International Co-operative Programme on Further development and implementation of
Assessment and Monitoring of Air Pollution an EU-level Forest Monitorng System
Effects on Forests (ICP Forests) (FutMon)

Forest Condition
In Europe

2011 Technical Report of ICP Forests and FutMon

Work Report of the:

Johann Heinrich von Thiinen-Institute World 1
Institute for World Forestry Forestry



Johann Heinrich von Thiinen-Institute
Federal Research Institute for Rural Areas, Forestry and Fisheries
Address: Leuschnerstr. 91, D-21031 Hamburg, Germany
Postal address: P.O. Box: 80 02 09, D-21002 Hamburg, Germany

Phone: +40 / 73962-101
Fax: +40 / 73962-299
E-mail: wfw@vti.bund.de
Internet: http://www.vti.bund.de

Institute for World Forestry

Forest Condition
In Europe

2011 Technical Report of ICP Forests and FutMon

Richard Fischer, Martin Lorenz (eds.)

Work report of the Institute for World Forestry 2011 /1

Hamburg, June 2011



United Nations Economic Commission for Europe (UNECE)
Convention on Long-Range Transboundary Air Pollution CLRTAP
International Co-operative Programme on Assessment and Monitoring of
Air Pollution Effects on Forests (ICP Forests)
www.icp-forests.org

Further development and implementation of an EU-level
Forest Monitorng System (FutMon)
www.futmon.org

Institute for World Forestry
von Thunen-Institute,
Leuschnerstr. 91

D-21031 Hamburg
Germany

www.icp-forests.org
www.futmon.org

Citation

Fischer R, Lorenz M (eds.). 2011: Forest Condition in Europe, 2011 Technical Report of ICP
Forests and FutMon. Work Report of the Institute for World Forestry 2011/1. ICP Forests,
Hamburg, 2011, 212 pp.

Acknowledgements

34 countries supported the preparation of the present report by submission of data and by
providing comments and corrections to the text. Several countries granted financial support.
Assessments on the monitoring plots were partly co-financed under the LIFE+ Regulation
(EC) 614/2007 of the European Parliament and of the Council. A complete list of the national
and international institutions participating in ICP Forests is provided in Chapter 11.

Cover photos: Dan Aamlid (landscape, top), Richard Fischer (middle) Silvia Stofer (bottom)



Table of Contents

P T A .ttt 2ttt ettt nnnnnnnnnnnnn 9

Partl INTRODUCTION

1. Background, set-up and current state of the ICP Forests and FutMon monitoring system..13

Martin Lorenz and Oliver Granke

1.1 BACKGROUND .....oututatieneenessesseesseessesssesssessssassesseessesasses s sse st ss e st esseeaeses e st esesassesansassessens 13
1.2 LARGE-SCALE FOREST MONITORING (LEVEL 1) ..ottt 13
1.3 INTENSIVE FOREST MONITORING (LEVEL ) ..ottt 15
2. Quality Assurance and Quality Control within the monitoring system ..........c.cccecvvvnnne. 19

Marco Ferretti, Nils Kénig, Oliver Granke, Nathalie Cools, Join Derome(7), Kirsti Derome, Alfred First,
Friedhelm Hosenfeld, Aldo Marchetto, Volker Mues

2.1 THE OVERALL QUALITY ASSURANCE PERSPECTIVE ...c.viiiiiiiisiesiesiesieseeeeessessesseseesseseesessessessennas 19
2.2 QUALITY IMPROVEMENT IN THE LABORATORIES ....cveiiuierietiatesiesteseesseseaesassessessessessessessessesenses 20
2.3 QUALITY CONTROL IN THE DATA BASE ....vcttitiiteitesieteieseesaesessessessessessessessssessssssssessessessessassssesses 23
2.3.1 COMPHANCE ChBCKS ....eveeiie ettt sre e te e te s ae e 24
2.3.2 CONFOIMILY CNECKS ... 24
2.3.3 UNITOIMILY CNECKS .....c.eieiiiiieiciet et 24
2.3.4 Experience with improved data base SYStEM ........ccveiiiiiiiiice e 25
2.4 REFERENCES.....e.ttuttutesteteettatestestestesteseeseeseaseasessestessessesseseeseeseabesseabeseebesseseeseabeabeaeenteseenteneaneesennas 25

Part Il TREE HEALTH AND VITALITY

3. Tree crown condition and damage CAUSES .........cccveieeiieeieirieiieeie e e et sre e 29

Stefan Meining and Richard Fischer

3L ABSTRACT .. tteutettetee bttt et sb et s bt bt et s bt e bt ekt s bt e b ek e 4R e AR £ eE £ oAbt ARt eh e e R R e e R e R e bRt eR e et R b e b naeenr e 29
3.2 LARGE SCALE TREE CROWN CONDITION ....cuvttttiuitesiatesestesessesessesesseseesessesessssessesessesessessssessssennas 29
3.2.1 Methods of the SUIVEYS IN 2010 .......ceoiiiieieieees ettt seesre e 29
3.2.2 Results of the transnational crown condition survey in 2010..........ccocvovviniineneneneieene 37
3.2.3 DefOlIAtiON TrENUS ......c.eiviiiiiei it 46
3.3 DAMAGE CAUSE ASSESSMENT ....c.citiuiitiutetereetiatesessesessessssesasesessessesessesessesessasessesssseseanessssessssennas 64
3.3 L BACKGIOUNG. ...ttt bbbttt bbbt nre s 64
3.3.2 Methods Of the SUIVEYS iN 2011 ........ciiiiiiiiieieeiee e 64
BLBLB RESUIES. ... 69
3.4 CONCLUSIONS ....etuteutesteete sttt sttt ettt se et she e et b ek eeb e ek e s bt eb e eb e e bt e bt e b e ekt e he e nb e eb e et e sb e e b e e benneenn e e 78
3.5 REFERENCES. ....c.tttuttttittett skttt sttt ettt he bbbt b ekt e bt ek e s bt eb e b e e bt e bt e bt b e e R e nb e eb e et e sbe e b e e b nbeenn e 79

3.0 ANNEXES ... utte et e sttt e sttt e sttt e et e e st e e st e e s saeeante e e asteeeseeeasee e e EeeeaRteeannee e R ee e e Eeeeanreeanreeanraeeareeenneeeans 80



6 Forest Condition in Europe 2011

Part 11l ELEMENT FLUXES

4. Exceedance of critical limits of nitrogen concentration in soil solution............c.c.cccceeveeee. 87

Susanne lost, Pasi Rautio, Antti-Jussi Lindroos, Richard Fischer, Martin Lorenz

N =S 1 =YX o E TR 87
R N (0] 01U Lo o] N PR 87
I o NSRRI 88
|V, = = T0] 0 TR 89
R (=S U [ 5 TR 89
4.6 DISCUSSION AND CONCLUSIONS......cttiiiiitiieeiitteeesibeeessstbaseessabeseesssbaesessabaassssbasesssbaesessabesssssnns 94
4.7 REFERENGCES ... . tetiiiittieessttteesitbeteesstateesssbaseessabaseessabaeesssabaeeessabeseessabaesessabaassssabassessabaesessbensessaes 95

5. Exceedance of critical loads for acidity and nitrogen and scenarios for the future
development of SOil SOIULION CREMISTIY ......cviiiiiiiie e 97

Hans-Dieter Nagel, Thomas Scheuschner, Angela Schlutow, Oliver Granke, Nicholas Clarke, Richard Fischer

DL ABSTRACT .ttteiteeietete sttt e sttt e sete st eeesabeseabeeesbteesabesesabeesaseesbaeesabesesaeeesateesabeeesabesessesesbbeesabenesareesares 97
A 1 L1010 o 1 (o] N TR 97
TR 7 NPT 98
R Y 1=y =[] LR 99
5.5 RESULTS OF CRITICAL LOADS AND THEIR EXCEEDANCES .......vviiitiieitiieirieesteesteessreeestesssvneeens 102
5.6 RESULTS OF DYNAMIC MODELLING WITH VSDH ...ooiiiiii ittt 105

NI A ST I: LU - L[] IR 107

5.6.2 PH VAIUR ...ttt bbbt 108

SR O (VI = o TR 109
5.7 DISCUSSION AND CONCLUSIONS.....cittitieteeeetetesresesereesseesesesssressssessssssesesesssosessssesssssessessssseeses 110
B B REFERENCES ... ueeittieittttsitttesteesetesesebessesessasetesasesesaseesaseesasesesabessabeeessseesabesesebeesbeesateeesbenessneeses 111

Part IV CARBON AND CLIMATE CHANGE

6. Analysis of forest growth data on intensive monitoring plots ..........ccccevvveieiencnenennn 115

Matthias Dobbertin, Georg Kindermann, Markus Neumann

8.1 ABSTRACT .eeuviuterieseeseateeteatesteseesteseeseeseaseaseasessessessesseseeseaseaseaseaseseessesseseaneaseaseaseatessenseneeneeneasensens 115
IV [N (0T ] [ 1 [0 PSPPSR 115
6.3 DATA AND METHODS .....ttettiiteesittaitaieesteesieesseesstessbeasseessesssesssssasssasseessesssesssessssssssesnsesssesssesssens 116
6.3.1 Data completeness and spatial/temporal eXtent .............cooeierieiiniene s 116
6.3.2 MEASUIEMENT ACCUNACY ...eeiuveeiereeeiereeeteeesteeessteeesteeessseesssesessseessseeassenesnseeessseessseesnsesessesanses 119
6.3.3 Differences caused by different calculation methods ............cccccovvveii i, 120
6.3.4 Methods used for CaICUIATIONS ...........ooiiieiiiece e e 121
8.4 RESULTS ....teteteiesieseetee e teste e steste e e s e seesesbesae et e s e seese e b e e aeebese e te st e s e eseaseabeeseabeseente e eneeneanenrens 122
6.4.1 Development on PIOt IEVEL..........cco i 122
6.4.2 Spatial stocking volume and increment on all observed plots........cccccvvveveviiicvccecen, 123
6.5 DISCUSSION AND CONCLUSIONS.......ceuveuiariateateseeteseeseeseaseasessessessessessesensessessessessessessessessesessensens 125

OIS J == =1 = N = 125



Forest Condition in Europe 2011 7

PartV BIODIVERSITY
7. Epiphytic lichen diversity in relation to atmospheric deposition .............ccccoeveierenenennnns 128

Paolo Giordani, Vicent Calatayud, Silvia Stofer, Oliver Granke

7.1 INTRODUCTION ....utittettetestee ettt sttt bt ebe et sbe e ee bt se e sb e ekt esbesbe e be e besbeesb e bt abeenae st e ennesbesbe et 128
2\, T 1 SO SRSRSPRPRN 128
4 T D - - NSRS U VP UPORURUROP 128
7.2.2. LICREN AIVEISILY ...eviiieciicic ettt be et et sre et e s pe e e nnas 129
7.2.3 Nitrogen deposition and lichen functional groups ..........ccceeveieininnneeeeeee 129
7.3 RESULTS: METHOD DEVELOPMENT ...vvevtetiattetestesteseeeeseeseesessessessessessessessessssessessessessessessesensensens 130
7.3.1 Representativeness 0f SamMpled tre8S .......ccovcveieiiiiii i 130
7.4 RESULTS: EFFECTS OF NITROGEN DEPOSITION ....veuviuteuierierearessessesseseessessessssessessessessessessessesansens 131
7.4.1 Relation between nitrogen deposition and % oligotrophic macrolichen species.............. 132
7.4.2 Mapping of the percentage of oligotrophic liChens...........c.ccccooe i, 134
7.5 DISCUSSION AND CONCLUSIONS .....veutirieriatistestesteseeeeseesessessessessessessesesssesessessessessessensessesessensens 135
7.8 REFERENCES. ....c.tetiutettetteteatestestestestessesteseasaatessessessessassesseseeseasessestestessasseseaseeseabessessesseneaneanenrens 136
7.7 ANNEX ..ottt ettt ettt e st s et et e b et e s et e st e R e e Re e R e et e e s et et e st e st eneeReeneabentente it e e eneeneaneas 138
8. Development of vegetation under different deposition SCENArIOS ..........cccevcvvvveriereeieennnns 144

Angela Schlutow, Thomas Scheuschner, Hans Dieter Nagel

8.1 ABSTRACT 1ttt ittt sttt sttt r e e R R e r s 144
8.2 INTRODUCTION ....eeittttiitttestttesteeessteeestaeessseessteeessbesasbeeassaeesnbeeeasbesasteeateeesnbeeesseeesnbeesbeeeanbeeesneas 144
B3 DATA ittt E e R R R e Rt R e Rt n e nre e rs 144
B4 IMIETHODS ...ttt r et R et e Rt nr R nr e n e n e nr e s 144
8.5 RESULTS ..ttt r e Rt et R e et R R n e r e s 146
8.6 DISCUSSION AND CONCLUSIONS ....uvietiiteisiiiasteesteesieesteesieesstesstesbeessesssessssssssssssesssesssesssesssnesnns 149
8.7 REFERENCES. .....uttiitteiteesteestte sttt st be e bt e sbeesbeesteeasteebe e sbe e sbeesbeeasbe e s be e s be et e e nbeeabeeasbeenbeenbeesbeesaeenreennes 150

Part VI NATIONAL SURVEYS
9. National crown condition surveys and CONTACES ...........cccecvveiieiiiiieiiese e 152

Richard Fischer and Georg Becher

9.1 NATIONAL SURVEY REPORTS .. uuttttiiiieeiiiiiitiitieteessssisbtetsssesssssssssasssssesssssssstesssesssssssssssssseesssns 152
LS 0 N2 T [ = 152
LS R A XU 1)1 - R 152
LRI ST Fo 1 U SRS 153
LSRR T [ o PSS 153
LTR[0T U - SRR 155
0,18 CYPIUS. ...ttt bt bbb bbbt h bbbt h R Rt bt bt h et b e nre e 155
9.1.7 CZECN REPUDIIC ... nre s 156
LR I =T 11T 157
LR I ) (o] - TSR 157
LS KO 101 P To [T 158
L 0 5 =T o= 158
9.0.12 GBIMNENY ...ttt sttt ettt ettt bt sb e s bt e h e e s h bt e s bt e ke e ke e eb et eb e e e bbeenbe e nbe e sbeesaeenaneenne 159
LS B € =< TSRS 160
LI o (1o = T O PRPRTUPUPRTOPRPR 160
LS BT =] =2 Lo RS 161
LSRNt G | =SSOSR 162

LS A I Y/ - TSRS 162



Forest Condition in Europe 2011

0.1, 18 LITNUANIA . ....ecveieiieieieie ettt sttt s et st e st et eneerenne e 163
9.1.19 Republic Of MOIAOVA.......cccociiiiiecicce e st 164
9.1.20 The NEtNErTANGS. .....c.ceieiieiiiiie et 164
0.1, 21 NOFWAY ....veveveteeestesieseeseeseeseasestessesteseeseeseeseeseeseatessestesaessestesseseeseabeasenbessesbeneeseeneenearennens 165
0.1.22 POIANG.......oitiitiiieie et b e bbbt 166
TR A B (o] =V o | T OO TP TP S P R PRSP 166
0.1.24 RUSSIAN FEABTALION ........eeiiciiee ettt st e e ste e e 167
TR AT =T o] - OSSR 167
0.1.26 SIOVAK REPUDIIC. ....c.viiiiciieiie ettt st sra e re s nnas 167
0.1.27 SIOVENIA. 1.ttt et bbbt b e b bbb r e 168
T2 T o - | SRS 168
0.1.29 SWERHEIN ...ttt bbb bbb b bbb n b 169
0.1.30 SWILZEITANG.........eiiieieieee et b e bbbt 169
TR 1 0 2 USSR 170
9.1.32 UNited KINGUOM ..ottt bbb 171
0. 1,33 UKF@INE ...ttt ettt bbbt s ettt b bbbt e e ne e b e nne e 171
9.1.34 United StateS Of AMEIICA .......ccveieeiiiesie et st sre e e 171
9.2 ANNEX: NATIONAL RESULTS ...euviteuteueerearestessesaestessesseseasessessessessessessessssssssssessessessessessessessssasens 173
9.2.1 Forests and surveys in European countries (2010). .......ccccevviievenieeiiese e 173
9.2.2 Percent of trees of all species by defoliation classes and class aggregates (2010)........... 174
9.2.3 Percent of conifers by defoliation classes and class aggregates (2010) .........ccccoeevevnnnne 175
9.2.4 Percent of broadleaves by defoliation classes and class aggregates (2010)..................... 176
9.2.5 Percent of damaged trees of all species (1999-2010)........c.ccceevieveniieiesieeieese e e 177
9.2.6 Percent of damaged conifers (1999-2010). .......ccooerirerinierieieieese e 178
9.2.7 Percent of damaged broadleaves (1999-2010).........ccccerirrerierieiieiinisise e 179
9.2.8 Changes in defoliation (1988-2010) .........ccceiieiieiieieie et sre et 180

0.3 ANNEX: ADDRESSES.....eeiittteitteeiteeeitteeiiteeaateeesteeessteesseeastseesstesasseeessseesasesessessssessssseesnsesessseesns 193



Forest Condition in Europe 2011 9

Preface

Forests provide a wealth of benefits to the society but are at the same time subject to
numerous natural and anthropogenic impacts. For this reason several processes of
international environmental and forest politics were established and the monitoring of forest
condition is considered as indispensable by the countries of Europe. Forest condition in
Europe has been monitored since 1986 by the International Co-operative Programme on the
Assessment and Monitoring of Air Pollution Effects on Forests (ICP Forests) in the
framework of the Convention on Long-range Transboundary Air Pollution (CLRTAP) under
the United Nations Economic Commission for Europe (UNECE). The number of countries
participating in ICP Forests has meanwhile grown to 41 including Canada and the United
States of America, rendering ICP Forests one of the largest biomonitoring networks of the
world. ICP Forests has been chaired by Germany from the beginning on. The Institute for
World Forestry of the Johann Heinrich von Thinen-Institute (vTI) hosts the Programme
Coordinating Centre (PCC) of ICP Forests.

Aimed mainly at the assessment of effects of air pollution on forests, ICP Forests
provides scientific information to CLRTAP as a basis of legally binding protocols on air
pollution abatement policies. For this purpose ICP Forests developed a harmonised
monitoring approach comprising a large-scale forest monitoring (Level 1) as well as a forest
ecosystem forest monitoring (Level 1) approach laid down in the ICP Forests Manual. The
participating countries have obliged themselves to submit their monitoring data to PCC for
validation, storage, and analysis. The monitoring, the data management and the reporting of
results used to be conducted in close cooperation with the European Commission (EC). EC
co-financed the work of PCC and of the Expert Panels of ICP Forests as well as the
monitoring by the EU-Member States until 2006.

While ICP Forests - in line with its obligations under CLRTAP - focuses on air
pollution effects, it delivers information also to other processes of international environmental
politics. This holds true in particular for the provision of information on several indicators for
sustainable forest management laid down by Forest Europe (FE). The monitoring system
offers itself for being further developed towards assessments of forest information related to
carbon budgets, climate change, and biodiversity. This is accomplished by means of the
project “Further Development and Implementation of an EU-level Forest Monitoring System”
(FutMon). FutMon is carried out from January 2009 to June 2011 by a consortium of 38
partners in 23 EU-Member States, is also coordinated by the Institute for World Forestry of
VTI, and is co-financed by EC under its Regulation “LIFE+”. FutMon revises the monitoring
system in close cooperation with ICP Forests. It establishes links between large-scale forest
monitoring and National Forest Inventories (NFIs). It increases the efficiency of forest
ecosystem monitoring by reducing the number of plots for the benefit of a higher monitoring
intensity per plot. This is reached by means of a higher number of surveys per plot and newly
developed monitoring parameters adopted by ICP Forests for inclusion into its Manual.
Moreover, data quality assurance and the database system are greatly improved.

Given the current cooperation between ICP Forests and FutMon, the present Technical
Report is published as a joint report of both of them.
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2. Quality Assurance and Quality Control within the monitoring
system

Marco Ferretti®, Nils Konig?, Oliver Granke®, Nathalie Cools*, John Derome(#)°, Kirsti Derome®, Alfred Fiirst®,
Friedhelm Hosenfeld’, Aldo Marchetto®, Volker Mues®

2.1 The overall quality assurance perspective

The need for a comprehensive Quality Assurance (QA) programme in ecological
monitoring has been reported several times (e.g. Crumbling, 2002; Ferretti, in press; Ferretti,
2009). Since 2007 a concept for a new QA perspective has been developed and implemented
within the ICP Forests (Ferretti et al., 2009). This concept includes four main pillars: (i) the
revision and harmonization of the Standard Operative Procedures (SOPs, i. e. the Manual);
(ii) a new set of Data Quality Requirements (DQRs), explicitly incorporated in the SOPs; (iii)
an extended series of training sessions and (iv) inter-comparison rounds. The SOPs have been
revised in 2009 and 2010 with the support of the Life+ FutMon project, and this process has
resulted in the comprehensive revision of the ICP Forests Manual (ICP-Forests 2010). One of
the main aims of this revision process was to identify DQRs for a series of key monitoring
variables covering all the investigations carried out within the ICP Forests. For such variables,
DQRs have been identified in terms of Measurement Quality Objectives (MQOs) and Data
Quality Limits (DQLs). MQO is the expected level of precision/accuracy for individual
observations; DQL is the minimum acceptable frequency of observation that should be within
the MQOs.

This comprehensive QA approach resulted in a much higher share of variables for
which data quality requirements have been specified (Fig. 2-1). ICP Forests measurements
cover approximately 260 different variables. Prior to the FutMon project and the manual
revision, the share of variables covered by DQRs was 33%. Afterwards, the coverage was
extended to 66% of the variables. In practical terms, it means that it is now possible to
document and report on data quality for 2/3 of the variables measured within the ICP Forests.
It is worth noting that — besides laboratory measurements that were traditionally given more
attention with respect to data quality (see below) — field measurements like tree condition,
ground vegetation, litterfall, ozone injury, tree growth and phenology are now covered by
explicit DQRs.

! TerraData environmetrics, Via L. Bardelloni, 58025 Monterotondo M.mo, Italy

% Northwestern German Forest Research Station, Graetzelstrasse 2, D-37073 Goettingen, Germany

¥ Johann Heinrich von Thiinen-Institute (vT1), Federal Research Institute for Rural Areas, Forestry and Fisheries,
Institute for World Forestry, LeuschnerstraBe 91, D-21031 Hamburg, Germany

* Research Institute for Nature and Forest, Gaverstraat 4, B-9500 Geraardsbergen, Belgium

% Finnish Forest Research Institute, Rovaniemi Research Unit, Box 16, F1-96301 Rovaniemi, Finland,

® Federal Research and Training Centre for Forests, Natural Hazards and Landscape, Seckendorff Gudent Weg 8,
A-1131 Vienna, Austria

" DigSyLand — Institute for Digital System Analysis & Landscape Diagnosis, Zum Dorfteich 6, D-24975 Husby,
Germany

® National Research Council, Insitute for Ecosystem Study, Largo Tonolli 50, 1-28922, Verbania, Italy
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Figure 2-1: Frequency (%) of variables with (black) and without (white) DQRs before (top) and after
(bottom) the development of the new QA approach and the revision of the ICP Forests Manual carried
out within the FutMon project.

However, a sound data quality concept must go beyond the metrological quality of the
data (i.e. the quality of measurements, which is of course important — see below) and should
address all the steps before and after the measurements (Crumbling, 2002). While the steps
after the measurements are being considered by the database managers, quality issues related
to sampling in the field need to be tackled in the near future. This will be a further, major step
ahead in promoting the overall data quality within the ICP Forests.

2.2 Quality improvement in the laboratories

The Working Group on Quality Assurance and Quality Control in Laboratories was
installed within the ICP Forests in the year 2004 in order to improve the comparability and
evaluability of the analytical data of the ICP Forests program and later also of the FutMon
project. The aims of this group are
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e the evaluation of analytical methods used in terms of their comparability and
acceptability and the elimination of unqualified methods

e the amendment of the ICP Forests Manuals with information on methods for sample
pretreatment and analysis

e the development and introduction of new methods for quality control in the
laboratories

e the organization of practical help for laboratories with analytical problems and
e the organization of ring tests to control the development of quality in the laboratories.

After several years of work the analytical parts of the ICP Forests manual have been
totally revised and unqualified methods have been eliminated. A review of possible checks
and other helps for quality assurance and control in laboratories has been compiled and
published. Two meetings of the heads of the laboratories have been organized to exchange
analytical knowledge and discuss analytical problems and possible solutions. A helping
program for laboratories with problematic ring test results has been organized with bilateral
visits of the laboratories and active help. In the meantime 10 laboratories have made use of
this possibility with great success. The use of reference methods, different quality checks like
control charts or ion balance calculations and the participation in ring tests has become
mandatory within the ICP Forests program and the FutMon project. Nowadays, each
laboratory involved in the program has to send filled quality forms with information on
methods used, on quantification limits, use of control charts and ring test results when
submitting analytical data to the ICP Forests database.

The most important step to improve quality assurance and control was the introduction
of regular ring tests for water, soil and plant samples. It is worth noting that, before the
installation of the Working Group, such ringtests had been conducted only on an irregular
basis. In the meantime 6 soil, 4 water and 12 foliar ring tests have been organized within the
ICP Forests program and the FutMon project. The results of these ring tests show the
development of data quality in the laboratories. In water ringtests, the percentage of results
outside the tolerable limits has been reduced from 20-60% to 5-30% over 8 years (Fig. 2-2). A
similar improvement can be seen for the results of the last 4 soil ring tests (Fig. 2-3): the
coefficient of variation (CV in %) for the results of all participants has been reduced from 15-
65% to 10-35% over 7 years. For the foliar ring tests (Fig. 2-4) only 3-10% of the results were
beyond the tolerable limits already in 2005. This excellent level has been maintained in the
following five tests.

Ring test results suggest a lower comparability and quality of the soil analysis data as
compared to water and plant analysis data. One reason may be that soil analyses are regularly
carried out in much longer intervals; another reason is that the soil matrix is much more
complex to analyse. In contrast to water and foliar analysis, element analyses do not concern
total analyses but fractions, which are much more difficult to measure accurately. And the soil
analyses mostly are of two steps (e.g. digestion or extraction and measurement) which in turn
double possible mistakes. But it is obvious that as well the quality of water analyses can still
be improved. Therefore regularly ring tests are still important for the improvement of the
quality of analyses in the ICP Forests programme.
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Figure 2-4: Development of the non tolerable results of the ICP Forests/FutMon foliar ring tests 2001
- 2010 for the mandatory parameters (foliage samples)

2.3 Quality control in the data base

Co-financed by the FutMon project, a new web-based system for data submission,
storage, dissemination and evaluation was set up in the years 2009 and 2010. Central data
management is an essential tool to control and document data quality. Only by means of
comprehensive validations and consistency checks improved data quality can be achieved and
fully documented: this facilitates extensive and effective data evaluations for project partners
and third parties. A wide range of validation rules help to control data compliance and
conformity using online and real-time checks. In addition, the newly designed system offers
an administration area including functions to monitor data submission processes, to inspect
and compare the managed data using tables, digital maps as well as diagrams.

In the database, three modules support data analysis and checks after import. These are
compliance, consistency and uniformity checks which are subsequently applied (Fig. 2-5)
(Durrant Houston and Hiederer, 2009).

[ import data }

—[ compliance module ]

oK
—[ conformity module J data
nrvwane (01,4 I ———— e
of wamings —[ uniformity module } administration
OK

monitoring
database

Figure 2-5: Subsequent application of data checks
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2.3.1 Compliance checks

The compliance module analyses file structure based on data type, field lengths,
mandatory information as well as completeness of the file. In real-time, data suppliers receive
pdf test reports documenting results of the checks. Errors need to be corrected offline and
only after successful resubmission the data submission process can be continued by the user.

2.3.2 Conformity checks

In a second step, data are checked for conformity by a number of additional tests. This
module is currently based on 682 defined data rules.

e Primary key properties check for data gaps or duplicates.

e Simple range checks are defined by lower and upper limits that may not be exceeded
by single parameters.

e Multiple parameter checks analyse parameters with regard to contradictions or
implausibility. These checks can be based on parameters within the same data
submission file as well as on parameters from different files and even different
surveys.

e Temporal consistency checks compare data with values of previous years.

e Spatial comparisons check whether the spatial details of the plots are defined
according to pre-defined specifications.

e Additional parameter specific rules can be applied for checks that are not covered by
the previous ones.

Also for these tests results are automatically documented in a pdf report and
submission can only be continued if no more errors occur.

2.3.3 Uniformity checks

When data submission is complete for single years and countries, various uniformity
analyses are performed by the data managers. This includes plausibility checks for spatial and
temporal consistency. Dynamically generated tables, diagrams and digital maps support these
steps. A WebGIS module offers dynamic spatial evaluations complemented by time series
diagrams (Fig. 2-6). In the current version, data managers can select from 866 dynamic maps.
The combination of spatial and time-based visualization enables the identification and further
analysis of implausible values. Problematic data records can require re-submission of the
affected data files or manual correction of single values.
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Figure 2-6: WebGIS module

2.3.4 Experience with improved data base system

Within the monitoring programme the acceptance by the users was very high so that
data acquisition and data quality could be improved. Immediate feedback from compliance
and conformity checks has proven essential in order to fix data errors promptly and to
increase the motivation of data suppliers. Time necessary for data transmission has been
considerably reduced. With the new system, legacy data from previous monitoring years were
checked as well and numerous inconsistencies in existing legacy data were detected and
corrected.
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