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The Internatio@doperative Programme on AssessmentFafidwing is a summary of the presented results from regulal
Monitoring of Air Pollution Effects onlEBréstetsone  evaluations in ICP Forests (Part B).
of the mosbmprehensjpregrams within the Working Gro

on Effects (WGE) und ©E€onvention on Lumge atmospheric pollutants reach even remote areas, such as fore

Transboundary Air PollldionCpnventjoio provide a : . .
. . . ecosystems. Pollutants generated by industry, traffic, agriculture
regulaoverdw of therpgraghi s  a cthelCP iFdrastse s

. ) and other human activities are emitted into the atmosphere anc
Programme-@dinating CenfRCG)earlpublisteanCP P

. . . o can be transported to distant areas, whereefiasitede d
Forests Technical Repatsummanrsresearch highlights . P - ; L
. . . . ) mainly by wet deposition of compounds dissolved in rain, snow
and provides an opportunity partadipating countries to

. . _ leet or similar, and by dry deposition of gases and particles o
report on their national ICP Forests activities. The Fjl% ?so y dry aep g P

invites all ICP Forests Expert(PBj\#srking Groups, an orest canopies.

Committees to publish a comprehensive chapter on th&henagsgount of pollutants deposited can be modsitied, but in
recent results from regular data egaluation measurements are needed becaaselativitly high local
variability due to the distribution of pollutant sources and
properties of the receptor ecosystems, like forest type or loca
topography.

%%mospheric deposition is an important tpatiwiah

This 28B Technical Report presssui$rom3l of the 42
countries participating in ICP Rasfs presenis

including

aconcisaverview liye EP Chairs of the most relevant key
findingsn the scientific literafar¢he forestlevant,

priority themes for the WGE strategic plannings iN the previous years, high throughfall deposition of nitrate
deposition, ozone, heavy metals, air pollution/clfRgtgmmonium in 2021 was mainly found in central Europe, bu
change interactions; single plots with high deposition valuésowepaded from

alistofeb scientifipubleations for which ICP Forests dataer parts of Europe. The number of plots with high ammoniun
and/or the ICP Forests infrastructure were used  deposition was, however, larger than for nitrate.

alist ofall29 officiatequests for ICP Forests data betwgﬁfbhate depositiondeaseasaery much since the start of

Januagndecemba(p2. the monitoring and currently the highest throughfall deposition

Part Bocuses on from within the programme.'s still found close to large point sources, mainly in eastern anc

This yetine Technical Report in¢heléslowinghapters southern Europe. In the southern part of Europe, sulphate
. . deposition is also influencealdayic emission and by the
Amosphertbroughfatleposition Europedorestin - .
o1 episodic deposition of Saharan dust.

Meteorological conditions in European forests in 20&gIcium and magnesium depositi buffer the acidifying
Tree crown condition #2 20 effect of atmospheric deposition. High values of calcium and

. magnesium throughfall ition wer ly reported from
ICP Foreste mber statesd view ag ﬁsupﬁ eoug?ah perpoesFIOP qewst* gprotg%' {o? 2
I large area in central, eastern and southern Europe, mainly relate
Strategy and future activities ..
to the deposition of Saharan dust.

Part @icludes fromithe
participating countries.

complementingart Bis Weather and climate affect composition, structure, growth,
healthand dynamics of forest ecos@iterrsing weather
conditions and their seasonal variations on forest monitoring
Forcontact informatioaliE#uthors apersons responsible  pots is therefore essential for identifying and interpreting trends
this programmetease refer to fheexat the end of this in fgest condition. Furthermore, weather data are needed to
documerftor more information on the ICP Forests prograf@fii®y and understand interactions with other stressors such a
we kindly invite youistt the ICP Forests website air pollution, diseases or pests. Against this background, the IC
Forests Level Il plots were equipped with meteorological
measuremedevices as early as the 1990s. The resulting

avdableonline

http://icdorests.net/pagefm@stéechnicakport http://icdorests.net
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Europwide network of forest meteorological stations provides calrried
sitespecific forest meteorological, ohafading air outin 222, as well as lelegm trends for the itneespecies
temperature, relative humidity, precipitation, wind speeaddaspkcies groups.

direction, global radiasoit, moisture and temperature.

combination with data CP Forestsrveyte.g. tree onl® 696trees oB453plots in 2Zountrie®ut of those

growth, crown condition, phenology, ground, \eggtatio 0L 190trees were assessed in the field for defoliation. The
these data can be used to analyze the effect of the atmg\;gra rc

. : . - mean defoliation for all spe@88%vas 222; an
environment and its change timeron vitality and . . L .
increase in defoliation ofpdd@%conifers and h46b
development of forest ecosystems.

broadleaves in comparison with 2021. Broadleaved trees showed
Temperature and precipitation patterns play a key role iraclngater mean defoliation than coniferous trees (24.7% vs.
change impacts on foréstsy 23.0%), as in previous years. Among the main tree species and
focuses on presenting andree species groups, deciduous temperate oaks and evergreen
interpreting air temperature and precipitation data from 2@R& didayed the highest mean defoliation (27.7% and 28.6%,
comparison with H@rgn mean values for different climatéspectively). Common beech had the lowest mean defoliation
regions in Europe. (22.4%). The strongest increase in defoliation compared to 2021
occurred in evegreen oaks &rigbin Austrian pine (#1.9%
while there wano increase in Scots pine and only a small
increase in Norway sprucg) @aeciduous temperate oaks
2+0t ex) Defoliation increased in all species and species groups
compared to 2021, except in Scots pine.

ll%e transnatiooedwn conditisurvey in 2Dwas conducted

The year 2021 was warmeththdangerm average
southerrputheastind a few other ploEuimpe andoler in
westcentral andesterizuropdn contrast to the year as
whole, it was significantly warmer than normal duri
vegetation period in most of Europe (oftenlbg’Gplmo +
2021, maximum temperature8étoaeiring the vegetationin 202, damage cause assessmendgsrigdroud @9920
period occurred at Level Il Fotshierand SEuropebut trees onEPlots and in 26 countrie Mideesq9.0%

also on one Level Il plduingary and a few in Gerftieny at least one symptom of damage was foun@.@gpich is
majority of Level Il plots in Central Europe showed mhigimemthan in 2@434%).

temperatures during the vegetation period H&Gvaed 2
36°C The number of hot days and late frost events an
deviation from the {mrgy average dependéteolimatic
region.

'2% of all remed damage symptoms. Within the group of

insect88.%0 of damage symptoms were caused by defoliators.

ﬂl\pt ects were the predominant cause of damage and responsible
of

o o Abiotic agents were the second major causal agent group
The distribution of tatalugprecipitation in 2021 sfeow responsible &6).36 of all damage symptoms. Within this agent

more or less norpstern. The highest annual prec'p'taté?(g%ﬁgore thaimalf of the symptoBisé) were attributed

was faud in the Alps and mountain stations in Greece a}o dveCight, while snioe and hausedl. 26, wind. D6
lowest in Spaindin eastcentral ammbutheastern Europe. heat/sun s’cald 3B oS 46 of the syn.”npt(,)ms -

The deviation of total precipitation in 2021 frortethe long
average (122020) is less tH&o in either direction on the
majority qflots and seldom reaches higher values. In general,

the yed2021 was slightly drier than normal all across Eulg@i@rereparing
(itwaglecidedt the last meeting of the Programme Co
ordinating Groop the one hand, to gatbemation on the
_ . views. of the ICP Forests member statesrenstingte

Tree crown defoliation and occurrence of biotic and a%opc . 9y

. - " ) and 1ts valuend on thehatr hand, to takeaccount the
damage are important indicators otdioddgtnUnlike . . .

. . ) idea®f partneiis thedraftingpfanew stratediyrougtan
assessments of tree damage, which can in some instances trace . .
. L onling. questionnaire

tree damage to a single cause, defoliation is an unspecific
parameter oé¢ vitality, which can be affected by a numbdisgfuestionnaire consisted of 24 questioagelevance
anthropogenic and natural factors. Combining the assessrdevalidity of the current strategy, on the priorities of the
damage symptoms and their causes with observatioaglsir eotries in relation to forest environmental monitoring,
defoliation allows for a better insight into the condition ofoée3n the countries' views on the future efefategtam

monitoring activitiEise results are summarizéedin
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FOREWORD

Dear Reader ICP Forests is part of the UN ECE Air @anfiesttiondti
' national and nMdteral environmental agreerapdt

%al.t%s (i) at4m@mopean scale, (i) in theetamgand (iii)

. .0
Our forests are under pressure. Together with Commuvélj‘gia%oncept that connect askalyesurvey for status and

level of Nitrogen (N) deposition, climate and weather exHemes . . . . .

. . . . ..change detection (our Level I) to highly equipped sies for drivers
are increasingly challenging the resistance and res'“?é]é:;‘)aor?ée relationships (our Level Il). Thanks to this, a program
forests in the UN ECE region and beyond. Fototigs rea ' ’

. o . at was initially conceived to monitor the effectgiohair poll
term, reliable monitoring of the condition of our fores :

. proves now useful jo a?]sess the response of forests to 9|mate
ecosystans Gemore rel evant thaCHangeevery this report p . ).

It is my great pleasure and honor to introduce the ICP.IJﬁgres

S .

. afue f our data grows every year and already nqw,in man

Technical Report GForest (\,t/on I |o.ﬂ.|nyguroge yQPNh%.
: . couq ries the data series is longer than 30 years. For this enduring

A s s e s shis eepott provideE the most recent account o

selected results obtained by the largeshlorigrnationall commitment, my gratitude goes to therioCbadies, the

. Y grne Y Lead Country of the ICP Forests (Germany), all the participating
coeordinated and harmonized forest monitoring program in. .

. | ountﬁles, the PrograordBwmting Center, Groups, Panels,

Europethe ICP Forests. Compared to the previous Vers'&%?hrtniﬁees addstbutnotleasi| | t he Experts
2023 Report inclialbsand new part on meteorology, a SUNVEY ~b Forests P
on the view of Member states on the ICP Forests strategy, and the '
new strategy for the period-20@2 as approved by the Taskvish you an informativetamglating read.

Force of the program at'itee&ting in 2023.

Out of the many activities cautiedthin the program, the
2023 Report emphasized that deposition of ino
Ndeposition remained at high 1e268l kOka yrl) over
large parts of central Europe (see Part B, Chapter 5) a
temperatures were tendentially higher aithtigneci
considerably lower thantéomg average, although wit -
differentiated geographical patterns (Part B, Chapter:",_'—p
example, deviations from-tdong average maximum
temperatures were pronounced not only at the plots in ¢
Europe, busalat the north European sites. At the same
defoliation continues to increase together with the frequs
observed damage (+2.6% than in 2021). It is worth no
abiotic agents are now reported as the second most re
cause of damagédrees, and thatamong all the abiotic | = 5
agents drought accounts for 55.6% of the records. Ad
during the summer 2022, leaf browning due to heat and
wasobvious in central and southern Eurdpee(seead
visible effects of 2022 drought on forest vaG@tdtmmests Marco Ferretti
(icpforests.neUnfortunately, recent observationsisaiggeshairman of the ICP Forests

such a condition has continued also in the summer 202$wiss Federal Research Institute WSL

2023 TECHNICAL REPORT
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The UNE@®nvention on LamgeTransboundary Air ecosystents/er thepast38 yearsUnder recent climatic
Pollution was the first international treaty tohanges, sieven morelevartharever.

limit, reduce and prevent air paliutmprovide information The yearly publishé@ Forests Technical Report series
onits effects on a wide range of ecosystems, human heal§y£f8#8s thep r o g anauatdssits andas become a

and materiaince its establishnent979ijt has been yajuable source of informatiBuropean forest ecosystem
extended by eight protocols, advancing the abiétemeng{ngaesithtime This 2@Technical Report of ICP Forests, its
emissionf sulphur ($)trogen oxides JNQrounrkbvel  online supplemeyt materjahnd other information on the

ozone @ volatile organic compounds (VOC), persistent grggfifime can be downloaded fiomithe
pollutants (POP), heatgi$HMandoarticulate matteM)

including black carblen

issone of seven subsidiary groups (six ICPs ané@joint
Task ForceivHO) that report to the Working Group on Effestge are extremely gratefiit o from théustrian
(WGE) under the Air Convitnisorled by Germany; itS  Research Centre for Forests BFW fior Vienmeany
Programme-@dinating Centre is based at the Thiinen Institutgears of active involvement in ICP Heradtdeen
of Forest Ecosystems in Eberewigldis Chairperson is based  Chair of the Forest Foliamd@®ation Centre (FFELT)

at the Swiss &mdl Research Institute WSL 20062021and theVG QA/QC in Labordtonie80:7

ICP Foresgsan extensive kegn forest monitoring network 2022, and cbair of the EP Foliage and Litterfall from
coveringurope and beydimehs established in ¥886the 20032017 from the Polish Forest

aim to collecompileand evaluatata on forest ecosystems Reserach Instituteland from the Croatian

across the UNECE regibrmonitdorestcondition and Forest Research Institute have been appointed new chair
performance over time. and cahair of the W& QC in Labs.

ICP Foregimovidescientific knowledge on the effects of @ir Wewould also like timank from the

pollution, climate charayed other stressors on forest  Slovenian Forestry Instiiite cechaing the EP
ecosystentismonitors forest condition at twatyriares: Depositidior15 years from the German

State Agency for Nature, Environment and Consumer

The monitoring is baseBb@observation pl@ats . ) )
Protection of NorRhin&Vestphalia (LANUV) was

at 2@2) on a systematic tratisnal grid of XXB6km

throughout Europe and beyond to gain insight into tf@Pointeasanewcochair.
geographic and temporal variations in forest conditioff We also welcoivie from the Czech
The intensive monitoring comp@8plts(as at Forestry and Game Management Resea(EGMRijute

21, Table-1)in selectddrest ecosystems with the aim as aadditional ehair of the EP Grawth
to clarify causfiectelatioshipdetween environmental ~ from the Natural Resources IRstiand (LUKE) as new

drivers and forest ecosystem responses cochair of the EP Biodiversity and Ground;\4ggktation
from the Bavarian State Institute of

Quality assurance and qualityptoogdlres are coordinated )
Forestry (L\&&)ew chair of the EP Meteo/Phenology/LAl.

by committees within the progeardries
ensures a standard approach for data collection in, forest
monitoring among the 42 participating ¢otniries:
isavailable upon requanst providing
anoverview of the deteludingeneral plot descriptions and
information on data availability per plot @aer bendirectly
downloaded frthra ICP Forests website

Transnational lelegm forest monitoring under ICP Forestsifas

been a pioneering initiative thatolvago be successful The data unit at the Prograrorgirating Centre (PCC)

detecting, understanding, and martellggs iforest of ICP Forests is constantly improving the data
management, data availability and usability, and

was
established within the EP Crown Condition and Damage
Causes ant is still looking for experts in forest
ecophysiologifling to participate

https://unece.org/environpodiny/air http://icdorests.org/open_data/
http://icdorests.net/pagefm@steanual http://icdorests.net/pagefm@stéechnicakport
http://icdorests.net/page/datpuests Please cont&élippo.Bussotti@urafidvartindollastrini@unifi.it.
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information flow within the programme and to the scientifitdicating a higher sensitivity to N loads than supposed in
community and the public. The folkmslogrdents of the former repoam2011.
the data unit were recently accomplished:

Two new surveys

were implemented in the The
database under the UNECE Air Conventii?iz24March 20

Based on the unification of data structures over tinfd1d12316 Septeneb 2@2, to discuss the progress in
which took place over the lagtdesiny activities and further development oforééiatetd
ifzccooperation with the activitiese.gwith regard toe 2023203 workplan for
corresponding Expert Panels and national partners the implementation of the Convémiarpdate of the
WGIEEMEP sciensfrategy, the review dbtitkenburg
c protocol and collaborations with other international
organizatians

For several survgys,
were developed and implemented at the PC

At the Ba70April202) in
Tte results from the Working Group on Quality Assuraftague Czechia’6 registered participafitan 22
and Quality Control ofi‘thie European counjaesdin person onlinendliscussed
with Z laboratories froB 2 current issues and developntiergdsixpert Panels and
countrieghe Working Growd¥e ar e very gNRCt ef ul
with 3labs from 23 countdesd the Czechia) and his colleagures from the Czech Forestry and
with 32 labs from 21 couneies Game Management Research Institute for the organization.
published. These reports can be downloaded from ¢he 1HE was helohline2s

Forests website 113June 28, with77participants froBcauntries.

The was

using data that had either originated from thepostponed to 2023

ICP Forests database or from ICP Foegstsnadtigh
at , therehyrovintherelevance amskof the The
ICP Foredimta and infrastructwarinugesearch areas
such aamospheric depogjésp. of nitrogen and sulfur)
ozoneoncentratigrizeavy metatimate effectisee
conditiorand damage causm®st biodiversity and
deadwoodutrient cycling, tyg®ysiology, phenology,
forest sojland soil carbon

met in
Berlin2324NovemberZ)to discuss current issues and
thel CP Formpagtesd further

We wish to thank the Federal Ministry of Food and Agriculture
has (BMEL) and all participating countries fotinted con
been published by the UNeaeaffiliation program. limplementation and financial support of the ICP Forests. We also
is a seffaced online course that aims to raise awardwaass the United Nations Economic Commission for Europe
about air pollution asdeffects, ways to prevent andUNECE) and the Thiinen Institute for the partial funding of the
reduce harmful emissions and the Convention dfdP ifsorests Programroedi@ating Centend the Swiss
protocols as an international framewardi@tiom on Fedef&Research Institute WSL for supporting the Chairman

cleaner air. Forthe lasB3 years the success of ICP Forests depends on the

Anew report OR continuous support from 42 participating countries and the

byithe Caination Centre for expertise of many dedicated individuals. We would like to hereby
Effectf CCEYf the ICP Modelling and Mapping waspress againr sincere gratitude to everyone involved in the
published. Several scientists andrempléftsent ICPs ICP Forests and especially to the participating countries for their
were involved, including colleagues from ICP Forestpily commitment armpemtion in forest ecosystem
features chapter on "Effects of nitrogen depositiormonitoring across the UNECE region.
forests and other wooded land" and provides uin_dated . . L

L - ) or a complete list of all countries paaticépating in ICP

numbers for empirical critical loads for different fcggsés.s with their responsible Ministries and National Focal
Considering the new insights and literature of the | s{ 156 b

. . . nes(NF I refer tonthe
years, several empirical critisaWéyaddlownsized, thus, enBS(NFC), please refer toithe

http://icforests.net/page/worgingmpnquality https://unccelearn.org/course/view.php?id=150&page=overview
http://icforests.net/pagefimestothepublications https://unece.org/environpadiny/air
http://icforests.net/page/publications
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Table 411: Overview of the number of Level Il plots per survey and countnl fiatavkiehe2@#bmitted to the ICP Betastse i8/Jun2023

Air quality

Austria

Crown
condition

Deposition

[
[&)]

Foliage

16

Ground Ground
vegetation vegetation
biomass

Growth
and
yield

Leaf
area
index

Litterfall

Meteorology Ozone

Phenology
injury

Soil

Saoil
solution

Belgium

12

Bulgaria

Croatia

Cyprus

RIN |~

Czechia

12 6

Denmark

Estonia

o]

[

Finland

N o~ NN O|~|O

France

95

95

90

13

Germany

42

63

58

34 13

40

22

37

79 15 38

Greece

Hungary

[ee]
]

Italy

29

Latvia

[E=y

Lithuania

©

Norway

Wwlw s

Poland

12

12

Romania

12

12

Serbia

w
(&)
(&)

Slovakia

Slovenia

10

10

Spain

14

14

14

14

14

14

14

14 14 14

a/lbhibdlwiO

Sweden

49

Switzerland

6

17

14

18

18

18
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FOREST CONDITION AND
ENVIRONMENTAL DRIVERS IN EUROPE -
RECENT EVIDENCE FROM SELECTED STUDIES

Marco Ferretti, Lars Vesterdal, Marcus Schaub, Roberto Canullo, Nathalie Cools, Bruno De Vos, Stefan Fle
Elena Gottardini, Leena Hamberg, Aldo Marchetto, Tiina M. NienNnem Biaha Ptart oci ¢, St
Pasi Rautio, Tanja Sanders 8obneiz, Volkmar Timmermann, Lilsa Ukonmaanaho, Monika Vejpustkov:
Arne Verstraetegter Waldner, Lothar Zimmermann

Introduction abiotic and biotic environment, and specifically for air poll

Marco Ferrettars Vesterdaarcus Schaub deposition, climate change and extreme events.

The quantification of forest ecosystem behavior in a changing .

climate is necessary for impact assessment and foRE&r8&1L evidence from selected
restoration to maintain biodiversity and provision of do[gsieg

ecosystem services. Continued efforts to reduce air pollution

levels willhimportant for the health and sustainability of forest

ecosystems around the world, especially under the contlirperitHERE

pressure exerted by climate fluctuations and changes.

The data generated by the monitoring networks installe@ Glsdéyeric deposition _
ICP Forests clearyodstrates its high relevance at scienfifice Verstraeten, Peter Waldineas Schyizo Marchetto

and political levels. This is largely due to the ecosystem aRi&RGRork focused on modelling of total N deposition inputs tc
adopted and the concept behind: without the evaluatiofy@s@dl pased on throughfall N depositiorteand tiamgis

biotic and abiotic stressors that may have an impact;j9R Q48 organic carbon deposhieglabal scale.
forests, it is notgbke to identify the role of air pollution. For

the same reasons, it is important to contextualize ICPBEREsRL @l- (2022) developed a statistical model for calculating

results within the larger picture offered by studies origifi@iy deposition as a function of throughfall N deposition. The
from other research and monitoring initiatives. model ibased on data from studies in selected European

countries with measured throughfall N depuakition a
Here, we present a briefewemépared by the Expert Pangighyltaneous estimates of total N deposition derived from
(EPs) and reviewed by the Scientific Committee of ICRias8$t8ions of measurements and detailed modelling. The
EPs were asked to provide an overiew\afience and keymodel may provide an alternative to more complex canopy
findings in their subject areas over the past year and as yifj€fhodels and has the advantage that no information o
within the Working Groupffents (WGE) strategic planniggik or wet depositisrrequired, making it more widely

under the UNECE Air Convention: nitrogen (N) depositigpRgehR. The model can be used within @2akgdiaf 0
(Q), heavy metals, and air petlihate change interactionsy throughfall N deposition.

EPs based their input on ca. five arbitrarily selected papghiage@t al. (2022) studiegionghanges in atmospheric

on the ICP Forestsonketand others. Scientific publicatioQSnputs and stream N fluxes in forest and grassland dominate
were selected if (1)-maeewed; (2) from the reporting yeag®ftersheds across Europe, North America, and East Asia. Tt
the year before, if not yet included; (3) covering emergingiggy@sat declining trends in bulk N deposition coincided with

and (4) relevant to the UNECE Air Convention. AqBgB8Eing nitrate concentrations in stream water.
requirement, i.e., thalies should include data from more than

one country, was not always considered, as importanCBRjifb@nd temporal patterns of bulk dissolved organic carbor
were also carried out at national level. (DOC) depositizere studied by Liptzin et al. (2022) using data

from 70 sites across the globe. For one third of the sites with
In the following, we summarize the main evidence accqiig@i® datasets (>10 years), a significant decline in DOC
three main ecosystem compartments: atmasphere,cgfcentrations over time was observed, most likely as the resu
vegetation, and forest soil. Given the interrelationships ginddBfases anthropogenic emissions of volatile organic
continuous fluxes and cycles of pollutants, carbon, waighgglnds (VOC) and organic particulates. Seasonal an

nutrients across the three compartments, some overlap Wt xishl patterns of DOC in atmospheric deposition were mos
among the different chapters. Connection andshipsrelatigfhsistent with biogenic emissions.

are particularly important in view of the interactions between the
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TropospherizangQ) Going into more detail, Turc et al. (2022) demonstrated that early
Diana Pitar, El€udtardini Hypersensitive Respities€éHiRkke) markers can provide

Paoletti et al. (2022) emphasized the need to reconciler%?gggﬁply specific, sensitive and reliable quantitative structural

critical levels and desponse functions to estiate stimates of $ress for e.g. risk assessment studies, especially

induced biomass losses. and recommended-the of df they are associated with degenerative andethatéakoid

foliar visible injuryH@) as a forestlth indicator Betting Injury in chloroplasts from mesophyll.
up epidemioldggsed critical levels to protect forests from
adverse; effects. FOREST VEGETATION

A study in western Germany (RRizlakimate), studied the
relationships between surfdegp@essed as concertratiori-orest growth

and flubased metrics), water strésse growth from 1998 Tanja Sandd&isnika Vejpustkova
to 2019, basal area increment (BAI), and fructiﬁca‘

European beefaglus sylvaiicand Norway spriced role of ectomycorrhizal fungi composition. While these results

abiek. H. Karst.) (Eghdami et al. 2022). A random forest analgtms . . o .
_ ) cannot provide a clear causality or directionality, the study
showed that soil water content and daytinean

ovides clear evidence that slow and fast growth of broadleaves

. . pr
concentrations were the best predictors of BAI at all S|Pera. ggr%ferous trees is linked to the ectomycorrhizal fungi

highest mean score of fru_gtlflc_at|on was observgd du[:'g%u&%ition (Anthony et al. 2022).
years, while low or no fructification was observed in most humid

years. Combined effects of drou@iciintionnfuenced  Etzold et al. (2022) not only used climate parameters to explain
tree growth decline in European beech and Norway sppeeiesgecific growth but investigated the role of day length.
most. Within the window provided bgrdgh, air and soil moisture

B M tal. (2022 meborded i h were the main factors to explain radial growth; while the number
aesso vioura € a,'( ) CORRAr : € |n.sou €Mt days with growth largely determined annual growth, the
European forest sites whtiIr@produced in a fied

. - i overall length of growth period contributed less.
eXposure (FO3X) experiment, finding that major parts of

synptom expressions were similar in the field and theBegByesults show that more influencing fapesiafiy
QFVldecreased by the presence of various specigdoriingar intrannual and spesjgecific growth dynamics
suggested the importance of continuous monitoring activitRs ta be implemented in tree and forest models to reduce
the field for the further analyses. They also found that indigetainties in predictions under climate change (de Wergifosse
species in the field expressed FVI at much higher |@icis 2$22).

exposure/fixan at the FO3X. However, extreme drought events duriogtth@egiod

In northern ltaly, Faralli et al. (2022) identified site andeptain the main cause of growth decline or the production of
characteristics as well as functional leaf traits associated@l®@ giewth rings due to a-yetmimalt of growth. To obtain
occurrence and severityretirOViburnum lantdaa @ highresolution data for a better analysis of individual tree
sensitive species) and at the scaktiitiaal siteburnum  responses, point dendrometers were used teeakedéate tr
lantanglants growing at one site of the ViburNeT moniésfieg, thereby providing evidence on the timing of stem
network (Trentino, North Italy) experiencigvieighw@re shrinking (Krause and Sanders 2022).

surveyed_ in relation .to 1) sur_1 exposure, (2) shading effﬁgﬁé'if)ﬂ? precipitation is also influencing the ground water level,
neighboring vegetation, (3) pigint, bed (4) presence angich together with mean air temperature from June to August

severity obRY 1. They found that plants at high irradiation W&gl?ound to influgheeannual radial increment of Scots pine

had significantly lower SLA (p<0.05), higher trichome delﬂsg}'o(gkia. Besides growth, these two factors also significantly

(p<0.01) and greater Chlorophyll (p<0.01) when Com%t??éjlatt%d with crown defoliation (Pajtik et al. 2022). It was

shaded and/or wastl nortexpsed plants, thus indicating %uggested that there will be increased Scotmginendie
strong influence of-gitecific characteristics on leaf trgiatmdy soils in regiaitis low precipitation
plasticity. Alsgi-@ht leaf level were associated with lower SLA

(p<0.001) and higher Tr in the abaxial leaf surface (p<0.05). Both
leaf traits showed seguifi differences also within the sodtRrest health
and east exposed plant category, thus suggesting the int@s@ f [, Yakmar Timmermann

leaf thickness and Tr as a potential adaptive strategyni@@batest threat to forest ecosystems in Europe probably
multiple stress conditions. Their results provide evidenggy@s&rom changing climate, but there is a great uncertainty
strong relationship betv@evil, leaf traits andsgieeific  rejated to the magnitude and character of climate change,
variables, offering new insights for interpreting data pgt#\farly at the regional level. A number of papers addressing
impact of;On vegetation. tree vitality on country level was published in the last couple of

years, offering detailed regional insights into the health status of

€p I9c];rests growth data was used for an innovative study on the
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forest trees in relation to climate change e#eatemshil In Spain, Mentdepez et §2022) assessed the pool of Hg in
explore a more lagale, Europeade approach. With the aboveground biomass (leaves, wood, barkadbranches a
ongoing climate change fostering frequent occurrence oftesig®mine Hg flux to soils through litterfall over two years (by
climate events, it is not surprising that drought has besortiega fallen leaves, twigs, reproductive structures and
global driver of forest health, and that its effecteeatiforeshiscellaneous materials) and its accumulation in the soil profile
are at the center of recent scientific interest. in a deciduous forest domina&@ed /s a/b&hey foundttha
Gazol and Camarero (2022) based their analysis %irr]c I?)aves are the major (_:ontributor to Hg deposition flux by
lItIEeezr\/é\"l and that woody tissues represent the largest

independent data sources, including the ICP Forests 1 . . .
. s . resepvolr in the aboveground birch biomass. In soil, the h
dataset, identifying hotspots of forest mortality and showing that . . . .
. L . . concentrations were found in the organic horizons, b
their occurrence partially explained by the simultaneo o .
mireral I§0|I still seems to be the major pool of Hg, exempt
occurrence of extreme droughts and heat waves. These results

are mirrored by George et al. (2022a) who found that Eel?%lraoerérlqental disturbances.

forests show consistent signs ofidouagltt dieback, whichin Estonia, Uri et al. (2022) aimed to estimate average
can be partly explaineghbynalies in soil moisture and thiger flux quantities and composition in Scots pine, No
occurrence of droughts during thgdass 25 spruce and birBet{/a pendakxdBetid pubescyrssands,

- . as well as to compile regional litterfall models for estimatin
Abiotic, environmental stressors (such as drought) not only cause .

. ) . . annual Titter flux. Although the annual litter flux depende
damage to trees by disturbing physiological processes suc

S . I . .
water transport and uptake of nutriestty make forest site qughty index and stand age, no significant relationshi

. - fourﬁj between stand basal aréirafialxli Average annual
trees more susceptible to damage from biotic agents suc aﬁ. . . .
Cc n%p% itterfall was similar for the studied tree species a

fungi or insects. In European coniferous forests, rece . . .
g P rﬂ tudied tree species. The relative proportion of needles ol

waveassociated droughts have regionally increase . . . .
. ) . . ioaves in the total annual litter flux declined with stand age, due
mortality rates associated with bark beetle infegtations.  THi. . . .
o : 0 the increased share ofvdggher fractions in the litter of
trend is likely to continue under more frequent extreme events o .
. . . .o{der sta*nds. The developed models of litter flux allow to
drought and heat in the coming decades. Analyzing resistance o

five host tree species to bark beetle attack-motlidebtle estimate the annual litter production of the canopy for the

mortality based on ICP Forests Level | data, JAZ@ et g}u ed tree species on the basis of site quality index and stan

suggested that the joint influence of drought events aﬁg%g]rkEstoma.

beetle disturbance threatens the persistence of coniferous
forests, highlighting the importance of studying distultvarscés of dramignd heat waves on forest trees
interactions for the health of European forests. Stefan Flecktephan Raspe, Lothar Zimmermann

Extreme weather &vare not restricted to drought, but inclide impact of droughts and heat waves in Europe on forest tree
also the changes in the intensity and frequency of precipiatianalyzed and illustrated by several recent studies. Whil
In their analysis of ash mortality in Europe, George et ald(oghts) are characterized by low waten ipgadifitation

found that the survival of ash was significantly lower in |@¢utiaffect tree survival by restricted water uptake from the soil
with exessivewater regime and which experienced nh@at waves are characterized by high temperature and lead t
extreme precipitation events during the last two decade&igher evaporative demand of the atmosphere surrounding tre
canopies. Gazol and Camarero (2022) ditieterdeied

both impacts and showed that 46% of the mortality events in
Europe corresponded with-tlceuroence of both factors in

the survey year, i.e. with years with low precipitation as well as
The highlighted studies from the last year focused on upigecpfperatures. Also the growth of oak speaikeds more |
mercury (Hg) in the foliagdloxétgwith litterfall of differentto the combination of both factors expressed as climatic watel
tree species on the one hand, and on the basic dynatgsnasd(CWB = precipiatieaporative demand) than to
modelling of litterfall fluxes of different tree species on thezniperature alone (Bose et al. 2021). Oak growth was especia
hand. susceptible to low CWB occurring in sprogcUrhence of

Wohlgemuth et al. (2022) investigated controls on foliar &@/m%%s.es with-high eyaporatlvg demanq also provided ar
Hg(0) uptake bynbiming Hg measurements of 3569 foligéglanatlgn for sudden vitality deplme and dieback of Sgots pin
samples across Europe with data on tree species trilt %ﬁ&v_'ss Rhone valley (Hunziker et al. 2022)’, espgually S”,“
environmental conditions. The most relevant pargﬁ,?&&[tatlon observed between 1981 and 2018 in this area dic
impacting daily foliar stomatal Hg(0) uptake was tree fuﬂg{%%cgpase.

group (deciduous versus conif@susOrneaverage, theyThe effects of high temperatures and low precipitation were
measured 3.2 times higher daily foliar stomatal Hg(0)diggakengled with higgolution dendrometer measurements
rates in deciduous leaves than in coniferous needles. across 53 sites in Europe, showing that growth was not reduce

Forest nutrition
Pasi Rautio, Liisa Ukonmaanaho
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in the 2018 heatwave, but trees experienced a depletionsafmatdiediterranean elements) were phylogenetically and
reserveleading to twice the temporary stem shrinkagefuhationally clustered, whereas widespread species were
usual (Salomon et al. 2022). Especially conifers were lessheapetalezed by overdispersion. The intermediate Continental
of rehydrating overnight than broadleavesciiherce of region showed randomly spdes. In the Alpine region, a

low precipitation and high temperature, characterized digathsignature of functional diversity differentiation between
StandardizeéRtecipitatieEvaporation Index SPEI, was atdosely related species appeared, suggesting the role of recent
shown to play a key role in modulating the resistaspeciztion events; phylogenetic niche conservatism appears
coniferous forests to bark beetle attacks durie@Qth8 201fore important in the Mediterragéan The aboveground

period (Jaime et al. 2022), thereby providing an explanatds filayed a major role in shaping the functional syndromes,
the frequent observatitarbeetle induced conifer mortalitgcross all the biogeographic elements.

after dry and hot years (e.g. Cesljar et al. 2022). The infllgeence of

. . . rmavhar et al. (2022) studied the plant communities on 50
hot and dry years on conifer resistandeabidatkack is, ( ) P

: o ) lots (Level | and Level II) in Slovenia. Floristic composition was

however, mediated by the proximity to the respective clima % cli . . o . .
, inked to climate, soil pH, and light conditions, while functional

optima of the htrees and bark beetles.

groups showed strong relations with forest stand characteristics,
including canopy cover (due to management). Phenological traits
Forestinderstory community composition and diversity of understory were negatively related to canopy cover and

Roberto Canulleena Hamberg br oadl eaf proportion; functio

Several studies took advantageteriodata from the ICPcompetitive, stragerant and ruderal) were affected by shade

Forests systematic network (Level I) and intensive mdﬂﬂ%n@os't'vely fessp@mes propqrtlon, negatively for S
network (Lev@lfor studies of biodiversity species scores); an inverse relation was also found for stress

toleranh and ruderal species proportion to pH and annual
A mulitaxon study has been conducted in Finland (Antae@patatumespectively.

2022) to quantifie responses of various organisms to climatic . ich he h hobi h
change over decades along bioclimatic zones, in terms (ﬁryquﬁ\yée species richness and the hemerophobic bryophyte

shifts within each speci@@ytion,in managed ferests thiopgh rPOIanI npYe, beeq
datasets have been included from the systematicrefBPé etd by Cacciatori et al. (2022). The sludy addressed

monitoring network (Lewa Bites surveyed in 1985, 199gfyophgs on all substrates (living trees, standing and lying dead

and 2006 with a standard protocol for the understory moW?&rﬂﬂg?xround and rocks) at 132 Level Il plots. Surveys have been

The authors found substantial shifts in the relative posi%ﬂgrg?eq eg):)éarl mte_rvalsd (]:ﬂ!l_ #19) and S't?s we:je q
species within their climatic niche, while turnover eﬂﬂ% terized by elevation, dominant tree species, and stand age.

decades was limited. Mean aemyérature, total No tempal trends were revealed, but a proportional increase in

precipitation, angarticularlyduration of snow cover, explaiWyOphyte species richness with elevation was observed. Strong

an increasing proportion of variation in plant species occﬂﬁgh%?e%es emerged for young stands, with spruce forest hosting

over time and with increasing latitude. Birds, marﬁﬂgfé(,:h higher number. of species. Dommant tree ;peues
butterflies, moths, plants, and phytoplespooded to exhibited the r@hgest impact on species community
climatic change at higher latitudes. composition.

On the same systematic network of sample plots in Eﬁ;ﬂg%),/tes were also studied in relation to nitrogen deposition
understory vegetation was surveyeslB8BIBgether with by Weldon et al. (2020). They included 187 plots within the ICI?
ground macrolichens. Tonteri et al. (2022) studied the Jégb%%gear;d ICP IM prograf}wmes atfthe EuroEean dscelxle, covering
of the abundance miugd lichens to forest managem g peno 130016. Coniferous forests showed lower

practices, related stand structureesistngpplant Species_functlonal diversity and Pielou evenness than broadleaf

Results showed different underlying factors for lichen 8_89??(;‘8}“ forests. Throughfall nitrogen deposition was

including an increase in canopy cover and shading, agl_%ncggtly associated Wi_th ir_10reased bryophyte community
disturbance caused by regemeutting and soil preparatiorﬁ'.'trogen preference (especially in yousgantbeedecrease

The reduction in lichen cover was related to an incr&ls%pﬁf'es .eve.nness. The authors concluded that nitrogen
bryophyte abundance. deposition is likely to adversely affect forest bryophyte

communities, having negative impacts in terms of increased
Molina/enegas et al. (2022) investigated the phylogenegigraifince of nitrophilic species at the expseTsstivE N
functional diversity patterns of forest understory angiospgy@ese®land a decrease in species evenness.
Alpine, @bnental, and Mediterranean regions of Italy, by using
the data from Level | plots. The aim was to identify eco
evolutionary signals in extant regional species assemblages. By
analyzing the biogeographical elements, the authors found that
species reseitto climatically harsh regionsAgimerand
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FOREST SOIL rolefor a wide range of scientific aeatscesupporting
Bruno De Vos, Nathalie Cools, Tiina Nieminen impact and risk assessment and mitigation potential.

Atmospheric acid deposition has decreased considerafly sing@iution, especially N deposition and tropospheric
the 1980s following ekéripolicies. Numerous studies haye)ne, continues to affect forest ecosioday)sseveral

shown soil acidification though recent studies indicaigredt@cosystem compartments (from treessigegationd

recovery from this hdnthrced soil acidification. In-Lowehosses and lichens, including their ctivepsisjtionafil

Saxony, Gemy, Ahrends et al. (2022a) could show adfengbil solution) and processes (tree nutrition, tree growth, so
reversal or a stagnation of tHeaseidtatus at a strongacidificatioiN and P cydliagetill affected by air pollution,
acidification level. The recovery was faster under decidugii;mE§eBy N deposition, geseh@, and heavy metals.
compared to coniferous startie UK (Vanguelova et ajyhile the acidity of precipitation is decreasing due to suc
2022) and in Gerngahgends et2022b), the authors foundreduction of anthropogenic S emissions, N depositio
diverse patterns for individual nutrient balances due B@Cyﬂﬁ”qg more ammaﬂrhmminated, and effects of local
combined effects of changing deposition, climate ang{gfRtiamitting sources remain a challenge to mddelling
harvesting. mapping. Advances in N throughfall modeling, b

Heavy metal deposition has been picked up by sevefAdgksianding einpact on vegetation and of Hg uptake, fi
studies on the ICResEorLevel Il plots, e.g., in Gree¥ accumulation were refidreeds a significased for
(Michopoulos et al. 2022) and in Switzerland (Chen et A°P#4¥gus monitotngssess timduence of thetigative

The latter study found an accumulation of Hg in the thi@cHi@gthe reported effects

floor of a mor humus type and in the spodic horiz
comparing these findings wibearch site in China the
concluded that the vertical distribution pattern of
influenced by humus form and soil type.

B' B}'I pollution changes and its effects on forests
iversifiedN depositidevels remain high in several European

rggié)sns anttve been found to affect tree grimath to

imbalancéstree nutritioand teoil acidifieaty and affect

Related to soil organic carbon storage, Lukina et altH@GRhposition of understory communities of plants, mosses

concluded based on the Russian soil survey data that &mel iabsn® has been repotteaffectree growth, fruiting,

dynamiactor affecting the carbon cycle is the forest biotaamdhil®iar condition, althougffeitts modulated by a number

Boruvka et al. (2022) concluded for Czechia that predictofssitesaild plant traite mulfievel, ntimedia monitoring

carbon stocks are best developed at the regional scale. lodricémaf ICP Forests podvessentiéb assess and model

Makela et al. (2022) concluded that ectomycoant@izal fungiie condition of forest ecosystems, and to favor comparison:

important driver of the lower carbon use efficiency at lge¢atern models and measurements.

latitudes. On the Finnish Level Il plots, Lindroos et al. (2022)

could show a significant increase of soil carbon after a méhitdripg Nsights to explain ecosystem redyoveles.

interval of 21 years. Jochheim et al. (2028) #tgibutmethods and apphes provide new opportunities to unravel

differences in seasonal pattern of, sfflugetween the mechanisms, processes and organism interactions by whic

coniferous and deciduous tree species to different phas€§@itpiams respond to air pollution and climate change.
physiological activity. Examples include the studies of ectomycorrhizal community

o ) o _composition and bryophytes at $&H _Ewet 1l plots, and the
Based on the Finnish soil monitoring data, LaumamemtgFa%on between climatic stressors and bark beetles on Leve

(2022) |mp.rov.ed th_e pr(.ad|ct|om1§m‘]sn_lll|c propert!es,whlck‘ plots. The role of the soil microbiome and its diversity for
are essential in estimating drought risks. In Swnzerland,\ﬁ%i ,t%rowth and nutrition of forest trees under increasing
helped to understand the changes in the water fluxes nggs fom air pollution andeotinzatge is a crucial topic for
forest ecosystem during drought stress (Meusburger et fﬂt@&%ﬂbn in letegm forest monitoring and research.

(iv) Climate chamgekey driver and modifier of air pollution
effects Recent drought episodes coupled with high air
temperatures in different parts of Hawebgen shown to

While air pollution to forests has considerably changed gifigetttige vitality, growth, nutrition and phenology at different
1980s, inay stithave significant effects on forest ecosystegadgsn additigwindtorms hit seveegfionacross Europe,

also in combination with increasing pressure from €@wsifeg devastatiagnageBotiisturbance factai®ught
changeeRuced growth and increaseeptibilitydeoought ~ andvingtormdgad tsubsequent bagktle infestatiot is
damageests and pathogeese frequently reported. It i§kely that extreme events related to climate change will increase
evident from this summary of main evidence and key findifiggugncy, ans will cause additional pressure on European

Expert Panel atbasiCP Forestata caplay an important forests. When considering the enduring pressure caused by &
pollution in different forms &aedprbjectedncreasing

frequency of climate chafajed events, there iggent
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need to better understand their inteTaisioemains anareaCe 6 | j ar G, -Basanacreval (Z0@@kctof Br a6 a n

of clear concern for the Air Convention, and where progeasseixiremely dry period on tree defoliation and tree
scientific understanding and assiegsengénént mortality in SerbiRlants 11:128®tps://doi.org/10.3390/
plants11101286

The role of a pBoropean, scidmesed monitoring in chen C, Huang JH, Meusburger K, eTaé @0@g)ay

ensuring ép-date information on tree vitality status and trengisyyeen atmospheric deposition and soil dynamics of

remains fundamenfdle continuous steady increase Ofercury in Swiss and Chinese boreal forests: A comparison

scientific outputs originating from the monitoring netwgtk8y Environ Pollut (307)119%88s://doi.org/10.1016/

unctr ICP Forests is a clear demonstration of its high re'ﬁ%l.2022.119483

for a better understanding of the response of fOfESt%{Mfgifosse L, André F, Goosse H, Siral(a0ag)ree

pollution and environmental stressors. growth response to climate change in structurally diverse oak
and beech forestSci Total EnviroB0§ 150422.
https://doi.org/10.1016/j.scitotenv.2021.150422

Eghdami H, Werner W, De Marco A, Sicartiuer(2e2it)
ozone and drought on tree growth under field aoaditions

ear time seridsorests 13:121&tps://doi.org/

390/f13081215

Etzold S, Sterck F, Bose AK, etMli(@022df growth days

Ahrends B, von Wilpert K, Weis W, et Ald@@2anyl and not length of the growth period determines radial stem
L . ][ovtin of temperate tre&xology Letters 25429.
limitations of element balances as a forest planning too

r .
harvest intensities and sustainable nutrient ma‘n&gem@éﬁ%ﬁ&/lgﬁﬁg‘?'jlll/elzrl]zgc:;?nate events increase (ree
case study from Germa8pil Systems 6:41. ' (@0p2

. . drought mortality across European $afeStstal ron
h : . 10. I 20041 . -
tps://doi.org/10.3390/soilsystems60200 816:1516CHitps://doi.org/10.1016/j.scitotenv.2021.151604
Antdo LH, Weigel B, Strona G, et &li(g@@2)change GeorgeR] Birkn Sanders TGM, et al (2628@ym
reshuffles northern species within theiNaic8&m Chang N ’ ' '

12:587592 https://doi.org/10.1038/s408861382 forest monitoring reveals constant mortality rise in European

. forests.Plant Biology 24 (7)-1108.https://doi.org/
Anthony MA, Crowther TW, van der Linde S’F@reismzozz)qudlllllplb.13469

tree growth is linked to mycorrhizal fungal composition a .

o scoss  EuopSNE ) G oot O T v ot o ()

https://doi.org/10.1038/54023611597 pea _ 9 y
for a jointonservation strategy to rescue European ash

Baesso Moura B, Carrari E,-Rials&inL, et al (2022) . . . ) o
Bridging experimental and monitoring research for visi guesF(aX/nuspp.).Sm Rep 12:478ps:/Idoi.org/

foliar injury as Bialicator of ozone impactorests. 1038/5415082088285

Ecosyst Health Sustain 8:21d#tgé®%doi.org/10.1080/ Farligt,ic'\i/tl” C;:;Ofoshgl,ezi},iccnztnovfi(:gﬁrﬁén(ta;miffr)iiﬁi)lit
20964129.2022.2144466 P y P y

_ . = modulate the severity of visible foliar ozone symptoms in
Borrvka L, Va0 &Predietors f@ digitaie k . .
mapping of forest soil organic sarblkmin different types Viburnum laniaRios ore7(7), €02705@0ps://doi.org/

of landscap&oil Water Res By89https://doi.org/ 10._1371/Journmjne.0270520
10 17221/4/2083VR Hunziker S, Begert M, Scherrer SC, eBalb{2@2&rage
Bosé AK. Scherrer D. Camarero JJ @i sitivit midsummer to early autumn precipitation evolved into the

’ C . ! ) Y main driver of sudden Scotstplitg gecline in the Swiss

and drought seasonality determmdrqught growth Rhéne valleyFront For Glob Change 5:874100

recovery dpuercus peliamal QUercus rolirEurope. i 0 0 3389/fgc. 2022.874100

.SCI. Total Environ 784:1412as://dol.org/10.1016/ Jaime L, Batllori E, Ferretti M, LloretCHr(2a22and stand

j.-scitotenv.2021.147222 ' ’ X

Braun S, Ahrends B, Alons¢ZR28trogen deposition in Qrwers of forest rgsnstance to recent bark peetle disturbance
) L . o in European coniferous fo@sts.Change Biol 2832830
forests: Statistical modeling of total deposition fro

throughfall load$:ront For Glob Change 5:1062233éh:(:a[irr]‘rt\t?-ls:wifgﬁo;g/é%rltilsﬁ/\%cZﬁg;gg’ﬂ% of soil CO
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NEW DATA REQUESTS
FROM PROJECTS USING ICP FORESTS DATA

ICP Forests welcomes scientists from within and outside the ICP Forest€ Porurastiydsdeufs research purposes. Data
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 information, please refetstavtissi€P Fores

The following list providesemiew of 2irequestsriCP Foresimdetweedanuapnddecemba2@2. All past and present

ICP Forests data uses are listed on the ICP Forests website =
=
ID Institution Name &pplican Project Title -
=
m
246 European Environment A Annemarie Forest Information System for Europe (FISE) Externa 4
(EEA) Bastrupirk o

247 University of Bristol Tommaso Jucke Global drivers of tree crown allometry Externa

248 Thinen Institute of Forest Line Grottian, Development and validation of the modelling of st Externa
Ecosystems Tanja Sanders damage in forests (WinMol)

250 Technical University of Mi Fanxiang Meng Drivers of sggdduction of tree species in German Externa
Annette Menzel

251 University of Antwerp Vaidehi Narsing Artificial IntelligenceCibon fertilisation effect Externa
Generating global maps for nutrients foliar concer

253 University of Waikato Christopher Lus Mycorrhizas, alternative stable states, and landsc Externa
Xiaobin Hua  partitioning in sotéimperate forests

254 University of Bonn Timo Stomberg Evaluatirganthealth anecosystemonditionssing Externa
multispectrahtellitamagsr andrachinéarning

258 Polish Academy of Scienc Carlos Bautista Linking satellite indicators and ground data on for Externa
productivity to predict brown bear damages in Eul

259 INRAE Georges Kunstl Crown allometry andféce@dity analysis (DECLIC i Externa
FORBIC ANR Projects)

260 Pyrenean Institute of Ecol J. Julio Camare Interactive effects of mistletoe and drought on tre: Externa
defoliation and forest dieback

261 Yangzhou University Zhangfeliang  Resisting climatic stress based on the evolutionar Externa
trees

262 Norwegian Meteorologica Hilde Fagerli CAMS2_4Regional Air Quality products, Task 404 Externa
Institute Deposition

263 Institute for Environmenta Marthe Wens  European Drought Observatory for Resilience ant Externa
Studies (EDORA)

L http://icdorests.net

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

3 1Dnumberirgiarted in 2011.

“4Internal Evaluations can be initialized by the Chairperson of ICP Forestspttim&@ingraemte Goe ExpdrCRaite and/or other bodies under the Air
Convention. Different rights and obligations apply to internal vs. external data users.
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ID Institution Name &pplican Project Title

264 International Institute for Wenjia Cai Leaf area constrained by soil nutrient séatus with External
Applied Systems Analysis evolutionary optimality principles

265 Thunen Institute of Forest Kai Schwérzel Longermmonitoring déresecosystems: Statuenges, Internal
Ecosystems andrends

266 Freie Universitat Berlin  Christopher Examinirfgrestiecline in Central Europesatsiiige Externa
Schiller, Fabian timeserieglata andeedearningethods
Fassnacht

267 Thinen Institute of Forest Tanja Sanders Climate resilient foreRecognising the potential in t Internal

Ecosystems natural spectrum and usinfpiiefstry purposes
269 SWETHRO Gunilla Pihl Recovery from acidification and excess nitrogen i Externa
Karlsson forestsTrend analysis of deposition and soil soluti

chemistry 199022

270 Freie Universitat Berlin ~ Jonathatdltzow, Future Forest: Mapping major tree species distrib Externa
Fabian FaBnacl Germany

271 Natural Resources Institu' Simone Bianchi NORSHWNORdic tree growth SIMulator Externa
Finland (Luke)

272 Swiss Federal Institute fol Eckehard Relationships between mast seeding events and Externa
Forest, Snamd Landscape Brockerhoff of tree seetbpendent birds
Research (WSL)

273 University of Zagreb Mat e o G Automatic monitoring of nleased ash forests by re Externa
sensing methods and Copernicus data
274 Swiss Federal Institute fol Volodymyr A framework of predicting tree growth using mact Externa
Forest, Show and Landsc Trotsiuk learning tools

Research (WSL)

277 Thiunen Institute of Forest Shah Rukh, Tar A pasEuropean assessment of the vitality and gro' Internal
Ecosystems Sanders European beech. A drought analysis of the foliatic
across various climatic gradients

278 Swiss Federal Institute fol Johanna Malle, Highresolution land surface modelling across the . Externa
Forest, Snow and Landsc Dirk Karger
Research (WSL)

279 Berlin University of Applie Pit Wagner, Day How can a web app in combination with an loT sy Externa
Sciences Linner record anisualize the health status of forests in a
more transparent and comprehensible way?

280 University of Reading Caitlin Lewis  Former land use impacts on the capacity of forest Externa
retain Nhputs

281 Leibnimnstitute of Freshwa Doris Duthmanr Multidecadal variations in catchment evapotransp Externa

Ecology and Inland Fishe their drivers
282 Karlsruhe Institute of Pia Labenski, T. Expansion of ecological, silvicultural and technica Internal
Technology, Thiinen Insti Sander on forest fires

of Forest Ecosystems
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ATMOSPHERIC DEPOSITION IN EUROPEAN FORESTS IN 2021

Aldo Marchet@har Hilgers, Till KircAfesa Michéhdreas Schiditae Verstraetegter Waldner

deposition, i.e. the amount of pollutants carried in by rain and
snow, but they also include dry deposition from particulate

. matter a ases collected by the canopy. The total deposition to
The atmosphere contains a large number of substances of’alnaturé\;hd g . y : Py P
. - g oreDst, owever, also includes nitrogen taken umlby leaves an
and anthropogenic origin. A large part of them can SeoF eémg nitrogen compounds. It can be estimated by applyin
adsorbed to receptor surfaces, or be included in rain anéJ SNow g P ' Y appying

and finally reach land surface as wet and dry depositi canopy exchange models.

Introduction

. .. ltis important to note the different behaviour of individual ions
In the last century, human activities led to a dramatic increase

. . en they interact with the canopy: in the case of sodium
the deposition of nitrogen and sulphur compounds. . . T o . '
positl rog uiphu pou chloride and sulphate, the interactmsisiagligible and it

Sulphur deposition almost completely occurs in the fesim bef assumed that throughfall deposition includes the sum of
sulphate&s@), derived from marine aerosol and from sulpbetiand dry deposition. This is not the case for other ions, such
acidformed in the atmosphere by the interaction of gageesmonium: tree canopies and their associated microbial
sulphur dioxid&3g) withwater. communities strongly interact with theranfpe, eree

SQ@emissions derive mainly from coal combustion and allfc?Yl%%C&r_] take up ammonium lons and relegs_e potassium lons
vehicle fuel combustion, volcanoes, forest fires anc?ngtﬁégamc compounds, affecting the composition of throughfall

sources, and have increased since, tteeusBEDan increasedepos't'on'

in sulphate deposition and deposition acidity, which can Bauypgulilyy, analysis and quality control procedures are
buffered by theposition of base cations, casilyn (©a  harmonized on the basis of the ICP Forests Manual (Clarke et al.
and magnesiun?{Mg 2022).

Natural sources of nitrogen (N) in the atmosphere areQumityycontrol and assurance include labaiegtstheing

restricted to temission ofMandAduring denitrification and use of control charts, and performing conductivity and ion
the conversion of molecular nitroge) igas uring  balane checks on all samples (Konig et al. 2010). In calculating
lightning. However, human activities cause high emisshengrobalance, the charge of organic compounds was considered
nitrogen oxides ,JjNQuring combustion processes, andorebortional to the dissolved organic carbon (DOC) content
ammonia (Nerivingdm agriculture and farming. They &#owing Mosello et al. (2005, 2008).

found in atmospheriogigpn in the fornmibfate (Nand

ammoniu(hi), In this report, we present thidtsreof the 2021 annual

throughfall deposition sampling from 287 permanent plots,
Nitrogen compounds have significant effects on the ecesyietgad following the ICP Forests Manual. Sixteen plots were
they are important plant nutrientsvtiet in excessay  excluded because the duration of sampling covered less than
lead to esystem eutrophication, and they strongly infl@@6g329 days) of the year, and 106 other platkesleas
plant metabolism (e.g., Silva et al. 2015), forest ecoaysttm v al i dat edy because the co
processes (e.g. Meunier et al. 2016), and biodiversigsdelgn 30% of the analysis of the year, or the laboratory did
Bobbink et al. 201y can also act as acidifying compourndarticipate in the mandatory Working Ring Test, or did not
(Bobbink and Hiatgh 2011). pass the minimum requirement of the test. Bosifesther
dé‘%efﬂ{ one specific variable (ammonium) were rejected because

Emission and deposition of sulphur and to a lesser i )
I%gﬁatory did not pass the test for that variable.

nitrogen have decreased in the last decades (Waldner emﬁ.
EEA 2016, Rogora et al. 2022) As the deposition of marine aerosol represents an important
contribution to the total deposition of sulphate, calcium and
magasium, a ssalt correction was applied, subtracting from
. the deposition fluxes the marine contribution, calculated as a
Materials and methods fraction of the chloride deposition according to the ICP Integrated

Monitoring Manual (FEI 2013).
Atmospheric deposition is collected on the ICP Forests intensive

monitoring plots undertrtke canopy (throughfall samplers)€ color classes oprisgenteshaps (low, medium, high)
Fig. 8, lef) andwithoperfield sampleiSig. 4, righ) in a have been chosen to visualize the spatial distribution of

nearby clearariteroughfall samplessae to estimate we deposition ragoss Eur@pmel do not necessarily correspond
to the ecological impact of the deposition.
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Results

The uneven distribution of emission sources and receBesaasd total nitrogen depositiorests i® higher than

the complex orography afgbdfurope results in a marketthroughfall nitrogen deposition (Braun et al. 2022), the critical
spatial variability of atmospheric deposition. Howevetpais dor nitrogen licelystill exceeded in larges part

broader scale, regional patterns in deposition arise. ABurojlee

ﬂ:ﬂ?ufoyﬁ:ri" gg?mvfr:mg?:ﬁ;it“tzz ':‘h;?]ﬂavrvte;?Sulphatéeposition has very much decreased since the start of
Inly founa 1 Y u P trlmtﬁ rp]”llowtoring and currentlygtieshihroughfall deposition
il

Sweden, Poland, and Lithuania. The number of plots W' undoseo large point sources. In the southern part of

ammoniurdeposition was, however, larger than for nitéate L . .
. i . . . urc“)e, sulphate deposition is also influenced by volcanic
particularly in Belgium, Germany, Switzerland, Austria, northern

. emission and by the episodic deposition of Saharan dust. In 202

Italy, Slovenia, eastern England and thehemwspad of i, .
Swedefifs 52 53 throughfall deposition of saelgbatrected for the marine

edefigs 52,53). contribution) higher than 2hk$y& was found on a small
It is generally assumed that negative effects of nitnogdoer of sites in Croatia, Serbia, Bulgaria, Germany, Polan
deposition on forests become evident wizni¢pesition Czechia, Slovakia, and Austria, and at a site in southern Ital
of inorganic nitrogen (i.e. the sum of nitrate and amrinfluenced by volcamdssiofig.5-5). Throughfall sulphate
depositio®xceeds a specific threshold, known as the aéjmasition higher than Bakgr! was recorded in Croatia,
load. Critical loads can be evaluated for each site by nBmtblimgBulgaria and near the borders of Czechia with Germal
but more generic critical loads (empirical critical loads) anel &stand.
being e_valuated, ranging between 3 and 17 yg N h(’:}alciurandmagnesiume also analyzed in the ICP Forest
depending dime type of forest and ecosystem compartment

(Bobbink et al. 2022). In 2021, throughfall inorganic ng[]tragosltlon monitoring network, as their deposition can bu

n | . i )
. . . . cuﬁ ing effect of atmospheric deposition, protecting soi
deposition higher than Iakg® was mainly measured in_ . %/ 9 . P P P '9
. i acidification. High values ofkafseaorrected) calcium
most of central Europe, including Germany, Poland,thﬁ

) L . . r%%télﬁfall deposition wmwstly found in a large area in
Switzerland, SloveDiatia,but also in Belgiubenmark,
northern Italgnd othecountriegFg. 54). Throughfall

inorganic nitrogen deposition higher thda'2@*kgas
recorded BelgiunGermangputher®Sweden, aAdistria

central, eastern and southern Europe, mainly related
deposition of Sahdratiig. 56). High magnesium deposition
was found primarily in southeasterrAgu&gpe (

| g
{ ey

R U p e |
s tr e |

Figuré-1: ThroughfadbmpleroraLevel Il pIc()Ieft)and)pFﬁeld samplers omeéghboringeadow (right) in Schorfheide, Gémeges:
Berit Michler

Conclusions

Sulphate throughfall deposition has very much decreasaedgande nitrogen is still observed throughout central Europe,
the start of the monitoring and currently high sulphate depdtsittigh ammonium depositions being found in a wider area
is restricted to areas close to large point sources, mgialyhigh nitrate deposition

eastern and southern Europe. High throughfall deposition of
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Figire5-2: Throughfadleposition efitratenitroger(kgNG-Nhat yrt) measured in22®n the ICP Forests Level Il plots and the Swedish
Throughfall Monitoring NetvWaiored dotmlidated dafaloredirclesnot validated d&aclcirclesmonitoring period shorter than 330
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Figuré-3: Throughfaleposition ammoniwmitrogeifkgNH*-Nhat yrl) measureda?1 on the ICP Forests Level Il plots and the Swedish
Throughfall Monitoring NetWaiored dots: validated data. Colored circles: not validatdtléatanBiatking period shorter than 330
day®r irregular sampling
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Figuré-5: Throughfadleposition efasalt corrected sulptzatiplr (kgS@-Shat yr') measureddfRl on the ICP Forests Level Il plots and the
Swedishhroughfall Monitoring Net@ot&red dots: validateddtdteed circles: not validatd8latztaircles: monitoring period shorter than 330
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METEOROLOGICAL CONDITIONS IN EUROPEAN
FORESTS IN 2021

Lothar Zimmermann, Stephan Raspe, Char Hilgers, Alax8 Viekicte/

Introduction Temperature and precipitation patterns play a key role in climat
change impacts on forests (Kirilenko and Sedjo 2007). This chapt

Weather and climate affect composition, structure, growtihdieddife, focuses firstpmsenting and interpreting air

and dynamics of forest ecosystems (Geiger 1961; Baygigpeffure and precipitation data from 2021 in comparison witt

1967a, b; Lee 1978, 1980; Mitscherlich 1981; Swank anddpfesityaverage values $2090) for different climatic

1988; Chang 2006). Observing weather conditions apghithi@irin Europe. Level Il meteorological stations were allocate

seasonal variations on forest monitoring plots is therefore gsgifiic regions according welknown Koepg@aiger

for identifying and interpreting trends in forest condiligihte classification scheme with the aim to aggregate value:

Furthermore, weather data are needed to identify and urfeisiistaadel Il plots and show changes across European climat

interactions with other stressors such as air pollufion, disea§6fis. The classification comprises here four main classes and

pests. Against this background, the ICP Forests keewel Il pifdig¥eés (Beck et al. 20i8)bdsed on threshold values and

equipped with meteorological measurement devices as eg@ugsiiRy of monthly air temperature and precipitation.
1990s. The resulting Ewidpenetwork of forest meteorologi@@lo n si der i ng vegetation as G

stations providessptecific forest meteorological data inclu@nda s si” cati on ai ms to empi
air temperature, relative humidity, precipigtspged and the world: different regionsmiilar slimate class share common
direction, global radiation, and soil moisture and tempergiigétalibn characteristics (Beck et al. 2018). The most fr¢
combination with data from other ICP Forests surveys (@gppé€g climatic regions in EuropedireatEsCwhich are
growth, crown condition, phenology, ground vegetatiogsnfi®ébate climates e.g. CfB atlantic temperate (beech clim
these data can be used to analyze theheffeithagpheric to warm to hot Meditemacémate (Csb, Csa), and (2) D
environment and its change over time on vitality and develppiagat which are continental climates from humid conti
of forest ecosystems. (Dfa, Dfb: oak climate) to subarctic (Dfc: birch climate) and

For a better understanding of the effects of the atmospH§iditgffaneafiuenced wasammer humid ~ continental
forests, data interpretation should always be aimed at ififjfRifig(DS2) (Tad). 6The disttion of the Level I

the procebased understing of séiresatmosphere meteorological stations across Europe is shown in Figure
interactions. Mayer and Schmidt (1991) identified atm8LpRaHRN to climatic regions results in a large difference i

stress factors as e.g. late frost or heat periods, which are POEREL9 Stations in the individual categories. Therefore
relevant for states of and processes in forests. informative value of indivicagabsips is partially limited.

SNOILVaIVAS

The main objectives of the meteairotugiitoring at the .
Levell plots are: Climate and weather in Europe 2021

i to describe the meteorological conditions and chaRggsbr conditions in 2021 in Europe were much cooler than i
the Level Il plots; mostecent years, but still warmer than for the reference period
i to investigate the meteorological conditions and con{ti88#&020). In early spring, many parts of Europe saw a transitiol
to the explanation of and the relationship with the sta@ofinusually warm to unusually cold temperatures, with frost

the ecosystem; related impacts. Summer was the warmest on record and broug
q ako ]%?veral extreme events. In Jedyeabgeesoil moisture, a

to identify and investigate stress indices and facto‘s . C
. .. slowmoving lopressure system, and record precipitation across
trees on the plot like extreme weather cond|t|on%§nd

events (e.g. frost, heat, drought, storms, floods); gium, Germaanyd eastern France resulted in extreme
- ' ' gt ' " flooding. A loliged and intense heatwave in the Mediterranean,

I to buildup long tineeries that fulfil requirements adombined with very dry conditions, led to high levels of heat stres
further analysis (statistics aselling) of ecosystem and intense wildfires. Although summer was the warmest or
responses under current and changing environpagstal with + 1.0 °C above average, spring was less than 0.5
conditions (e.g. water balance calculations, soil c4gi@fr than average. For the year as a wholebdkie most
availability for the stand, growth, nutrient cycling) agyale temperatures were found around the Black Sea, in
as integrated evaluations in various aspects of the tg\@ldhstern Eurape in western Russia. Temperatures in
plos (e. g. crown condition assessment, deposig@hdinavia, and to a lesser extent in central Europe, were coo
increment) (Raspe et al. 2020). than averagELCopernicBECMWF 2022)
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Table 4: Number mieteorological statignat Level |l plots in different climatic regiondHar20édria, please refer to Table 3 in Beck et al. 2018.

Code Description of climate Name n

BSk Arid, steppe, cold Cold serarid climate 7
Cfa Temperate, noslrgson, hot summer Humid subtropical climate 5
Cfb  Temperate, no dry season, warm summer  Temperate oceanic climate 36
Csa Temperate, dry summer, hot summer Hotsummer Mediterranean climate 5
Csb Temperate, dry summer, warm summer Warrsummaevlediterranean climate 4
Dfa Cold, no dry season, hot summer Hotsummer humid continental climate 1
Dfb  Cold, no dry season, warm summer Warrsummer humid continental climate 135
Dfc  Cold, no dry season, cold summer Subarctic climate 22
Dsb Cold, dgummer, warm summer Mediterranearfluenced wasoimmer hum 1
ET Polar, tundra Tundra climate 1

TOTAI 217

Legend

[ | Bsk
:l Csa
[ Jcsp
[ Jcra e
[ e
B oso
[ ofa
[ oo
B o+
] v

@ Level-2 Stations 2021

i Etdli

Figure8.: Map of Level Il stations witillgdgime series of meteorological data for 2021 and for different climatic regions
(Table-6 acc. to Beck et al. 2018).
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Materials and methods

Meteorological monitoring in the ICP Forests program ordu@és of daily values were filled per plot on average. Statistic
measurements of standard surface meteorological viaribalds B indicate good agreement for air temperature.
according to international recommendations by the T\%%Ig: Statistics of the deviation betweeredlsgiyw values
Meteorological Organization (WMO 2008). In order to rﬁﬂaetﬁ@rgdjusted ERAS values

the specific cltmaonditions of a forest, while being aware.g
potential errors due to the large spatial variabiliftaGiiEcl Mear  Absolut
meteorological data, all meteorological measurement differenc  differenc  differenc
taken at an open field station within the forest area inaglagenperatt 0.00 °( 0.96C 0.M°C
proximity to a Laveloor from a weather station nearby. Precipitation 001 mnr 204mm  -0.@mm

Technical equipment, sensors and their placement are in
accordance with WMO standarebsl@A8yINo. 100, No. 168):,r

d tible with national th , ; I(eci itation is a notoriously difficult variable to fill for a
and are compatible with national weather service he Woﬂaﬁicu?arlr location, because of large variation in precipitation
details on the recorded parametarsasheement design,

data hand I it q I_tamou?tsI over relatively small distances. Where available, we

?ad ag |ng[;]fast\r/]ve Igli ?:n quatuy assuranC(la an qufal &Y ?recipitation amounts collected in the ICP Forests
standards within the ores_ S program, please re er&Sp%%; fh survey. These are generally collected as the sum ¢
et al. (2013 and 2020). In this chapter, we only pres&%t

¢ i d initation data indo€ah it with ci%ﬂmn over a tweeek period. To then find a daily
empera ure and precipriation data jaare 1L wi precipitation amount, we distributed the sum of precipitation
their longerm average (1249120).

found in the deposition survey according to the dai
Air temperature sensors are installed in a passively vgmékption amount inER#b Where deposition data was
solar radiation shield for accurate ambient measurementsnaviitible, we used thelBRABmount directly. For 204
mounted sensors are positioned at a height of 2 m abovplgt®ondvhich precipitation was measured in 2021, 46% o
level, orthe north side of the n@sly stations with a had missing values during the year that required gap fillin
measurement height between 1.2 and 3.0 m were includédusirréisalted in only 7% of values filled per plot on ave
analysif®recipitation was measured with a tipping buck#atstics in Table éndicateaifly good agreement for
weighing rain gauges 1 m above the ground locategranipgation.

relatively flat, open arke.orifice of the gauge is a horizoq}%rder to be able to classify the weather conditions in 20
plane, open to the sky. measurement data frommfglompared with the-teng
Meteorological measurements are meadetiquasisly and average of the climatological normal peii?@9B6r this

are then aggregated to daily values (means or sumspuwjthse, the time sefigbe individual measuring stations
minimum requirement on the completeness of 95% Vi@reapartially extended backwards to 1990 with the help
temperature afi®% for precipitation. ERAKand data set.

Datawerecleaned according to ranges of plausible values as
given in the ICP Forests Manual (Raspe et al. 2020) and checked
for duplicates. Missing values in daily air temperature and the
daily sum of precipitation were filled by adjusting modelled
values from tBRARand data set from the Copernicus Climate
Change Serei€dimate Data Store (Copernicus Climate Change
Service (C3S) 2017):-LERA%s a climate reanalysis model at

a resolution of 9 km. It is available on an hourly basis for many
climate variab| but because the 9 km grid is much coarser than

I CP F o r-gos tolsservationg awe applied some
adjustments to the modelled BERABalues.

For air temperature, we applied a linear regression for each plot,

finding a slope and intercept thateed | CP- Forestsd non
missing observations on the forest plot (for all years of

observation) to the modelledBRABalues on their 9 km

grid. This worked well for altitude differences. For 183 plots on

which air temperature was measured in 20@tbt$ 2#dof

at least one missing value that required gap filling, but overall
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Results

Air temperature

Mean annuat temperature

In general, mean air temperatures of ICP Forests Levelditipdots Finland and at higher situated plots in the Alps.
show differences between stations, with high drigua&-2 also shows that the year 2021 was warmer than
temperatures in the Mediterranean region, modembt@l in southern, southeast famd other plots across
temperatures in central Europe and colder temperatBtespi@ and cooler inceestal and westenmpe.

northern Europe (F2y. Bxéme low values could be found in

I\Tiean annual air temperature =
in 2021 .

Deviation from long-term average

of mean annual air temperattira’
in 2021

@ <175
O <2 @ -175 to -125°C
O 2-5°C Q@ -125 to -0.75°C
Q 5- 8% QO -075 to -0.25°C
O 8-11°C O 025 to 0.25°C
@ 11-14°C O 025 to 075°C
@ 14-17°C Q 075 to 125°C
@ >17°C @ 125 to 175°C

@ >175°C

Figure @: Mean annual air temperature (°C) in 2021 (left) and deviation of annual air temperature (°C) he20R4vieomy
(199@2020) on Level Il plots.
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Mean atemperature in the vegetation period

For air temperature in the vegetation per®)] (feigse® a Europewvith aly some platbowingegative deviations. In

more continental influence on Level |l plotseitralast westeraentral and western Europe and also at same sites in
Europe starting in readt Germaand increasing eastwardsouthern Europe (Greece) arahgakEurope (e.g. Hungary

High temperatures occur in southernEandpe&SElow Serbia the temperature slightly colder than the-temg
temperatures in westerncergsal Europe and in the Alps. dnerage, although some plots in these regions also show positiv
contrast to the year as a whole, it was significantly warrtemtieaature deviations {Big. 6

the longerm averagdering the vegetation period in most of

ﬁean air temperature
in vegetation period
in 2021

[;aviation from long-term average72<~
of mean air temperature .- =

in vegetation period
in 2021

@ <35
Q <12 @ 35 t0-25°C
@ 25 to-15°C
© 12-147C
@ 14-16°C QO 15 t0-05°C
@ 16-18°C QO -05 to 0.5°C
@ 18-20°C O 05t 15°C
@ >0 @ 15t 25°
@ 251t 35°%
. >35.5°%C

Figure-@: Mean air temperature (°C) in the vegetation period in 20@dvi{tfyraotimean air temperature (°C) in the vegeta
in 2021 from the letegm average (199020, right) on Level Il plots.
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Annual mean air temperature in different climatic regions

To complement the picturenofilamean air temperature ¢ 2Doe2v‘ialion from long-term average of mean temperature in Kappen climate classes

Level Il plots during the year 2021, averages for differeni L1 i

regions were calculated. For the majority of Level Il |_ e 08

continental climatefa,(Ibfb, Dfc, Psis well as in the

temperate oceanic climate (Cfl®mperature was near o

normal, while Mediterranean climates (Csa and Csb), t¢ g2

subtropical climate (Cfa) and calddselimate (Bsk) showe(§

significant warmer conditions in 2021 than-téren lonce 02 o0

average (Figt)dHowever, it must be nbégdtte number of

Level Il plots varies greatly in the different climatic r B Cla Cb Csa G D Db D

(Tablé'l) . Képpen Climate Region
Figure @: Deviation of annual mean air temperature in 2021 from
the longerm average (182020) on Level Il plots in different
Koeppen climatic regloisexplanation of acronyms and for number
of Level Il plots in each climatic region, please lesber &mdab
Figire6-1).

0.6

eviation (deg
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Temperature stress indicators

The health and vitality of forests are affected more by exeenge maximum air temperatures in the vegetation period,

temperatures than by mean values. Heat and frost evemartyeupfto 53Cand mewere found in southern and south

special interest in this respect. eastern Europe due to a pronounced heat-ajpBu(RiF®0

in Finland, northeast Gerarahythe United Kingdom the

maximum air temperature in 2021 was significantly higher
d to the {mygn average. kntcast, Belgium,

gbgéler;md, Cimcome regions of Franddarge parts of

Heat

In 2021, maximum temperatures 3ébtweduring the
. . ) corg

vegetation period occurred at Level Il plots in southern g\l?v d

Europe, but also on one Level Il plot inaRdirgéew in N
P P RgEEW ﬁgvrvrggny were significantly cooler compared-tertine long

Germanyhe majority of Level Il plots in central Europe s . . -
. . . . average, with a very pronounced negative deviation of up to
maximum tearptures during the vegetation period betw ’
Cand momn some Level |l plots {5)g. 6

24°C and 3€ (Fig-%H. Forests all across southern Europe
were confronted by unusual hot days in 2021 -tAbave long

Maximum air temperature
in vegetation period
in 2021

Deviation from long-term average .. << 4
of maximum air temperature=% Z-
in vegetation period j
in 2021

@ <35°C
O <% @ 35t-25°C
O 20-24°C @ -25t0-15°C
O 24-28°%¢ © -15t0-0.5°C
QO 28-32°C O -05t0 05°C
© 32-36°C O 05t 15°C
@ 36-40°C © 15t 25°C
@ >40°C @ 25t 35°C

@ 35

Figure 6: Maximum air temperature (°C) in the vegetation period in 2021 (left) and deviation of the maximum dinee
vegetation period in 2021 from thtetomgverage (182020) (right) on Level Il plots.

Long-term average and 2021 number of hot days in Kdppen climate classes

Another indicator of the risk of heat stress on forests
number of hot days with a temperature maximum abov .
For the majority of Level Il plots in a humid continental

(D&, Dfp there was no increastrémexhot days comparec .

to the longerm average, only the one station-glithafa ¢ ol
showed a marked increase of nearly more than 20 hot
increase of around 10 hot days compared tterthe lol

average occurred in the coldrskstéppe dira (Bsk), the )

humid subtropical climate (Cfa), and the Mediterranean Bk Ca Gb Gl Cb Da Ob Do

. Koppen Climate Region
(Ca, C9H(Fig-6). Figure 6: Number of hot daysternf Tmax &

yearly average (182020) on Level Il plots in different Koeppen
climatic regioer explanation of acronyms and for number of stations
in each climatic region, please refe6tt @int Riges-1.
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Late frost

Late frost occurs when the dally minimum temperature fa"~ Il:t;ﬂ;-ll;r;\.a.verage and 2021 number of frost events in Képpen climate classes

0 °C after the start of the vegetation pedodcdise damage

to the young shoots or flowers of trees, especially shortly

break. The number of frost days in the growing seasol °

therefore considered as an indicator of late frost stress. rime

2021

Days

LTA

In 2021, an exceptional deviation from nainserveason
Level Il plots with humid subtropical climate (Cfa), ter
oceanic climate (Cfb), and celddselimate (Bsk); instead of
to 2 frost days, up to 7 frost days were observed on thes T B s b o o Ok ob Db
2021 compared to thettongaverage(Fb) Koppen Gimate Regon

2-

Fig. 67: Number of late frost days (Tmin in vegetation period < 0 °C)
in 2021 and lotgrm yearly average (320Q0) on Level Il plots

in different Koeppen climatic regorrexplanation of acronyms and

for number of gias in each climatic region, please rééf-1o Tab

and Fige6-1.

Precipitation

Annual precipitation

The distribution of total annual precipitation in 2021 on lpeajgrity of plots and seldom reaches higher values. Towa
plots shows a more or less normal patiginesttennual Mediterranean Sea, espe@&ellgimorthern ItaBnd Spain
precipitation was found in the Alps and mountain statiogseinnegative deviations were found. Ingygaara(ei
Greece and the lowest in&8paiell as @astcentral and was slightly drier than normal all across Eureg)e (Fig.
soutkeastern Europe (F8y. 6 However, exceptions can be dayird Greec8ulgaria,
Spaimortheastern Germamy in the mountain regions on

The deviati f total ipitation in 2021 fraytethe |
€ deviation of folal precipration In Oethe Germ#@rech, Cz&dlishand Slovd#olish borders.

average (192020) is less tH&6 in either direction on th

m
<
P
—
=
p=d
—
o
=
(72

Deviation from long-term average
of total annual precipitatior;,
in 2021

N
\
~
o
a2

-75 to -45%
-45 t0-15%
-15 to -5%
St 5%
510 15%
15 to 45%
45 to 75%
>75%

00000 0e

Fig. e: Annual precipitation in mm (I/m2) in 2021 (left) and deviation of the total annual precipitation in 282t frearly
average (1988020) (in %, right) on Level Il plots.
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