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Abstract conditions. The aspired harmonisation of increment estima-
&Key messagdhe increment estimation methods of tion requires a comparison and an analysis of NFI methods.
European NFlIs were explored by means of 12 essential & Aims The objective was to investigate the differences in
NFI features. The results indicate various differences volume increment estimation methods used in European
among NFIs within the commonly acknowledged method- NFIs. The conducted work shall set a basis for harmonisation
ological frame. The perspectives for harmonisation at the at the European level which is needed to improve information
European level are promising on forest resources for various strategic processes.
&Context The estimation of increment is implemented differ-& MethodsA comprehensive enquiry was conducted during
ently in European National Forest Inventories (NFIs) due t€ost Action FP1001 to explore the methods of increment
different historical origins of NFIs and sampling designs ané@stimation of 29 European NFIs. The enquiry built upon the
field assessments accommodated to country-specifpzeceding Cost Action E43 and was complemented by an
analysis of literature to demstrate the methodological
backgrounds.
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— — - & ResultsThe comparison of methods revealed differences
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measurements, drain assessment, involved models and tseguestration has gained importance through the United
parts included in estimates. Nations Framework Convention on Climate Change
& Conclusion Increment estimation methods differ consider{UNFCCC) (United Nation4992) and its Kyoto Protocol
ably among European NFIs. Their harmonisation introducg®nited Nationsl998. The gain-loss method as given in
new issues into the harmonisation process. Recent accothe IPCC guidelines (IPCQ0063 requires the biomass
plishments and the increased use of sample-based inventoiiesrement as gain and the biomass removal as loss to cal-
in Europe make perspectives for harmonised reporting of ireulate the annual increase or decrease in carbon stocks.

crement estimation promising. Contrarily, the stock-difference method estimates the dif-
ference between the biomass stock at tignend timet;.

Keywords Sample-based inventoriNFI features The influence of climate and deposition on stem increment

International reportingHarmonisation is part of the assessment system of the European forest

condition monitoring (e.g. Seidling et &014).
European NFIs are well placed to provide information and
1 Introduction data to many of the mentioned international reporting process-
es. Usually, NFls estimate the increment for the periods be-
The demand for information on the changes within forest ecaween two consecutive assessments according to country-
systems has evolved during the last century and providedspecific increment definitions and usually report the annual
major driver for the methodological development of Nationainean of the periodic increments. Estimates reported by NFIs
Forest Inventories (NFIs). Throughout the decades, NFre total values and values per hectare of forest land. In inter-
methods have been refined and new approaches have bemtional reporting (FAQ012 FOREST EUROPE, UNECE
introduced in the inventory design of European NFlsand FAO2011h IPCC2003 2006h UNECE/FAO2000 but
(Gabler and Schadau2007). In earlier sample-based inven- also at country level, a distinction is made between gross
tories, information on the change in forest resources was oftarcrement and net increment. While gross increment is equal
obtained by comparing the status at two points in time t¢o the total volume increment, the net increment is obtained by
determine for example the development of growing stock aubtracting the volume of natural losses (UNECE/RA00Q
forest area. These estimates were basically net changes with-the volume of natural mortality (IPCZ006H from the
out giving information on the individual gains and losses thagross increment.
resulted in the overall net change. Repeated measurements a$he implementation of increment estimation into the over-
basis for increment estimation were first applied at the localll survey programme differs across countries and in some
level (Biolley1921) and later on integrated into sample-basedases has connections to stand-wise approaches. Lawrence
forest inventories by the use of permanent plots (Kohl et akét al. 010 made a first analysis of increment estimation
2009. Although the monitoring of increment and drain hasapproaches applied in European NFIs during Cost Action
been subject to efforts in several large-scale inventorids43 2010 and drew the following conclusions:
around the 1930s, their quantification gained central attention
through the emerging information needs in the second half & NFIs that use permanent plots base their volume incre-
the twentieth century. ment estimation frequently on differences in individual
The increment and growth of forests is used in monitor- tree volumes between two measurements.
ing programmes to survey the productivity of forests, car& NFIs with temporary plots use radial increment obtained
bon sequestration and response of forests to changing en- from increment cores as input to a model to predict the
vironmental conditions (e.g. Charru et 2010; De Vries volume increment or the volume at the previous point in
et al. 2009 Dittmar et al.2003; Ferretti et al2014; time.
Fridman et al2014; Loustau et aR005; Spiecker et al. & Also, yield tables are used to estimate volume increment.
1996; Wamelink et aR009). The maintenance and encour-
agement of productive functions of forests is a criterion of Based on these findings, further and more detailed investi-
pan-European quantitative indicators for sustainable foregations on the methods of volume increment estimation were
management (FOREST EUROPE, UNECE and FACQonducted during Cost Action FP10@D{4. The objectives
20113. Accordingly, the balance between increment anaf these investigations were to compare the methods, to find
fellings is considered deci& for the availability of wood out the differences between NFIs and to examine the imple-
at present and in the future, and the fellings should nohentation status of increment estimation because several
exceed increment in the long run for shaping a stablEuropean countries have recently established or initiated
growing stock. The relation of increment and fellings issample-based inventories. The differences in methods were
used as a sustainability indicator both at country andxplored for 12 NFI features that have been identified by
European level. The potential of forests for carboWorking Group 1 of Cost Action FP1002@14) as
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cornerstones in the increment estimation process. The inves-The identified NFI features can be attributed to the different
tigations were complemented by an analysis of literaturmethodological areas of forest inventories and refer to sam-
sources to demonstrate the methodological backgroundsing design, field measurements and assessments, and the
The findings from this study are discussed and summarisegbplication of models and calculation of up-scaled estimates
and conclusions are drawn with regard to the harmonisation ahd include sampling grids, periodicity of assessments, per-
forest resource information. As such, the intention of the prenanent and temporary plots, the use of remote sensing, sam-
sented work is to identify relevant points for harmonisingple tree selection methods, components of forest growth, for-
increment estimation and to provide a basis for harmonisati@st area changes, field measurements and assessments, the
at the European level which is required to satisfy the demarttkfined sampling thresholds, the use of models and tree parts
for improved information on forest resources relevant for theacluded in estimates (Fridman et 8014 Hush 1963;
decision-making processes in the forest, environment, wodaetsch and Hallel 964 Loetsch et al1973 Kohl et al.
industry and energy sectors. 2006 Shiver and Border&996 Spurr1952 Tomppo et al.
2010. The enquiry consisted of more than 200 individual
questions. In total, 29 European countries participated and
2 Material and methods provided information on their approaches of change estima-
tion at country level (Figl). According to the most recent
A comprehensive questionnaire was prepared by Workingeport on the State of Eurdpdorests (FOREST EUROPE,
Group 1 of Cost Action FP1002Q14) to explore the ap- UNECE and FAO20119, these countries altogether have a
proaches applied by European NFIs for estimating the chanfprest area available for wood supply of 143 million ha, a
es in forest resources. The enquiry was designed as a twgrowing stock of 22,530 million Ay yielded a net annual
stage information collection procedure. The first stage includacrement of about 740 million #rand provided fellings of
ed the elaboration and compilation of the essential questiorahout 480 million M per year.
the collection of the responses from NFI experts and the anal- The differences in volume increment estimation methods
yses of the provided information. In the second stage, themong the 29 participating countries are presented for the 12
questionnaire was reviewed, refined and resent to the NNFI features in terms of numbers of countries, and their forest
experts. This two-stage procedure turned out as favouraldeea, growing stock and net annual increment of forest avail-
in the preceding Cost Action E42(10 to ensure a good able for wood supply. The results from the enquiry are pre-
quality of the collected information (Vidal et £009. The sented together with the findings from the analysis of litera-
responses were collected via an online survey and compiledture. The NFI features are underlined by selected examples
a database. Plausibility checks were made at the first and sémm participating NFIs thain many cases represent
ond stages of the enquiry and included cross-checks betwefawourable starting points for achieving harmonised increment
corresponding questions and comparisons with additionallystimation.
drafted country reports that contained further descriptive in-
formation related to the availability of forest resources.
The guestionnaire built upon the information collected dur3 Results
ing the preceding Cost Action E43010). These earlier com-
pilations focussed on the status of forest resources afidhe differences in volume increment estimation methods are
particularly on forest area and growing stock and on thejpresented for the 12 investigated NFI features and generally
harmonisation. However, Tomppo et &0{0) compiled refer to gross and net increments; however, the assessment of
NFI reports from 37 countries worldwide which partially alsodrain (Sectior3.9) relates more to the calculation of net incre-
contain overview descriptions about volume increment estinents. Some of the NFI features can be considered indepen-
mation. To develop the content of the questionnaire, the adlently from each other, whereas others are mutually linked
ready available information was taken into consideration arahd show thematic overlaps. About 30 % of the participating
additionally complemented by an analysis of literature and byFIs are in an intermediate stage of establishing or initiating
expert opinions of the members of Working Group 1 of Cossample-based inventories. Therefore, the status of implemen-
Action FP1001%014. The essential NFI features with regardtation of increment estimation procedures varies between the
to increment estimation were identified by the Working groupNFIs. Frequently, these NFIs have completed the first but not
members during various meetings and individual contribua second inventory cycle. Some NFIs still include components
tions and by taking into account the criteria of relevance tof stand-wise surveys for estimating the increment at country
participating NFIs, influence on the comparability of estimatekevel. In a few countries, the last forest inventory was conduct-
and importance for describing the overall situation of increed more than 10 years ago. Nevertheless, in order to draw an
ment estimation. Altogether, 12 NFI features have been ideoverall picture on the current situation, all available informa-
tified as essential. tion on approaches was integrated in the comparison. If no
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