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ABSTRACT

In the past decade, sustainability of forests has been assessed through
monitoring of widely-accepted criteriaand indicators for sustainable forest
management. Evaluation of sustainable forest management indicators has
generally been conducted at national levels on the basis of forest inventory
data and agreed lists of indicators from inter-governmental processes. In
parallel, forest certification schemesand processes have been devel oped and
are generally conducted at smaller scales such as regional or management
unitlevels. Increasingly, sustai nableforest management indicatorswill need
to beevaluated at thoselocal scalesto answer public questionsand facilitate
social dialogueonthebasisof scientifically sound and pertinent information.

To undertake this type of evaluation within homogeneous bio-geographic
zones and a socio-economic context, an integrated approach is proposed
combining (i) use of reference pilot zones, (ii) elaboration of indicatorsand
evaluation of their pertinence through scientific studiesfor priority domains
(carbon sequestration, forest damage, soil disturbance, landscape patterns
and biodiversity, global value of products and services), (iii) comparative
test of common protocols, and (iv) organisation and sharing of forest
information at regional levels with stakeholders and public. Preliminary
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testing hasbeen carried out on key indicatorscorresponding to priority issues
for planted forests of European Atlantic regions.

Keywords:

INTRODUCTION, CONTEXT, AND RATIONALE

In the decade since the Rio summit in 1992, held to find answers to the global
problems of forest degradation and destruction internationally, there has been a
world-wide development of governmental and non-governmental mechanismsto
adopt ecological, economic, and socially acceptabl e forest management standards,
to evaluate the conformity of practices to those standards, and to assess the
sustainability of forests using mutually agreed principles and a set of criteriaand
indicators to monitor changesin valued forest system components. These criteria
and indicator systems have been devel oped through nine main inter-governmental
processes covering most world forests and 150 countries (FAO 2001). Among
them, the Pan European process and related criteria and indicator system has
evolved through the successive Ministerial Conferences for the Protection of
Forests in Europe since 1990; based on six well-known criteria (see Box 1), it
currently includes a set of 35 quantitative indicators and 17 qualitative indicators
(MCPFE 2003). Reporting and
monitoring of criteriaandindicatorsare
conducted at national level and many _
indicatorvauesarederivedfromnationa ;n Pan European process for sustainable
- ) orest management, indicators are
forest inventories (e.g., MAP 2000). | organised in six chapters called criteria :
Eventhoughmost principlesandcriteria | ¢1: maintenance and Appropriate

Box 1

are common to all processes, there are Enhancement of Forest Resources and
still large differences between countries their Contribution to Global Carbon
in number, content, and evaluation Cycles

method of sustainable forest | C2: Maintenance of Forest Ecosystem
. Health and Vitality
management indicators, as well as

. . . . C3: Maintenance and Encouragement of
burning questionsabout their pertinence Productive Functions of Forests(Wood

and how they can apply or beimproved and Non-wood)
in the particular context of plantation | c4: maintenance, Conservation, and
forests. Appropriate Enhancementof Biological

Diversity in Forest Ecosystems

C5: Maintenance and Appropriate
Enhancement of Protective Functions

In parallel, “soft law” mechanisms
(Hickey 2004) suchasforest certification

schemes have been developed in many in Forest Management (notably soil
countries to determine, through third and water)

party transparent evaluation, whether | C6: Maintenance of other socio-economic
forest management satisfies pre- functions and conditions

established standards. Though Forest




Carnus et al. — Inventory system for evaluation of indicators gdley 3

Certification Schemes work in different ways around the world given the variety
of ecological, socio-economic, and political situations, they are generally
implemented at operational scalessuchasregiona or management unitlevel where
forest ownersor managersare collecting alot of dataand information for reporting
and monitoring purposes that could be used by criteriaand indicator systems. All
Forest Certification Schemesendeavour to conformwithinternational governmental
forestry principles and criteria for sustainable forest management, recognise the
need to address simultaneously the three pillars of sustainability, and include
requirementsintermsof forest operationsand planning, public consultationaswell
as maintenance of forest status and biodiversity, protection of soilsand water, and
social and cultural values. Therate of certification has been very high since 1995
and total certified forest area was close to 200 million hain 2005.

However, irrespective of the degree of implementation of intergovernmental
processes, or of forest certification schemes, it increasingly appears that the
enforcement of forest management standards and the assessment of sustainable
forest management criteriaand indicatorsat variouslevels(international, national,
subnational) require effortsin research and development (FAO 2004) in order to
assist foresters, land-use planners, and policy-makersto adjust their practices and
decisionsandtofacilitatedial ogueon sustainableforest management. Inparticul ar,
as demonstrated in the Canadian Model Forest Network, subnational and local
levels(or meso scal es such aswatersheds, landscapes, regional territories) arevery
appropriate for sustainability assessment because of the possibility of adapting
forest management and improving forest operations through close interactions
between socio-economic factors, local authorities, and end-users and links with
forest certification schemes.

Rationale

Criteriaandindicatorsarestill inthedevelopmental stageand therearemany issues
such as scientific pertinence, continued relevance, and effectiveness of indicators
that need to be resolved to make them fully operational (FAO 2004).

« Someindicatorsarebasedlargely on empirical concepts, and thereforerequire
an improved knowledge of forest ecosystem functioning (e.g., impact of
regeneration status on biodiversity); however, comprehensive ecosystem
assessments are generally complex, costly, and impractical for sustainable
forest management monitoring purposes.

» Existing indicators by their definition or their implementation are often not
pertinent, becausethey can changeindependently of thereal statusof theforest
(e.g., number of staff membersin charge of forest health monitoring, part of
forestry in the National Product, defoliation).
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« Availlability and representativeness of dataare oftenlimited, specially at meso
scales, regarding environmental and social issues such as non-wood products,
biodiversity, water protection, social and cultural values, public access.

Until now, the elaboration and selection of indicators have been guided largely by
convenience and availability of data, aswell as scientific pertinence; for example,
in some domain areas of pan-European criteria(C4 or C6 for example), it appears
that theindi cator-based approach and tool shave been applied and used beforebeing
fully validated. Thus, better understanding of current sustai nableforest management
indicators and development of new ones are required, as well as development of
methodol ogies to measure and monitor them in a cost-effective way over various
gpatial and temporal scales.

In this context, the paper focuses on the measuring at local level of arange of
sustainable forest management indicators in the framework of the Ministerial
Conferences for the Protection of Forests in Europe, using a multi-resource
inventory system and an integrated approach combining:

(i) useof referenceforest pilot zoneswithin homogeneous bio-geographic zones
and the socio-economic context of the European Atlantic Regions;

(if) elaboration of indicators and evaluation of their pertinence through scientific
studies for priority domains (carbon sequestration, forest damage, soil
disturbances, |andscape patternsand biodiversity, global valueof productsand
services);

(i) test and evaluation of sampling methods and harmonised protocols, and

(iv) organisation of forest information at regional levels and sharing with
stakeholders and public.

The work has been conducted in the frame of a European Union funded project
(FORSEE*) gathering expertise from a consortium of 24 scientific and technical
partnersfrom four European Union countries (France, Ireland, Portugal, Spain). In
this paper, methods and preliminary results are presented for key indicators
corresponding to priority issues for planted forests of the European Atlantic
regions.

MATERIAL AND METHODS

The main components are summarised in Fig. 1, and the methods are described
below for:

phase 1/ selection of pilot zones and indicators by expert panels

* Project funded by INTERREG 111 B Atlantic Area— www.iefc.net
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phase 2/ elaboration of harmonised protocols and data collection
phase 3/ analysis of data, assessment of costs and dissemination

Selection of Representative Forest Pilot Zones

Definitionand setting up of referencepil ot zonesfor sustai nabl eforest management
was conducted on the basis of a combined analysis by expert scientists for each
sustainable forest management criterion and forest owners associations from all
regions. Therationalefor the choice and definition of the pil ot zoneswasto be able
to demonstrate sustainable forest management in the long term through improved
sustainability assessment methods and pertinent quantitative indicators at levels
intermediate between theforest management unit level and theregional or national
level.

Main criteria used for definition and design of the pilot zones included:

e Size: large enough to be pertinent at landscape level (inclusion of watersheds
and rura territories grouping severa communes in counties) and to be
informative at other levels (forest management unit or regional)

»  Location: representativeof regional bio-geographic conditions(climate, soils,
elevation, hydrography)

»  Foresttypes: representativeof maintreespeciesand cultivatedforest ecosystems
(IEFC 2000), and of forest ownership and management units

e Forest uses. each zone includes multiple use of forests including wood
production (recreation, conservation, water protection)

» Data availability of monitoring dataand presence of long-term experimental
sites within the zone

» Interfaces: possibility of information transfer and facilitating of dialogue
between foresters, local authorities, and end-users.

Most of the pilot zones follow administrative boundaries (several communes or
counties) to facilitate access to socio-economic data, and include natural
physiographic units (watersheds, natural landscapes). At this stage, it seems that
flexibility on the pilot zone size and limitsisrequired in order to adapt to the local
context: some of theindicatorswill be estimated on the basis of alarger area, or on
asmaller area depending on the domain of concept. The main characteristics and
location of the forest pilot zones for European Atlantic regions are summarised in
Table 1 and the attached map.

Selection of Indicators and Expert Panels

The choice of the indicators to test or improve was based primarily on the Pan
European process and on the improved list of quantitative indicators from the
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“Fourth Ministerial Conferencefor the Protection of Forestsin Europe” in Vienna
(MCPFE 2003), but a large range of indicators from other sources has been also
considered by the expert panels for the assessment of each criterion C1 to C6.
Expert panelsincluded for each region representatives of public and private forest
owners, national and territorial authorities, and scientific experts.

One of the most important factorsin the choice of indicatorswasr elevance, given
regional environment and economic context: making sure that theindicator wasin
fact related to the perceived sustainability of forest management in the pilot zone,
and that any changesin its estimated value accordingly reflected a change in the
forest system. At this stage, it was considered that there was too much uncertainty
in the estimation process to be able to benchmark indicators. Also, any indicator
relevant only at national or management unit level, but not at pilot zone or regional
level, was not considered.

Thesecond factor taken into account for the choice of indicatorswasthefeasibility
constraint related to the project timeframe and resources. The expertswereinvited
to select only indicators that had a chance of being evaluated within 3 years.

The third factor was the need to concentrate scientific efforts on indicators that
require improvement or development of measurement and inventory methods;
when existing tool sare providing good and reliabl edata, thereisno need to conduct
in-depthinvestigationsonthistopic (for exampl e, thisisusually the casewithwood
volumesestimated through the national forest inventoriesin the European Atlantic
Regions).

Elaboration of Harmonised Protocols for Indicator Evaluation

The second phase of thisintegrated approachinvolvesareview of current indicator
monitoring methods in the four countries involved, and the design of a common
framework with harmonised protocols to be tested for indicator evaluation in all
regionsonthebasisof theindicators selected in Phase 1. Protocolsweredevel oped
by expert panel sfor each criterion and group of indicators, and harmonised through
combined technical committee and inter-group meetings. The protocols involve
three main task types currently carried out for each pilot zone:

(1) Mapping: A common list of basic maps and spatial analysesto apply to them
have been defined.

(2) Field work: In each pilot zone about 100 plots are sampled according to the
harmonised field protocol, collecting data for all the criteria for sustainable
forest management.

(3) Surveysof forest ownersandanalysesof soci o-economic stati sticsareconducted
in each pilot zone or region taking into account local specificitiesbut using a
common framework.



Carnus et al. — Inventory system for evaluation of indicators gdley 7

Specific Scientific Studies for Evaluation of Pertinence and
Development of Methodologies

In parallel with direct indicator evaluation through harmonised protocols, the
approach includes specific in-depth studies for elaboration and improvement of
indicators. It is well documented that scientific background is lacking in many
sustainabl e forest management fields such as biodiversity (Marchetti 2004) for the
selection, eval uation, and monitoring of sustainableforest management indicators.
Aspart of theintegrated approach, specific studieswere conducted in someregions
for each criterion that could be used, and then tested at a further stagein all pilot
zones. The alocation of research study topics between regions was based on
regional priorities and on research needs and existing research programmes
(Table 2); al criteriawereconsidered, except C3 (maintenanceand encouragement
of productive functions of forests) which is already well-documented.

The perspective of the devel opment of forest plantations as carbon offsets or sinks
and potential carbon markets under the Clean Development Mechanisms of the
Kyoto Protocol (Carleet al. 2002) led the parti ci pantsto conduct four co-ordinated
in-depth studies to improve C1 indicators and supporting indicators for carbon,
producing alometric functions, or volume/weight ratio required for understorey
carbon assessment. The specific study for C2 was conducted on poplar plantations
in Castilley Leon (Spain) toimprove and validate forest health indicator protocols
(Stanford et al. 2003). The specific on biodiversity indicators (C4) in Aquitaine
(France) aimed at identifying the key parameters (at landscape and stand level)
reguired to estimate global (all taxa) diversity of aforest system. Specific study in
Basque country (Spain) on soilswill mainly provide methods to assess forest soil
sustainability in mountainous areas, and also provide accurate pedo transfer
functions. The C6 specific research aimed at improving methods to assess total
economic value of forests (Mendes 2005) incorporating new parameters such as
biodiversity values or harmonised data on employment, and using results from
other investigations (carbon stock estimation in C1). Detailed methods and results
from these specific studies are not discussed in this paper.

PRELIMINARY RESULTS
Selected Indicators for Evaluation

Selected quantitative indicators currently evaluated are detailed in Tables 3 and 4

with regional priorities:

*  Weéll-documented and reliable indicators are not considered further (e.g.,
wood volumes provided by national forest inventories, protection forest
areas); nevertheless, some indicators such as forested areas or growing stock
have been selected for comparison of definition, method, and benchmarking
with international standards (IPCC 2000; FAO 2000).
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Indicators are included for which a more complete or accurate estimation
needs to be provided than is currently given by the official statistics (for
example forest employment or carbon stocks indicators).

Selected indicatorsinclude thoseto be eval uated through alternative methods,
in order to compareresultsand validate or invalidate the existing methods (for
example, carbon stock estimated from global expansion factors is compared
with estimation from individual tree parametersand incorporation of missing
carbon pools).

Someindicators areto betested for pertinence through evaluation of verifiers
based onintensivedatacollection and correl ation studiesbetweentheestimated
indicator and thereal statusof the system (for example, biodiversity indicators
will be checked against multi taxa inventories).

Finally, some indicators have been kept in the sel ection because there are no
current reliable data for their evaluation and the objective is to generate a
referenceval ue(dead wood, damage, non-wood products) for futuremonitoring

Harmonised Field Protocols

The elaboration of harmonised field protocols was considered essentia for the
comparability of the results. The selected indicators list implies the collection of
traditional forest inventory data, such as tree diameters and heights, as well as
additional datanot usually availablefrom current forest inventories: damage, dead
wood (snags and logs), soil carbon, shrub biomass, biodiversity. The harmonised
field protocols include the following guidelines:

Field measurements occur in plots systematically spread over the pilot zones
—agridof 1kmx 1kmisoneof themost common samplingintensities, except
for some areas where sampling intensity could be based on a pre-fixed
sampling error from previous forest inventory.data

On each sampling location, previously marked on photo-interpreted orto-
photomaps, the following cluster of four plots, 50 m from each other and in a
cross design, and two transects will be implemented (Fig. 2 and 3):

(1) National Forest Inventory plot — following the protocol established by
the National Forest Inventory of each country for tree and stand
characterisation; soil and understorey carbonisalso evaluatedinthisplot.

(2) International Co-operative Programme* spirals — following the
International Co-operative Programme European Forest protocol (ICP
2004) and sampling the 20 trees closest to plot centre.

* International Co-operative Programme on Assessment and monitoring of Air Pollution

Effects on Forests www.icp-forests.org
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(3) Snagplot—inoneof thelnternational Co-operativeProgrammeplots, all
snags within a fixed radius (defined according to the National Forest
Inventory plot) are sampled.

(4) Deadwood and soil perturbation transects — linking the centres of the
plots where dead wood in logs, and soil perturbations, will be sampled.

The sampling unit should be installed, wherever possible, inside the target strata
defined by the National Forest Inventory plot, with the satellite plotsfalling inside
the same stratain order to avoid samplesthat are partially outside thetarget strata;
for that, the sampling device can be rotated around the National Forest Inventory
plot (see Fig. 2); rotation may also be aimed at maximising its coincidence with
ecotones or slopes.

Data collected in the National Forest Inventory plot include:

Characterisation of the site: GPS position; azimuth; slope; topography; recent
forest management activities; piledwood; recent stumps; soil description; soil
disturbances; fire scars; signs of erosion and compaction; signs of game or
grazing; silvicultural system.

Treevariables: species; diameter at breast height; height; height to the base of live
crown; age-class; polar co-ordinates relative to plot centre; age in even-aged
stands.

Understorey survey: understorey use; number of species; vertical and horizontal
structure; speciesin the shrub strata; phytovolume (area covered by shrubs x
mean height of shrubs); regeneration.

Soil characterisation: litter floor sampling (fresh, partially decomposed,
decomposed); soil samples for the 0-30 cm and 30—60 cm depths (Fig. 4).

Inventory of snags. asin the snag plot.
Forest health and vitality: asin the International Co-operative Programme plots

Data collected in the snags sampl e plot include identification and characterisation
of all snagsinsidetheplot (treevariables, decomposition status, faunasigns). Inthe
International Co-operative Programme plots, the 20 trees closest to the plot centre
(searchdoneonaspiral) will beanalysed for symptoms/signs, affected part, agents,
tree variables. In the deadwood transects all fallen logs (length >1 m, diameter
> 7.5 cm) intersecting the transect will be identified, diameter on the intersection
point will be measured, and decomposition status registered. The soil samples
collected in the National Forest Inventory plot will be mixed, by soil depth, in a
composite sample for the determination of the main physical and chemical
characteristics.
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Harmonised Socio-economic Strategy

Detailed inventory of datafor socio-economicindicatorsrelated to the pilot zones
has confirmed the heterogeneity of datacoming from the official statisticsand the
lack of data for evaluation of some socio-economic quantitative indicators from
Criteria3 and 6.There are al so large differences between regions and countriesin
defining the forest-based cluster and the boundaries of the system. The next steps
of the project include;

* A SWOT analysis of the regional data available, currently performed to
improve the accuracy and comparability of the data, and the sharing of
experience from all regions involved.

*  When data are missing (e.g., about services or non-wood goods), a first
reference valuewill be provided through aharmonised survey currently being
conducted with the forest owners.

Costs of Indicator Evaluation

The assessment of the cost of the evaluation of each indicator will be provided
duringthefinal phaseafter datacollection. Theissueof indicator measurement cost
isimportant for theimplementation of future monitoring at local toregional levels.
Preliminary costs have been established for Criterion 1 indicators, including
supporting indicators for carbon evaluation. Indicative values (including salary,
travel expenses, consumabl es, specifictool s, datacost-base 2004) ranging between
70 and 10,000 euros/ indicator / region have been obtained.

CONCLUDING REMARKS

Scientific pertinence and feasibility of sustainable forest management indicators
are important issues to address to promote continuous improvement of plantation
forest management and adaptation to environmental and market changes.

Intermediate levels (landscape ecosystems, rura territories, and regions) are
pertinent scalesfor sustainability impact assessment of forest management and for
theeval uation of ecosystem servicessuchasmaintenanceof biodiversity, purification
of air and water, regulation of water flow, soil conservation, carbon sequestration,
and socio-economic functions of forest plantations.

It also appears that intermediate levels are the most appropriate for fostering
communication, facilitating dialogue between forestersand society, and for linking
local operational implementation of sustainableforest management and certification
schemes with intergovernmental processes at national levels.

Within large and coherent bio-geographic and socio-economic zones, integrated
approaches combined with regional prioritisation can provide an appropriate
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framework to devel op and improve criteriaand indicators. The establishment of a
network of forest pilot zoneswherefiel d-based measurementsand socio-economic
surveys are harmonised and combined with long-term monitoring and National
Forest Inventory, is apromising approach

» for conducting co-ordinated scientific programmesfor improvingindicators
and

» for transferring this knowledge to forest managers and other stakeholders.

Parallel development of indicatorsfor al criteriaat regional scalesand comparison
of evaluation methods between regions of different European Union countries
show the lack of data for biodiversity and socio-economic related criteria, the
heterogeneity of methods and of dataquality, and the difficulty of harmonisation;
preliminary results also indicate the limits and costs of some existing indicators.

Asdemonstrated through the devel opment of thisintegrated approach, networking
facilities and co-operation can be devel oped at those intermediate levelsto check
robustness of extended inventory tools, and to contribute to the harmonisation of
indicator evaluation methods and comparability of results between regions and
countrieswithintheMinisterial Conferencesfor the Protection of Forestsin Europe
process. Further work is required to broaden the approach to other criteria and
indicator processes, andissuesthat surroundindicator devel opment, understanding,
and measurement.
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L ocation map of forest pilot zonesin France, Ireland, Portugal, and Spain

TABLE 2—Specific scientific studies by region and by sustainable forest management

criterion

Region Related criterion
Western Ireland C1: Carbon storage
Aquitaine C4 : Biodiversity
Euskadi C5: Sail protection
Navarra C1: Carbon storage
Castilley Leon C2: Forest health
Galicia C1: Carbon storage
Northern Portugal C6 : Socio-economics

Central Portugal C1: Carbon storage
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Carnus et al. — Inventory system for evaluation of indicators
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FIG. 1-Overall project components and activities

FIG. 2-Different possiblelocationsfor theinventory device taking asreference the
location of the National Forest Inventory plot

FIG. 3-Detail of the inventory device used for Sustainable Forest Management
indicator evaluation.

FIG. 4-Schemafor the soil and litter floor sampling.



