.9% combined) th
In addition to the transnational surveys, national survergguemcy ofegsawvith more than 60% defoliation (2.5% vs. 4.2%).

conducted in many countries, relying on denser national grids anﬁj] . . . .
ong the main tree species and tree species groups, deciduo

aiming at the documentation of forest condition .ar%em'rtasérate oaks and evergreen oaks displayed the highest mee

deve!qpment Ir.] the rgspecbuntry. Since 1986, varioy efoliation (27.3% and 26.7%, respectively). Common beech h:
densities of national grids (1x1 km to 32x32 km) have been use .
. . X e lowest mearotdafion (20.9%) followed by decidupus (sub
due to differences in the size of forest area, structure o Qrests : . .
. L ediferranean oaks and Mediterranean lowland pines with
and forest policies. The results of defoliation assess

. : . . '6% tach. Mediterranean lowland pines had the highest
national grids are predeirtetheonline supplementary

terialc . betw th tional fd%ercentage (76. 8%) of trees
ma et”. or:pakr:;sg) ns G; e?t?] © nta |0nabsurveys Of di g&%n}ous temperate oaks had thBA@¢sT e strongest
countries should be made With great care because of Al &l«@S in defoliation occurred in deciduous temperate oaks
in species composgittmconditions, and methods applied

'(+1.4%) and the strongest decrease in comtabaheech (

Mean defoliation of all species at plot level in 2021 is shown in

. Figurg-1. More than two thirds (68%plofsaiad a mean
Results of the transnational crown defoliation up to 25%, and only 1.2% of the plots showed sever

condition su rvey defoliation (more than 60%). While plots with defoliation up to
o 10% were located mainly in Norway, Serbia, Romania, anc
Defoliation Turkiyeplots with slight mean defoliati®Bog) ive found

. . ) across Europe. Clusters of plots with moderate to severe mes
The transnational crown condition survey in 2021 was c%quﬁt cEI P P :

. . afion were found from the Pyrenees through southeast
on 10851 trees on 5 565 pho25 countries (Ta@de Out y g

. . . .(Mediterranean) France to west Italy, but also from central an
of thosd,01 668ees we assessed in the field for defollaug)n ) y . . .
(Tablg-4) northern France through Germany and into Czechia, Slovakia a

Hungary, as well as in western Bulgaria and coastal Croatia.

The overall mean defoliation for all species was 23.5% jlrhgot%?lé)wing sections describe thespguiiesnean plot
there was no change for broadleaves and a very slight inC%

- X . : . ffiafion in 2021 and thealbweend and yearly mean plot
defoliation for conifers in comparison with 202-@)(Tab|8 foliation from 2002 to 2021. For maps on defoliatiain of individu
Broadlead trees showed a higher mean defoliation 't

an
coniferous trees (23.3% vs. 22.4%). Correspondingly, cq[

tﬁg%g)lﬁg? in 2021, and trends in mean plot defoliation from 201
a higher frequency of tr eoe S ,P%asetre[]ereto th& %nyng ﬁurl)plgr[{]epi%rynmat%rl?l assé¢

Tabler-4: Percentage of trees assessed at@fy2ling to defoliation clasbésl@ss 2 subdivided), mean deffiiati@nmain species or
species groups (change f@@im3tarentheseshd the number of trees in eachQjasspl contains standing dead trees only. Dead trees were
not included when calculating mean defoliation.

Percentage of trees per defol@tiss
Class0 Class Class-2 Class-2 Class Class defoliatio

Main species or species g (0-10% (>1025% (>2540% (>4060% (>6099%  (100%

Scots pinfius sylvestris 212 526 161 6.8 25 07 229¢02) 17792
Norway sprugécea abjes 294 363 222 79 29 13 229@(04) 1177
Austrian pin@igus nigra 288 468 132 6.3 39 09 222¢02) 5324
Mediterranean lowland pir 162 606 161 51 13 07 220(+04) 7 78€
Other conifers 321 432 159 59 24 06 208 ¢+0) 7 84C
Common beekhdus sylvayi 356 384 166 58 35 02 209¢17) 12 36¢
Deciduous temperate oak 185 405 252 100 52 05 273¢14) 896t
Dec. (sytMediterranean oi 289 428 180 73 28 02 220(#1) 788t
Evergreen oaks 102 548 213 85 45 06 267(¢.3) 4628
Other broadleaves 290 446 141 6.0 4.7 16 227 @01) 17 301
Conifers 249 480 172 6.6 25 09 224 ¢01) 5051¢
Broadleaves 270 430 179 71 42 08 233 (¢+0) 5114«

All species 26.0 455 17.6 6.8 3.4 0.8 23.5(+0.z 101 66
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Mean plot defoliation
of all species in 2021
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Figuré-1: Mean pldefoliation of all species i, Z)wn as defoliation claBsesdegend (top left) shows defoliation classes ranging from
none (blue), slight (green), moderate (orange and red), efelatieritacgercentages refer to the neadisfledtié crown compared
to a reference tree. The pie chart (top right) shows the percentage of plots per defoliation classeBead trees are not includ
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b) Norway spruce
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g) Deciduous temperate oaks

f) Common beech
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Scots pine Austrian (Black) pine

Scots pin@ifius sylvestissthe most frequent tree speciesfinstrian pinéigus nigia one of the most important native

the ICP Fete Level | network (Tad)e It has a wide conifers in southern Europe, growing predominantly in mountair
ecological niche due to its ability to grow on dry and nutriené@®fnom Spain in the Wéskipa the east, with scattered

soils and has frequently been used for reforestation. Scaisquinetses as far north as central France and northern Hunga
found over large parts of Europe from northern Scandifbigiasfecies can grow in both dry and humid habitats with
the Mediteanean region and from Spéirkitgeand is also considerable tolerance for temperature fluctuations. Two
distributed considerably beyond the UNECE region).  subspecies are recognized, along with a number of varieties

In 202, Scots pine trees showed mean defaliatior 0% adapted to different environmental conditions.

on 13.7% of plots slight>1®23/% mean defoliation on Austrian pine had a mean defoliafiaal6f on 125 of

625% of the plots (pleaser rto thenline supplementary the plots containing thisespeantetweetl and®5%on
materiglFigure Sll).Defoliation of Scots pinedn@8s4%6 64.0% of plots (please refer toortliee supplementary

of the plots was moderate6@?5defoliation, class 2) anthateriglFigure &). Defoliation was moder228®#nof the

only on &% of the ifosevere (>60% defoliation, class 3). Plots (>260% defoliationiiasevere ot%.of the plots. Plots

with the lowest mean defoliation were primarily foumdthiness than 10% mean defoliation were mostly located in
southern Norway, EsBpaa, afdirkiyevhereas plots with Turkiye while plots with higher defoliation were scattered
comparably high defoliation were located in Czechia, thestghout the region.

Slovakiaentral Germaspytheastern Franaad western

. The 2@ear trend in mean plot defoliation of Austrian pine shows
Bulgaria.

alargencrease @f1% (Figufé2c). From 2010 to 2014 the

There has been a significant trend of mean plot defolianomalfmean plot defoliation was lower than the trend, but it has
Scots pine over the course of the last 20 years with anbeemeasgove the trend line since then, reaching its absolute
of 43% (Figui&2a). The mean defoliation across plots shovegdnum in 2018.

some fluctuation talgahe end of the chosen reporting period,

with mean defoliation values steadily above the trend ”'Wreﬂﬂgﬁanean lowland pines

2015and the highest value in 2019 Four pine species are incluthedgroup of Mediterranean

lowland pines: Aleppo pine/idalepeny/smaritime pine
Norway spruce (Ppinastgrstone pin€. (pingaand Turkish piBelruiya
Norway sprud@cea abjeis the second most frequentMost plots dominated by Mediterranean lowland pines are
assessed conifer species withif® tRerd€ts monitoring located in Spain, FrancEjigkigebuthey are also important
programme. The area of its distribution within the partidpatigsg in other Mediterranean countries. Aleppo and maritim
countries ranges from Scandinavia to northern Italy apthdrane more abundant in the western parts, and Turkish pine i
northeastern Spain to Romania. Favoring cold and tharma@bktern parts of this area.

climate, Norway spruce at the southern edgaiuitios di Mediterranean lowland pine plots had mean defoliation of up to

area is found only at higher elevations. Norway SPIUCY 496 G896 of plots and®8 of plots had defoliation between

common in forest plantations effectively enlarging its T'i\t%a 25% (please referdlie supplementary material
distribution range.

Figure $4). Defoliation was modera#®&undl the plots,

In 202, spruce trees on roughly on®#%4) (£ all Norway andsevere on3%. Most of plots with defoliation up to 25%
spruce plots had defoliationl0g6toand furth@8% had were locatedTidirkiyand Spain. Plots with moderate to severe
only slight defoliation (please refeoribnhesupplementary mean defoliation values (>40% defoliation) were mostly locatec
materiglFigure $3. O1354% of the plospruce defoliation in the proximity to the coastline of the western Mediterranean
was moderate @6ZB/4lefoliation) and severe defoliation wasa.

recorded drb% of the plots. Plots with low mean defolie?:tioN/I : . . .
. o : o Mediterranean lowland, firdsend shows an increase in
were found mostly in ScandinaviaBailatiesgion. Plots

o o . defoliation @6% over the past 20 years revith
with high mean defoliation valuesos#ydocatedcentral ° _p y YFZQDL_
Europe annual values mostly staying close to the trendline.

The 2@ear trenith mean plot defoliation of Norway spruce
shows an increas&8%f @-iguie2b). The annual mean values
have been on a steady rise and above the trendline since 2019

* http://icdorests.net/pagefim@stsechnicakport
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Common beech Deciduous (sublediterranean oaks

Common beefhadus sylvatimathe second most frequentifhe group of deciduous) (deHiterranean oaks includes
asessed species on Level | plotsand208 far the most Turkey oakQuercus cérrislungarian or Italian oak
frequently assessed deciduous tree species within the |G .Faiestyy downy odl. pubescerandPyrenean oak
monitoring programme. It is found bplaesviebm southern (Qpyrenairarhe range of distribution of these oaks is confined
Scandinavia in the North to southernmost Italy, and frionsahihern Europe, as indicated by tbaineamem

Atlaotic coast of northern Spain in the West to the Bu

. H%ﬁﬁgrranean oaks had mean defoliation up48%Qst on 1
Black Sea coast in the East.

the plots, and oh0% of the plots between 10 and 25%,
In 202, common bedwd up to 10% mean defoliation gielding a totalb&f3% of plots with mean defoliation up to 25%
205% of the beech plots (please refer to the dblirthese oaks in128Mmosa third331%) of plots wieal
supplementary matgRajure ). On65% of plots, dih moderate, ah@%o severe mean defoliation for Mediterranean
trees were slightly defoliateg&9%0defoliation), moderateoaks (please refer to the online supplementariFigwaterial
mean defoliation was record@@%and severe defoliation S17). Plots with lower mean defoliation were located
on 3% of plots. Most plots with lower mean defoliationpnesteminantly in Serbia, Bulgarigrlapenvhile plots with
located in eastern Europe, while plots with severe defoligtérnean defoliation were found mostly in southeastern
were predominantly located in France and Germany. France.

The 2@ear trend in mean plot defoliation of common Géwrk has been no significant trend in mean plot defoliation for
shows an increase4é6 B-iguré2e). Annual mean valuesleciduous (sublediterranean oaks for the past 20 years
generally stay close to the trendline, but theedargert (Figuré-2g). Mean plot defoliation values generally stay very
deviations from thénd, in 20D16and2020the highest  close to ¢htrendline.

ever mean plot defoliation of @a®ésorded in 2020

2004, the annual mean plot defoliation was higher than t@%r gen oaks

as a result of the drought in the preceding year which %ﬁgc up of evergreen oaks consists of kesesusak (

large parts of Eul@paie t  al . 2005, Seli dLd.ngm 209 fay 0 S&ndbhd Yolk bak

et al. 2009). (Q.subdr The occurrence of this species group as a typical
element of the sclerophyllous woodlamfineéd to the
Deciduous temperate oaks Mediterranean basin.

Deciduous temperate oaks peducheulate and sessile oa\l§ -
ery fevd.8%) of the evergreen oak plots had mean defoliation
(Quercus rolemdQ. petragand their hybrids. They cover a Y &%) verg P 1l

. . . up to 10%, and there W&% Bf the plots in the range >10 to
large geographical area in the UNECE regidherinom 5 Y% mean defoliation (please refentim¢heupplementary
Scandinavia to southern lItaly and from the northern clgg%n%ﬁ Figure $). Moderate defoliation was recorded on
Spain to the eastern patsiage 437%, and seveefoliatioon 12% of plot3he majority of
In 202, mean defoliation of temperate oaks was up to 10iasowith defoliation over 40% werealocgtéoe shoreline
72% of the plots, and from >10 to Z5Pwpthdrefore more of the northwestdifierranean
than half of the plotsi@or slight mean defoliation. Moderégesed on the trend analysis, evergredracial ein
mean defoliation &62B%) was recorded 8% 4f.plots and defoliationf 6.7%ver the Ias:t 20 years (Figiig The
severe defoliation (more than 60% defolidndfore '

plots (please refer to the online supplementaryi rialdefoliation development pattern for evergreen oaks is
. L QEeNa haracterized by larger deviations from théasenglline

S16). Plots with seveeéoliation were located mostly in ylarg
. . L severa]I ears

France, while plots with mean defoliation up to 25% were main )}/

found ithe east of the continent

There has besstatisticallgignificant increase in mean plot
defoliation for deciduous temperate206%& tre past 20

years. Generally, the changes in the defoliation status are not very
fast for deciduous temperate oaks. A good example is the
increase of oak defoliation in the drought year 2003, followed by
a delayed recovery (Fiegf)e The largest deviadibthe

mean defoliation from the trend line happened in 2019, possibly
due to the effects of drought events both in 2018 and 2019 (JRC
2019)and the rise of defoliation continued in 2021

L http://icfforests.net/pagefm@stsechnicakport
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Damage causes

trees on4b9 plots and in 26 countries7@Ntées (46.4%) [yPems species or species grc N dama¢ N tree Rati
at least one symptom of damage was found, whic sympton

percentage points less than in 2026).(47 total, ®  Scots pingitus sylvestris 9555 17422 055
observations of damage were recorded (multiple (Norway sprufécea ab)es 430¢ 1104 039
symptoms per tree were possible). Both fresh and oldAustrian pin@ius nigra 289t 5328 054
was reported. Mediterranean lowland pine 4298 7794 055
Other conifers 403C 766& 053
The average number of recorded damage symptoms petassf§s®deehdus sylvaric 8314 10965 076
tree (ratio, TaB®) was higher for tioadleaved tree specieDeciduous temperate oaks 861€ 850€ 101
and species groups than for the conifers. It was highest @)tMediterranean oak 679 788E 086
deciduous temperate oaks and evergreen oaks with 1 Eysipteem oaks 461z 463: 100
per tree, and lowest for Norway spruce with 0.39 symp adleaves 14091 1948% 072
tree. Compared to 2020, both the numberdoflaatyde -
symptoms and the ratios have been decreasing for all cSOMers S s
B 42 421 5147 082

species and species groups, as well as for common be
groups of other broadleaves, while both have been incr
the oak groups.

67509 100732 0.6

Tabl&-5: Number of damage symptdrassessed trees, and their
ratio for the main tree species and species group4uitti2621.

In 2021, damage cause assessments were carrig8lout ofieiB@e symptoms per tree and dead trees are included.

Figue7-3: Percentage of recorded damage symptdriis=i® 283, affecting different parts of aMrétiple affected parts per tree were

possible. Dead trees are not included.
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