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Preface

Forecasts of future wood availability have shown a deficit of wood supply compared
to wood consumption in Europe. Recent policy targets for bioenergy and emphasis
on the contribution of forests to the bio-economy have sparked interest in the avail-
ability and mobilization of wood from the forest. However, a wide variety of
national-level systems for projecting future woody biomass supply exists and has
led to an increasing need for harmonized international reporting.

The members of COST Action FP1001 (USEWOOD) have prepared and com-
piled a unique description of the projection systems commonly used by European
countries. In addition to the member countries and institutions, the projection sys-
tems used in Canada and in the USA have also been described. Part I (Chaps. 1, 2,
3,4 and 5) provides an introduction followed by three chapters on wood availability
and related issues, an overview of the nationwide projection systems and a descrip-
tion of the country-level forest resource projection tools. Finally, the challenges for
woody biomass projections, advantages and limitations in the use of different
approaches for international reporting are discussed. Part II contains country
descriptions of projection systems organized in the form of 22 separate chapters.
The country chapters provide a contextualizing account of the national forests, for-
est inventory systems and the issues that triggered development of each tool. This is
followed by structured descriptions of the projection systems used for official
reporting, thereby allowing the reader to gain a precise understanding of the pur-
poses, functions, limitations and potential of each tool. This book describes existing
National Forest Inventory (NFI)-based tools and discloses the situation in countries
where NFIs have recently been implemented but no NFI-based simulation tools
have been developed.

The authors and editors hope that forest inventory experts, model developers,
researchers and policy- and decision makers interested in the fields of assessment


http://dx.doi.org/10.1007/978-3-319-56201-8_1
http://dx.doi.org/10.1007/978-3-319-56201-8_2
http://dx.doi.org/10.1007/978-3-319-56201-8_3
http://dx.doi.org/10.1007/978-3-319-56201-8_4
http://dx.doi.org/10.1007/978-3-319-56201-8_5

vi Preface

and modelling of wood supply worldwide find this information useful. Furthermore,
one of the principal ideas of this book is to reduce the “noise” in the comparison of
the different methodological approaches, thereby providing better insight on long-
term trends expected for the supply and demand of forest products.

Lisbon, Portugal Susana Barreiro
Wageningen, The Netherlands Mart-Jan Schelhaas
Saint Paul, MN, USA Ronald E. McRoberts

Freiburg, Germany Gerald Kéndler
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Part I
Current Approaches for Projecting
Wood Availability



Chapter 1
Introduction

Susana Barreiro, Mart-Jan Schelhaas, Gerald Kéndler,
and Ronald E. McRoberts

1.1 Background

For millennia, forests have been a strategic resource for mankind, providing build-
ing material for houses, ships, and mining; household and industrial fuel; hunting
grounds and grazing opportunities for cattle. Despite its strategic importance, forest
management was often not sustainable. Many European countries have a long his-
tory of deforestation and overexploitation of forest resources. North America has
also seen substantial deforestation since European colonization. The principles of
sustainable forest management were formulated around 1700 by Von Carlowitz in
Germany (1713). Centuries later the concept of sustainability became popular under
the term “sustainable development” as coined by the Report of the World
Commission on Environment and Development: Our Common Future, also known
as the Brundtland report (http://www.un-documents.net/our-common-future.pdf).
On larger scales, around 1990 with the meetings of the Ministerial Conference on
the Protection of Forests in Europe (MCPFE, now known as Forest Europe) the
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principles of sustainable management were established as guidelines for the stew-
ardship of forests as natural resources. At national and regional scales, the idea of
sustainable wood supply was the basic principle behind forest management and the
restoration of forests in Europe since the middle of the nineteenth century. Many
European countries have seen an expansion of their forest areas in the past 100-150
years due to active afforestation and natural expansion of forests on waste lands and
marginal agricultural lands (Mather 2001). This phenomenon has also been observed
in the southern United States of America (USA) during the period 1935-1975 by
Rudel (2001) who describes how smaller yields on marginal agricultural lands led
to conversion of these lands to forest.

Concerns about possible shortages of wood and overharvesting were major rea-
sons that many countries began implementing forest resource monitoring systems.
The first nation-wide assessments were initiated in the early twentieth century,
mostly in Northern Europe. Additionally, many countries established research trials
to investigate growth and yield in relation to forest management, resulting in the
production of yield tables for the most commonly used tree species. These yield
tables were an important tool for assessing forest productivity and harvesting pos-
sibilities, mostly at the stand scale. As a logical next step, governments and indus-
tries asked for projections of future wood availability and allowable harvest levels.
In response, many countries developed projection systems that featured a wide array
of mostly country-specific tools, models and simulators.

Over recent decades, societal appreciation has increased for the many functions
and services that forests provide: nature conservation, recreation, protection of
infrastructure and protection of soil and water resources. However, demands for
these functions and services sometimes conflict with the wood production function
and, therefore, must be included in studies on potential wood supply.

The situation with respect to forests and forestry within Europe varies enor-
mously. Forest cover ranges from 1.9% in Iceland to 76% in Finland. Countries with
large forest areas generally have well-developed forest industries, while the focus in
countries with relatively little forest is more on conservation and recreational use. A
large array of forest management systems is used, including the traditional clear-fell
and replant system, shelterwood systems, group-and individual tree selection sys-
tems, coppicing and strict nature reserves. The number of tree species in the boreal
zone is limited, but is much greater in mid-and southern Europe. Western European
countries with little forest cover often have active forest area expansion policies,
while area expansion in southern and eastern countries occurs spontaneously on
abandoned agricultural lands.

Since the beginning of the twenty-first century, climate change has been consid-
ered the most important environmental issue in many European and North American
countries. While forests are thought to be impacted by future climate change, at the
same time they are seen as part of the solution. Forests play an important role in the
global carbon cycle. Large quantities of carbon are exchanged every day between
forests and the atmosphere, and large amounts of carbon are stored in biomass, soil
and wood products. Among the six economic sectors identified by the United
Nations Framework convention on Climate Change as sources of anthropogenic
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greenhouse gas (GHG) emissions, the Land Use, Land Use Change and Forestry
(LULUCEF) sector is the only terrestrial sector with the potential to remove GHG
emissions from the atmosphere. Besides acting as a carbon sink, wood products can
substitute for energy-intense materials such as aluminium and concrete and can eas-
ily be recycled. When used for generating energy, woody biomass can replace fossil
fuels such as gas or coal. If sourced from sustainably managed forests, wood can be
regarded as a renewable resource that contributes to reducing fossil carbon
emissions.

European countries have adopted ambitious renewable energy standards with
the aim of providing 20% of total energy consumption by 2020 from renewable
resources of which 40-50% is expected to be delivered by bioenergy (Muys et al.
2013). The proposal for increasing the use of wood in strategies for mitigating the
impacts of climate change raised the question of wood availability in Europe.
Currently, the European annual harvest is about 66% of the annual increment
(FOREST EUROPE 2015), theoretically indicating the possibility for increased
harvesting. However, it is questionable how much of this unused potential is really
available because of multiple challenges such as fragmented ownership, conflicts
with other forest uses, accessibility, economic constraints, and discrepancy
between required and available species and dimensions. Projections using
European level forest scenarios with different sets of constraints point to consider-
able deficits in wood supply by 2020 when compared to expected wood demand
(Mantau et al. 2010). In recent years, the role and importance of woody biomass
has grown steadily, resulting in large imports of wood pellets from North America
(Goh et al. 2013).

Overall, the pressure on European and North American forests is rising. Wood
demand is increasing due to developments in the bioenergy sector and also in the
bio-economy sector which is expected to consume more biomass in the future. At
the same time, forests are expected to fulfil a multitude of other functions. The
impacts of climate change on forests are expected to range from increased growth
due to higher temperatures and longer growing seasons to increased mortality due
to changes in precipitation patterns, shifts in tree species’ ranges and/or changes in
disturbance regimes. Forest resource projections can be used to investigate these
impacts and to provide insight into the consequences of intended future policies. In
this book we provide an overview of available projection tools and assess the degree
to which they can respond to the challenges posed.

1.2 Forest Resources in Europe and North America

In Sects. 1.2.1, 1.2.2, 1.2.3, and 1.2.4 unless otherwise noted, all European esti-
mates are from the 2015 FOREST EUROPE report (FOREST EUROPE 2015), all
Canadian estimates are from State of Canada’s Forests report (NRC-CFS 2015), and
all estimates for the USA are from a report on the Forest Resources of the United
States, 2012 (Oswalt et al. 2014).
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1.2.1 Forest Area and Forest Available for Wood Supply

In 2015, Europe excluding the Russian Federation had an average forest cover of
32%, the same percentage as in the USA in 2012 but less than the nearly 35% of
Canada that is covered by forests. For environmental, economic and social reasons,
not all forests are available for wood supply. Central-West and Central-East Europe
are the regions with the greatest volumes of growing stock (8.8 and 7.9 billion m?,
respectively) and the greatest (94%) and least (70%) shares of Forests Available for
Wood Supply (FAWS), respectively. European forest area is 215 million ha, of
which 150 million ha is available for wood supply. In the USA, of the 310 million
ha of forests, 29.7 million ha (9.6%) of forests are classified as “Reserves” where
timber harvesting is legally prohibited. Canada has 347 million ha of forest and
reports 59% of their forest to be minimally affected by human activities (primary
forests). These areas include protected forests and inaccessible forests.

1.2.2 Afforestation and Deforestation Trends

In Europe, total forest area expanded by nearly 700 thousand ha per year between
1990 and 2015, while the area available for wood supply expanded by about 50
thousand ha per year in the same period. Afforestation of agricultural land unsuit-
able for agriculture is one of the policy objectives most frequently reported in
FOREST EUROPE 2015. The report on the State of Canada’s Forest 2015 indicates
a decline in forest area of about 0.33% from 1990 until 2010, mostly as a result of
forest land converted to agricultural and urban uses. Most Canadian forests origi-
nate from natural regeneration, although planting initiatives are underway for a
small proportion of the total forest area. In the USA, after the severe deforestation
observed in the period 1630-1910, forest area has not only stabilized but since 2007
has been trending upward at a rate of about 1% per year.

1.2.3 Growing Stock and Fellings

The average growing stock in Europe increased from 126 m*ha in 1990 to 163 m*ha
in 2015. In 20135, the total growing stock was 35 billion m* of which 84% is available
for wood supply. In the USA, the growing stock distributions of softwood and hard-
wood vary by region. In the Northeast and Southeast regions hardwoods comprise
most of the timber volume (6.9 and 6.3 billion m?, respectively), whereas in the
Rocky Mountains and Pacific Coast (including Alaska and Hawaii) regions, soft-
woods comprise most timber volume (4.02 and 7.03 billion m?, respectively). Overall,
since 2007 softwood growing stock has experienced a modest increase of approxi-
mately 3% (15.5 billion m?). Canada’s most productive species are found in the
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Pacific Maritime ecozone with an average growing stock of 432 m*/ha, whereas the
forests in the Taiga Shield and Hudson Plains ecozones have the slowest growing
species with 61 m*ha and 36 m*/ha, respectively.

The balance between Net Annual Increment (NAI)! and annual fellings is tradi-
tionally among the most frequently used criteria for assessing the sustainability of
forests in Europe. According to the FOREST EUROPE 2015 report approximately
66% of the NAI is utilized by fellings. The greatest felling rates were reported for
Austria (94%) and Sweden (102%), while the smallest rates were reported for
Ukraine (29%), Turkey (37%) and Italy (39%). In 2010, increments amounted to
839.7 million m? and fellings to 582.3 million m?. Between 1986 and 2006, growing-
stock removals in the USA remained fairly stable and totalled 364 million m® in
2011. Softwoods accounted for 235.5 million m? (65%) of growing stock removals
in 2011, and hardwoods accounted for 128.4 million m* (35%). In Canada, harvests
are regulated by Allowable Annual Cuts (AACs) calculated for the provinces and
territories and have been relatively constant since 1990s. In 2013, the total volume
of timber harvested was 148 million m?, only two-thirds of the AAC.

1.2.4 Ownership and Landowner Characteristics

About half of European forests are publicly owned, but the share varies from 3% in
Portugal to 90% in some Eastern European countries. A little more than half the
forest land in the USA (58%) is privately owned, while the remaining 42% is con-
trolled by Federal, State, and local governments. Ownership patterns also vary
across the country with private ownerships dominating in the Northeast and
Southeast and public ownerships dominating in the Rocky Mountains and along the
Pacific Coast. Conversely, only 6% of Canada’s forests are privately owned.
Canadian provinces and territories own 90% of the forests and have responsibility
for ensuring compliance with forest management plans. The remaining 4% repre-
sents forest lands owned by the federal government (Natural Resources Canada
2016).

In Europe the number of private holdings has increased over time to 18% in the
period 1990-2015, probably as a result of active afforestation on private lands in
Western Europe, restitution and privatisation processes in countries with formerly
centrally planned economies and fragmenting of properties at inheritance. The aver-
age size of private holdings is much smaller than the public holdings, with the
majority of the private holdings less than 10 ha.

The USA has an estimated 11 million private forest landowners, the majority of
whom own properties of less than 4 ha. However, 67% of forest land is in holdings
of at least 40 ha, and 22% is in holdings of at least 4000 ha and is owned by less than
1% of the owners, primarily corporations or investment organizations and primarily
managed for commercial purposes.

!'The net annual increment is the average annual volume over the given reference period of gross
increment less that of natural losses on all trees to a minimum diameter of 0 cm (dbh). (According
to UNECE: http://www.unece.org/forests/fra/definit.html)
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1.3 Production and Consumption of Wood in Europe
and North America

Europe and North America are major producers of roundwood. Together they produce
about 1 billion m?® annually (Fig. 1.1), 35-40% of the world total. The majority of the
removals are industrial roundwood (82%), while fuelwood accounts for only 18%.
Felling levels in the USA and Canada have been rather stable since 1990, but the 2008
recession caused a reduction of more than 25% and felling levels have yet to recover.
In Europe, the felling level gradually increased over time until the recession. Thereafter
it mostly stabilised, but fuelwood increased from 80 million m? in 1990 to 131 million
m? in 2013. Due to the increased demand for bioenergy in Europe, the USA and
Canada substantially increased their exports of wood pellets in recent years.

For the period 2010-2030, the European Forest Sector Outlook Study IT (EFSOS
II, UNECE/FAO 2011) projects a doubling of wood-based energy demand as a con-
sequence of the policy targets for renewable energy, while demand for products is
projected to increase only by 5-10% in the same period. To fulfil the extra bioen-
ergy demand from domestic sources, in addition to harvesting more stemwood,
mobilisation of harvesting residues (tops, branches and stumps) must be increased
enormously. Other potential sources of biomass are short-rotation coppices and
trees outside forests. The supply can be further increased if more post-consumer
wood is mobilized. However, increased dependence on imports is likely. The North
American Forest Sector Outlook Study (NAFSOS, UNECE/FAO 2012) projects
industrial roundwood to return to pre-recession levels for Canada, and to increase
above those levels by 10-20% by 2030 for the USA. Fuelwood production in the
USA until 2030 is projected to triple or even quadruple.
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Fig. 1.1 Roundwood removals in Europe (excluding Russian Federation), USA and Canada for
the period 1990-2013 (UNECE/FAO 2016)
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Europe as a whole has been largely self-sufficient for the last 50 years, but there
has been extensive trade in wood and wood products with other regions. The same
is true for the USA, with domestic supply equal to 96% of industrial wood con-
sumption (Oswalt et al. 2014). Canada is a net exporter of wood and wood products,
with the USA as its largest trading partner followed by China (NRC-CFES 2015).

Harvest in Canada is mostly concentrated in the western parts of the country. In
the USA, the harvest pattern has changed over time. While most wood was tradi-
tionally harvested in the Pacific Northwest region of the country, the Southeast is
now the greatest supplier. Main harvesting regions in Europe are southern Sweden,
southern Finland and the Baltic States, large plantations of Pinus pinaster in south-
western France, plantations of Eucalypt in Portugal, and Central Europe where
Norway spruce is an important commercial species.

1.4 Forest Inventory

Concerns for overharvesting produced the need for accurate information on the state
of the forest and the rates at which the forest was growing and was being harvested.
Forest inventory programs were established to satisfy this information demand.
Early attempts at basic forest inventories had already been conducted by the end of
the Middle Ages. The first forest inventories were local and aimed at assessing
available timber resources for specific purposes. However, these inventories were
not suitable for compiling information to assist forest policy and decision making at
national levels. National-level inventories were started in the early twentieth century
and have traditionally collected information about the status of the forest in terms of
tree species composition, age class distribution and growing stock volume.

In the 1980s, the impact of air pollution on forests became evident. In Europe,
forest health and crown condition monitoring networks were established on sepa-
rate sampling grids, e g., Level I monitoring of the International Co-operative
Programme on Assessment and Monitoring of Air Pollution Effects on Forests
(known as ICP Forests, http://icp-forests.net). Moreover, the increasing significance
of ecological functions of forests such as biodiversity required new monitoring con-
cepts and studies. Thus, forest monitoring can be understood to cover all forest
features beyond the target variables of traditional forest inventory with special
emphasis on interactions between forest ecosystems and the environment. However,
the separation between production-oriented forest inventories and environmentally-
oriented monitoring programmes has become less distinct. The changing role of
forests, combined with national and international reporting requirements, has
altered the demand for forest information. In recent years ecological variables have
been also included in traditional forest inventories, as well as variables aimed at
quantification of carbon stocks and other forest functions.

Nowadays, nation-wide inventories are conducted in North America and in most
European countries. In both Europe and North America, projection systems have
been developed that rely on forest inventory data to characterize the initial state of
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the forest and often to develop and/or calibrate growth models around which the
projection systems are built. Therefore, the detail and accuracy of the forest data
generated by the inventory systems are crucial for the quality of the projections.
Here we describe the two most commonly used methods for compiling nation-wide
forest estimates: the Standwise Forest Inventory (SFI) approach and the sample-
based National Forest Inventory (NFI) approach.

1.4.1 Standwise Forest Inventory

The idea of sustainability gradually emerged during the eighteenth century and
finally led to the establishment of regular forest management. The theoretical and
practical concepts of forest management planning were developed by the early
German forest academics (e.g. Hartig 1795; Cotta 1804; Hundeshagen 1826). At
that time, wood production was the main purpose of forestry. Management planning
requires quantitative information on wood resources at the stand level in terms of
growing stock volume and site productivity. Thus, the assessment of forest condi-
tions was closely related to the elaboration of Forest Management Plans (FMP).
Hence, management planning was established as an instrument to ensure sustain-
able utilization of forests, and Standwise Forest Inventory (SFI) was a basic princi-
ple for management planning.

Forest management implies the spatial division of forest areas into districts, com-
partments and stands. The area unit of an FMP inventory is normally the stand,
which is considered to be reasonably homogeneous with respect to species compo-
sition, age, and site characteristics and is subject to specific management and silvi-
cultural treatment. Standwise management is often closely linked to yield table-based
assessments of growing stock, growth and yield. Hence, yield tables are also used
for updating growing stocks without measurements. SFI includes a wide spectrum
of methods ranging from visual assessment to sample-based surveys. The inventory
cycle is normally 10 years; thus, every year about 10% of the forest area of an own-
ership is inventoried and the allowable cut for the subsequent 10-year period is
calculated. Allowable cut is an implicit assessment of future wood supply at the
stand level. Data obtained from standwise inventories, especially those based on
ocular estimates, are regarded as less reliable than data from statistical inventories
because they provide no estimates of uncertainty and may be subject to systematic
deviations (e.g. Kangas et al. 2004; Haara and Leskinen 2009; Smelko et al. 2008).

Small scale, stand-by-stand forest inventories were established in most European
countries during the 19th and early 20th centuries. Depending on forest legislation,
forest management planning was implemented in different manners according to
ownership. FMPs were systematically implemented by the forest authorities, espe-
cially in state and communal forests.

Historically, forest management planning evolved differently in different regions
of Europe. After World War II, most forests in the Eastern European communist coun-
tries were under state control. Forest management was subject to central planning
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which required a uniform forest management planning system to cover as much forest
area as possible. In these countries, SFI became the basis for the preparation of FMPs
for state forest enterprises (administrative units). Thus, forest authorities managed
forests countrywide with uniform standards. Hence, it became possible to compile
nationwide forest inventory data at the forest enterprise level for estimating total for-
est area. After the end of the communist era in the 1990s, centrally planned econo-
mies were abolished and economic and administrative structures changed substantially.
Forests formerly under centralized state control were reprivatized, and organizational
structures were adapted to include forest services. However, forest data continues to
be stored in centralized databases under state supervision: Hungary, National Forestry
Database NFD; Estonia, Forest Register FR; the Czech Republic, FMP database.
Such databases are used to aggregate forest statistics at higher levels (regional units,
national) and may be linked to other geo-referenced spatial data that provide addi-
tional information value, e.g., thematic maps of forest characteristics. With the politi-
cal changes, responsibilities for implementing FMPs also changed to varying degrees
among countries. In Hungary, state forest authorities are responsible for forest man-
agement planning as well as for supervision of forest management in private forests,
whereas in Estonia, the state is only responsible for granting management planning
licenses and only licensed companies are allowed to carry out forest management
planning. In all cases, forest management planning instructions and rules are regu-
lated by law and are under state inspection. Conversely, in other European countries,
FMPs remain owner-specific instruments.

1.4.2 National Forest Inventory

National Forest Inventories (NFI) typically use systematic sampling designs based
on grids placed over a forest map of the country and establish field sample plots at
grid intersections with forest cover. The sample plots are usually in the form of
concentric circles with fixed radii where smaller trees are measured only on the
smaller radii circles. A few countries use variable radius sampling, also called angle
count or Bitterlich sampling. Measurements on individual trees on sample plots
always include tree species, diameter at breast height (dbh), and often additional
variables such as height, log quality, and visual damage. Individual sample plots
typically represent areas of 100-2000 ha, depending on the grid used.
Methodologically, the advantages of NFIs are the uniform protocols applied nation-
wide which, in combination with proper quality assurance measures, provide con-
sistent and comparable data. The statistical design allows use of unbiased estimators
of totals and means for important forest attributes and uncertainty measures that
facilitate calculation of confidence intervals. Another great advantage of NFIs is
that they typically cover all lands that satisfy the country’s forest definition, regard-
less of ownership or other cadastral categories. Data may be collected at defined
intervals, often 5 or 10 years, although more commonly nowadays a proportion of
plots are measured each year. Tomppo et al. (2010) provides a detailed description
of NFI systems including ranges of grid dimensions, plot sizes and configurations,
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and minimum diameter thresholds characteristic of European and North American
NFIs.

National Forest Inventories (NFI) were established in the early twentieth century
in the Nordic countries: Norway in 1919, Finland in 1921, and Sweden in 1923. At
that time forestry was a very important economic sector and there was a great need
for information on the state and development of the forests as a natural resource at
the national level. Other European countries followed after World War II. In the
USA sample-based inventories date from 1928, although they were often imple-
mented at state and regional levels which inhibited consistent and timely reporting
across all states. However, in the 1990s the Forest Inventory and Analysis (FIA)
program of the U.S. Forest Service standardized inventories with respect to plot
configuration, sampling design, measurement protocols, and reporting requirements
for the entire the country. Eastern European countries traditionally used SFI
approaches, although recently NFIs have also been established in most of these
countries; some countries maintain both inventory systems. However, for national
and international wood availability studies the SFI data are still preferred as input
data for projections.

1.5 International Reporting, Harmonisation Efforts
and the Role of the USEWOOQOD Cost Action

NFIs have been the source of forest information for decades for purposes of assist-
ing forestry and environmental planning, forest policy and industrial investment
decisions. The desire to monitor the sustainable use of forests triggered the imple-
mentation of NFIs in central Europe (Tomppo et al. 2010). Deforestation, biodiver-
sity losses, acid deposition, GHG emissions, and unsustainable forest management
have all contributed to development of other monitoring programmes such as
FOREST EUROPE (2015). Most European countries joined international treaties
such as the United Nations Framework Convention on Climate Change (UNFCCC
2010) and the Kyoto Protocol and are obliged to monitor and report net carbon stock
changes and GHG emissions by sources and sinks in the LULUCF sector. Over the
years, good practice guidance documents have been prepared to assist countries in
developing accurate and comparable inventories for the LULUCF sector.
Notwithstanding, international reporting requirements revealed that the use of har-
monized sets of definitions was required. For this reason considerable effort has
been committed to developing methods for harmonized reporting in Europe. The
European National Forest Inventory Network (ENFIN) has been the motivation
underlying multiple European funded projects focused on harmonized reporting.
These efforts have produced considerable progress that has motivated countries to
voluntarily revise their definitions and their measurement protocols to minimize
data differences resulting from different sampling designs, plot configurations, defi-
nitions and measurement protocols. Primary results have included development of
common reference definitions and methods for producing harmonized estimates
despite different national inventory features.
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Recent renewable energy and climate change policies are expected to drive an
increase in European consumption of wood for energy production. A reasonable
question is whether European forests can sustainably produce sufficient woody bio-
mass. Multiple studies on supply potentials have been carried out, but the approaches,
terminology, constraints, assumptions and therefore the estimates and conclusions,
vary considerably among studies. One difficulty in comparing results at the interna-
tional level is that national definitions of wood categories vary widely because they
depend on the species, the industry and the market. Simultaneously, a vast number
of projection systems used for providing estimates of future wood availability have
been developed in response to country-specific problems and national forest policy
requirements. Some countries developed their projection systems; others adapted
existing systems, while others rely on European simulators to carry out such
analyses.

COST Action FP1001 (USEWOOD) facilitated research cooperation and coor-
dination among European researchers focusing on NFIs, wood availability and pro-
jection of wood resources. USEWOOD included three Working Groups (WG): (1)
WGT1 focused on techniques for assessing and estimating the state of and changes in
wood resources based on NFI data, definitions and harmonization; (2) WG?2 focused
on improving wood resources’ estimates by integrating remotely sensed and NFI
field data; and (3) WG3 focused on predicting the use of wood resources. The scope
of WG3 included describing both the data used for projecting the potential supply
of tree biomass under economic, social and ecological conditions and the different
methods used. The descriptions will lead to clearer interpretations of projection
results through a deeper understanding of the mechanisms behind the projections,
their required inputs, underlying assumptions, scenario simulation capacity and
limitations. Similar descriptions are also reported for data and methods currently
used by Canada and the USA.

1.6 Organization of Book Contents

Part 1 of this book aims to synthesize current approaches for projecting wood avail-
ability with discussions ranging from the concept of wood availability to the chal-
lenges ahead. Part 2 includes a series of chapters describing the national approaches
used in some European countries and North America (Fig. 1.2).

After the introduction (Chap. 1), Chap. 2 focusses on the concept of wood avail-
ability and the challenges in transferring forest inventory information to market avail-
ability. Chapter 3 provides descriptions of the types of growth models and additional
simulation modules, how they are combined into forest simulators and their specific
features. The chapter also presents an overview of the different projection systems
described in more detail in the second part of the book. Chapter 4 describes the simu-
lators that are currently used in Europe and discusses approaches for carrying out
European-wide studies. Finally, Chap. 5 summarizes the driving forces affecting
woody biomass availability and its projection, discusses the advantages and disadvan-
tages of choosing each of the approaches described and the future challenges ahead.
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Fig. 1.2 Map of Europe and North America showing country contributions in dark grey
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Chapter 2
Wood Availability

Mart-Jan Schelhaas and Marian Lajos Mayr

2.1 Harvest to Increment Ratio

Most national monitoring and projection studies were initiated in response to con-
cerns regarding overexploitation of forests and the future availability of timber. In
these studies, overexploitation was assessed using an indicator calculated as the
balance between annual fellings and Net Annual Increment (NAI). Values of the
indicator greater than 100% meant that more wood was being harvested than was
growing in the period considered. Indeed, some inventories such as in Sweden in the
1850s showed overharvesting (see corresponding country chapter). The balance
between fellings and NAI is simple to calculate and easy to understand, particularly
for people outside the forest sector. However, it should only be applied over large
spatial scales and long time periods. It does not make sense to apply it at stand level
where long periods without intervention are interspersed with years with thinnings
or regeneration fellings. Similarly there may be reasons why the harvest would
exceed the increment for particular periods, even at the country scale. Examples
include policies aimed at reducing the average growing stock (Swiss Agency for the
Environment, Forests and Landscape 1999), sanitary fellings after natural distur-
bances and skewed age-class distributions requiring regeneration of large areas in a
short period of time. Generally, the harvest to increment ratio was well below 100%
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for most European countries and the United States of America (USA) in the period
1950-2015 as is evident by the large accumulation of growing stock.

The harvest to increment ratio is also used as a simple way to assess the amount
of wood that could potentially be available on the market (Hetsch 2009). Although
this might give a rudimentary approximation if the age-class distribution is essen-
tially balanced, it does not work if the age-class distribution is unbalanced as is the
case in most European countries (Vilén et al. 2012). Countries with right-skewed
age class distributions such as the Czech Republic and Germany have harvesting
possibilities that could be much greater than the current increment, whereas harvest
possibilities in countries with a left-skewed age-class distribution such as in Iceland
may be much less than the increment. Estimates of wood availability should there-
fore take into account the age-class distribution and rotation lengths that are nor-
mally applied. Several countries including Canada and Lithuania have developed
methods for calculating an Annual Allowable Cut (AAC) based on the actual situa-
tion in the forest and management prescriptions, sometimes in combination with
other policy aims such as trying to influence the age-class distribution. Similarly, in
the EFISCEN model (Chap. 4), the potential harvest is calculated from the actual
age-class distribution and prescribed management regimes defined by the fraction
per age-class that can be regenerated and the age range for which thinnings can be
carried out. Applying this “instantaneous” potential would generally lead to a large
harvest in the first time-step by logging all areas older than the specified rotation
length. This would not be seen as a sustainable practice and is not very realistic. A
long-term maximum potential sustainable supply is therefore estimated by re-
running the model until a supply level is found that can be sustained for the next 50
years (Verkerk et al. 2011).

2.2 Constraints

Estimates of the potentially available wood supply all rely on assumptions regard-
ing harvesting constraints. The concept Forest area Available for Wood Supply
(FAWS) was introduced in the international reporting procedures to account for
some of the possible constraints. The United Nations (2000) defines FAWS as
follows:

Forest where any legal, economic, or specific environmental restrictions do not have a sig-
nificant impact on the supply of wood. Includes: areas where, although there are no such
restrictions, harvesting is not taking place, for example areas included in long-term utiliza-
tion plans or intentions.

Although the definition seems straightforward, an interpretation that is com-
monly accepted and implemented among countries is lacking (Alberdi et al. 2016).
In particular, the economic restrictions may change over time, depending on wood
prices and technological development. Still, the FAWS concept is widely accepted
as a basis for estimation in studies on future wood availability (Hetsch 2009;
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Verkerk et al. 2011). Most studies distinguish between two potentials: (1) the maxi-
mum physical potential an area could deliver, characterized as the bio-technical
potential, and (2) the likely availability of wood and woody biomass given a range
of additional constraints, characterized as the socio-economic potential (Hetsch
2009). For example, this approach is used in Switzerland in the form of the “onion
model” (Chap. 26; Hofer et al. 2011) where each layer of the onion reduces the
potentially available supply by subsequently adding constraints. Hetsch (2009)
classified the constraints as technical, ecological and economical. Technical con-
straints entail lack of infrastructure, equipment, logistic factors and information
deficiency. Ecological constraints include harvest restrictions in protected areas,
regulations on biodiversity measures and harvesting techniques and limitations on
residue removal. The ecological restrictions depend very much on social conven-
tions and can be subject to changes associated with implementation of natural con-
servation programs. Economic constraints include demand and price constraints,
high costs, mismatch between supply and demand (in terms of assortments) and
underdeveloped markets. Additionally, the behaviour of forest owners and manag-
ers plays an important role. Although they are usually modelled as rational agents
reacting to costs and prices, in practice their behaviour is difficult to predict, espe-
cially for non-industrial private owners. However, Rinaldi et al. (2015) recently
attempted to integrate more diverse behavioural assumptions regarding forest own-
ers when simulating forest resource development.

Although quantification of each of these constraints is far from easy, identifica-
tion of the “real” future availability of woody biomass is important. Furthermore,
the quantification process gives insight into why additional resources that are appar-
ently available are difficult to mobilise in practice. For example, in Switzerland,
these constraints are currently quantified by expert judgement, but in the future they
should be replaced by estimates based on National Forest Inventory (NFI) data (see
corresponding country chapter). Also, other countries such as France and Italy are
attempting to estimate such constraints from NFI data (see corresponding country
chapters). Hetsch (2009) did not quantify the constraints individually but assumed
that 35% of the difference between current felling level and the maximum physical
potential would be available. Verkerk et al. (2011) quantified potential availability
in the European Union (EU) using three wood mobilisation scenarios (low, medium,
high) with different assumptions regarding environmental, technical and social con-
straints. Matthews et al. (2015) estimated the maximum long-term increment
European forests could sustain by assigning yield classes to all forests. The maxi-
mum potential wood supply from forests was taken as 75% of this long-term incre-
ment level, allowing for non-optimal rotation lengths and other constraints.
Figure 2.1 illustrates how a realistic potential wood supply is obtained by firstly
estimating a bio-technical potential (e.g. using the harvest/increment ratio) and then
applying a set of technical, ecological and economic constraints (e.g. the onion
model).
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Fig. 2.1 Calculation steps from forest area to realistic potential supply. If based on FAWS, parts
of the constraints are already applied before estimation of the bio-technical potential

2.3 From NFI Data to Market Availability

Potential supply levels can be estimated using the felling to increment ratio, allow-
able cut estimation methods or more elaborate methods based on constraints and
NFI data. Mostly, these methods yield estimates of the potential felling level which
are not the same as the potential volume of wood available for consumption on the
wood market. For a range of reasons, (potential) felling statistics cannot be trans-
lated one-to-one to (potential) market availability. During felling, forwarding and
transporting from the harvesting location to the mill site, losses occur that reduce
the theoretical available potential. These losses can be further separated into har-
vesting losses, measurement losses, logistical losses and quality losses. Harvesting
losses are difficult to determine but may significantly reduce the availability of the
theoretical biomass potentials. Losses due to measurement methods and trade
guidelines have an even greater impact on the available volume. Measurement
losses result in underestimation of the volume that is actually harvested relative to
the registered harvested volume. The difference in the form of losses between stand-
ing tree volumes and the available volumes of felled trees that reach the mill site is
assumed to be around 10% (Mantau et al. 2016). Part of these losses may be recov-
ered and still become available for use.

Furthermore, a direct comparison between actual and potential felling level for
estimation of additionally available wood supply can be misleading. A part of the
wood harvested and removed from the forest, mainly consisting of wood harvested
for private purposes, is not covered by official statistics (e.g. Jochem et al. 2015). In
countries with many small forest ownerships these removals may constitute a con-
siderable amount. In general, they are legal, but in many cases are too small to be
registered by official felling statistics. Quantification of this amount is therefore
complicated. Estimation of the extent of these fellings can be via surveys of forest
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owners or by estimating it as the difference between other known wood flows. NFIs
with permanent plots can estimate the total drain from trees that were reported to be
harvested between two consecutive inventories. This estimate can be compared to
the officially reported felling level after adjusting for differences in measurement
methods. If the consumer side is completely covered by empirical studies (e.g.
including fuelwood consumption of private households, biomass power plants,
etc.), the total consumption of forest resources could be estimated using the wood
resource balance (Mantau 2012).

COST Action FP1001 (USEWOOD) assisted in the development of an estima-
tion framework to facilitate the exchange of data between NFI specialists and wood
market analysts. A tool called ITOC (from Inventory to Consumer biomass avail-

total biomass theoretical
from trees residues
155% 85%

prec.th. + mortality 5%

available
residues ~consumed
30% biomass

needles 5% )

O,
_“ 90%
} reserve
10%
unused raw wood 10% Unregis-
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regis-
tered
raw wood fesllér:/gs
raw wood 70% raw wood 70% 70%
of NAI
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Bark is delivered with raw wood of part of
residues (branches).

based on MANTAU.U.: UNECE/FAO Timber Section Workshop on Estimating Potential
Sustainable Wood Supply: GENEVA 30 March 2009

Fig. 2.2 Outline of the ITOC model calculation steps (Based on Mantau U: UNECE/FA)
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ability) (Mantau et al. 2016) primarily focuses on bridging the gap between NFIs as
data providers and assessments of use categories according to consumer needs. It
aims at developing a transparent system for data exchange that is acceptable for for-
est inventory experts as well as for wood market analysts. The tool is flexible in that
it allows application in a wide range of countries with different levels of detail. It
can deal with NFI data as well as potential supply estimates obtained from resource
projections. Default values are provided, but can be replaced by country-specific
information when available. The tool follows a stepwise procedure to convert poten-
tial harvestable volume into potentially available woody biomass, quantifying at
each step the conversions or expansion factors needed and the amount of the losses
that can be recovered (Fig. 2.2). After having defined the consumer biomass avail-
ability, the final step is to assess the biomass reserve available in a country, i.e. the
amount of biomass that is available in addition to the current removals. The ITOC
tool therefore balances the resulting biomass potentials with data from correspond-
ing felling statistics in the countries.

2.4 Other Considerations

The majority of fresh wood coming onto the market is supplied from FAWS. Besides
the stem wood of the felled trees, branches, foliage and stumps can also be extracted.
Residue extraction is subject to technical, economic and ecological constraints.
Furthermore, additional woody biomass is available from other sources, such as
trees along roads, maintenance of rural and urban landscape elements, maintenance
of tree orchards and gardens, and even from forest not available for wood supply as
a by-product of maintenance measures. Other sources are by-products from the
industry, such as shavings, sawdust, black liquor, etc. Although these may be impor-
tant sources of woody biomass, in this book we focus on methods for estimating the
potential woody biomass supply from FAWS.
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Chapter 3
Projection Systems in Europe and North
America: Concepts and Approaches

Susana Barreiro and Margarida Tomé

3.1 Background

Forests are long-lived biological systems that fulfil many roles including providing
renewable raw materials and energy, maintaining biodiversity, and protecting land
and water resources. Originally, forestry and forest management focused mainly on
timber production and harvestable standing biomass, and the first prediction tools
were simple yield tables. As forest management became more complex and with the
need to account for social, economic and environmental values, yield tables started
being replaced by growth and yield models. With the introduction of the ‘sustainable
multifunctional management’ concept, improved growth and yield models were
developed to additionally include non-wood forest products and services (Rennolls
et al. 2007) which led to further improvements in modelling capability. Because for-
ests have always been subject to natural and human-induced disturbances that lead to
continuous changes, growth projections that incorporate disturbance factors are
required to support decision making (Peng 2000). As unanticipated events accumu-
late and societal and environmental conditions change, goals and objectives also
change. Consequently growth models must evolve to better reflect current knowledge
of ecosystem functions and to better exploit current technology (Rennolls et al. 2007).

In this book a forest model is a dynamic quantitative representation of the forest,
at any level of complexity, based on a set of (sub-)models or modules that together
predict the dynamics of the forest as defined by the values of a set of variables that
characterize the forest at a given moment (Tomé and Faias 2011). For practical
applications, forest models should be implemented in computer programs with
user-friendly interfaces — usually designated as forest simulators. A forest simulator
is a computer tool that is based on a set of forest models and makes long-term pre-
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Fig. 3.1 Simplified overview of a projection system

dictions of forest status within a well-defined region under specific climate scenar-
ios, forest policies and/or management alternatives (Tomé and Faias 2011). Forest
simulators predict timber outputs, the state of the forest, and may additionally pre-
dict non-wood outputs for each point in time. The core of any forest simulator is the
growth module responsible for updating the values of state variables. This module
comprises the suite of fitted growth functions/sub-models, in the case of empirical
models, or algorithms representing processes, in the case of process-based models.
The value of each state variable in the following instant in time is dynamically pre-
dicted based on the present characteristics of the stand and environment. The calcu-
lation module contains fitted functions/sub-models and other components that
permit the estimation of other tree and stand variables. This module is static which
means that all variables refer to the same instant in time. For simplicity reasons,
sub-models will be referred to as models. Silvicultural practices influence stand
development and long-term site properties. Besides management, simulations are
usually driven by additional external drivers such as disturbances, demand, or land
use changes, all of which are usually implemented in individual modules (Fig. 3.1).
The term projection system designates regional/country tools that range from com-
plex forest simulators that combine national forest inventory (NFI) data with growth
functions/models and management modules to more general approaches that com-
bine standwise forest inventory (SFI) data and yield tables to estimate forest growth.

Projection systems can be linked to other models running in a chain or they can
run in parallel with other models.

Over recent decades, scientists have faced challenges in building projection sys-
tems that accommodate the multitude of factors that affect forest growth and that are
necessary to assist policy decision-making. Research teams from many countries have
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Table 3.1 Overview of the projection systems from Europe and North America included in this

book

Country

Projection system acronym ‘ References

Northern Europe

Finland MELASIM Siitonen et al. (1996) and Redsven et al.
(2013)
Sweden HUGIN Lundstrom and Soderberg (1996)
Norway AVVIRK2000 Eid and Hobbelstad (2000)
Central Europe
Austria CALDIS Kindermann (2010a, b)
PROGNAUS Sterba et al. (1995) and Ledermann (2006)
Germany WEHAM Rock et al. (2013)
Switzerland Massimo 3 Kaufmann (2001, 2011)
France MARGOT Wernsdorfer et al. (2012)
Matrix — Age Alvarez-Marty (1989)

West-Central Europe

Denmark DK Simulator Nord-Larsen and Suadicani (2010)

Netherlands EFISCEN Sallnis (1990) and Schelhaas et al. (2007)
ForGEM Kramer et al. (2010) and Kramer and Van der

Werf (2010)

Iceland Icelandic-Simulator Snorrason (2006)

Ireland FORECAST approach Phillips (2011)

Eastern Europe

Lithuania Kupolis Petrauskas and Kuliesis (2004)

Bulgaria FRAM Kostov (1993)

Czech Republic | THP —

Estonia Various tools Not applicable

Hungary

Hungarian approach

Romania

Southern Europe

Portugal

StandsSIM.dd

Barreiro and Tomé (2011, 2012)

Italy r.green.biomassfor Garegnani et al. (2015)

Spain Various tools Not applicable

North America

Canada CBM-CFS3 Kurz et al. (2009) and Kull et al. (2011)
USA FVS Stage (1973)

developed new tools to address their needs, or in some cases have chosen to adapt
tools developed for other countries; the result is a wide variety of projection systems.

This chapter aims to summarize the differences and similarities among the projec-
tion systems from Europe and North America as described in the second part of the
book (Table 3.1). Some of the projection systems do not operate at the national scale,
but are developed for a specific region and/or certain tree species (e.g. Spain, Estonia),
or a specific stand structure (e.g. Czech Republic). Some countries are still in the
process of developing growth models and projections systems (e.g. Iceland, Romania).
Further details on each projection system can be found in the second part of this book.
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3.2 History of Projections

In Sweden, the first projections were made more than a century ago and showed that
the increasing demand for sawn wood could only be met if harvest considerably
exceeded increment. Currently, projections aim to provide public authorities, orga-
nizations and industry a broad base for strategic decision-making. In the USA,
projection-based forest resource assessments were initiated in the 1970s and have
been updated at 10-year intervals. In Canada, energy concerns led to the first fore-
casts of biomass as an energy source nearly a century ago. In the meantime, the
forest carbon accounting needs under the United Nations Framework Convention
on Climate Change and the Kyoto Protocol have been the motivation for simulating
the dynamics of forest carbon stocks. There is no tradition in making nation-wide
wood availability projections regularly in most European countries. The large diver-
sity of geomorphological features and climatic conditions found in some of these
countries and the heterogeneous forests with large numbers of tree species that they
produce have hindered the development of country-wide projection systems.
Austrian projection systems are based on the Forest Vegetation Simulator (FVS,
Stage 1973) developed in the USA, whereas the Canadian Carbon Budget Model
(CBM-CFS3, Kurz et al. 2009; Kull et al. 2011) was adapted for Italian conditions
(Pilli et al. 2013, see Chap. 4). In France, large-scale forest resource simulators have
only started being developed in the last two decades. In Portugal, where plantation
forestry has strongly been favoured, the first projection studies were carried out in
1990s for maritime pine stands using a system including optimization based on
linear programming (Bento 1994). In West-Central European countries where forest
areas comprise less than 15% of the total area, projections of future wood availabil-
ity have been triggered more recently by the need to report carbon estimates for the
Kyoto Protocol, to increase forest biomass production and to ensure the sustainable
use of wood.

3.3 Analysing the Structure of the Projection Systems Used
in Europe and North America

3.3.1 Tools and Their Applicability Ranges

Projection systems can operate at multiple spatial scales (Tomé and Faias 2011).
Stand-based systems focus on simulating single stands. Landscape-based systems
simulate all the stands in a region on a stand-by-stand basis with stands spatially
described in a geographic information system (GIS) and outputs provided for the
entire landscape. Management Unit-based systems are a variant of landscape-based
systems developed to assist in preparing a common management plan for a well-
defined region. Regional/National-based systems are usually based on forest inven-
tory data, which can be aggregated according to a spatial grid or a set of polygons
connected to a GIS, and produce outputs by forest type for the entire region. The
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connection to a GIS facilitates computation of indicators that include spatial rela-
tionships and facilitates testing of the effects of spatial restrictions such as maxi-
mum or minimum harvested areas or maximization of edges. Spatial conditions can
be incorporated into the drivers, for instance to include distance to mills in harvest-
ing algorithms; ecological conditions in the areas that are abandoned or planted; or
the spatial propagation of disturbance events. Notwithstanding, it is not uncommon
to find that a tool does not fit well into any of the above categories, and many of the
projection systems described in the second part of the book can be classified as
“non-spatial regional/national simulators” depending on their spatial scales and
application ranges. Examples include the age- or diameter-class based matrix mod-
els that are applied to all forests in a region without considering their spatial con-
figuration. Several projection systems are “stand simulators” with the ability to
process multiple plots/stands.

Additionally, projection systems may only forecast the evolution of a stand until
harvest or may produce forecasts for longer time intervals considering changes in
forest management approaches. When long-term projections are produced, multiple
harvesting and stand regeneration methods can be considered. The lengths of pro-
jections range from 10 to 120 years, and the simulation time-steps range from 1 to
20 years (Table 3.2).

3.3.2 Growth Modules
3.3.2.1 Model Philosophy

The first prediction tools were simple Yield Tables developed to predict yields for
even-aged stands. These tables assume density to be constant at full stocking, nor-
mal stocking or average levels, and can only include two variables. Conversely,
growth and yield models consider density as a dynamic component of the stand
projection. Despite their simplicity, increment estimates obtained from yield tables
are still included in some projection systems commonly used in Eastern European
systems.

Forest growth models can be based on different philosophies. Empirical Growth
and Yield Models describe behaviors without trying to identify the underlying
causes. They provide biologically realistic predictions that are accurate within the
limits of sampling and measurement accuracy (Vanclay 1994). However, these
models lack flexibility and the capacity to simulate environmental stresses
(Landsberg 2003) and are not valid for new silvicultural management treatments
(Reed 1999; Reed et al. 2003) that differ from those observed during the period
when the measurements on which they are based were made (Landsberg 2003).
Conversely, Process-based models describe the physiological processes that lead to
forest development (Landsberg 2003). However, these models contain many, often
poorly known, parameters for their projections to be considered as reliable as
empirical projections. Additionally, these models require values for input variables
such as detailed climate and soil conditions that are not readily available from forest
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Table 3.2 Application range and spatial and temporal scales of the projection systems

Projection

system Projection Time-

acronym length® step® | Spatial scale/application range

Northern Europe

MELASIM 30 5 Plot-based management driven simulator applicable to

(FD) the whole country

HUGIN (SE) | 100 5 Plot-based management driven simulator applicable to
the whole country

AVVIRK2000 | 100 10 Stand-based simulator applicable to region-country

(NO) level by post-aggregation of results at stand, landscape
and region levels

Central Europe

CALDIS (AT) | 10-200 1 Plot-based simulator applicable to region-country level
with post-aggregation of results at management unit,
landscape or region

PROGNAUS | 10-200 5 Plot-based simulator applicable to region-country level

(AT) with post-aggregation of results at management unit,
landscape or region

WEHAM 40 5 Plot-based management driven simulator applicable to

(DE) the whole country by post-aggregation of results

Massimo 3 100 10 Plot-based management driven simulator applicable to

(CH) the whole country by post-aggregation of results

MARGOT 20-30 1-5 Matrix model at the national scale

(FR)

Matrix — Age | 20-30 1 Matrix model at the national scale

(FR)

West-Central Europe

DK Simulator | 100-500 1 Matrix model at the national scale

(DK)

EFISCEN 50-60 5 Matrix model at the national scale

(NL)

ForGEM (NL)| 20-30 mth Plot/stand management driven simulator applicable to
region-country level by post-aggregation of results

Icelandic- 120 1 Plot/stand management driven simulator applicable to

Simulator (IS) region-country level by post-aggregation of results

FORECAST | 80 1 Stand-based simulator

approach (IE)

Eastern Europe

Kupolis (LT) | 100 1-20 | Management unit stand-based simulator applicable to
region-country level by post-aggregation of results

FRAM (BG) - - Management unit simulation applicable to region-

THP (CZ) 30 10 country level by post-aggregation of results

Various tools | Felling age 1

(EE)

(HU) 30-100 10

(RO) 10 10

(continued)
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Table 3.2 (continued)

Projection

system Projection Time-

acronym length® step® | Spatial scale/application range

Southern Europe

StandsSIM.dd | 100 1 Gridded demand-driven regional simulator running for

(PT) the whole country

r.green. - - Spatialized Projection System for bioenergy and timber

biomassfor availability assessment given ecological, technical,

(IT) economic, and sustainable production constraints.
Developed for the Province of Trento. Requires volume
as input

Various tools | — - Stand-based simulators not applicable to regional levels

(ES)

North America

CBM-CFS3 | 100 1 Requires volume as input

(€A

FVS (US) 100 1-5 Plot-based management driven simulator applicable to
the entire country

aProjection length and time-step unit is years, except where marked with mth (month)

inventories, whereas empirical models use field measurements often available from
forest inventories as input. For this reason, process-based models have only rarely
been used by forest managers as management tools at stand-level and have not been
incorporated into large scale forest projection systems. Hybrid models combine
process-based elements to predict productivity by addressing the effects of a
changing environment (Monserud 2003) with statistical descriptions of stand struc-
ture (for further details on hybrid models see Mékeld 2009; Kimmins et al. 2010).
In several Eastern European countries, projection methods estimate standing vol-
ume at the end of each time-step by starting with standing volume at the beginning
of the time step, adding the increment which is usually estimated from yield tables
depending on stand density and site index, and subtracting the drain. For the remain-
ing countries, except for the Netherlands where the ForGEM process-based model
is used, all projection systems are based on empirical growth models (Table 3.3).
Burkhart and Tomé (2012), following Munro (1974), classify empirical growth
models with respect to the projection unit. Whole-stand models project number of
trees, basal area and/or volume per stand, generally based on stand age, stand den-
sity and site index in the case of even-aged stands. Size-class models project the
number of trees by diameter-classes, which are subsequently converted to volume
and/or biomass by diameter-class using tree taper, volume or biomass prediction
models. The future distributions by diameter-class can be based on a probability
density function (usually designated as diameter distribution models, which are
usually complemented by site index curves and models for basal area growth and
for the prediction of the number of trees), or on transitions between classes (matrix
model). Individual-tree models project tree growth (e.g. diameter and height incre-
ments) for individual trees (eventually tree size classes) as a function of the present
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Table 3.3 Characteristics of the growth modules in the projection systems

Process-
Empirical based
Individual- | Individual-

Projection system Yield | Whole | Size class | tree distance | tree distance | Climate
acronym table |stand | (matrix) independent | dependent | sensitive
Northern Europe

MELASIM (FI) - - - Yes - Yes
HUGIN (SE) - - - Yes - Yes
AVVIRK2000 (NO) - Yes - - - No
Central Europe

CALDIS (AT) - - - Yes - Yes
PROGNAUS (AT) - - - Yes - No
WEHAM (DE) - - - Yes - No
Massimo 3 (CH) - - - Yes - No
MARGOT (FR) - - Yes (d) - - No
Matrix — Age (FR) - - Yes (a) - - No
West-Central Europe

DK Simulator (DK) - - Yes (a) - - No
EFISCEN (NL) - - Yes (a) - - No
ForGEM (NL) - - - - Yes Yes
Icelandic-Simulator (IS) | Yes |- - - - No
FORECAST approach Yes | Yes - - - No
dE)

Eastern Europe

Kupolis (LT) - Yes - - - No
FRAM (BG) Yes |- - - - No
THP (CZ) Yes |- - - - No
Various tools (EE) - - - Yes - No
(HU) Yes | — - - - No
(RO) Yes | — - - - No
Southern Europe

StandsSIM.dd (PT) - Yes - Yes - Yes
r.green.biomassfor IT) | - - - - - -
Various tools (ES) Depends on the tool

North America

CBM-CFS3 (CA) Yes |- - - - No
FVS (US) - - - Yes - Yes

Yes (d) represents diameter-class matrix model
Yes (a) represents age-class matrix model
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tree size and stand-level variables such as age, stand density and site index. These
models can be further subdivided into individual-tree distance independent or dis-
tance dependent models, depending on whether individual tree locations are or are
not used. Distance independent individual-tree models are commonly used, espe-
cially in northern and central Europe (Table 3.3). Both AVVIRK2000 and Kupolis
use whole-stand models that are implemented by predicting the average tree of a
stand and extrapolating for the stand using the number of trees. StandsSIM.dd uses
whole-stand or individual-tree models, depending on the tree species. Matrix mod-
els are the preferred type of size-class models in projection systems and are applied
at the regional or national scale. In France, two matrix models are used: the first is
a diameter-class model governed by a Markov transition matrix with constant
recruitment (MARGOT), whereas the second is based on within-strata age distribu-
tions of the forested area. The EFISCEN system in the Netherlands uses growth
models with increment predicted as a function of age, while species-specific yield
tables are used for estimating Danish growth and thinning volumes. The growth
modules can target individual tree basal area increment (HUGIN, Massimo 3,
PROGNAUS, CALDIS) or diameter increment (MELASIM, WEHAM, StandsSIM.
dd). Height increment is predicted in MELASIM, PROGNAUS, CALDIS while in
WEHAM and in StandsSIM.dd height is predicted as a function of diameter and
stand variables and in HUGIN as a function of top height.

3.3.3 Calculation Modules and the Assortments

All systems produce outputs in terms of wood volume, either directly predicted in
the growth module or from other variables, with different methodologies depending
on the type of model, in the calculation module. This conversion may include height
and the use of taper models, such as in PROGNAUS and CALDIS and WEHAM.
Projection systems usually partition the harvested volume by thinning, regeneration
cuttings and clear-cut, and may separate volume further by assortments. Some sys-
tems estimate woody assortments within the calculation module while others have
a separate module, sometimes called a drain or a grading module. PROGNAUS and
CALDIS also include models that describe quality parameters, branch diameter,
and the presence of wood decay to partition trees into assortments. StandsSIM.dd
uses species-specific models (systems of compatible volume, volume ratio and taper
model), while Ireland relies on assortment tables. With the MELASIM system, thin-
ning and final-felling can be constrained to remove different combinations of round-
wood, energy wood and waste wood.

Additionally, some projection systems explicitly consider losses, e.g. harvest
losses, low wood quality, logs left in the forest or by the road side. For example, the
Icelandic system estimates the potential wood removals overbark using a 10% dis-
count to account for harvesting residues and wood not meeting quality require-
ments. StandsSIM.dd, MELASIM and FVS differentiate between forest residues
left on site and those removed. In FVS, these amounts not only reduce harvest vol-
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umes but also contribute to increasing the fuel load which is taken into account
when simulating fire (Dixon 2002). Also, harvesting constraints may be included in
the projection system. In Ireland, volumes are adjusted to exclude for example thin-
ning small forest areas with a potentially uneconomic forest road requirement or
final harvest for accessibility reasons. In Switzerland, the “onion model” by Hofer
et al. (2011) is combined with Massimo 3 to account for ecological and socioeco-
nomic constraints (see also Chap. 2).

Biomass and carbon quantities can be estimated at individual-tree or whole-
stand level using models, biomass expansion factors (BEF) and/or wood and carbon
densities. The number of carbon pools distinguished differs among the projection
systems but usually includes several above-ground living carbon pools such as
stemwood, branches and foliage and at least one belowground carbon pool. In addi-
tion, some systems also model carbon in litter and/or soil such as FVS and CBM-
CFS3, or harvested wood products such as Massimo 3.

3.3.4 Management Modules
3.3.4.1 Thinning

Most projection systems described in this book are management driven with thin-
ning and final-felling operations considered by nearly all of them (Table 3.4).
Thinning and final felling procedures greatly differ, mostly depending on the type
of model used: individual-tree, whole-stand or matrix. The simpler models have
thinning schedules that are fixed with respect to frequency and intensity, such as the
Icelandic system and in matrix models such as EFISCEN. Also, final felling in these
approaches is usually determined by age, but it may be determined by demand as in
StandsSIM.dd.

In other models, the decision to thin a stand may depend on stand-level variables
such as basal area increment since last thinning (Massimo 3); stand density (Kupolis,
PROGNAUS and CALDIS), tree size (PROGNAUS and CALDIS) or a combina-
tion of variables such as dominant height and basal area (MELASIM); tree species,
age and dimension of the trees (WEHAM); or on a priority function (HUGIN).

The thinning intensity may depend on stand structure (Massimo 3) or stand den-
sity (Kupolis). Thinning intensity can be expressed as basal area to be removed
(HUGIN, StandsSIM.dd), thinned or post-thinned stand density, volume or basal
area (Irish FORECAST approach, StandsSIM.dd) or may be based on thinning
schedules (HUGIN) or yield-tables (WEHAM). Similarly, StandsSIM.dd allows the
use of the Wilson factor (Wilson 1946), a relative spacing measure function of dom-
inant height and stand density.

Selection of individual trees to be removed can be based on tree size (WEHAM,
Massimo 3) and may mimic thinning methods such as thinning from above (FVS),
from below (FVS), or systematic thinning. PROGNAUS and CALDIS include algo-
rithms responsible for mimicking thinning patterns observed in NFI data. The FVS
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Table 3.4 Components of the assortments and management modules
Management
Other
silvicultural
Woody Woody treatments
Projection system assortments/ | Carbon/soil | removal with impact | Stand
acronym losses carbon operations | on growth regeneration
Northern Europe
MELASIM (FI) Yes/yes Yes/yes** Yes No Yes
HUGIN (SE) Yes/yes Yes/yes** Yes Yes Yes
AVVIRK2000 (NO) | Yes*/— - Yes No -
Central Europe
CALDIS (AT) Yes*/—- Yes/yes** Yes - Yes
PROGNAUS (AT) |- - Yes - -
WEHAM (DE) Yes/yes Yes/— Yes - -
Massimo 3 (CH) Yes/yes Yes/yes** Yes - Yes
MARGOT (FR) Yes/yes Yes/— Yes - Yes
Matrix — Age (FR) | Yes/yes Yes/— Yes - Yes
West Central Europe
DK Simulator (DK) | Yes/yes Yes/— Yes No Yes
EFISCEN (NL) Nolyes Yes/yes** Yes No Yes
ForGEM (NL) Yes/yes Yes/— Yes No Yes
Icelandic-Simulator | —/yes Yes/— Yes No -
aIs)
FORECAST Yes/yes - Yes No -
approach (IE)
Eastern Europe
Kupolis (LT) Yes/yes Yes/— Yes No Yes
FRAM (BG) - - - -
THP (CZ) - - Yes — -
Various tools (EE) Yes/— - Yes - In some tools
(HU) - - Yes - -
(RO) - - - - -
Southern Europe
StandsSIM.dd (PT) | Yes/yes Yes/— Yes No Yes
r.green.biomassfor | Yes (-) Yes/yes Yes No No
am)
Various tools (ES) In some In some Yes - In some tools
tools tools
North America
CBM-CFS3 (CA) Yes Yes/yes Yes No Yes
FVS (US) Yes/yes Yes/yes Yes Yes Yes

Yes* represents assortments estimated as a post-processing operation;
Yes** represents soil carbon estimated using an independent soil carbon model



36 S. Barreiro and M. Tomé

model considers numerous thinning options: (1) selection of specific trees for
removal; (2) selection of classes of trees for removal; and (3) selection of trees for
density control. When density control thinning is applied, a species-specific removal
priority is assigned to each tree based on tree size (dbh) and special tree status, after
which trees with the greatest removal priorities are harvested until a target density
expressed in terms of basal area or stand density is met.

In most systems the effect of thinning on the remaining trees is implicitly
included as increased growth due to reduced competition. However, some systems
include explicit responses, such as HUGIN for which the effect of thinning is esti-
mated using thinning response functions developed with experimental data (Jonsson
1974).

Multiple approaches are used to simulate thinning in age-class matrix models.
For example, a thinning rate can be applied as a percentage of the growing stock per
unit area and a clear-cut rate can be applied as a percentage of the forest area in the
age-class; a thinning frequency corresponding to about a tenth of stand age can be
applied; or a probability can be applied whereby a thinning is carried out as a func-
tion of stand age. In EFISCEN, thinning is simulated by moving a specified number
of hectares in a specified volume class to a smaller volume class, with the difference
between volume classes being the volume thinned.

3.3.4.2 Final Felling

Final felling tends to be implemented based on rotation age for even-aged stands
and can be combined with a target diameter for both even- and uneven-aged stands.
Priority functions can be combined with final felling criteria for both individual-tree
models and whole-stand models. In HUGIN only stands that have reached 90% of
the rotation age are ranked for final felling using priority rules such as functions of
relative age priority, net value growth, or volume increment percentage. A similar
method is used with StandsSIM.dd which allows users to define minimum harvest
ages and assign different final-felling priorities according to stand structure and
stand age in the case of even-aged stands. AVVIRK2000 allows application of dif-
ferent final felling criteria such as a user-defined harvest age or the relative annual
value increment less than a user defined percentage. In Massimo 3 the probability of
a tree being cut is predicted with logistic regression models using stand and site
characteristics and harvest conditions as predictor variables (Thiirig et al. 2005). In
StandsSIM.dd which is a demand driven simulator, a harvesting probability is
assigned to each NFI plot/stand in the input according to rules defined by the user.
Probabilities are based on stand structure and a minimum age to harvest that must
also be defined. A stand is harvested when a random number is less than or equal to
the assigned probability, and stands are harvested until the demand defined in the
scenario is met for each simulation step.

In age-class matrix models such as EFISCEN, final felling probability is
expressed as a function of stand age. The area to be clear-felled is moved from its
respective age class to the regeneration class, while the average volume of the origi-
nal age class is considered as the final-felled volume.
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3.3.4.3 Stand Regeneration

Most systems include a module for stand regeneration after clear-cut or regenera-
tion fellings (Table 3.4). Systems may target artificial regeneration (CALDIS, DK
simulator, StandsSIM.dd), natural regeneration (Massimo 3), or include both
options (CBM-CFS3, Kupolis, MELASIM and HUGIN). Regeneration by planting
usually allows the choice of tree species and planting density. Sometimes site prepa-
ration operations prior to planting can be included as well. CBM-CFS3 represents
planting through reductions in the regeneration delay in growth and-yield curves or
through switching to a different growth-and-yield curve. Usually observed data
from permanent plots, NFI plots or regeneration trials are used to mimic natural
regeneration patterns, or, in some cases, data for an existing plot can be imputed to
initialize the previously harvested stand (FVS, Massimo 3, HUGIN). The process-
based ForGEM model is able to model regeneration explicitly by seed dispersal and
seed inflow from outside.

3.3.4.4 Other Silvicultural Treatments

A wide range of additional silvicultural treatments and operations can be consid-
ered. However, only a few systems simulate the impact of silvicultural treatments
such as fertilization or draining. Several approaches can be used to include the
response to fertilization. The HUGIN system simulates the effect of fertilization,
and soil drainage can be simulated whenever stands meet conditions specified by
the user and both are expressed by an increase in site index. The FVS system con-
siders different types of multipliers affecting both diameter and height growth
(Dixon 2002) to simulate the effects of declining growth due to senescence or silvi-
cultural treatments such as fertilization.

3.3.5 Additional External Drivers Modules
3.3.5.1 Natural Disturbance Simulation Modules

Disturbance can be defined as an event in time that disrupts an ecosystem, commu-
nity, or population structure by changing available resources. Multiple aspects of
disturbance events including intensity, extent, spatial and temporal probability of
occurrence, are usually collectively characterized as the disturbance regime (Perera
etal. 2015). Natural disturbances rarely eliminate all individuals from the stand and,
depending on the type of disturbance, reductions in growth and sometimes stand
structure changes can be expected. Projection systems tend to include the main
natural disturbances affecting forests in the country for which they have been devel-
oped (Table 3.5).
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Table 3.5 Additional external drivers’ modules in the different projection systems
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Projection system Land use

acronym Other Disturbances | changes Economics

Northern Europe

MELASIM (FI) Climate - - Yes

HUGIN (SE) Climate Browsing Afforestation | No

AVVIRK2000 (NO) - - - Yes

Central Europe

CALDIS (AT) Wood/biomass - - Yes
demand

PROGNAUS (AT) - - - Yes

WEHAM (DE) - - - No

Massimo 3 (CH) - Storms - -

MARGOT (FR) No No - -

Matrix — Age (FR) No No - -

West-Central Europe

DK Simulator (DK) FnAWS Set aside | Wind throw Afforestation | Yes
areas

EFISCEN (NL) - No Afforestation/ | No

deforestation

ForGEM (NL) - No No No

Icelandic-Simulator (IS) | — - Afforestation | No

FORECAST approach - Wind throw - No

(IE) Diseases

Eastern Europe

Kupolis (LT) - - - Yes

The descriptions of the projection systems of the other countries in this region make no mention
to additional external drivers

Southern Europe

StandsSIM.dd (PT) Wood/biomass Fire Afforestation | Yes

demand Deforestation
r.green.biomassfor IT) | - - - yes
Various tools (ES) - - - In some tools
North America
CBM-CFS3 (CA) - Fire Pests Afforestation | —

Deforestation

FVS (US) Climate Fire Pests Afforestation | yes

Risk agents such as wildfire and wind are often assigned annual probabilities of
occurrence that depend on probability distributions modelled by a Poisson distribu-
tion, or by applying historic time series. Wildfire converts living trees to standing and
lying dead wood. After catastrophic windthrow events, large trees may survive either
intact or damaged, whereas smaller trees can be converted to logs and debris covering
the forest floor (Franklin et al. 2002). The current capability to simulate the occur-
rences and severity of disturbances is very limited. Therefore, the simulation of natu-
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ral disturbances can be based on probabilities estimated from long series of
observations, tree ring analysis and/or expert opinion. Details on how such events are
triggered and how they affect stand structure and composition can also be simulated.

Risk agents such as insects are more complex to simulate because periods with
minimal impacts alternate with outbreak events. Impacts can be restricted to the year
of the outbreak or last for multiple years. Modelling insect impacts may require not
only modelling population build-up over time, but also interactions with other distur-
bance agents. If a stochastic approach is used in disturbance modelling, Monte Carlo
simulations can provide an average prediction as well as an uncertainty estimate.
Spatial-based simulators require even more complex approaches that consider not
only the total area affected annually, but also the number, intensity and distribution
of events as well as the geographic coordinates for the disturbed areas.

Disturbances can be simulated using specific models that run independently or
are integrated into the projection system. Alternatively, simpler approaches imple-
mented in specific modules can be used such as a volume reduction to discount
losses resulting from windthrow or diseases. This reduction can be based on histori-
cal data, or on a simple assumption as is done in the Irish approach.

In Canada, probability distribution functions estimated from historic records of
fire and insect (seven major pests) outbreaks are used to generate time-series of areas
of future disturbance. A Monte Carlo approach is used to generate a range of distur-
bance time-series for fire and insects which are used as input to CBM-CFS3. The
disturbance impacts caused by fire and insects are simulated using matrices repre-
senting proportional carbon transfers from living to dead pools within the ecosystem
or out of the ecosystem, either by combustion or harvest. Mortality and growth
reduction can also be considered. Information on the timing of future outbreaks,
outbreak intervals, lengths and distribution of the type of impact are also required.

In the USA, the FVS system also takes fire into account. Users schedule a fire, and
the fire module computes its intensity as well as its effects on stand development and
management actions. The module uses elements from fire behaviour and fire effects
models, although it does not simulate fire spread or the probability of fire occurrence
(Dixon 2002). FVS also considers the interaction between specific insects or patho-
gens and stand and tree development. Depending on the agent, different approaches
can be used with the most common being an independent model which is automati-
cally invoked when damage codes are present in the FVS tree data input resulting in
a mortality estimate. This estimate is then compared to the estimate of mortality from
the FVS base model, and the greater of the two values is used as the estimate of mor-
tality. Alternatively, when no model is available, an outbreak is scheduled when a
random number is less than or equal to an estimated probability in which case tree
mortality is increased based on the stand’s hazard rating (Dixon 2002).

In the European systems described, disturbances are simulated using simpler
approaches that vary depending on the type of growth model integrated in the pro-
jection system. The Danish simulator includes the effects of windthrow directly in
the transition probabilities from one age class to the next. These probabilities are
defined based on the observations between consecutive forest inventories. Shorter
rotation ages have been considered as a preventive measure against the frequent
wind-throws, bark beetle attacks, and root rot debilitation.
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Massimo 3 allows simulation of storm scenarios using models fitted from NFI
data that provide probabilities of fellings resulting from natural disturbances. The
probabilities can be selectively altered to simulate the effects of various levels of
disturbance (Thiirig et al. 2005). HUGIN includes models to predict damage from
moose browsing in young forests. The probability of damage can be changed to
simulate changes in moose density.

Fire is the only disturbance considered in the StandsSIM.dd system where the
user is allowed to define the series of annual burnt areas for the simulation period.
Stands are burnt when a random number is less than or equal to a probability thresh-
old. Burnt areas are followed by harvest, and a user-defined percentage of salvage
wood with industrial use is considered.

3.3.5.2 Climate Change Modules

Process-based models are the most suitable tools for assessing impacts of changes
in climate because climate variables used as input in these models drive the physi-
ological processes that express tree or stand growth. Because these models are quite
demanding in terms of inputs, most projections use empirically based projection
systems for which the environment is usually expressed by site index, either alone
or in combination with models integrating climatic variables. Empirical models that
include climate are sometimes assumed to be able to handle climate change effects.
However, these empirical models become less reliable if they are applied outside the
climate range for which they were developed. Climate variables are used as predic-
tors to facilitate responses to short-term climate changes in the CALDIS and
StandSIM.dd systems.

Within the HUGIN system, the positive effects of climate change on height and
diameter growth are simulated differently for young trees and adult trees (taller than
7 m). For young trees, site index is linearly increased annually to a maximum of 4 m
after 100 years, whereas for adult trees, a species-specific multiplier is applied to
tree diameter growth. The multiplier assumes percent increases that vary with tree
species and region (Berg et al. 2007). Only positive temperature-related effects are
considered but the effects of precipitation, wind and damage agents may compen-
sate for the positive increase in temperature.

In the MELASIM system, species-specific models express the effects of climate
change (e.g. increase in temperature and atmospheric carbon dioxide) on tree vol-
ume growth for each time-step. The FinnFor physiological model which is based on
photosynthesis, respiration and transpiration, was used to simulate different climate
scenarios, and the simulation results were used to develop the transfer functions.

FVS permits site index to be changed for individual species or species groups to
account for climate change. Stand-BGC (Milner and Coble 1995) is a climate driven
model that simulates photosynthesis, respiration, and evapotranspiration on a daily
time-step and that allocates carbon to plant tissue pools (leaf, stem, and roots) on a
yearly time-step (Dixon 2002). A FVS module integrates FVS and Stand-BGC to
produce a hybrid simulator, FVS-BGC (McMabhan et al. 2002). At the end of each
growth cycle, simulated tree dimensions in FVS are updated using either the FVS or
BGC growth estimates, as directed by the user.
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3.3.5.3 Economic Modules

Economic modules may consist of independent economic models that run sepa-
rately from the projection system without direct interaction with the growth simula-
tion. In North America, economic analyses in the FVS system are carried out using
the economic model CHEAPO II (Medema and Hatch 1982). A special FVS output
file is used as input, and CHEAPO II runs independently without any dynamic inter-
action with FVS (Dixon 2002).

It is also possible to find projection systems that have an economic module for
which wood (and eventually other wood and non-wood) revenues and costs for sil-
vicultural operations and treatments are considered at each time-step. In Europe, a
wide range of approaches is used. With PROGNAUS and CALDIS, the costs associ-
ated with various harvesting techniques are estimated using harvesting models and
compared to the revenue. Revenues are computed by applying wood price scenarios
to the assortments resulting from each harvested tree. Harvesting interventions that
do not reach the profit margin can be ignored. A different approach is used in the
stand-level based systems, StandsSIM.dd and Kupolis, for which the costs for all
scheduled operations are taken into account. In the Portuguese system, default costs
are available and can be changed by users. The economic module computes the
costs for all operations and revenues based on the assortments resulting from thin-
ning and final-felling operations, thus allowing calculation of net present value
(NPV). Similarly Kupolis calculates the costs and revenues for operations beginning
with planting and ending with movement of timber logs to roadsides for transport.

3.3.5.4 Land Use Changes Modules

Land use change (LUC) modules can consider both afforestation and deforestation
or just one of them. Multiple approaches can be used to simulate LUC. With the
Canadian system, CBM-CFS3, afforestation events can be considered by the user
by selecting the tree species and selecting forest as the land cover. To consider affor-
estation in the age-class French matrix simulator, a net influx of new areas is
assigned to the first age-class and a similar approach is used in the Danish simulator
by defining the afforested area and the tree species. With StandsSIM.dd the area of
new plantations defined in the scenario for each simulation step is translated into a
number of grid cells (stands) to be planted and a species-specific site index is
assigned to each stand. Deforestation is simulated by preventing some harvested
stands (grid cells) from being replanted until the deforestation criterion defined in
the scenario is met. A harvested stand is abandoned if a random number is less than
or equal to the deforestation probability threshold which is greater for smaller site
index values. The HUGIN system also considers afforestation of agricultural land
not in use.

In spatial-based systems all units — forest and non-forest — must be classified in
terms of current land use and assigned probabilities of conversion to other land uses.
Users select the conditions for simulation units to be converted from forest to other
land uses and for those to be afforested. In the latter case, users must define the new
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forest type and species composition. Alternatively, some restrictions may be imple-
mented in the module. For example, a set of species-specific site productivity indi-
ces can be assigned to each simulation unit as well as the probability of conversion
of a simulation unit to each forest type and the probability of conversion to another
land use. The user can define the probability by selecting the criteria on which prob-
abilities should be based such as proximity to industrial forest plants or to urban
areas, accessibility, land use classification of the adjacent grid-cells, and past pro-
ductivity indices. In non-spatial systems, afforestation and deforestation modules
are less complex and simply define the additional forest area and/or the proportion
of area to be converted from forest to other land use. However, restrictions can also
be added to make the simulation more realistic such as specifying that less produc-
tive stands have greater probabilities of being abandoned.

3.3.6 Inputs and Outputs

Projection systems use forest inventory information to characterize forest condi-
tions at the beginning of a simulation. Most of the systems described in this book
use data collected by NFI programmes; however, SFI remains the main source of
input information for Eastern European countries (Table 3.6).

Data requirements are closely related to the type of growth models used.
Projection systems that include stand-level growth models require stand-level vari-
ables such as stand density, basal area, dominant height, age and site index for even-
aged stands to characterize forests. If the growth module in the projection system
includes individual-tree growth models, tree-level variables such as species,
diameter, and height are required and can be combined with dominant height curves
and in some cases a projection model for the number of trees. Additional informa-
tion from various sources including NFI surveys, legal sources, and expert opinion
may also be needed to run the management modules. When size-class models are
used, regardless of whether they are of the matrix type, specific levels of data aggre-
gation are required; examples include the Danish simulator for which stands are
grouped into age-classes and MARGOT for which trees are grouped into
diameter-classes.

Additionally, some management sub-modules such as for stand regeneration
might require the use of permanent plot data to populate the recently harvested
stands. Management prescriptions can be provided in the form of files and/or simple
instructions.

The more complex the projection system, the more input information is required.
To construct the scenarios under analysis, all the other drivers’ modules require input
information in the form of area for a given disturbance, area of land use change, and
volume to be harvested; probabilities of occurrence for specific events; or tree and
stand codes that trigger specific activities such as pest or disease outbreaks. Economic
modules also require input in the form of costs for silvicultural treatments and other
operations, climatic data series for climatic modules, or average values for specified
variables. Additionally, spatial information from GISs can also be used by some
tools, either to define environmental zones or to establish accessibility classes.
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Table 3.6 Types of different inputs required by projection systems
Type of inputs
National | Standwise Global
forest forest Permanent | information
Projection system acronym | inventory | inventory plots systems Other
Northern Europe
MELASIM (FI) - - X
HUGIN (SE) - X - X
AVVIRK2000 (NO) X - - -
Central Europe
CALDIS (AT) X - - - X
PROGNAUS (AT) X - - - X
WEHAM (DE) X - - - X
Massimo 3 (CH) X - X — X
MARGOT (FR) X - - X X
Matrix — Age (FR) X - - - X
West-Central Europe
DK Simulator (DK) X - - - X
EFISCEN (NL) X - - - X
ForGEM (NL) X - - - X
Icelandic-Simulator (IS) X - - - X
FORECAST approach (IE) | — X - - X
Eastern Europe
Kupolis (LT) and all other | — X - - X
tools
Southern Europe
StandsSIM.dd (PT) X - - - X
r.green.biomassfor (IT) X - - X X
Various tools (ES) Depend on the tool
North America
CBM-CFS3 (CA) X - - X
FVS (US) X - - - X

Projection systems can produce a large number of outputs for different aggrega-
tion levels, and all can usually be directly exported to databases or text files. Outputs
can be single tree lists (e.g. PROGNAUS, WEHAM) that can be post-processed or
a range of ready-made tables. Growing stock, thinning and felling amounts, incre-
ment, biomass and carbon stocks are the most common outputs. Additionally, the
distribution of these amounts by tree species or species groups, by assortment
classes, age- and/or diameter-classes is also possible. Some systems can further
produce outputs by region, and other tools can produce specific outputs that can be
used as input to other tools. For example, Kupolis produces outputs that can be fur-
ther explored using GISs, and multiple projection systems including CALDIS,
Massimo 3, and MELASIM produce outputs that can be used as input to the YASSO
carbon soil model (Liski et al. 2005).
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3.4 Conclusions

The need for tools capable of accommodating the multitude of factors that affect
forest growth led scientists to develop new or adapt existing projection systems to
assist decision making. The development of such systems depends on the input data
and growth models available but is mainly driven by the needs and political targets
in each country. The structural diversity and underlying assumptions behind the
existing projection systems hinder the comparability of wood availability projection
results among different countries. Projections are done with more or less complex
tools using a multitude of approaches.

The projection of forest growth in Europe and North America is achieved using
yield tables, which is common in Eastern European countries, whole-stand models
that are used by a few projection systems, tree-level empirical growth models that
are the most common choice; or process-based growth models which are the least
preferred, probably because of greater data requirements. All projection systems
consider the effect of silvicultural treatments on growth. Thinning and final-cuts are
the most widely implemented treatments, whereas the impacts of treatments such as
fertilization are rarely taken into account. At the same time, the importance of wood
availability leads several systems to estimate assortments and/or discount losses
(e.g. harvest losses, quality losses) in various ways. In addition, other drivers affect-
ing wood availability such as disturbances (e.g. storms, pests, fire) are considered in
some systems and are simulated in different ways. A quantitative comparison of the
different approaches would be very valuable to gain insight as to how different
implementations of growth, management and the effect of external drivers affect the
projections. Uncertainty analyses are also indispensable in this respect, but have
hardly been conducted so far. Furthermore, many of the projection systems are
poorly documented, which is a prerequisite for a deeper understanding of the func-
tioning of these systems.
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Chapter 4
Forest Resource Projection Tools
at the European Level

Mart-Jan Schelhaas, Gert-Jan Nabuurs, Pieter Johannes Verkerk,
Geerten Hengeveld, Tuula Packalen, Ola Sallnis, Roberto Pilli,
Giacomo Grassi, Nicklas Forsell, Stefan Frank, Mykola Gusti,
and Petr Havlik

4.1 Introduction

Europe has a long history of assessing the future development of its forest sector.
Outlook studies for the European forest sector have been regularly produced via
joint efforts of the Food and Agriculture Organization (FAO) of the United Nations
and the United Nations Economic Commission for Europe (UNECE). The first
study was published in 1953 (UN-ECE/FAO 1953). After two World Wars,
European forests were severely over-exploited, while the demand for roundwood
was expected to increase due to European post-war reconstruction activities. Since
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then, outlooks have been produced at approximately 10-year intervals. These out-
looks were referred to as European Timber Trend Studies and abbreviated as ETTS
I to V. After 2000, the series was renamed the European Forest Sector Outlook
Study and abbreviated as EFSOS. All studies were aimed at projecting wood
demand from industry and consumers and whether and how this demand could be
satisfied with the available forest resources. Over time, the focus widened from a
pure wood-balance perspective towards a perspective that recognizes the impor-
tance of maintaining the full suite of forest goods and services (Nabuurs et al.
2014). The studies were aimed at a broad audience including forest industry and
policy makers at multiple levels.

All studies were initiated by the FAO/UN-ECE Secretariat but were carried out in
close cooperation with national correspondents. Resource projections in the ETTS
studies were delivered by the national correspondents using their own projection
tools or expert estimates. To increase the consistency of the outlook studies, assess-
ments in EFSOS I and II used the same set of models for all countries and, as much
as possible, internationally published data from sources such as the FAOSTAT data-
bases and the Forest Europe assessments (FOREST EUROPE 2011, 2015). Both
EFSOS I (UNECE/FAO 2005) and II (UNECE/FAO 2011) applied the forest
resource model EFISCEN (Sallnis 1990; Nabuurs et al. 2007; Schelhaas et al. 2007,
Verkerk et al. 2014).

Recently, several other forest models and forest sector models have been devel-
oped for large-scale European forest resource assessments: the European Forest
Dynamics Model (EFDM, Packalen et al. 2014), the GLOBIOM model (Havlik
et al. 2014), Global Forest Model (G4M, Kindermann et al. 2008b; Gusti 2010) and
the Carbon Budget Model of the Canadian Forest Sector (CBM-CFS3) that was
adapted for European conditions (Pilli et al. 2013). Development of these models
follows a growing interest in forest resources with respect to climate change and
their potential role in supplying biomass for the bio-economy. This chapter describes
the large-scale forest resource simulators EFISCEN, EFDM, CBM-CFS3, and
GLOBIOM/G4M.
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4.2 European Forest Information Scenario Model

4.2.1 Background

The European Forest Information Scenario model (EFISCEN) is a large-scale forest
resource projection system using an area-based matrix model. The state of the forest
is represented by the distribution of forest area over a matrix of age and volume
classes. Processes such as growth, aging, mortality, thinning and final felling are
implemented as transitions between cells in the matrix. The forests to be simulated
can be divided into multiple strata distinguished by attributes such as tree species,
region, ownership or site class. These strata are commonly called ‘forest types’,
each of which is represented as a separate matrix with its own dynamics.

The core of the model was developed in Sweden (Sallnds 1990) with the first
European scale application by Nilsson et al. (1992) who studied the consequences
of large-scale European forest decline. The model has been re-programmed and
developed further at the European Forest Institute (EFI) and Alterra, part of
Wageningen University and Research. Over time, the model has been used to study
the effects of more nature-oriented management (Nabuurs et al. 2002), the impacts
of climate change on increment rates (Pussinen et al. 2009), adaptation to climate
change (Schelhaas et al. 2015), mitigation of climate change effects (Bottcher et al.
2012), future wood availability (Verkerk et al. 2011), and biodiversity and ecosys-
tem services (Verkerk et al. 2014).

4.2.2 Data Sources

For each forest type, required EFISCEN inputs are the area, average growing stock
volume and current annual increment per age-class. This information can be
obtained either from National Forest Inventories (NFI) based on statistical sampling
for the entire country or from Standwise Forest Inventories (SFI) for local forest
management planning. The data may be delivered by the respective national insti-
tutes in aggregated form, so there is no need to deliver plot information or disclose
NFI plot locations. Also, individual countries can select the forest types and age-
class sizes to be assessed.

The input data are used to construct the initial distribution of area over the matrix
for each forest type. From the increment data, growth models are constructed to
predict 5-year relative increments as a function of age. Alternatively, growth models
can be estimated from yield tables or other sources. Each forest type is assigned a
management regime defined in terms of the probability that a thinning or final har-
vest can be carried out as a function of stand age. These regimes can be derived from
national management guidelines, can be determined in consultation with national
experts, and sometimes can be inferred from the current age-class distribution.
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Fig. 4.1 Outline of the EFISCEN model and its components (Schelhaas et al. 2007)

For each 5-year time-step, the timber demand for the simulated area must be
defined separately for thinnings and final fellings. For all forest types, the potential
harvest is calculated from allowed thinning and felling possibilities per age class,
combined with simulated age-class distributions. The defined timber demand is then
obtained from the different forest types according to their relative shares in the
potential harvest. Initially, demand was estimated from historic felling levels,
assuming a stable level or a fixed future increase per 5-year time-step. For more
recent applications (Bottcher et al. 2012), demand for domestic timber has been
estimated from trade models. Similarly, future development of forest area can either
be predicted from simple trend projections or from land-cover projection models.
Optionally, EFISCEN can change the growth models over time to reflect changes in
increment as a result of factors such as changing environmental conditions. These
changes are usually derived from more detailed process-based models.

4.2.3 Methods

A schematic overview of EFISCEN is presented in Fig. 4.1.
A scenario in EFISCEN can be set by changes in one or more of the following
components:

e Future wood demand
e Changes in forest area
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e Changes in growth rates (for example due to changes in environmental
conditions)

» Forest management regimes (thinning ages, rotation length, removal of harvest
residues and stumps)

» Tree species conversion after final felling

Each component can be defined using simple assumptions with the additional
feature that coupling to external models is possible for the first three components.
As an alternative to specifying the future wood demand, EFISCEN can be run by
specifying the share of the maximum available harvest volumes as defined by the
management regimes that should be extracted in each time-step. In this case, for
example, 50% of all forest areas older than 100 years will be harvested each time-
step, rather than the area of forest in the same age classes needed to fulfil the required
demand.

Projections use a 5-year time-step, usually for periods as long as 50-60 years.
Longer projections are possible but are generally only used to present qualitative
outcomes such as projecting conversions in tree species distribution. Results are
usually presented at the aggregated national level for attributes such as tree species
and age-class distributions, development of average growing stock, and average
increment. Projection results are usually interpreted as differences in development
between the scenarios, rather than precise quantifications of the future state of the
forest. An uncertainty assessment for four European countries is presented by Meyer
et al. (2005). They found a coefficient of variation (CV) of 2.1% for the initial tree
carbon stock estimate at the national level for Sweden and Finland, and 4.8% for
Spain. The greater value for Spain was explained by the large number of tree species
in this country, so species had to be grouped. CV of stock changes amounted to
11-27%, with greater uncertainties in countries where stock changes were relatively
small in comparison to the stocks. CVs in soil carbon stocks were in the range of
45-48% and for soil changes in carbon stock 21-34%.

Basic output of the EFISCEN core model consists of growing stock, increment,
actual harvest, natural mortality, tree species distribution and age-class distribution.
By applying wood density, carbon content and biomass distribution models, whole-
tree carbon stocks are estimated in an extension of the model. Standard parameterisa-
tions are available for different regions in Europe but can also be easily adapted for
particular countries. The same distribution models are used to quantify the amount of
harvest residues that are generated in the felling operations, and these can be partly
removed if desired. Residues left in the forest, together with litterfall calculated from
litterfall rates, form the input to the built-in soil carbon model YASSO (Liski et al.
2005). YASSO calculates soil carbon stocks as a function of litter input quantity and
quality and temperature and precipitation indices averaged over the region. Outputs
can be further processed in separate modules such as a harvested wood products
module (Eggers 2002), risk indices (Schelhaas et al. 2010), recreation attractiveness
scores (Edwards et al. 2012) and wood assortments (Hanewinkel et al. 2013).

EFISCEN operates at the level of administrative regions. Spatially explicit infor-
mation is not needed to run the model. However, spatial NFI information can be
used in the data preparation phase to stratify by factors such as slope or altitude.
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Alternatively, spatial information layers can be incorporated into the EFISCEN
model by downscaling the input data using a tree species map, and then aggregating
it again using spatial information for stratification. An example is the approach by
Verkerk et al. (2014) that uses a harvest intensity map to distinguish among less
intensively and more intensively managed forests in Europe. Furthermore, EFISCEN
outputs can be linked to spatial information. For example, EFISCEN biomass
potentials have been combined with spatially explicit information on harvesting
constraints (Verkerk et al. 2011), and EFISCEN results have been linked with tree
species maps to disaggregate EFISCEN results to the grid level (Elbersen et al.
2012; Crouzat et al. 2015).

4.2.4 Concluding Remarks for EFISCEN

EFISCEN has been successfully used for a wide range of projects and applications
for more than two decades. For a complete overview of projects and publications,
see the EFISCEN webpage (http://efiscen.efi.int/). All results for EFSOS II simula-
tions are available at the national level for individual countries (http://www.unece.
org/efsos2). To further improve the transparency of the tool and to increase its user
group, EFISCEN 4.1 is available as an open source tool at https://github.com/
EuropeanForestInstitute/efiscen.

Part of the success of EFISCEN is due to its flexibility with respect to input data.
In particular, it is not very data-intensive, can accommodate different aggregation
levels, and can accommodate different types of forests and different information
sources. Often the information published by standard governmental statistical series
is sufficient to initialise the model.

While the core of the model has remained unchanged, important improvements
have been made in data handling, standardising parameterisations and automating
simulation set-ups. Extensions to the original model allow simulation of a suite of
indicators such as dead wood, carbon, fire and wind risk indices and attractiveness
for recreation. The tool can be used to gain insight into forest resource development,
woody biomass potentials, climate change mitigation and ecosystem service
provisioning.

The model is designed for even-aged, managed forests, whereas Europe’s forests
have tended to become more mixed, more richly structured and less intensively
managed. Furthermore, due to developments in remote sensing, computing power
and data policies, easily accessible information is becoming available with much
greater spatial detail and accuracy. Because EFISCEN was not designed as a spa-
tially explicit model, such developments cannot be easily utilised. Therefore, a new,
spatially explicit model is being designed (EFISCEN Space) which will be appli-
cable to all types of forest and can provide projections at the European scale.
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4.3 European Forestry Dynamics Model

4.3.1 Background

The European Forestry Dynamics Model (EFDM) originated from collaboration
between the European Joint Research Centre (JRC) and the European National
Forest Inventory Network (ENFIN). EFDM (Packalen et al. 2014) was jointly
developed for the Forest Resources and Climate Unit of the JRC by the Finnish
Forest Research Institute (Metla, now LUKE) and the Swedish University of
Agricultural Sciences (SLU).

Many European countries have their own forest resource projection tools that are
used for national and international outlook studies. ENFIN has been working towards
harmonised forest information reporting by countries in COST Actions E43 and
FP1001 (USEWOOD) and continues the work within the Horizon 2020 project
DIABOLO. EFDM was developed as an option for harmonized pan-European forest
scenario modelling, especially for countries that do not yet have a model of their own.

EFDM was designed to use detailed national-level input data, thus facilitating use
of the model by institutes having access to NFI data. For the model implementation,
amatrix modelling approach (Sallnéds 1990; Nilsson et al. 1992) was selected because
it provides a simple but flexible solution to assess the changes in the state of forest
resources under diverse forest growth and management conditions. For even-aged
forests, the matrix is typically defined by age and volume classes, whereas for uneven-
aged forests it is defined by tree number and volume classes (Sallnis et al. 2015).

4.3.2 Data Sources

EFDM is a Markov model defined by combinations of factors and activities and
their corresponding transition probabilities. EFDM is applied with NFI data using
the following steps: (1) classification of the state space (age and volume, or stem
number and volume) and factor combinations (cf., “forest types” in EFISCEN); (2)
forest initial state matrices by factor combinations derived from the NFI data; (3)
basic (“no management”) transition probabilities; (4) transition probabilities for
each activity (e.g., thinning or final felling) to be predicted; (5) activity probabilities
based on the NFI data, national statistics or as specified by the analyst and (6) output
requests.

The forest initial state matrices for different factor combinations can be derived
through a simple classification and aggregation routine using NFI plot data.
Estimation of the basic (“no management”) transition probabilities matrix can be
based on (1) pairwise observations of state of the forest (e.g., as derived from per-
manent NFI sample plots), (2) growth observations, (3) growth and yield models or
(4) expert knowledge. Ideally, transition probabilities are estimated from a large
number of observed transitions. In the absence of a sufficient number of observa-
tions, a recursive Bayesian filter can be applied (Sédrkka 2013). Activity probabili-
ties can differ between factor combinations (“forest types”).
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4.3.3 Methods

EFDM is an area-based matrix model for which forest areas (not trees or stands)
move between elements of a set of fixed states. In the simulation, a set of activities
such as no management, thinning, and final felling must be defined. Each of these
activities has a probability of occurrence, and each activity is linked to a separate
transition probability matrix. Consequently, there is a transition matrix for each fac-
tor combination and each activity.

EFDM can be used to generate output matrices for the future state of forests in
case of “no management”, “text-book management” or “business-as-usual” scenar-
ios. EFDM also estimates the volume of wood harvested by factors and activities.

EFDM is implemented as a generic, platform-independent, free and open source
software system. To fulfil the European Commission’s software requirements,
EFDM software complies with the European Union Public Licence (EUPL) which
requires acknowledgement of authors and allows re-use and re-distribution of soft-
ware. The EFDM software for even-aged forests (v.2) has been released by JRC at
https://forestwiki.jrc.ec.europa.eu/efdm/index.php/Main_Page.

4.3.4 Concluding Remarks for EFDM

EFDM is a simple, generic, flexible and expandable framework that will help in
harmonizing national results for purposes such as greenhouse gas inventories or the
Global Forest Resources Assessment. Further, EFDM is open source and thus
improves the credibility of scenario modelling at national and European levels by
facilitating transparency in documentation, evaluation of modelling results as well
as collaborative development of new features. Finally, EFDM is free and supports
capacity building, especially in countries that do not have their own modelling tools.

In the first phase of model development, the concept was tested in five countries
covering different ecological and socio-economic conditions in Europe (Packalen
et al. 2014). All countries considered EFDM a feasible modelling approach at
national level, especially for tackling issues where traditional models have difficul-
ties such as uneven-aged forestry or management under risk. More thorough testing
of the basic concept for uneven-aged forests continues (Sallnis et al. 2015).

4.4 Carbon Budget Model (CBM-CFS3)

4.4.1 Background

The Carbon Budget Model (CBM-CFS3) was developed by the Canadian Forest
Service (Kurz et al. 2009). CBM-CFS3 is an inventory-based, yield-data driven
model that simulates stand- and landscape-level carbon (C) dynamics for above-
and belowground biomass, dead wood, litter and soil. The model was validated at
regional and national scales in Canada (Kurz and Apps 1999; Stinson et al. 2011)
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and Russia (Zamolodchikov et al. 2008), and since 2009, the Joint Research Centre
(JRC) of the European Commission has been testing the CBM-CFS3 for application
in EU countries.

4.4.2 Overall Model Description

The CBM-CFS3 spatial framework conceptually follows IPCC Reporting Method
1 in which the Spatial Units (SPUs) are defined by their geographic boundaries.
SPUs are further characterized by age, area, and as many as 10 classifiers including
administrative and ecological information, links to the appropriate yield curves, and
other parameters defining forest composition, management strategy and other man-
agement information. Each forest stand is assigned to an individual SPU.

During a model run, a library of yield tables (YT) defines gross merchantable
volume production by age-class for each species. These yields represent the volume
in the absence of natural disturbances and management practices. Disturbance and
management factors that reduce the gross merchantable volume are applied during
the model run. Species-specific, stand-level models (Boudewyn et al. 2007) convert
the merchantable volume production into aboveground biomass components.
Belowground biomass, its increment and annual turnover are estimated using the
models provided by Li et al. (2003). Annual dead wood and foliage input are esti-
mated as percentages (i.e., turnover rate) of standing biomass stock.

To estimate the decomposition rate for each dead organic matter (DOM) pool,
CBM-CFS3 adjusts the base decomposition rates, defined for 10 °C, to correspond
to the mean annual temperature defined for each SPU. The model uses an initializa-
tion process to estimate the size of all DOM pools at the start of the simulation,
assuming DOM pools to be in an equilibrium. During this initialization phase,
CBM-CFS3 can apply the same set of YTs selected for the main simulation or a
different set specifically selected from an historical library of YTs.

During the actual run, the model applies a set of natural and anthropogenic dis-
turbances such as fire, insects or storms and partial or clear-cut harvesting. For each
disturbance, users define: (1) the amount, type and intensity by year and SPU; and
(2) criteria such as forest type, age, or other classifier values that define the eligibil-
ity of stands for each disturbance (Kull et al. 2011). The impact of each disturbance
on each C pool is defined by the user based on a disturbance matrix that quantifies
proportions of C transferred among different forest pools in the model framework,
transferred to the forest products sector (i.e., removed from the forest, as harvest
wood products) or released to the atmosphere (e.g., via fires). Afforestation and
deforestation can also be represented with specific disturbance types with their own
disturbance matrices and transitions to and from the forest land.

The model predicts annual C stocks and fluxes such as the annual C transfers among
pools, from pools to the atmosphere and to the forest product sector, as well as ecological
indicators such as Net Primary Production (NPP) and Net Ecosystem Production (NEP).
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4.4.3 Specific Implementation of the CBM-CFS3
Jor the European Countries

CBM-CFS3 was adapted for specific forest management conditions in Europe by
the JRC. Where possible, default models to convert merchantable volume into
aboveground biomass were replaced by country-specific models provided by NFIs
or obtained from the literature. If no data were available, models were used from
other countries and/or similar forest types, defined according to the main species.

The CBM-CFS3 model assumes that the values reported in the YTs represent
gross merchantable wood volume (Kurz et al. 2009). For application of CBM-CFS3
to European countries, two sets of YTs were generally applied (Pilli et al. 2013).
The first set, characterized as the historical library, was based on standing volume
which reflects the net standing volume including the impacts of past silvicultural
activities. This library was applied by the initialization procedure to provide the
starting aboveground volume and biomass for each stand resulting from past man-
agement practices and disturbance events. The second set of tables, characterized as
the current library, was based on the current annual increment (CAI) which repre-
sents the gross volume yield of each stand. This library was applied during the
model run to estimate the current gross volume and increment potential for each
stand. During the model run, this volume is directly reduced by management and
natural disturbance events. This reduction is a relevant issue for the application of
CBM-CFS3 and potentially for other yield-data driven models to European
countries.

Yield data-driven models such as CBM-CFS3 cannot be directly applied to
uneven-aged forest stands where no YTs are available. Because uneven-aged forests
cover about 30% of the forest area in Europe, addressing this issue is relevant for the
application of CBM-CFS3 to European countries. To overcome this limitation, the
default model design was adapted to the tree selection system using the volume and
increment data provided by NFIs for uneven-aged forests. For this purpose, all the
uneven-aged forest area was allocated to a reference age-class with the average
volume equal to the volume reported by the NFI for these stands. Starting from this
age-class, a decreasing percentage increment was applied to the subsequent older
age-classes. After time corresponding to species-specific cutting cycles defined at
country level had elapsed, each uneven-aged stand was assumed to be thinned and
reverted back to the initial reference age-class (Pilli et al. 2013). This approach was
tested through multiple simulations with varying parameters including (1) a faster
(but decreasing) re-growth phase during the first period following the partial cut and
(2) a decreasing growth phase during the following years.

4.4.4 Concluding Remarks for CBM-CFS3

CBM-CFS3 was successfully adapted to specific forest management conditions in
Europe (e.g., uneven-aged forests), validated at regional level (Pilli et al. 2014a) and
applied in one country case to estimate the C balance for forest management (Pilli
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et al. 2013) and afforestation/reforestation activity reporting under the Kyoto
Protocol (Pilli et al. 2014b). CBM-CFS3 is currently applied by the JRC for 26 EU
countries, mainly using information provided by NFIs and forest management
plans. The main limitation of the current version of the CBM-CFS3 model is the
difficulty in simulating the impacts of environmental changes such as climate on
forest growth because the model does not explicitly simulate the impacts of environ-
mental variations on yields.

4.5 The GLOBIOM and G4M Models

4.5.1 Background

The Global Forest Model (G4M)! was developed by the International Institute for
Applied Systems Analysis (IIASA) in 2008 to assess the mitigation potential from
halting deforestation activities. By comparing the economic value of alternative land
uses, the model simulates the impact of wood demand projections and carbon prices
on forestry activities (afforestation, deforestation and forest management). Because
the G4M model lacked the capability to project market developments (external pro-
jections of wood demand are required) the Global Biosphere Management Model
(GLOBIOM)? was developed in 2011 at ITASA, providing market developments and
a fully integrated forest and agricultural sector modelling framework. At its core, the
GLOBIOM model is a spatially explicit land use model that projects the develop-
ments of the forestry and agricultural markets, international trade, impacts on land
use, and CO, emissions for the LULUCF sector. Nowadays, the GLOBIOM and
G4M models are used in conjunction to benefit from their respective strengths.

The G4M and GLOBIOM models are currently used to study the effects of climate
change and adaptation of management on forests (Kindermann et al. 2013), forest
resource developments over time (Bottcher et al. 2012), EU-wide LULUCF develop-
ments (European Commission 2013), soil organic carbon mitigation potentials (Frank
et al. 2015), and woody biomass energy potentials (Lauri et al. 2014). The models
have a long history of use in a policy context and providing EU member state projec-
tions of forest harvest levels and LULUCEF projections. As an example, the models
have been used to develop the EU28-wide LULUCEF reference scenario, in consulta-
tion with national experts and cross-checked per country through a consultation pro-
cess (European Commission 2013). The two models have also been used for Reducing
Emissions from Deforestation and forest Degradation (REDD) assessments in tropi-
cal forest regions (Herrero et al. 2013), bioenergy sustainability assessments (Forsell
et al. 2016), and even represent the land use part of the IIASA integrated assessment
modelling framework MESSAGE-GLOBIOM (McCollum et al. 2014).

!'See also: www.iiasa.ac.at/G4M
2See also: www.iiasa.ac.at./GLOBIOM
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4.5.2 Overall G4M Model Description

G4M was developed by ITASA (Kindermann et al. 2008a; Gusti 2010) to estimate
the availability and cost of woody biomass resources (Gusti and Kindermann 2011),
and is used in conjunction with GLOBIOM to estimate the impact of forestry activi-
ties on biomass and carbon stocks. The G4M model estimates forest area change,
carbon sequestration and emissions from forests, impacts of carbon incentives and
supply of biomass for energy and non-energy uses. By comparing the income of
managed forest (difference of wood price and harvesting costs plus income by stor-
ing carbon in forests) with income by alternative land use at the same place, an
afforestation or deforestation decision is made. Because G4M is spatially explicit at
0.5 x 0.5° resolution, different levels of deforestation pressure can be handled at a
spatially explicit level.

The available woody biomass resources are estimated by G4M for each forest
area unit determined by mean annual increments, which are based on net primary
productivity (NPP) maps from Cramer et al. (1999) and from downscaling tech-
niques described in Kindermann et al. (2008a). This information is then combined
with data from national sources such as NFIs to provide further and more detailed
information concerning biomass stocks and forest age structure. When available,
age structure and stocking degree are used for adjusting increment estimates.

The main forest management options considered by G4M are variations of thin-
ning levels and rotation lengths. The rotation length can be user-defined or the
model can estimate optimal rotation lengths to maximize increment, stocking bio-
mass or harvestable biomass. Thinning is applied to all managed forests, and the
stands are thinned to maintain a specified stocking degree. To fulfil harvest estimated
by GLOBIOM, the harvest amount per country is estimated in G4M by choosing a
set of rotation lengths starting from the length that maintains current biomass stocks.
If total harvests are less than the wood demand, the model changes management per
grid cell starting from the most productive forest to a rotation length that optimizes
forest increment and thus allows for more harvest. The rotation length is updated for
each 5-year time-step. If harvest is still too small and there is unmanaged forest
available, the unmanaged forest will be taken under management. If total harvests
are greater than the demand, the model will change management to maximize bio-
mass rotation length, i.e. to manage forests for carbon sequestration.

The model can also consider the use of a carbon price to limit emissions and
increase the forest carbon sink, using a cost curve algorithm. Introducing a carbon
price incentive means that the forest owner is paid for the carbon stored in forest
living biomass if its amount is greater than a baseline without a carbon price incen-
tive, or pays a tax if the amount of carbon in forest living biomass is less than the
baseline.

G4M calculates the optimal combination of the following mitigation measures:

¢ Reduction of deforestation area;

¢ Increase of afforestation area;

* Change of rotation length of existing used forests in different locations;

e Change of harvest intensity (amount of biomass extracted in thinning and final
felling activity).
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4.5.3 Overall GLOBIOM Model Description

The GLOBIOM model (Havlik et al. 2014) is a global recursive dynamic partial
equilibrium model of the forest and agricultural sectors, for which economic opti-
mization is based on spatial equilibrium modelling (Takayama and Judge 1971). A
systematic overview of the GLOBIOM model framework is provided in Fig. 4.2.
The model projects developments on the forestry and agricultural markets, interna-
tional trade, impacts on land use, and emissions and removals for the LULUCF
sector. In terms of forestry, the model not only covers the development of the forest
resources, but also projects the development of forest based industries, and the use
of woody biomass commodities for energy and material use. The model is based on
a bottom-up approach for which the supply side of the model is built-up from the
land cover, land use, and management systems at the bottom to production and
markets at the top. Market equilibrium for forest and agriculture products is com-
puted by allocating land use among production activities to maximize the sum of
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producer and consumer surplus, subject to resource, technological and policy con-
straints. The level of production in a given area is determined by the forest or agri-
culture productivity in that area which, in turn, depends on management and
suitability, by market prices that reflect the level of demand, and by the conditions
and costs associated with conversion of the land, to expansion of the production
and, when relevant, to international market access. Trade is modelled following the
spatial equilibrium approach, which means that the trade flows are balanced out
between different specific geographical regions. This allows tracking of bilateral
trade flows between individual regions.

In terms of forest, total forest area in GLOBIOM is calibrated according to FAO
Global Forest Resources Assessments (FRA) and divided into managed and unman-
aged forest using a downscaling routine based on human activity impact on forest
areas (Kindermann et al. 2008a).> G4M provides the available woody biomass
resources in the form of mean annual increments for each forest area unit which are
allocated to commercial roundwood, non-commercial roundwood and harvest
losses in GLOBIOM.* In addition to stem wood, available woody biomass resources
also include branches and stumps; however, environmental and sustainability con-
siderations constrain their availability and use for energy purposes. Harvest costs
for forests in GLOBIOM are based on G4M estimates through the use of spatially
explicit constant unit costs that include planting, logging, and chipping in the case
of logging residues. Transport costs are modelled through the use of regional level
constant elasticity transport cost functions, which approximate the short run avail-
ability of woody biomass in each region but are shifted over time in response to the
changes in the harvested volumes and related investments in infrastructures.

The forest-based industries represented in the GLOBIOM model cover seven
final products: chemical pulp, mechanical pulp, sawnwood, plywood, fiberboard,
other industrial roundwood, and household fuelwood (Lauri et al. 2014). Demand
for the various final products is modelled using regional level constant elasticity
demand functions. Forest industrial products are produced by Leontief production
technologies for which input-output coefficients are based on the engineering litera-
ture (e.g. Global Forest Resources Assessment 2010). By-products of these tech-
nologies (bark, black liquor, sawdust, and sawchips) can be used for energy
production or as raw material for pulp and fibreboard (Lauri et al. 2014).

The GLOBIOM model also covers the wood demand for energy. Biomass use for
energy production (heat, electricity, and biofuels) is commonly specified as a sce-

3The term “unmanaged forests™ refers to all forest areas that do currently not contribute to wood
supply, based on economic decision rules in the model. However, they may still be a source for
collection and production of non-wood goods (e.g. food, wild game, ornamental plants). Forests
that are used in a certain period to meet the wood demand, so-called managed forests, are modelled
to be managed for woody biomass production. This implies a certain rotation time, thinning events
and final harvest.

*Commercial roundwood is stemwood that is suitable for industrial roundwood (sawlogs, pulplogs
and other industrial roundwood). Harvest losses and non-commercial roundwood are stemwood
that is unsuitable for industrial roundwood. The difference between harvest losses and non-com-
mercial roundwood is that the former has unwanted stemwood sizes, while the latter has unwanted
wood characteristics.
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nario specific input, based on the POLES, MESSAGE or PRIMES energy sector
models (Havlik et al. 2011; Reisinger et al. 2013), but other estimates can also be
used. The GLOBIOM model thereby projects which feedstocks will be used to fulfil
the energy demand categories specified by the energy sector model. To fulfil the
energy demand, GLOBIOM represents multiple conventional and advanced biofu-
els feedstocks, as well as production pathways for electricity and heat production
(Havlik et al. 2011). This allows competition for biomass resources to be consid-
ered, also taking into account competition between the various sectors in terms of
the demand for food, feed, timber, and energy. Plantations are also covered in
GLOBIOM in the form of energy crop plantations dedicated to the production of
wood for energy purposes. Plantation yields are based on NPP maps and the mod-
el’s own calculations as described in Havlik et al. (2011).

By including not only the forestry sector but also the agriculture, livestock and
bioenergy sectors, the GLOBIOM model allows for a full cross-sectorial assess-
ment of market developments; see Havlik et al. (2014) for further details concerning
the modelling of these sectors. The full coverage of the land use sectors, allows for
a full account of all agriculture and forestry GHG sources. In terms of emissions,
GLOBIOM accounts for 10 sources of GHG emissions based on IPCC accounting
guidelines (Havlik et al. 2011).

4.5.4 Concluding Remarks on G4M and GLOBIOM

G4M and GLOBIOM have been peer-reviewed in various European and interna-
tional projects and scientific publications (a.o. Forsell et al. 2016; Kindermann et al.
2008a; Kindermann et al. 2013; Lauri et al. 2014). The two models have a long his-
tory of use in a policy context and in consultation with EU member state countries
to provide projections that are validated by country experts. The fact that the models
are also being used and applied in multiple key countries improves the representa-
tion of international linkages.

Part of the strength of the GLOBIOM model is that it is global and explicitly
links countries and regions through trade of commodities. Thus, the model can con-
sider demand and supply developments on a global level and can assess the impact
of national policies in terms of trade, leakage and rebound effects. More impor-
tantly, it allows analysis of the EU forest and forest industries from a global per-
spective and projection of the competitiveness of EU feedstocks production and
commodities on the international markets. The model thereby enables assessment of
the future share of EU domestic production where future import would originate,
and the effect of such trade on importing as well as exporting countries. In addition,
the GLOBIOM model is designed to integrate the forest and the agriculture sectors
by representing both with a reasonable level of detail without compromising either,
thus being a key model to assess the increasing interlinkages and feedbacks between
these two sectors. While the forest-based industries were initially represented in a
fairly simplified manner, key industrial sectors have been decomposed with great
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detail and the flow of material and by-products between individual industries has
been improved. This has improved the GLOBIOM model’s capability to account for
additional aspects such as the circular economy and capture the particularities of
carbon implications of resource demand. While linking integrated models is always
challenging, work is continuously progressing to further improve the linkages
between GLOBIOM and G4M with the ultimate objective to fully merge the two
models into a single modelling framework.

4.6 The Role of European Forest Resource Tools

Many countries have developed their own systems for projecting forest resources
and wood availability, and they generally issue regular reports of studies that use
these tools. Although these studies are helpful for developing national policies, they
cannot provide a consistent assessment for larger regions such as the entire EU or
Europe as a whole. Individual national-scale studies differ considerably in timing,
underlying methodology and scenarios, and reports are not issued for all countries
in the region. However, a clear demand for consistent projections at European scale
still remains. Projections are needed for multiple purposes including assessing
impacts of climate change and global economic developments and for developing
policies at the EU-level. Users of these studies include industries, non-governmental
organisations, countries, the EU and UNECE/FAO.

Development of a scenario study generally consists of the following steps: (1)
definition of the scope of the study, (2) choice of the simulator to be used, (3) data
acquisition, (4) definition of the scenarios, (5) set-up of the simulator and implemen-
tation of the scenarios, (6) production of the simulations and (7) analysis of and
reporting on the outcomes. Some of these steps are interlinked, and they do not nec-
essarily need to be implemented in this order. Ideally, simulators are chosen or devel-
oped depending on the question at hand, but the available simulators usually limit the
scope of the study, whereas the availability of data limits the choice of simulator.

Developing projections at the European scale involves dealing with a multitude
of countries, each with its own particular NFI design, definitions, projection meth-
ods, national policies and forest circumstances. When working at the European
level, options for most of the steps mentioned above range from optimal national
level involvement to a strict centralised approach. The scope of the study is usually
decided externally. Each country can use its own simulator (such as the ETTS stud-
ies) or a common simulator (such as EFSOS). The required input data can be pre-
pared at national level, can be delivered centrally as aggregated data or as detailed
plot measurements, or can be obtained from published data sources. Optionally,
data can be harmonised among countries by enforcing common definitions. Usually
a common set of scenarios is used, but the scenarios can be applied more flexibly or
more strictly at the country level. All the earlier ETTS studies had a business-as-
usual scenario, but the scenarios were not harmonised over the countries. Later
studies featured greater harmonisation of scenario elements such as assumptions on
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economic growth, how to assess forest area expansion, and implementation of poli-
cies. Setting up the model, implementation of the scenarios and running the actual
simulations can be done both nationally and centrally. When countries use their own
simulator, simulations will be done at national level. If a common simulator is used,
countries can be instructed how to use it, set up the simulator and do the simulations
themselves, or everything can be done centrally. The final analysis is usually done
centrally, but results may be submitted for commentary to the countries.

Involving local or national experts in model development or model application
enhances the optimal use of specific knowledge, tools, and expertise. However, it is
a very time-consuming process, and the results are usually not well harmonised as
a result of factors such as different simulators, definitions, and scenarios. The other
extreme is that everything is done centrally. Such studies can be carried out rela-
tively quickly but may ignore the local or national expertise and may lead to results
that are misinterpreted or even not accepted by the local or national experts. In
European studies, a balance should therefore be sought between harmonisation with
respect to simulators, definitions and scenarios and accommodating national
peculiarities, national involvement and time required to produce results. This bal-
ance will depend very much on the type of study at hand and resources available.

European forest resource simulators cannot replace national simulators which
may be better adapted to local circumstances. However, European forest resource
simulators can provide consistent and comparable projections at European level.
Furthermore, they can be applied by individual countries when no nation-wide tools
are available (see country chapters for Bulgaria and Netherlands; Pilli et al. 2013).
For example, 14 European countries relied on combined projections of EFISCEN
and G4M to estimate their forest management reference levels in the context of
carbon accounting rules for the LULUCEF sector for the UNFCCC (http://unfccc.int/
bodies/awg-kp/items/5896.php). Only a few studies have been published that com-
pare results for the European resource simulators among themselves and with
results from national simulators (Nabuurs et al. 2000; Nuutinen and Kellomaki
2001; Oosterbaan et al. 2007; Groen et al. 2013; Pilli et al. 2016a,b). Such compari-
sons are useful for all simulators involved and will lead to better mutual understand-
ing and in the longer term to improved simulations.
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Chapter 5
Future Challenges for Woody Biomass
Projections

Klemens Schadauer, Susana Barreiro, Mart-Jan Schelhaas,
and Ronald E. McRoberts

5.1 Understanding the Driving Forces Affecting Woody
Biomass Availability and Its Projection

The importance of forests for satisfying social, economic, and ecological demands
continues to increase. National Forest Inventories (NFIs) are the main tool for
responding to the information requests related to these demands. National and inter-
national reporting obligations mirror these needs for information, but due to a lack
of political coordination, NFIs use a huge variety of data collection protocols and
reporting formats including non-matching terms and definitions. These circum-
stances characterize the challenges linked to international information requests for
estimates of future wood and biomass supply.

Woody biomass supply information is crucial for the wood processing industry
and for environmental policy makers. Decisions are made on several levels, from
the local scale where the decisions on biomass supply are strongly determined by
forest management, to the regional, national, and European scales where support is
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needed for forest and forest-related policies on issues such as bioenergy targets,
incentives, and subsidy policies. The simplest and often requested approach is based
on the assumption that recent Net Annual Increment (NAI) is the best parameter for
estimating future wood and biomass supply; however, this approach can be mislead-
ing (Chap. 2). Although it has been common knowledge in forest management plan-
ning for more than 100 years that NAI is just one among several variables for
estimating future wood supply, conveying this knowledge to the decision makers
outside the expert community has been challenging. Obviously, the driving forces
that cause major deviations between NAI and the future supply are very complex
and interlinked, and an exhaustive study is necessary to understand them fully.
First, a sound definition and a procedure for estimating the area of Forests
Available for Wood Supply (FAWS) is important. The latest State of European
Forests Report clearly showed that a definition for FAWS with a commonly accepted
interpretation is still lacking (FOREST EUROPE 2015; Vidal et al. 2016; Alberdi
et al. 2016). Some European countries have a small area of FAWS when compared
to the total forest area. For example, in Bulgaria the share of FAWS is only 58% of
total forest area. Other countries such as Switzerland consider nearly all forests as
FAWS and report a share of 97%. It is unlikely that these deviations originate from
actual differences in the structure of the forest. At least a portion of the deviations
can be attributed to differences in the national definitions. The land use class FAWS
is not used in the United States of America (USA) or Canada, although the concept
is expressed in other land use classes. In the USA, one criterion for the land use
class characterized as timberland is that these lands must not be withdrawn from
timber utilization. More than 210 million ha (60%) of the 330 million ha of forest
land in the USA is classified as timberland of which 70% is in private ownerships
(Oswalt et al. 2014). In Canada, more than 234 million ha (56%) of the 417 million
ha of forested territory is classified as commercial forest, nearly all of which is in
public ownerships and of which 0.4% is annually harvested (Natural Resources
Canada 2015). For future projections we must acknowledge that any FAWS esti-
mate might change over time due to nature protection measures on one hand, and to
forest road building in remote and previously inaccessible areas on the other hand.
Multiple factors influence the potential future woody biomass supply. Classical
influences are the distributions of age and yield classes which are included in all
national projection systems (Chap. 3). In addition, differing ownership structures
and differing management regimes among different categories of forest owners
affect the future supply. Although most projection systems recognise different own-
ership classes, it remains a challenge to model the behaviour of owners, especially
small private owners. Also, market behaviour on both the demand and supply sides
resulting from external influences (e.g., small forest owners or economic crisis)
affect wood prices and harvest costs which, in turn, might be influenced by changes
in harvesting technologies. However, there are only a few national projection sys-
tems that are able to estimate harvesting costs, and even fewer that are actually
coupled to a market model that includes future demand and trade (Chap. 3). Because
forest growth and development are strongly linked to climate conditions, climate
change could be considered a source of variability over time. The effects of future
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temperature and precipitation changes are relatively easy to handle in modelling,
whereas the potential for increasing storm and fire events are more difficult to
accommodate in a scientifically robust manner. However, at the moment most
national projection systems do not include direct effects of climate change on tree
growth (Chap. 3). Empirical models are not very reliable for predicting future inter-
actions between soil and climate variables for which there are no historical observa-
tions. Process-based models would be more suitable for such a task, but so far only
Netherlands reported the use of a process-based model (see Chap. 20). Nevertheless,
application of country-wide projection systems based on eco-physiological models
is particularly demanding because these models often require a wide range of soil
and climate data that are not available for the locations of inventory plots that serve
as the source of most other input data. Finally, tree species composition changes in
response to changing climate should be included in long-term wood supply projec-
tions. Although many projection systems allow replanting with other species after
final felling, almost none of them model natural regeneration under a changing cli-
mate (Chap. 3).

Although the foregoing list of influences on future wood supply is not complete,
the challenging character of the mission to include all these effects and their inter-
relations in the political discussions is bold and demanding. Even for experts, inclu-
sion of all these driving forces into tools for estimating future woody biomass
supply is challenging. Therefore, the preferable approach is to focus on scenario
analyses under defined conditions rather than simple growth and mortality
predictions.

5.2 Woody Biomass Scenario Analyses

Approaches to scenario analyses are quite diverse in both Europe and North
America. One reason is that countries individually choose which of the previously
mentioned factors to include in or exclude from their projection systems (see also
Chap.3). Often the main forces driving the choices can be traced to the motivation
for the tool development and/or to the types of growth models and additional mod-
ules (e.g., modules for the simulation of forest management or disturbances) avail-
able in each country. For instance, in some countries projection systems emphasize
future forest carbon stocks in response to Kyoto Protocol commitments (e.g. Iceland,
Italy, Canada), whereas in other countries the tools were primarily developed to
project wood availability for industry and were only later augmented to estimate
biomass available for bio-energy and carbon stocks (e.g. Finland, Sweden, Portugal).

Another source of differences is climatic gradients that are evident from northern
to southern Europe. One result is that northern climatic conditions inhibit the greater
diversity in forest types and ecosystems that occur naturally in the south of Europe.
Thus, whereas the Nordic countries have been able to develop advanced tools for
simulating scenarios for their forests, the much greater complexity of southern
European forests has often precluded development of similar tools. Therefore,
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approaches that include all forest ecosystem varieties are often lacking at the coun-
try level for these regions. For example, in Spain as many as 175 different tree spe-
cies are assessed by the NFI, of which 30 cover a significant share of the total forest
area (see Chap. 24). Such complexity has led to the development of stand level
simulators for the most important tree species in specific regions of the country. If
national estimates are needed, simpler approaches albeit with greater uncertainties
are possible solutions.

Approaches to European forest management also differ with a general trend fea-
turing more clear-cutting in the north and more coppice forests in the south.
Superimposed on this trend are previous east-west differences in political systems
that strongly affect approaches to both forest management and monitoring. Some
eastern countries continue to use stand-wise forest inventories as the basis for forest
management plans and as the source of data for input to projection systems that usu-
ally make projections based on NAI (Chap. 3).

The large range of environmental conditions for natural forest development and
approaches to forest management throughout Europe has produced a tremendous
variety of general approaches and methods for wood and biomass resource scenario
analyses and interpretations of the results. The challenge of how to obtain the best
pan-European estimates can be met in several ways (Chap. 4). Depending on the
harmonisation strategy, approaches can range from a pure “bottom-up” approach,
accommodating all differences in natural and socio-economic conditions and using
only national tools, to a “top-down” approach, ignoring much of the natural and
socio-economic variability, and using a centralised methodology based on NFI data
and a common tool, producing comparable results.

These two approaches are linked through the trade-off between the most accurate
descriptions of national and regional conditions but with little comparability among
country results when using the “bottom-up” approach, or greater comparability of
results but disregarding the topographic, climatic, vegetative and socio-economic
conditions that are unique to countries and regions when using the “top-down”
approach.

In North America, both Canada and the USA are large countries that span the
continent and, therefore, have large numbers of biomes, each of which represents a
different combination of topographic and climatic conditions and each of which is
dominated by different forest types. Thus, construction of a single, all-inclusive
projection system that would encompass the entire scope of these conditions would
be nearly impossible. The two countries take somewhat different approaches to
resolving this difficulty. In Canada, nearly all the commercial forest land is in public
ownerships, and the provinces and territories have responsibility for managing these
lands. One result is that management practices and policies and inventory programs
vary considerably across the country, further compounding the difficulty of devel-
oping a common projection system. Canada’s National Forest Carbon Monitoring
Accounting and Reporting System (Kurz and Apps 2006), although national in
scope, deals with biome differences by using provincial and territorial forest inven-
tory data and growth and yield data to forecast future timber supply. In the USA,
although most productive forest land is in private ownerships with potentially
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greatly varying management practices, all forest lands in all ownerships are covered
by the country’s nationally consistent inventory program. An important result is that
nationally consistent data in a common format can be supplied to any projection
system. The most widely used projection system, the Forest Vegetation Simulator
(Crookston and Dixon 2005), uses these inventory data with a suite of biome-level
growth and mortality models that are incorporated into a common software frame-
work with a common user interface.

5.3 The Challenges

European countries use a large variety of approaches to model future woody bio-
mass supply (Chap. 3). Even countries with similar ecological conditions have
developed different approaches driven by differences in the economic importance of
the forest sector, differences in the aims of the tools, and differences in inventory
systems. As a basis, several steps could be taken towards harmonisation of national
projection systems:

* Knowledge sharing to reduce the “noise” in different methodological approaches
that are not based on different natural or management conditions

* Use of a common output format

e Harmonisation of the input and output variables for the national tools to the
degree possible

e Use of a common general modeling structure and a common software structure

*  Work towards common tools for countries with similar general conditions

In addition, all countries face similar challenges with respect to inclusion of cli-
mate change effects on increment and tree species composition, uncertain owner
behaviour and modelling future demand of wood and wood products. Development
of common approaches for these issues seems very useful. Such approaches need to
be generic so they can be combined with different types of projection systems.
Examples are the development of a method for integrating diverse owner behaviours
into projection systems by Rinaldi et al. (2015), and the role of forestry mitigating
the effects of climate change (Lundmark et al. 2014).

Despite attempts to better align the national simulators, there is a clear need for
harmonised projections at the European scale. Several simulators have been devel-
oped that can produce such projections (Chap. 4). The challenge is to combine
national data, expertise and modelling systems in a manner that maximises har-
monisation. A prerequisite here is continued collaboration between national and
European experts to exchange information on methods and assumptions that con-
tribute to differences among approaches. A comparison between national and
European simulators and projection studies would be a useful first step in this direc-
tion. Furthermore, projection systems in the USA and Canada may provide inspira-
tion for solving some of the European issues with regard to the variety of ecological
conditions that need to be covered.
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Within the United Nations Economic Commission for Europe (UNECE), there is
also the request to further harmonise projections between Europe and North
America. It is unlikely that the same resource projection tools will be used for both
continents, but current discussions focus on using the same global market models
and harmonising economic scenarios between European and North American Forest
Sector Outlook Studies (respectively EFSOS IIT and NAFSOS 1II). Another major
challenge with respect to these studies is the inclusion of the Russian Federation in
a comparable way.

Another challenge relates to “customization” of the results and information pro-
duced by different projection systems. There is often a lack of mutual understanding
among supply side experts and demand side experts (i.e. wood industry) resulting in
misunderstandings about availability of woody biomass (Chap. 2). The only way to
overcome these communication problems is to work intensively together. The ITOC
model (Inventory to Consumer biomass availability) (Mantau et al. 2016) is an
example of a methodology for transforming forest inventory data to consumer bio-
mass availability that facilitates the exchange of data among experts in different
fields and increases mutual understanding.

Last but not least, estimation of the quality of information obtained from wood
and biomass supply studies has not yet been rigorously or scientifically addressed.
Global interrelationships among systems cause policy decisions to have all-
embracing consequences. Policymakers decide on the policies to be implemented to
meet stakeholders’ objectives and preferences, while scientists are expected to
assess the outcomes of alternative policies. In the case of woody biomass projection
systems, the links, flows and relationships among all the elements comprising the
system must be evaluated and the corresponding uncertainties must be assessed
(Walker et al. 2003). Because simulation systems are composed of multiple mod-
ules (e.g. regeneration, growth, mortality) their complexities and the multiple error
sources make uncertainty difficult to assess (Kangas 1999; McRoberts and Westfall
2014). One cause is that error propagates from trees to stands (e.g. Zhang et al.
1997; Cao 2006; Mikinen 2010); a second cause is that uncertainty increases with
greater prognosis length (Holm 1981; Kangas 1997); another cause is that determin-
istic projection systems force decision making to be based on mean predicted values
but without appropriate knowledge of the risk (Fortin and Langevin 2012; Fortin
et al. 2009; Antén-Fernandez and Astrup 2012). Estimators based on likelihood or
pseudo-likelihood functions (Lindstrom and Bates 1988; Wolfinger and O’Connell
1993; Pinheiro and Bates 1995, 2000; McCulloch and Searle 2001) facilitate
accounting for the different error components, as well as the error structure within
the sub-models that comprise individual-tree models. When coupled with a Monte
Carlo approach, these estimators can simulate multiple error components and enable
assessment of uncertainty related to the stochasticity of the processes. Multiple
studies of the precision of growth projections have been conducted (e.g. Gertner and
Dzialowy 1984; Mowrer and Frayer 1986; Gertner 1987; Mowrer 1991; Kangas
1997; Fortin et al. 2009; Fahlvik et al. 2014; Fortin et al. 2016). Unfortunately not
all the projection systems described in this book have undergone similar analyses.
However, the use of large-scale projection systems in decision-making processes,
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including the upcoming international negotiations on climate change, urge the
importance of uncertainty assessment. In particular, the IPCC good practice guid-
ance specify criteria related to both bias (“neither over- nor underestimates so far as
can be judged”) and precision (“‘uncertainties are reduced as far as practicable”)
(Penman et al. 2003). Sensitivity analyses have been performed for some tools, but
a comprehensive approach that takes into account multiple sources of uncertainty is
lacking. Such uncertainty analyses should start at the measurement level and include
investigation of both sampling and modeling prediction errors. Finally, such analy-
ses should also address whether the data and the models are adequate for the types
of questions to be answered.
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Chapter 6
Austria

Thomas Ledermann, Georg Kindermann, and Thomas Gschwantner

6.1 Introduction

In Central Europe information about the available timber resources became neces-
sary because of the increasing demand for wood used for mining, salt and charcoal
production. Simple woodland surveys dating back to the Middle Ages were con-
ducted for visual estimation of growing stock and costs of timber transport. The risk
of over-utilization inevitably led to considerations of the sustainable use of forest
resources (Carlowitz 1713; Gabler and Schadauer 2007). Thus, the estimation of
increments, future stand development and yield of young forest stands gained
importance. The first guidelines for constructing growth and yield tables were pub-
lished in 1721 by Réaumur (Schwappach 1903; Pretzsch 2001). At the end of the
eighteenth century Paulsen (1795) presented the first growth and yield table for
Germany.

In Austria, the first yield tables were developed by Feistmantel (1854), Guttenberg
(1896, 1915) and Schiffel (1904) and were used for several decades. However,
experiences from the first country-wide forest survey and the first sample-based for-
est inventory indicated that the growth pattern of these yield tables did not apply to
all regions of Austria (Sterba 1991). Consequently, Marschall (1975) analyzed
existing yield tables and split Austria into four distinct yield table regions for
Norway spruce. In forest enterprises, Marschall’s (1975) collection of yield tables is
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still used in common practice. Yield tables apply best to even-aged, pure species
stands whose treatment regimes are similar to those of the yield tables. These limita-
tions, together with changing growth conditions in Austria (Neumann and Schadauer
1995), restrict the reliability of yield tables. To overcome this limitation, several
forest growth simulators have been developed in Austria in recent decades (Huber
et al. 2013). MOSES is a distance-dependent simulator based on data from perma-
nent experimental plots (Hasenauer 2000). The distance-independent simulator
PROGNAUS (Sterba et al. 1995; Ledermann 2006) was developed using sample
tree and plot data from the Austrian National Forest Inventory (NFI). CALDIS
(from Caldis vatis = Celtic term for forest prophet) is a recent version of PROGNAUS
and also based on Austrian NFI data. The modules, structure and growth models for
both simulators are comparable, but CALDIS additionally integrates climate vari-
ables and uses longer time-series of data from the Austrian NFI covering the years
1981-2009. All of the mentioned methods, models and simulators (yield tables,
plot- and tree-level simulators) have fields of application where they are superior.
For country-wide estimation, PROGNAUS and CALDIS seem to be best because
both can be applied directly to the Austrian NFI sample tree and plot data. Since the
1990s, PROGNAUS has been used for scenario simulations in wood supply and
outlook studies for Austria based on NFI data (Sterba 1996; Neumann and Schadauer
2007; BFW 2009). CALDIS uses a larger data set from a longer time period, is
climate sensitive, and shows some improvements in the model structure (Kindermann
2010a, b; Gschwantner et al. 2010b). It was used for the most recent study on green
house gas emissions (Ledermann and Schadauer 2015) and to estimate the produc-
tivity of Austrian forests in terms of volume and biomass increment under various
scenarios of tree species distributions and climate conditions. The methodological
approaches and main results of these studies are presented in this report together
with results from the NFIs conducted in Austria.

6.2 The Austrian NFI as Data and Information Source

The major source of up-to-date information on the state and change of forest
resources are the observations and estimates produced by the Austrian NFI. It is the
largest forest-related monitoring program at the national level and serves as the
primary source of information for forestry, forest economy and forest ecology
related issues. With regard to forest growth, the NFI is a tool to monitor the sustain-
ability of wood resource utilization, and serves as the basis for growth simulations
and outlook studies.
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6.2.1 Overview on NFIs

The first assessment of forest resources that covered the entire area of Austria was
conducted during 1952-1956. It was designed as a stand-wise inventory of single
stands. Later, sample-based inventories gained more importance. The first NFI was
conducted during 1961-1970 using a temporary, systematic sampling grid and
individual-tree measurements on inventory plots. The second temporary inventory
followed in the years 1971-1980. For the third NFI in 1981-1985, the sampling
system was changed from temporary to permanent sample plot locations that were
marked in the field. The plots have been re-measured in the subsequent years 1986—
1990, 1992-1996, 2000-2002 and 2007-2009. Approximately 22,000 sample plots
are systematically distributed on a 3.89 x 3.89 km sampling grid that covers the
Austrian territory; of these plots, approximately 50% are located in forests. The
sampling design features tracts, each of which comprises four plots. Each sample
plot consists of two concentric circles with fixed radii of 9.77 and 2.60 m, respec-
tively, and a Bitterlich sample plot (Bitterlich 1948, 1952). The large plot is used for
forest area estimation and to assess stand- and site-specific information. Sample
trees are selected within the small circular plot if their diameters at breast height
(1.3 m, dbh) are in the range of 5.0 cm < dbh < 10.4 cm. Trees with dbh > 10.5 cm
are selected on the Bitterlich plot using a basal area factor of 4 m*ha. Detailed
descriptions of the Austrian NFI are available in Gabler and Schadauer (2008) and
Gschwantner et al. (2010a).

6.2.2 Forest Resources in Austria

Since its establishment in the 1960s, the Austrian NFI has provided estimates on the
state and change of forest resources at both national and sub-national levels.
Table 6.1. gives an overview of the total forest area, the forest area available for
wood supply, the minimum diameter, the standing stock, and removals and the
increments in Austria for the last seven NFIs. The forest area available for wood
supply equals the area of productive forests. Note that standing stock, harvest and
increment correspond to the area available for wood supply and that the method for
estimating increments changed between the second NFI in 1971-1980 and the third
NFI in 1981-1985. Volume is reported as m*® of stemwood over bark.

Age structure has an important influence on the standing stock, increment and
removals. Table 6.2 indicates that the younger age classes account for a relatively
large proportion of the Austrian forest area.

According to the most recent Austrian NFI in 2007-2009, Norway spruce (Picea
abies) occupies 50.7% of forest area, followed by common beech (Fagus sylvatica)
with 10.0%. European larch (Larix decidua) and Scots pine (Pinus sylvestris) are
similarly represented occupying 4.6% and 4.5% of forest area, respectively. Species
such as white fir (Abies alba), black pine (Pinus nigra), stone pine (Pinus cembra),
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Table 6.1 Characterization of Austrian forest resources over time according to the national forest
inventories

Area available
for wood Standing | Removals Increment
Area supply Dhinin stock (m*haper | (m*ha per

Period (year) | (1000 ha) | (1000 ha) (cm) (m*ha) | year) year)
1961-1970 3691 3230 10.5 234 3.8 5.7
1971-1980 3754 3128 10.5 257 6.3
1981-1985 3857 3339 5.0 280 59 9.4
1986-1990 3878 3331 5.0 292 5.9 8.2
1992-1996 3924 3352 5.0 295 5.6 9.3
2000-2002 3960 3371 5.0 325 7.7 9.0
2007-2009 3991 3367 5.0 337

Table 6.2 Percentage of area available for wood supply by age classes according to the national
forest inventories

Age (years)

Period 0 1-20 |21-40 | 41-60 | 61-80 | 81-100 101-120 | >120 | 121-140 | >140
1961-1970 |1.9 188 202 |163 | 15.1 |11.3 8.4 8.0

1970-1980 (6.2 1223 |[19.1 125 |13.5 |98 7.1 8.6 |43 4.3
1986-1990 9.2 |18.6 |199 [124 |11.6 9.9 7.1 11.2 |47 6.5
1992-1996 (8.5 | 17.1 227 |12.7 [11.3 |9.8 6.8 112 4.6 6.6
2000-2002 193 149 232 |14 109 9.8 7.2 10.6 4.5 6.1
2007-2009 | 12.1 129 [223 157 |10.7 |94 7.2 9.8 4.4 5.4

and oak (Quercus sp.) represent small forest areas (2.4%, 0.6%, 0.6%, and 2.0%).
The remaining area is occupied by other broadleaved hardwoods (8.2%), other
broadleaved softwoods (4.2%), and other coniferous tree species (0.2%).

6.2.3 NFI Data as the Basis for Growth Models

The availability of high quality inventory field data and the adequacy and interac-
tion of the models in a growth simulator are crucial for accurately estimating wood
and biomass resources. The forest growth simulators PROGNAUS and CALDIS
consist of multiple sub-models that were parameterized using Austrian NFI data.
For model parameterization, the data (species, diameter, height, per hectare expan-
sion factor, height to crown base, temperature, precipitation, slope, exposition,
relief, soil type, vegetation type, elevation, soil moisture, soil depth, depth of humus
horizons and growth region) collected between 1981 and 2002 were used. During
parameterization, the parameters of the models used for predicting individual-tree
increments were estimated using regression techniques. Moreover, CALDIS was
calibrated by adjusting the predicted individual-tree increments with a multiplier to
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eliminate average differences between the observed and estimated increments
between the first and last observations. For model calibration data collected between
1981 and 2009 were used.

6.3 Description of the Growth Simulators

6.3.1 PROGNAUS

PROGNAUS is an individual-tree based, distance-independent growth simulator of
the FVS-type (Forest Vegetation Simulator, Stage 1973; Wykoft 1990). The main
components of PROGNAUS are a basal area increment model (Monserud and
Sterba 1996), a height increment model (Nachtmann 2006), a mortality model
(Monserud and Sterba 1999), and an ingrowth model (Ledermann 2002). Stand-
level estimates are obtained by aggregating the tree-level predictions. All model
components were developed using Austrian NFI data for time periods between 1981
and 2002. Thus, PROGNAUS is able to process any inventory data that provide the
input variables according to the guidelines of the Austrian NFI (Gschwantner et al.
2010a). The increment models are independent of age and predict the increment
directly, i.e. they do not follow the potential-modifier approach (Ek and Dudek
1980). The input data are limited to trees with dbh of at least 5 cm. The simulator
can further be applied to even- and uneven-aged mixed stands of common Austrian
tree species and for all types of commercial and pre-commercial thinning and har-
vesting strategies that are represented in the Austrian NFI data. Algorithms for sim-
ulating thinning and/or harvesting operations can be found in Soderbergh and
Ledermann (2003). All components (sub-models) operate at the individual-tree
level and can be applied either deterministically or stochastically for 5-year predic-
tion intervals.

The simulator was implemented in Visual Basic Professional 6.0. Input data
should be provided in text files. The simulator generates tree lists that include all
trees prior to harvesting, harvested trees, trees that died naturally, and remaining
trees (Ledermann 2006). Specifications regarding precision, bias and accuracy can
be found in Monserud and Sterba (1996), Nachtmann (2006), Sterba and Monserud
(1996, 1997), Sterba (1999), Monserud and Sterba (1999), and Sterba et al. (2001).

6.3.2 CALDIS

The forest growth simulator CALDIS consists of multiple modules and uses climate
and soil variables as predictors. Therefore, the simulator is able to accommodate
short term climate changes, at least to a certain extent. CALDIS is based on the
same model concept as PROGNAUS (FVS-type). It is a distance-independent,
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individual-tree growth simulator whose sub-models were developed using Austrian
NFI data. Model predictions can be aggregated to stand-level estimates. The predic-
tion interval is 1-year, and the model can be used for both short-term (1-year) and
long-term (several decades) predictions of forest development. The model is orga-
nized in modules. Growth predictions are typically deterministic, whereas harvest,
regeneration and mortality estimates can be either deterministic or stochastic. The
model can predict species composition, stand structure, stand treatment, and tree
sizes for all site conditions observed in the Austrian NFI. For the main tree species,
the model residual standard deviations for predictions of the annual dbh increment
are in the range of 0.14-0.20 cm/year. Because the model is calibrated with Austrian
NFI data, predictions are reliable for the 1981-2009 period.

CALDIS uses tree-level data (species, dbh, height, crown length) and plot-level
data (temperature, precipitation, slope, exposition, relief, soil type, vegetation type,
elevation, soil moisture, soil depth, and growth region). All data must be provided
to the model except crown length which can be generated automatically. For miss-
ing information, estimates such as average soil type or vegetation type can be used.
The type of thinning/harvesting can be defined as well as the species that should be
used for regeneration. The felling decision can be made at the individual-tree level
(e.g. remove this tree in the year 2015) or more generally for stands (e.g. clear cut
when Lorey’s height reaches a specified threshold).

Currently, two different versions of the growth simulator are available.
CALDIS-CC v0.1 is the implementation of the growth model in C++. The incre-
ment module consists of sub-models for estimating basal area increment
(Kindermann 2010a, b), height increment (Gschwantner et al. 2010b), and change
in crown length (Ledermann 2011; Hasenauer and Monserud 1996). The imple-
mented mortality model operates at the stand level and depends on stand density, i.e.
trees are removed when the maximum stand density is reached (cf. Reineke 1933).
Regeneration is done with planting. Thinning and harvesting can be done with a
model which mimics the operations observed similar to the observations in the
Austrian NFI or by defining stand density and/or tree size thresholds. The removals
can be done stochastically using random numbers or deterministically by reducing
a tree’s per hectare expansion factor.

If a precompiled version of CALDIS-CC v0.1 is used, the only requirement is an
operating system. For performance reasons it is possible to compile the source code
on the machine where the simulations will be done. Therefore, a C++ compiler
which fulfills the ISO/IEC 14882:2011 standard is needed.

Input data for CALDIS-CC v0.1 should be provided as a SQLite data base or as
csv files. The simulator’s output is a tree list for each year showing dbh, height,
crown length, and per hectare expansion factor. In addition, trees that have been
removed by thinning and harvesting are shown and can be used to estimate harvest-
ing volume and harvesting costs. The values can be aggregated during a post pro-
cess for any stratum by using software which is able to read and handle data of csv
files. Special visualization features are not included in the simulator as the data
outputs can easily be imported into Geographic Information System (GIS) or statis-
tical software for state of the art visualization.
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CALDIS-VB v0.1 is rather different from CALDIS-CC vO0.1 because it is based
on the source code and graphical user interface of PROGNAUS (Ledermann 2006).
The increment module, which consists of the quoted sub-models for basal area
increment (Kindermann 2010a, b), height increment (Gschwantner et al. 2010b),
and change in crown length (Ledermann 2011; Hasenauer and Monserud 1996), is
the only module common to both versions of CALDIS. While CALDIS-CC v0.1
uses a stand level mortality model, CALDIS-VB v0.1 resorts to a sub-model that
estimates competition-induced mortality at the individual-tree level. CALDIS-VB
v0.1 also contains a sub-model which estimates salvage cuts caused by storm,
drought and bark-beetle attacks (Ledermann et al. 2010; Gschwantner et al. 2010b).
For simulating forest regeneration CALDIS-VB vO0.1 resorts to an ingrowth model
(Ledermann 2002) that is also implemented in PROGNAUS. Tree volume and bio-
mass models (Eckmiillner 2006; Gschwantner and Schadauer 2006; Ledermann and
Neumann 2006; Offenthaler and Hochbichler 2006; Pollanschiitz 1974; Rubatscher
et al. 2006) are also incorporated in CALDIS-VB v0.1. These models are used to
estimate stand volume as well as above and belowground biomass.

6.4 Outlook Studies and Simulation Scenarios

A study aimed at an overall assessment of the wood and biomass available from
Austrian forests was carried out in the years 2007-2008 using Austrian NFI data
from the period 2000-2002 (Neumann and Schadauer 2007; BFW 2009). The
objective was to estimate harvest totals until 2020 that can be achieved on a sustain-
able basis using a comprehensive approach that covers all relevant aspects of using
forests as wood and biomass resources. The forest growth predictions for the period
2000-2020 were obtained from the forest growth simulator PROGNAUS (Sect.
6.4.1). A subsequent study focused on the productivity of Austrian forest sites in the
context of climate change. This study was done using Austrian NFI data from the
period 2007-2009 and the climate sensitive forest growth simulator CALDIS-CC
v0.1 (Sect. 6.4.2). The most recent study was carried out in the years 2013-2015.
The objective of this study was to analyze the role of Austrian forests in the context
of greenhouse gas emissions. For this study the Austrian NFI data from the period
2007/09 and the growth simulator CALDIS-VB v0.1 were used (Sect. 6.4.3).

6.4.1 Prediction of Available Wood and Biomass Amounts
6.4.1.1 Harvesting Scenarios
Three harvesting scenarios representing harvesting strategies based on different

thinning intensities and final cut were developed and implemented in PROGNAUS.
These scenarios accommodated all restrictions by the Austrian Forest Act. In
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Table 6.3 Description of the three harvesting scenarios

Main drivers
Scenario Thinning Final cut
Constant Reduce them to a minimum what | Keeps the overall standing stock constant
standing is urgent (325 m?*/ha)
stock
Silviculture | When silvicultural aspects All stands with decreasing commercial value
suggest them were cut
Adaption of | When silvicultural aspects Reduces the overall standing stock to the
standing suggest them level of the 1980s (280 m*/ ha)
stock

applying this harvesting model, the necessity and type of a harvesting intervention
was determined. The scenario “Constant standing stock” keeps the standing stock at
the current level; the scenario “Adaption of standing stock™ reduces the standing
stock to the same level as in the 1980s; and the scenario “Silviculture” thins and
harvests as suggested by silvicultural or economic considerations. The main fea-
tures of the harvesting scenarios are briefly described in Table 6.3.

6.4.1.2 Constraints in Harvesting and Wood Removal

Harvesting operations (pre-commercial thinning, thinning and final cuts) have only
been done in forests without ecological, technical or economical restrictions or in
forests that are not protected by natural conservation. For addressing ecological
constraints, the sustainability of soil nutrients was assessed and was used to classify
the inventory plots into two categories that prescribed the tree components that
could be extracted during harvesting. Because branches, needles and leaves contain
a considerable proportion of the nutrients stored in forest vegetation, these tree
components are important for maintaining site productivity after harvesting, par-
ticularly on sites where the nutrient supply is limited. The harvesting and extraction
of all above-ground tree components were considered to be ecologically possible
only if all relevant nutrient elements were assessed to be sustainable. Otherwise, if
one or more nutrient elements lacked sustainability, only the stems of trees could be
harvested.

Technical and economic constraints influence decisions regarding the harvesting
and logging technologies that can be used for different stand and site conditions.
Particular factors include the slope, logging distance and tree diameters. Ecological
constraints also influence harvest technology decisions. Machines that extract all
above-ground tree biomass are not used for sites that lack nutrient sustainability
because branches, needles and leaves must be left in the forest.
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6.4.1.3 Costs and Revenue of Harvests

Depending on slope, distance to the nearest forest road and ecological restrictions,
the costs associated with using various harvesting techniques were estimated using
harvesting models. The harvesting costs were compared to the revenue that can be
expected from the trees selected for harvesting. For estimating revenues, the selected
trees first had to be partitioned into assortments that align with the actual wood
timber trade guidelines (Kooperationsplattform Forst Holz Papier 2006). For this
purpose, taper curve models, together with models that describe quality parameters,
branch diameter, and length of wood decay, were applied in an assortment program
to obtain quality and diameter classes for each tree (Eckmiillner et al. 2007). Several
wood price scenarios were developed to represent the development of wood price in
the years 2004-2006 and for the future. As a reference, the price of spruce for saw
log quality in the diameter class 25-29 cm was set to 71 € per m?® in wood price
scenario 1, to 81 € per m® in price scenario 2, and to 100 € to price scenario 3.
When applying the wood price scenarios to the assortments, the achievable reve-
nues could be estimated. Harvesting interventions that did not reach the profit mar-
gin one (i.e., with costs greater than revenue) were not further considered in this
study.

6.4.1.4 Achievable Amounts of Harvested Wood and Biomass

The study on the wood and biomass supply from Austrian forests (BFW 2009) pro-
duced results for several harvesting and price scenarios. The theoretically achiev-
able amount of harvested timber was calculated for the whole Austrian forest area
on the basis of the different harvesting scenarios (cf. Table 6.3). This potential was
subsequently reduced by ecological, technical, and economic constraints or by
restrictions from nature conservation objectives. Table 6.4 shows the available tim-
ber amount from Austrian forests on an annual basis for the period 2000-2020.

The scenario “Adaption of standing stock” gives the greatest estimates of annu-
ally available wood and biomass. However, a considerable reduction of the overall
standing stock would require a broad discussion among environmental, energy and
forest political interest groups. Thus, the scenarios “Constant standing stock™ and
“Silviculture” can be assumed to be more realistic from the current point of view.
The ecological, technical and economic constraints have a considerable impact on
the available wood and biomass amounts. Depending on the harvesting scenario and
the price scenario, these reductions range between 19% and 28%. Constraints due
to nature conservation decrease the available amounts of wood and biomass by
additional 2%.
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Table 6.4 Amounts of wood available according to the harvesting scenarios, price scenarios, and
by taking into account the various constraints

Wood available by harvest scenario (m*ha per
year)
Price scenarios and reduction of Constant Adaption of
achievable amounts by constraints standing stock Silviculture standing stock
Theoretically achievable 9.70 10.59 11.39
Wood price scenario 1
Ecological, technical, economical 7.30 7.62 8.34
constraints
Nature conservation constraints 7.09 7.42 8.13
Wood price scenario 2
Ecological, technical, economical 7.59 7.98 8.69
constraints
Nature conservation constraints 7.39 7.77 8.45
Wood price scenario 3
Ecological, technical, economical 7.83 8.28 8.99
constraints
Nature conservation constraints 7.62 8.07 8.75

6.4.2 Productivity Estimates
6.4.2.1 Model Calibration

CALDIS-CC v0.1 consists of multiple independently parameterized growth models.
The core models implemented in CALDIS-CC v0.1 predict basal area increment,
height increment, crown length, regeneration, mortality and removals. However,
because the sub-model predictions with their residuals are interrelated, error propaga-
tion can cause overall growth predictions to deviate considerably in average from
measurements after some prediction periods. To eliminate this effect, a calibration of
the models is necessary. Data from the third Austrian NFI 1981-1985 (the first NFI
using permanent plots) were used as a starting point. Increments were predicted annu-
ally until 2009, whereas harvests and ingrowth were simulated until 2009 using infor-
mation provided by the Austrian NFIs. First, tree-level predictions of diameter, height
and crown length were compared to the latest measurements. Then, the deviations
were minimized using an iterative approach that simultaneously adjusted the model
parameter estimates for each species individually until the total basal area, height
increments, and crown length predictions closely approached the measured values.

6.4.2.2 Productivity Scenarios
CALDIS-CC v0.1 allows predictions of future stock, harvests and increments under

various scenarios that reflect the effects of different types and intensities of thinning,
rotation lengths, species selection and climate scenarios. However, all scenarios are
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influenced by the current age distribution, species combination and stand density.
To circumvent this complexity, the growth model can start with a newly planted area
and return the mean annual increment with an increment optimal rotation length
(MAI,.x). This feature is possible for any species for which the model was cali-
brated and for any location in Austria where the Austrian NFI provides information
on site condition. Simply showing growth starting from the current forest situation
masks the joint effects of climate change, age structure, species distribution, and
stand density. Instead, showing MAI,,,, change as a descriptor of site productivity
distinguishes the pure effect of climate change. However, the simulator does not
account for hazard events such as wind throws, snow breakage, pests or diseases. To
estimate productivity in terms of mean annual increments for the increment optimal
rotation time, the following scenarios were investigated: (1) Current species distri-
bution; (2) A mixed stand of the two best growing species, of 27 species, on the
specific site; (3) the 1975-2007 climate; and (4) for a climate with 1.5 °C increased
temperature.

The best growing species were selected by considering increment of merchant-
able volume and merchantable biomass as a means of determining the optimal spe-
cies composition in terms of productivity.

6.4.2.3 Achievable Forest Productivity

Under the scenario of a current species distribution and the 1975-2007 climate, the
estimated mean annual increment at increment optimal rotation time (MAI,,,) for
merchantable wood (diameter > 7 cm) is 12.6 m*ha per year which is equivalent to
5.37 t/ha per year dry matter biomass production. Under a climate scenario where
the mean temperature is increased by 1.5 °C, the current species distribution would
be able to produce, on average, 13.4 m*ha per year which is equivalent to a dry mat-
ter biomass production of 5.70 t/ha per year. Similarly, the MAI,,,, estimate for stem
wood would be 11.9 m*/ha per year (4.92 t/ha per year) with the 1975-2007 climate,
and 12.8 m¥ha per year (5.29 t/ha per year) with a 1.5 °C temperature increase. For
comparison: the Austrian NFI reported a current annual increment (CAI) of stem-
wood of 9.0 m*/ha per year for the period 2000-2009.

6.4.3 Carbon Dynamics of the Austrian Forest Sector

Since the UN climate summit in Durban in 2011, accounting of managed forests
and harvested wood products is obligatory for the second Kyoto protocol commit-
ment period (UN 2012). Therefore, it is important to analyze potentials and effects
in the area of forest management and the whole wood product chain. The aim of this
study was to estimate long-term effects of various assumptions concerning different
pathways of wood utilization.
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6.4.3.1 Coupling a Forest Growth Model with a Forest Sector Model
and a Soil Carbon Simulator

To simulate the carbon dynamics of the Austrian forest sector, CALDIS-VB v0.1
was linked to the dynamic forest sector model FOHOW?2 (Schwarzbauer and Stern
2010) and to the soil carbon model YASSO 07 (Liski et al. 2005). Using this model
ensemble the whole Austrian wood product chain was simulated for five different
scenarios of forest management and wood utilization. Climate change effects from
RCP8.5 projections (IPCC 2013) were used for both forest stand and soil carbon
modeling. The simulation runs were done until the year 2100.

6.4.3.2 Scenarios of Forest Management and Wood Utilization

In the reference scenario (R) the demand for wood as well as forest management
followed trends of the recent years and were influenced by the same framework
conditions as recently. Austria’s National Renewable Energy Action Plan 2010
(NREAP) was implemented until 2020. Developments in the forestry sector fol-
lowed the average of scenarios defined in the wood and biomass study (BFW 2009).
Production of sawn wood, boards and paper followed resulting market conditions.
In the energy scenario (1a) an increased allocation of fuel wood from national pro-
duction was implemented. The NREAP was further developed leading to a strongly
increased demand for fuel wood. In the material use scenario (1b) the material use
of timber, especially the use of long-life harvested wood products, is assumed to be
fostered through subsidies and the direct use of fuel wood is reduced. In the fourth
scenario (1c) the framework conditions were similar to scenario 1b, but it was
assumed that import possibilities could be extended through extending the import
range (Lauri et al. 2013). In the fifth and last scenario (2) reduced timber utilization
from managed forests was assumed due to policies towards increased conservation
and growing carbon pools in forestry. Additional restrictions concerning logging
were implemented (e.g. Natura 2000, EU biodiversity strategy), and an increase of
natural forest reserves, biosphere parks and subsidies for measures was assumed.

6.4.3.3 Simulating Carbon Dynamics in Austrian Forests

For each of the defined scenarios the demand for wood from Austrian forests was
estimated by FOHOW?2 and transferred to CALDIS-VB v0.1. Using the Austrian
NFI data from 2007 to 2009 CALDIS-VB v0.1 simulated the development of the
Austrian forests by harvesting exactly the demanded amount of wood from the plots
of the NFI. Economic, ecological and legal constraints were taken into account
analogously to our first study on wood and biomass supply (Sect. 6.4.1). Stand
carbon was estimated via volume and biomass models as well as species specific
factors for wood shrinkage and dry matter. Soil carbon dynamics were simulated by
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YASSO 07 soil carbon model. The required information on growing stock, litterfall,
natural mortality, and harvesting residues was provided by CALDIS-VB v0.1.

The results of this simulation study revealed that the annual amount of utilized
timber varied between 18.8 and 27.6 million m®. The greatest values were simulated
for the material use scenario (1b) and the least values for scenario 2, in which
reduced timer utilization was envisaged. The simulations also revealed that under
the assumptions of scenarios la, 1b, and 1c, Austrian forests serve as a carbon sink
until the year 2040 and then turn into a source of carbon. In scenario 2, however,
Austrian forests serve as carbon sink until the year 2100.

6.5 Discussion

Reliable countrywide estimates of wood and biomass supply require: (1) a large and
representative data set, and (2) growth simulators which are able to handle these
data.

The Austrian NFI is certainly such a data set that adequately represents the status
of the Austrian forest resources. Seven sample-based field assessments have been
completed within the time period from 1961 until 2007. The NFI covers all forest
land within the Austrian territory and represents a solid data base for outlook studies
and the development of forest growth models.

In the meantime, Austria has also gained a long history in the field of individual-
tree growth modeling. Filla (1981) and Sterba (1983) were among the first research-
ers to introduce this modeling approach in Central Europe. In the 1990s, the
individual-tree based growth simulators WASIM (Eckmiillner 1990), MOSES
(Hasenauer 2000), and PROGNAUS (Sterba et al. 1995; Ledermann 2006) were
released. The most recent version of such an individual-tree based growth simulator
is CALDIS. However, forest growth models which rely on different modeling con-
cepts have also been developed within the last two decades. BIOME-BGC is a
mechanistic model that describes the physiology and biogeochemistry of forest eco-
system cycles (Pietsch et al. 2005). PICUS belongs to the group of gap models and
allows spatially explicit predictions (Lexer and Honninger 2001). The most recent
version of PICUS is a hybrid model that combines the concepts of a gap model and
a BGC-model.

Although many forest growth models (simulators) are available in Austria, only
PROGNAUS and CALDIS have successfully been used for outlook studies on wood
and biomass supply based on NFI data. The main reason is that both simulators have
been developed from Austrian NFI data. This is an important issue because sam-
pling properties of the model variables have an effect on the estimation of the model
coefficients (Jaakkola 1967; Stage and Wykoff 1998). Consequently, using a sam-
pling design that is different from the one used to develop a forest growth model can
cause imprecise predictions (Hann and Zumrawi 1991). Another big advantage of
PROGNAUS and CALDIS is that they do not require input variables other than
those provided by the Austrian NFI. For example, Austrian NFI data are lacking the
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spatial information about the neighboring trees that are actually not included in the
sample. The application of a distance-dependent growth simulator such as MOSES
is therefore not straightforward. To overcome this problem, distance-dependent
growth simulators often resort to artificially generated tree positions. However, the
use of generated spatial information might allow the application of distance-
dependent growth simulators but will certainly not provide additional information.
The problem of missing input data applies to BIOME-BGC and PICUS as well.
Comparing Austrian NFI data to the simulation results of BIOME-BGC, PICUS
and PROGNAUS, Huber et al. (2013) pointed out that a large part of the NFI sample
plots could not be used for model comparison because the detailed soil parameters
necessary for BIOME-BGC and PICUS were not available. Furthermore, the appli-
cation of BIOME-BGC was limited to more or less mono-specific sample plots, i.e.,
to plots for which a single tree species represents at least 80% of stand basal area.
For 2224 Austrian NFI plots, BIOME-BGC and PICUS could handle only 51% and
59%, respectively. With PROGNAUS, however, it was possible to simulate all 2224
NFI plots. Huber et al. (2013) concluded that more complex models might produce
better estimates, but their applicability is limited due to the need for detailed input
data. A non-random reduction in sample size, which is perhaps driven by the avail-
ability of specific stand and/or soil parameters, could result in a non-representative
sample of NFI plots. Such a non-representative sample as well as a simple reduction
in sample size may have an impact on the projections, eventually leading to a loss
in precision and/or accuracy. And this would be the opposite of what is expected
from a more complex model.

The comparative study by Huber et al. (2013) clearly demonstrated the advan-
tage of a forest growth simulator that has been developed from NFI data. All three
outlook studies, which are presented in this book chapter, were done using Austrian
NFI data and the PROGNAUS and CALDIS growth simulators. The application of
these simulators was straightforward, and they could use the full information of the
Austrian NFI (approximately 7000 sample plots). Thus, our experiences in estimat-
ing wood and biomass supply from NFI data and forest growth models are in full
accordance with the findings by Huber et al. (2013).
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Chapter 7
Bulgaria

Nickola Stoyanov, Maria Stoyanova, Angel Ferezliev, and Radoslav Milchev

7.1 Introduction

7.1.1 Bulgarian Forest Resources

In the period 1990-2015, the total forest area in Bulgaria has increased by 19,800 ha
per year, to 3.83 million ha in 2015 (35.2% of total land area) (Forest Europe 2015).
However, only 57.8% (2.2 million ha) is considered to be forest area available for
wood supply. In 1997, the process of restoring forest areas to their former owners
began. Consequently, the share owned by the State decreased from 84.9% in 2000
to 74.1% in 2010. About 12.2% is owned by municipalities and 10.2% by private
owners. Growing stock increased from 122 m*ha in 1990 to 182 m?ha in 2015,
with the total growing stock in 2015 of 699 million m?. The total annual increment
amounts to 14.4 million m?® (3.7 m*ha per year), while fellings are 7.0 million m?
(1.8 m¥ha per year, 49% of annual increment) (FOREST EUROPE 2015).

Nearly half of the forest in Bulgaria consists of coppice (Fig. 7.1). Oak is the
main species, but there are considerable shares of other species such as beech, horn-
beam and Turkey oak. About 23% of the forest consists of high-stem broadleaved
forest, mainly beech and oak. Conifers are present on about 30% of the area, of
which half is Scots pine. Norway spruce and Black pine are the most important
other conifers.

Pure forests in which a single tree species dominates occupy 45.6% of the area
of all forests. Forests with 2-3 tree species constitute 9.9%, and mixed forests with
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Fig. 7.1 Species distribution of Bulgarian forests (Kostov and Rafailova 2009)

4-5 tree species represent 44.5%. Compared to 2005, the area of pure forests
increased by 182,949 ha and reduced the area of mixed forests with 4-5 tree species
by 164,299 ha. There was no significant change in the area of forests with 2-3 tree
species.

Statistical harvesting data reported by Eurostat for Bulgaria during the period
2006-2011 is as follows. The share of industrial wood over the years varied between
48 and 55% of the volume of harvested round wood. Harvested firewood amounted
to 2669 thousand m* on average for the period (47%). The amount of firewood sold
for the period 2005-2011 was less impacted by the economic recession than by
fluctuations in the amounts of industrial wood sold in the same period. The volume
of harvested round wood in 2011 was 531 thousand m? more than reported in 2005,
and the volumes of industrial wood and firewood were 327 thousand m? and 204
thousand m? greater, respectively, than reported in 2005.

During the period 2006-2011, the percentage distribution of harvested wood by
categories — large-sized, medium, small and firewood was, respectively 20%, 18%,
4%, and 57%. For softwood, the percentages were 37%, 32%, 7%, and 25%, and for
hardwood the percentages were 11%, 11%, 2%, and 75%. Firewood from conifer-
ous and deciduous tree species forms about 57% of the total amount of harvested
timber. Deciduous extractions were mainly for firewood and represent 75% of all
deciduous wood, while extractions from coniferous species produced mainly
medium- and large-sized timber.
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7.1.2  Forest Inventory History

Bulgaria has more than 110 years of history of forest inventory and elaboration of
Forest Management Plans (FMPs). The first State Service on Measuring and
Organization of Bulgarian Forests was created in 1901. In the period 1901-1919, it
inventoried 225 thousand ha and elaborated the first three FMPs. By 1944, only one
third of the Bulgarian forests were managed according to an FMP, although FMPs
are required for all forests by the forest law. In the period 1950-1954, the staff and
the number of forest inventory teams were increased considerably. In these four
years, they inventoried forests and elaborated FMPs covering 2890 thousand ha.
Subsequently, the entire forest was inventoried, and all forestry enterprises were
working according to FMPs. After 1997, private companies began implementing
forest inventories, elaborating FMPs, and competing with state companies. At pres-
ent, all forests in Bulgaria from all owners have FMPs which are renewed every
10 years. Thus, in every forest management unit we have up-to-date information
about forest stands and management plans for 10-year periods.

Apart from the inventories connected to the FMPs, Bulgaria experimented with
a statistical inventory design in the 1970s. This inventory featured a stratified sam-
pling design with the number of plots based on the expected coefficient of variation.
Although the results produced the desired accuracy, it was only applied in two
regions (Belyakov 1971, 1977; Krastanov 1977).

7.2 The Standwise Forest Inventory

Sub-compartments are the smallest territorial units of forests and remain relatively
constant because they are the basis for forest inventory and management. The main
variables that define a sub-compartment are species and management system.

During the inventory, forests are described using quantitative and qualitative
variables that describe the set of activities and operations within the compartments
and sub-compartments. The range of variables and evaluation indicators is manda-
tory for all forests, as determined according to the needs of forest management
practices and the requirements of international agreements and documents, to which
Bulgaria is a party.

During field data collection, information is collected and analysed to ascertain
the results of forestry activities in the measured area since the last forest measure-
ment. Forestry and harvesting activities planned for the next period are based on the
results and findings of current economic activity.

Description of attributes assessed:

1. General Information: number of compartment, number of sub-compartments,
rotation age felling, type of forest;
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2. Characteristics of the trees: tree species composition, tree species crown cover
area, tree species age, stand density index, average diameter, average height,
productivity class, stock, use (removals);

3. Description of the forest cover: origin, form, structure, condition, type of mix-
ture, trees above the forest, Landscape Assessment;

4. Description of the habitat: exposure, slope, altitude, relief, bedrock, soil nature,
habitat, optimal future species composition, litter, coverage of grass, shrubs,
technical valuable medicinal plants;

. Reforestation:- composition, age, height and percentage of cover;

. Health Record;

. Biodiversity;

. Transportation conditions: distances in meters to forest roads, road category, dis-
tance to the closest settlement and category of the cutting area, and other vari-
ables specified of whole deciduous wood in the methodology for economic
evaluation of forest lands. Distances are measured from the base map of forestry
for planned activities: cutting, thinning, schedule for reforestation, and land
preparation

9. Other information.

0 N N L

Sample tree volume is predicted with general volume models of whole decidu-
ous wood using diameter at breast height (dbh), form factor (F), and height (h) as
predictor variables. Volume is expressed in m®.

Data and results from the FMPs and Programmes are used for national and
regional forest statistics and for international reporting (Global FRA, Forest Europe,
Natura 2000 Network directive reporting, etc.). The data are also used for the man-
agement of forest units, for planning forest and harvesting activities, for estimation
of future production possibilities of timber and forest bioenergy, and for research.

7.3 Projecting Woody Biomass Availability in Bulgaria

7.3.1 History of Projections

The first experiences in analyzing the state of the forest and projecting their long-
term development in Bulgaria date from 1965 (Biolchev et al. 1965). This first pro-
jection was for the period 1965-2000. In the 1970s, two more studies followed
(Iliev et al. 1973; Kostov et al. 1976). The main source of information was the
FMPs. A study by Vachovski (1980) analysed developments in the forest sector
from 1950 to 1975 and gave a projection until 2000. Dakov (1987) updated this
projection for the period 1990-2040. This projection is the last study under the old
regime and aimed to assist forest policy development. A new projection for the
demand and production of wood products and wood harvest for the period 2005—
2025 was published in 2007 (Vachovski 2007). The last projection for the dynamics
of forest resources in Bulgaria was elaborated in the period 2005-2008 and financed
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by the National Board of Forests (Kostov and Rafailova 2009). This projection used
the European Forest Information Scenario Model (EFISCEN).

7.3.2 Maodels in Use

7.3.2.1 Bulgarian Model for the Dynamics of Forest Resources Proposed
by the University of Forestry in Sofia, Bulgaria in 1989

For the model developed by the University of Forestry, Sofia, the assessment units
are tree species (by forest types) with the characteristics of their age classes. The
model for the dynamics of forest resources is an automated procedure for process-
ing diverse forest information for purposes of characterizing its future status and,
depending on its current state, the natural processes occurring in it and the politics
of its future management. The essence of the model is to identify the main charac-
teristics of forests — areas, densities and stocks of tree species. The value of the
harvesting is calculated as a percentage of the available table stock at a given age
and forest appraisal index, reduced by the value of the current density. To determine
the state of the forest at the beginning of the forecast, available data are used in the
forest reporting forms.

The projection results include changes of values of the large number of indica-
tors during the forecast period, variously characterizing forest on three levels of
integration of information: by tree species and age classes; by tree species; and by
indexes.

Kostov (1993a) presents the results of considered dynamics and gave the model
its name: FRAM (Forest Resources Assessment Model). The FRAM model has
multiple advantages: it directly uses management data; it has a simple structure and
is divided into sub-models; it is open for changes in the management regimes; and
there is no need for a powerful computer application. The disadvantages of the
model are that it uses only data from FMPs which are not uniform over years; it
does not use sub-models to accommodate the different sensitivities of species to
environmental changes; it does not include job opportunities at the change of own-
ership; and most importantly, it is not comparable with other European studies.

The matrix model that was developed for the projection of forest resources in
Sweden (Sallnds 1990) was applied to Bulgarian forests and resulted in two sce-
narios for the period 1980-2040 (Kostov 1993b). The state of the forest is repre-
sented as a distribution of forest area over a matrix defined by age and volume
classes. Area transitions between cells represent aging (moving to a higher age
class), growth (moving to a higher volume class), thinning (moving to a lower vol-
ume class) and final felling (moving area to a separate class with zero age and vol-
ume). This model forms the core of the EFISCEN simulator (Nabuurs et al. 2006)
that was applied by Kostov and Rafailova (2009).
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7.3.3 Main Results from the Projections for Dynamics
of Forest Resources for the Period 2005-2050
in Bulgaria

The latest projection for Bulgarian forests was done by Kostov and Rafailova (2009)
using the EFISCEN model. The model was initialized using Bulgarian official for-
est statistics for 2005 which were based on inventory data from the latest FMP for
each forest enterprise. Although these data are not fully harmonized among the for-
est enterprises, they are well-suited for use with the EFISCEN model. All forests are
represented as even-aged and as distributions by tree species and owners.

Four scenarios were elaborated for the period 2005-2050: reference scenario,
scenario for maximum sustainable use, optimistic scenario and pessimistic sce-
nario. All scenarios were elaborated on the basis of points of view for possible
development of forest sector by accepted international and national experts.

Based on the projections, the potential use of wood from coniferous forests can
be increased from the present 4.7 million m? to 8 million m? per year, mainly by an
increase in thinning activity. There is no potential for increase of final felling in the
case of Norway spruce and European fir. Most of the unrealized potential is there-
fore in Scots pine stands and other coniferous plantations. The potential use of wood
from high-stem broadleaved forests may be increased from the present 2.4 million
m? of standing volume to 4.2 million m®. The increase is both in thinnings and in
final felling. In the latter, however, there is almost no resource to increase the har-
vest from felling in the case of the main species such as oaks and beech.

The potential for increase of harvest of wood from coppice forests is significant,
regardless of the general tendency of decreases in their areas because of conversion
to high-stem stands. The potential harvest increase is mainly based on a felling
increase of about 1 million m? per year.

As a whole, it is possible to increase the timber harvest in the country from the
present 7.2 million m? to about 11 million m? per year (Fig. 7.2). Unrealized poten-
tial is mainly in thinnings from most species and final felling in coppice forests.
These are likely to yield lower-quality assortments and biomass for energy pur-
poses. The prospect of increasing the volume of wood harvest for sawing, veneer
and veneered plywood is low. The main species, such as Norway spruce, European
fir, high-stem oaks and beech, have no resource to increase the harvest of large-sized
round wood from old (mature) stands. The average annual increment will remain
around 4.5 m3/ha per year in the moderate scenarios, but range from 3.6 m*ha per
year for the pessimistic scenario to 5.3 m?/ha per year for the optimistic scenario
(Fig. 7.2). In the basic scenario, the average growing stock will increase further to
243 m?*ha in 2050. The pessimistic scenario projects a decrease to 135 m*/ha due to
lower increment rates, while the optimistic scenario ends at 199 m*ha, mainly due
a higher felling level early in the projection period.
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7.4 Discussion and Conclusions

Bulgaria began preparing FMPs by 1901. Since 1955, all forests have been covered
by FMPs and their underlying stand-wise inventories. FMPs focus mainly on timber
resources and do not provide sufficient information for multifunctional forest man-
agement planning and evaluation. Other disadvantages of the FMP system are that
the information is only renewed every 10 years; that some forest enterprises are late
in updating their FMPs; and that there are differences in reporting among owners.
An NFI based on a statistical design is believed to solve these problems. Policy
processes and documents also stress the need to begin developing a Bulgarian NFI,
but so far it has not been implemented. Inventory research institutes and units, as
well as specialized design organizations, should be involved in this effort.
Experiments conducted in the 1970s show the feasibility of a statistical approach.

From 1965 until now, seven projections for the development of forestry and for-
est resources were elaborated. Earlier projections were directly based on the FMPs
using different methods. In the last projection the EFISCEN model was applied. It
showed that the positive development of Bulgarian forests as reported in the period
2000-2010 can continue into the future. It also showed that there is considerable
potential to increase the harvest level, mainly in thinning operations and in coppice
stands. A continuous harvest of 11-12 million m? per year until 2050 should be pos-
sible, which is greater than previous estimates. However, to reach this level, the
development of regional programs for evaluation, rational utilization, and use of
forest resources is a necessary step to improve the efficiency of forest policy in the
country.
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Chapter 8
Canada

Juha M. Metsaranta, Carolyn E. Smyth, and Werner A. Kurz

8.1 Introduction

Forecasting the quantity and distribution of forest biomass has been of interest in
Canada for at least the last 80 years (Jenkins and Guernsey 1936; Nautiyal 1979;
Hall and Richardson 2001; Paré et al. 2011). This includes questions about supply
(how much, where, and in what form), discussions of trade-offs with other social,
economic, and environmental values, including other potential uses wood, and
issues of economic and environmental feasibility of biomass use. Existing forecasts
have quantified live biomass, residues from forest management (Cambero et al.
2015), underutilized species, trees killed by disturbance (Dymond et al. 2010a;
Barette et al. 2013), bioenergy plantations (Allen et al. 2013; Amichev et al. 2014),
or several possible sources (Bedarul Alam et al. 2012; Ter-Mikaelian et al. 2015).
These studies have often evaluated the climate change mitigation potential of bioen-
ergy and the increased use of long-lived wood products to substitute carbon-
intensive alternatives (Lempriere et al. 2013; Smyth et al. 2014).

Annual State of the Forest reports produced since 1990 by the Canadian Forest
Service of Natural Resources Canada (e.g. Natural Resources Canada 2015)
describe Canada’s forest sector, including species and forest type, the impact of
natural disturbances, and the importance of the forest sector to Canada’s national
economy. Canada’s provinces and territories have constitutional responsibility for
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forest management, and most (94%) forest in Canada is on publically owned lands.
Jurisdictions develop legislation, regulations, policies, and practices to support their
forest management obligations. Forest inventory data (Leckie and Gillis 1995), for-
est legislation (National Council for Air and Stream Improvement 2014), and har-
vest policy (Roach and Berch 2014) therefore vary across Canada. National-level
forest monitoring involves collaboration between the federal government and
Canada’s provinces and territories. Canada’s National Forest Inventory (NFI,
Stinson et al. 2016) and Canada’s National Forest Carbon Monitoring Accounting
and Reporting System (NFCMARS, Kurz and Apps 2006; Kurz et al. 2013; Stinson
et al. 2011) are examples of programs that provide the best available strategic data
across all jurisdictions in Canada and can be used to conduct analyses such as fore-
casting future woody biomass availability. The forest inventories used by NFCMARS
are those maintained by Canadian provinces and territories rather than the NFI. The
NFT is a statistical survey program (Stinson et al. 2016), whereas the provincial and
territorial inventories provide complete coverage of the forests managed for timber
supply. These provincial and territorial inventories are used in combination with
growth and yield data by the provinces and territories to forecast future timber sup-
ply and determine Allowable Annual Cut (AAC) levels. The NFCMARS uses these
same data, already prepared for use in timber supply modelling by the provinces and
territories, as its principle inputs, standardized as far as possible for differences in
the design of forest inventories in each jurisdiction. This strong linkage between
provincial and territorial timber supply modelling and national forest C modelling
is advantageous because it creates opportunities to link tools and assure consistency
between management-unit scale and national-scale modelling and analysis.
Methods available for projecting future stocks of woody biomass are generally
already well described in the literature. A unique consideration in Canada is that
forests face increasing risk from natural disturbance by wildfire, insects, and disease
(Kurz et al. 2008a; Balshi et al. 2009; Weed et al. 2013) and may be experiencing
changes in production and mortality rates due to CO, fertilization, nitrogen deposi-
tion, and drought (Girardin et al. 2011; Michaelian et al. 2011; Hember et al. 2012).
Increases in forest productivity are occurring in some parts of Canada (Hember
et al. 2012), but not consistently (Girardin et al. 2011) and are unlikely to be large
enough to offset expected losses from increases in disturbances (Kurz et al. 2008b;
Metsaranta et al. 2010). Disturbance risk has not always been accounted for in exist-
ing forecasts of future biomass availability, but is known to increase the vulnerabil-
ity of the future timber supply (Gauthier et al. 2015). We have therefore chosen to
focus on methods for quantifying such risks, which are likely to be of interest in all
countries experiencing a changing climate, even those with relatively intensive for-
est management regimes that have not traditionally been concerned with distur-
bance risk. Canada’s NFCMARS is used for science, policy analysis, and reporting
of C dynamics for the 230 of 348 million ha of Canada’s forest included in the
system (Fig. 8.1)." In this chapter, we briefly describe Canada’s NFCMARS, a

'Not all of Canada’s forest are included in the NFCMARS because large areas are not part of the
“managed forest” according to Canada’s definition of forest for reporting under the United Nations
Convention on Climate Change.
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Fig. 8.1 The spatial distribution of managed and unmanaged forest lands in Canada. The 230 mil-
lion hectares of managed forest land are included in Canada’s National Forest Carbon Monitoring,
Accounting, and Reporting System. The boreal plains ecozone, to which the examples given for
forecasting future disturbances apply, is highlighted in grey

conceptual framework for assessing potential future disturbance risk (Kurz et al.
2008a; Kurz et al. 2008c; Dymond et al. 2010a, b) and give examples of how this
framework can quantify natural disturbance risks to forest biomass availability in
Canada (Metsaranta et al. 2010; Smyth et al. 2014).
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8.2 Methods

8.2.1 National Forest Carbon Monitoring Accounting
and Reporting System (NFCMARS)

Canada’s NFCMARS is built around the Carbon Budget Model of the Canadian
Forest Sector (CBM-CFS3; Kurz et al. 2009; Kull et al. 2011). It brings together the
inputs required to run CBM-CFS3 nationally, including: forest inventory data, empiri-
cal wood volume yield models, statistics on forest management activities, and remote
sensing to estimate area, type, and location of natural disturbance by wildfire and
pests. The various forest data, information, and models used by Canada’s NFCMARS
and how they fit together is shown in Fig. 8.2. Briefly, the CBM-CFS3 is a stand- and
landscape-level model simulating above- and below-ground biomass, detrital and soil
carbon (C) dynamics. Provincial forest inventory data (age, species composition, site
index, etc.) are used to describe forest characteristics and empirical yield models to
predict productivity. Stand-level allometric models predict above- and below-ground
biomass from wood volume (Li et al. 2003; Boudewyn et al. 2007). The model tracks
11 detrital and soil C pools and five biomass categories (foliage, merchantable wood,
other wood, coarse and fine roots) by species group (softwoods and hardwoods).
Disturbances cause transfer of biomass out of the ecosystem through combustion

Forest Data and Information: External models: External models:
i - Forest Inventory and Volume Yield Curves | | - Disturbancerisk | |- Fate of

! - Biomass Estimation Models - Wood Supply ! harvested wood
- Natural Disturbance Statistics - Management products

| - Forest Harvest and Management Statistics | | - Climate Pl

i - Ecosystem Modelling Parameters L

National Forest Present: MC Simulation: Future:
Carbon, Mf:nltorl;g, - Carbon ; Flre‘an.d pests - Carbon
Accousitlng, an - Biomass cenarios: | - Biomass
Reporting System - Other - Harvest - Other
indicators - Management indicators
1 [CBM-CFS3] - Climate
Past: Monitoringand Future: Forecasting, science, and policy
Reporting decision support

Fig. 8.2 Canada’s National Forest Carbon Monitoring, Accounting and Reporting System includ-
ing its core model, the Carbon Budget Model of the Canadian Forest Sector, CBM-CFS3), the data
and information used as input to the system, the external models used to derive model input sce-
narios, including Monte Carlo simulation for assessing future disturbance risk, and the external
models that use information derived from the system. The system is used for reporting and fore-
casting. The parts described in this paper are in bold
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(fire) or transfers to forest products (harvest), as well as within ecosystem transfers
from living to dead pools, where it subsequently decays. Impacts vary spatially by
disturbance type to reflect differences in disturbance characteristics (Kurz et al. 2009).
They may be stand replacing (clear-cut harvest and wild fire, which also reset the age
of the affected stand to zero), cause partial mortality and growth reduction (pests), or
transition stands to alternative forest type (including in the case of regeneration failure
to non-forest ecosystems). Disturbance impacts are simulated using matrices defining
proportional C transfers between pools and fluxes to the atmosphere or forest products
in an event-driven framework. The NFCMARS operates in accounting mode for
reporting (e.g. Environment Canada 2015), and in projection mode for evaluating sci-
ence and policy scenarios, including future disturbances risk (Dymond et al. 2010a;
Kurz et al. 2008a, c), potential climate change effects on C and GHG balances
(Metsaranta et al. 2010, 2011), and the climate mitigation potential of forest manage-
ment (Smyth et al. 2014). Details on model assumptions, structure, and scenario
development are in the cited papers.

8.2.2 Conceptual Framework to Assess Disturbance Risk

We describe a conceptual basis for forecasting future disturbance risk, and use
examples from two existing analyses to show how these forecasts can examine bio-
mass supply indicators (Metsaranta et al. 2010; Smyth et al. 2014). Area burned by
wildfire in Canada has a large inter-annual variation between high and low distur-
bance years (see for example the 1959-2013 annual area burned in the boreal plains
ecozone of Western Canada Fig. 8.3a). Similarly, records of insect outbreak derived
from surveys or other proxies show years with negligible impact interspersed with
periods of pest occurrence. Future natural disturbances can only be forecast with
probabilities estimated from a combination of observations from the recent past and
expert judgement. Monte Carlo simulation is then used to estimate the combined
effects of different disturbances on model outcomes, which provides both a point
(mean or median) prediction and estimate of uncertainty (confidence intervals). The
main natural disturbances types affecting forests in Canada, fires and insects, can
respectively be thought of as annual or cyclical risk agents. Annual risk agents have
an annual probability of occurrence that can depend on previous years or other
regions, with impacts typically occurring only in the event year. Future area burned
can be forecast as an independent draw from a probability distribution derived from
historical area burned records (Metsaranta 2010), and future risk modelled by
adjusting the parameters of these distributions (Metsaranta et al. 2010). Cyclic risk
agents like insects are more complex, with periods when occurrence probability is
low (outbreak interval), and periods when it is high (outbreak length), the sum of
which correspond to the outbreak cycle. If the insect is not known to occur but may
spread to a geographic region, further assessment is required to estimate range
expansion probability. Conversely, there may also be the possibility of shifts in cli-
matic suitability that cause range contraction. A common group of pests that reduces
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productivity and can cases causes mortality are the aspen defoliators, the forest tent
caterpillar (Malacosoma disstria) and large aspen tortrix (Choristoneura conflic-
tana). Several recent studies have documented patterns of aspen defoliator out-
breaks in Canada (Cooke and Lorenzetti 2006; Cooke et al. 2012). Based on these
historical data, we show in Fig. 8.3b—d examples of the parameters and modelling
rules that would be used to forecast future outbreaks of aspen defoliators in the
boreal plains ecozone of western Canada, including outbreak interval (Fig. 8.3b),
length (Fig. 8.3c), and the distribution of impact types over the course of an out-
break (Fig. 8.3d). Parameterizations currently exist for seven major pests (Kull et al.
2011): two aspen defoliators, mountain pine beetle (Dendroctonus ponderosae),
spruce budworm (Choristoneura fumiferana, derived from MacLean et al. 2001),
jack pine budworm (Choristoneura pinus), hemlock looper (Lambdina fiscellaria),
and spruce beetle (Dendroctonus rufipennis). A software tool used to forecast future
outbreak timing and extents has been applied nationally for all both forest fire and
insects (Kurz et al. 2008c), and regionally for mountain pine beetle (Kurz et al.
2008a) and spruce budworm (Dymond et al. 2010b).
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Fig. 8.3 Fire statistics and parameters for forecasting aspen defoliators in the boreal plains
ecozone of western Canada, which would be the basis for assessing the risk of these particular
disturbance types to future biomass supply in that region. Probability distribution for forecasting
annual area burned would be developed from the 1959-2013 area burned statistics in (a). The
modeling rules for future outbreaks of aspen defoliators include the probability distribution for
outbreak intervals when defoliation does not occur (b), outbreak lengths when defoliation does
occur (c¢), and the distribution of different severities of impact (1-6 years of consecutive defolia-
tion, Types A through F) for outbreaks of different length (d)
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8.2.3 Future Harvest Projections

Analysis of future biomass availability also requires projections of future harvest,
typically estimated from wood supply analyses that, in turn, estimate amounts of
wood volume or biomass that can sustainably be harvested in the long-term. In
Canada, these analyses, or Annual Allowable Cut (AAC) determinations, are the
responsibility of provincial management agencies and are governed by a myriad of
policies and regulations (National Council for Air and Stream Improvement 2014)
and are set out in forest management plans. These projections account for both the
supply of wood at present and in the future, as well as potential future demand for
both biomass and traditional forest products like lumber and pulp in the whole for-
est value and supply chains (Mansuy et al. 2015). In addition, they account for vari-
ous regulatory constraints related to the requirement that forests be managed for
multiple social, economic, and environmental benefits, of which biomass is only
one potential value of interest. They are formulated as an optimization problem
under a series of constraints. Although CBM-CFS3 does not solve such problems, it
can use results from such analyses to derive scenarios to evaluate biomass supply
consequences of wood harvest projections (Kull et al. 2011).

8.3 Example Results

A preliminary assessment of the risk of climate change-induced increases in annual
area burned was extracted from Metsaranta et al. (2010), where a simplified version
of NFCMARS was used to project the C dynamics of Canada’s managed forest to
2100 under two scenarios, (1) future annual area burned is similar to late twentieth
century observations; and (2) future annual area burned increases so that the mean
in 2100 is either two or four times greater than historical observations, depending
on region. Forecasts of total aboveground biomass (including wood, bark, branches,
and foliage), and total harvested biomass (wood and bark only) were predicted for
each scenario. Relative to the median result for the historical scenario, available
above ground biomass in 2100 was reduced by 10—13% in the increased area burned
scenario (Fig. 8.4a). However, total biomass harvested was not affected (Fig. 8.4b),
indicating sufficient biomass was still available. Further considerations are dis-
cussed in Metsaranta et al. (2010). A second relevant study examined fire risk in a
climate change mitigation potential context (Smyth et al. 2014). Sophisticated har-
vest forecasts to 2050 were derived from provincial and territorial AAC calcula-
tions, while future area burned was forecast as an average only, with an additional
scenario with a 20% increase. Similar to Metsaranta et al. (2010), increased burned
area had negligible impact on mitigation potential. Future pests or other risk agents
and changes in future productivity and mortality rates were not thoroughly assessed
in these studies. Improvements to data and models used by NFCMARS to account
for these considerations are ongoing.
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Fig. 8.4 Projections of (a) above ground biomass and (b) total biomass harvest in Canada’s man-
aged forest (2015-2100) for two future scenarios of future fire in Canada: (1) similar to late twen-
tieth century observations; and (2) increases of two or four times depending on region. The median
value for scenario (1, solid line) represents the annually normalized baseline value. Values for
scenario (2) are calculated relative to this normalized baseline value, and represent the 97.5th,
50th, and 2.5th of 100 Monte Carlo simulations of future area burned

8.4 Discussion and Conclusions

We presented results from two existing assessments that used Canada’s NFMCARS
to examine predicted climate change impacts on future C dynamics (Metsaranta
et al. 2010) and the climate change mitigation potential (Smyth et al. 2014) of
Canada’s managed forest to demonstrate that the system can be used to forecast
natural disturbance risk to biomass supply. In our results, future harvests could be
achieved regardless of increased future area burned, because harvest targets were
applied to larger geographic regions where the model can shift harvest to other eli-
gible stands. In reality, forest management occurs on smaller land units with less
flexibility due to local constraints on required product assortments, harvest costs,
and transportation distances. Thus, 10-13% reductions in available biomass would
likely result in localized wood shortages, for both biomass and traditional wood
products such as lumber or pulp, causing reduced harvest, a shift to salvage opera-
tions, or both. Improved efficiencies in harvest methods through ‘better utilization’
(that increases the stemwood utilization rate for harvest and increases the propor-
tion of salvage harvest) could offset these product shortages by decreasing the waste
in harvesting operations (Smyth et al. 2014). Fire risk increases the vulnerability of
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the timber supply (Gauthier et al. 2015), but this risk has not typically been well
accounted for by wood supply analysis (Savage et al. 2010). Thus, we expect that
the forecast increase in the severity of the fire regime should also influence the abil-
ity of forests to continue to meet society’s demands for biomass.

Bioenergy is often presented as a sustainable climate change mitigation option.
Increasingly, uncertainties about actual emission reductions and the timeframe over
which these reductions can actually occur are challenging this notion (Bernier and
Paré 2013; Klopp and Fredeen 2014; Smyth et al. 2017a; Ter-Mikaelian et al. 2015),
particularly since the timing of the emissions of the alternative use of biomass (e.g.
long-lived wood products) must now be accounted for in the analysis and cannot be
assumed to be instantly oxidized. Increasing harvest rates for bioenergy supply have
not been found to reduce GHG emissions because the forgone sequestration of the
forest cannot be balanced by the forest regrowth or from substituted fossil fuel emis-
sions, thereby resulting in a net increase in GHG emissions to the atmosphere. Dead
feedstocks such as harvest residues have higher mitigation potential because the
alternate fate of this fibre is combustion in slashpiles or progressive release of C
through decay. In addition to harvest residues, salvage of dead wood can be a source
of raw material for forest-based bioenergy, with a potentially shorter time to a cli-
mate breakeven point (McKechnie et al. 2011; Zanchi et al. 2012). The net result of
natural disturbance is typically not an immediate and total loss of biomass (apart
from what is combusted by fire), but a transfer of live biomass to dead wood (Kurz
et al. 2008a; Dymond et al. 2010a), degrading over time until no longer salvageable
(Barrette et al. 2015). The stochastic nature of disturbance makes predicting quanti-
ties of dead wood available for salvage at a particular point in time difficult, posing
supply management challenges (Shabani et al. 2014). In addition to the feedstock
supply, the effectiveness with which fossil C is displaced has a major influence on
bioenergy emission reductions, as well as the conversion efficiency of woody bio-
mass combustion (Richter et al. 2009; Smyth et al. 2017b).

Potential improvements to forest biomass supply forecasts could be realized
through remote sensing (Wulder et al. 2012; Beaudoin et al. 2014), particuarly for
forest area not currently included in Canada’s NFCMARS. Evaluating the accuracy
of available estimates relative to ground-based observations remains challenging.
Underlying all biomass estimates are basic allometric models used to predict bio-
mass by component (wood, bark, branches, and foliage) from mensurational prop-
erties of trees (breast height diameter, tree height, and species). Owing to the
labour-intensive nature of its collection, few additional data have been collected
since intensive efforts to develop such models across Canada in the 1980s (Aldred
and Alemdag 1989). The many historically available models have recently been
harmonized into a single set of models estimated from the historical data (Lambert
et al. 2005; Ung et al. 2008) that are now the standard model used in biomass esti-
mates in Canada. Canada’s NFCMARS can also produce estimates of root biomass
availability (Smyth et al. 2013), though even fewer data exist for estimating below
ground biomass (Li et al. 2003). However, harvest of additional biomass from
stumps and coarse roots (Berch et al. 2012) may deplete soil nutrients, undesirably
reducing forest productivity (Thiffault et al. 2011).
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At present, technical and scientific improvements to Canada’s NFCMARS are
ongoing. Several recent papers describe model and system performance, uncer-
tainty, and improvements to parameters and process representation (Smyth et al.
2011; Hilger et al. 2012; Bona et al. 2013; Shaw et al. 2014, 2015). Additional
details on structural uncertainties and proposed system improvements that are the
subject of research and development are in Kurz et al. (2013) and Bernier et al.
(2012). These are aimed at making increased use of high-resolution spatially-
explicit data, not just for estimation of biomass, but also the spatial distribution of
harvest and natural disturbances as well as incorporating the unmanaged forest that
is currently not accounted for in any assessments undertaken by the system,
improved representation of the impact of climate change on ecosystem processes,
and better representation of management activities and the fate of harvested wood
products. As a result of these improvements, the system will continue to provide a
platform to support science and policy analysis that integrates knowledge on eco-
system processes, as well as economic information, to allow projections of many
characteristics of Canada’s managed forest, including the potential supply of forest
derived biomass and how this is affected by natural disturbance associated risks.
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Chapter 9
Czech Republic

Milo§ Kucera

9.1 Introduction

According to the first National Forest Inventory (NFI) carried out between 2001 and
2004, the total area of forests in the Czech Republic is 2,751,586 ha of which
2,396,705 ha (87%) are classified as Forest Available for Wood Supply (FAWS).
The remaining 354,881 ha (12.9%) include protection forests and protected forest
areas. Protection forests represent 2.8 % of the forest area and include forest areas in
extremely unfavorable sites, high altitude forests and Pinus mugo stands. Forest
parks and forest reserves, the first zones considered as protected landscape areas,
represent 10.1% of the forest area in the Czech Republic. The area of forest not
available for wood supply is estimated using auxiliary information from other
sources, such as: Forest Management Plans (FMP), Forest Development Regional
Plans, and Forest Typology Classifications. All forests under FMP (90% of forests)
are classified according to their prevalent primary functions. This classification
includes all possible legal and site restrictions regarding forest management.

Czech forests are mainly owned by the state which holds 61%, followed by pri-
vate forest owners with 18.4% and municipalities with 12.8%.

Coniferous forests dominate in the Czech Republic covering 67% of the forest
area. The main tree species in Czech forests are Picea abies (48%), Pinus sylvestris
(14%), Fagus Sylvatica (7%), and Quercus (7%). These four species cover 76.2% of
the forest area and represent 83.8% of the growing stock. The Czech wood industry
is based on processing spruce and pine timber. These two species together represent
71% of the growing stock. Total growing stock of Czech forests varies according to
the data source: National Forest Inventory (NFI) or FMP. In 2003, the total growing
stock was 900 million m? according to the NFI, but only 650 million m® were

M. Kucera (<)
Forest Management Institute, Brandys nad Labem-Stara Boleslav, Czech Republic
e-mail: kucera.milos @uhul.cz

© Springer International Publishing AG 2017 121
S. Barreiro et al. (eds.), Forest Inventory-based Projection Systems for Wood and

Biomass Availability, Managing Forest Ecosystems 29,

DOI 10.1007/978-3-319-56201-8_9


mailto:kucera.milos@uhul.cz

122 M. Kucera

reported based on information obtained from the FMPs. For the same period, differ-
ences were also observed for the mean growing stock per hectare which varied from
an NFI estimate of 333 m?/ha to an FMP estimate of 251 m*/ha.

In 2012, according to the FMPs, the total annual increment in Czech forests was
17.9 million m? and the mean annual increment per hectare was 6.9 m*ha, whereas
the total volume of timber harvested was 15.1 million m?, of which 13.1 million m?
was from conifers and 2 million m® from broadleaf species. The mean annual har-
vest per hectare was 5.7 m*ha in 2012.

The Czech Republic has two main data sources for forest and forestry informa-
tion: the NFI and the FMPs. These two sources have different aims and different
content, but they both provide data about forests that can be used in forest policy
and decision making processes. However, for different reasons, the use of long-term
predictions in policy decision making processes is not very common in the Czech
Republic. Nevertheless, predictions based on FMPs data have been obtained regu-
larly since 1983 and are provided to the Ministry of Agriculture.

Short-term estimates of wood available for harvesting were first carried out in the
1950s using inventory data collected to prepare FMP. A decade later, a new inven-
tory was carried to prepare or renew existing forest management plans. Inventory
units corresponded to forest enterprises for which harvestable wood estimates were
produced for a 5-years period (1961-1965, Anonymous 1960). In 1978, new legis-
lation for more comprehensive FMP included information on logging volume with
the result that logging forecasts were made until 2020 (Nymbursky 1983). Ten years
later a new logging forecast until 2010 was published, and in 2006 the Forest
Management Institute Brandys nad Labem (FMI) prepared and published a study on
logging perspectives in the Czech Republic (Vasicek et al. 2006). For this study, the
FMP database was used and included some tests of different management
approaches: namely, the effect of reduced rotation periods in certain management
sets, the positive effects of thinning on volume 40 years later, as well as a combina-
tion of both. In addition to the FMP database, data on the growing stock from the
first cycle of the whole-scale statistical NFI were also used (Synek et al. 2014).

In the course of the European Forest Sector Outlook Study II (EFSOS II)
(UN-ECE/FAO 2011) which aimed to forecast possible or probable wood availabil-
ity, the EFISCEN model was used to produce results by individual countries. Again,
a combination of FMP and NFI data was used, and FMI provided NFI data from the
first cycle on forest areas and standing volumes by administrative regions, owner-
ship, ecological series, groups of tree species and age classes. However, the FMP
database had to be used to provide data on increment which would only be available
after the second cycle of the NFI is completed. Hypothetical logging perspectives
for three main scenarios in the Czech Republic are presented in Synek et al. (2014).



9  Czech Republic 123

9.2 Data

9.2.1 National Forest Inventory

The aim of the NFI is to establish comprehensive information about the state and
development of forests in the Czech Republic from the point of view of both sus-
tainable environment and economic use. The main tasks of the Czech NFI are to
provide information about forests for state organization purposes, for the evaluation
of forestry activities and for assessing fulfilment of forest management goals. NFI
data are also used for national and international reporting. The NFI was first imple-
mented in the Czech Republic in 2001, was carried out between 2001 and 2004, and
is described in Cerny et al. (2010). The second NFI was launched in 2011 and was
terminated in 2015. In the course of this NFI, the COST E43 land use classification
(Tomppo et al. 2010) was adopted instead of the national land use classification
used during NFI1 Stérba and Jankovskd (2007).

The third NFI is planned to start in 2016. Based on analyses of the first inventory
grid and all the technology used in the first NFI, it was decided to change the sam-
pling design. The new sampling design allows new inventory technology to be
incorporated, and the transition to a continuous inventory with plot re-measurement
every five years. The continuous inventory will enable the production of results
annually.

9.2.2 Forest Management Plans

A FMP is prepared every 10 years for each forest owner and includes management
guidelines such as binding provisions for maximum cumulative volume of felled
timber, minimum area of thinning activities in stands less than 40 years of age, and
species-specific planting prescriptions to improve the soil, stabilize stands against
weather hazards, and produce desired species and age distributions. FMPs also pro-
vide basic information about the stand, the stand layer and the forest region for
which the FMP is intended. After the stand is described, it is classified with respect
to forest type, the prevailing function of the forest, the forest management type, the
duration of the plan and the area it covers, and the rotation and regeneration periods.
Additionally, the stand storey is classified in terms of species composition and
structure, making reference to the share of species and stand age, respectively, as
well as to the site class. Records of the stand density, the mean height and mean
diameter at breast height (dbh), the volume of the mean stem, the growing stock per
species and the volume of standing deadwood, and abiotic and biotic damages are
also recorded.
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9.3 Timber Harvest Predictions According to Forest
Management Plans

The Timber Harvest Prediction (THP) tool is a projection tool used in the FMI for
simulating growing stock and harvest in Czech forests. The tool is applied to the
area of forest covered by the FMP which represents about 90% of the total forest
area in the Czech Republic. The THP tool assesses the current state of Czech forests
and predicts the future state and development of the forest using data from FMP as
input. Estimates for different area units can be produced. Estimates are regularly
produced for levels two and three of the national subdivisions defined by the
Nomenclature of Territorial Units for Statistics (NUTS II and NUTS III). Estimates
are based on growth tables for the main tree species in the Czech Republic (Cerny
et al. 1996) and on the harvesting percentage defined according to ordinance No.
84/1996 on forest management planning.

9.3.1 Input Data

The inputs consist of data at storey level, and the each storey represents a different
vertical layer within the stand. The stand storey is the lowest unit of space distribu-
tion in the forest according to FMPs and is characterized by the following
variables:

— Storey level — area, age, management type, rotation period, stocking, regenera-
tion period;

— Species level — tree species, share of each tree species, area of each tree species,
growing stock per species based on FMP, absolute and relative site class per
species.

In addition to FMP data, other types of inputs are also required such as the final
harvest and thinning percentages which are defined by law.

9.3.2 Description of the Algorithm

The THP tool is applied within each stand storey separately for each species and
produce tabular outputs. The outputs are structured by management types, age
classes, broadleaf and coniferous species. The tool runs on 10-year time-steps
meaning that THP predicts the state of forest for ty+10, t;o+10,..., t,+10 where t, is
the current state of the forest according to the FMP, and n is the total number of
years considered in the prediction. Each simulation runs in eight steps applied
within each time-step. These eight steps are responsible for calculating the removals
and updating the values for the standing forest.
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Final Felled Volume

The final felled volume is calculated separately for each species in the storey accord-
ing to the FMP prescribed the final felled volume. The felled volume of a given
species is obtained by multiplying the species growing stock in the storey according
to the FMP for the time t, by the harvesting percentage/100 which is set by law and
is defined by rotation period and regeneration period as prescribed in the FMP. The
total felled volume in the storey for time t, +10 is the sum of the volumes of all the
species felled in the storey.

Area of Final Felling’s

The area of final fellings is calculated similarly to the felled volume by multiplying
the area of each species in the storey as described in the FMP for the time t, by the
harvesting percentage. The total area of final fellings per storey in time t +10 is the
sum of areas of the felled species in the storey.

Volume of Thinning

The volume resulting from thinnings, including both pre-commercial and manage-
ment thinnings, is calculated separately for each species in the storey according to
the percentage of pre-commercial and management thinnings prescribed in the
FMP. The total volume of thinnings per storey is the sum of the thinned volumes of
all the species in the storey. The thinned volume by species is the product of the
growing stock defined in the FMP for the time t by the thinning percentage divided
by 100 which is set by law.

Age
The age of the species in the storey is increased after 10 years and the storey is
shifted to the next age class

Storey Area
Storey area at time #+/0 is calculated as the storey area at time # minus the area
subjected to final felling.

Storey After Final Felling

For the storey or for the part of the storey that was final felled according to the FMP
prescription, the age is shifted to the youngest age class and a new storey is estab-
lished. The area of the new storey equals the area that was under final felling. The
tree composition assigned to the new storey is the same as in the previous storey.
The volume of the established stand is assigned based on the youngest age tabulated
in the yield tables (Cerny et al. 1996) which are also used to predict the growth of
the stand for subsequent periods.

Growing Stock

The growing stock at time t+10 is calculated in two steps. First, the growing stock
after final harvest is updated by discounting the felled volume resulting from the
final felling from the growing stock at time ¢. Second the growing stock resulting
from the previous step is increased based on the increment coefficient defined in the
growth tables.
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9.3.3 Outputs of the Timber Harvest Prediction Tool

The end user of the THP outputs is the Ministry of Agriculture, and FMI is respon-
sible for providing predictions. Predictions are prepared every year for periods of
30 years after the FMPs have been updated (one tenth of the FMPs is updated every
year). Outputs have a standardized structure according to the ministry’s request.
Predictions results are produced for NUTS I and NUTS III levels and are structured
by age classes, forest type (coniferous and broadleaf) and by rotation and regenera-
tion period. The evolution of stands is presented by 17 age classes (class 1: ages
from 1 to 10, class 17: ages from 171 to 180) and forest area (ha), growing stock
(m?) and total harvested volume (m?) are possible outputs.

9.4 Discussion and Conclusions

Timber Harvest Predictions are official predictions which use forest data at national
level. These predictions use only FMP data and reflect some disadvantages that
derive from the nature of the FMPs. FMPs are prepared according to their main
purpose which is forest management support and provision of guidelines to the for-
est owner. FMPs mainly include information about forest management and a
description of the stands. Moreover, FMPs do not cover all forests in the Czech
Republic: according to the second NFI 10% of forests are not covered. Another
limiting fact is that some forest owners do not provide FMP data to the central data-
base resulting in information gaps. Further, this prediction method is only possible
for stands of a certain age and rotation period. Finally, some FMPs that describe
selection forests or forests in National parks, do not use age as a descriptive variable
which leaves these forests out of the prediction.

The accuracy of the FMP data and the uncertainty involved in THP predictions is
not known. FMPs do not provide direct information about harvest and increment.
The volume of harvest for national statistics is obtained by the Czech statistical
office by sampling forest owner questionnaires. Increment is determined by the
growth tables using summary FMP data. Differences in total and mean growing
stock estimates depending on the FMP or NFI data source produce completely dif-
ferent starting points for predictions and therefore also different predictions.

For future predictions it will be very useful to replace FMP data with NFI data.
The NFI provides reliable data with known accuracy, and its data structure is suit-
able for use with prediction tools. Also, fundamental variables such as harvest and
increment can be calculated using inventory data. Moreover, the use of inventory
data from a continuous inventory (to be implemented in 2016) will enable develop-
ment of forest growth models. Once the growth models are developed, the next step
will be to develop an appropriate national simulation tool that can use NFI data.
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Chapter 10
Denmark

Vivian Kvist Johannsen, Thomas Nord-Larsen, Torben Riis-Nielsen,
Lars Graudal, and Erik Schou

10.1 Introduction

The Danish land area is 43,098 km? and consists of the Jutland peninsula and more
than 400 islands of varying sizes. The country is mostly flat with low elevations.
The climate is temperate maritime with cool summers and mild winters. During the
latest ice age (Weichsel), which ended 11-12,000 years ago, the Scandinavian ice
shield covered the islands and part of Jutland, resulting in generally sandy soils on
the peri-glacial, alluvial plains in western Jutland, and more clay rich moraine soils
in the rest of Denmark. Today, forest land covers 615,000 ha or 14.3% of the total
land area (Nord-Larsen et al. 2014). Coniferous forest is found in all parts of the
country, but is most common on the sandy soils in the western parts, while decidu-
ous trees are mainly found on less sandy soils in eastern Denmark. Coniferous for-
ests cover 39% of the forest area, while deciduous forests cover 41%. Mixed forests
cover 11%, Christmas tree plantations cover 5%, and the remainder is temporarily
un-stocked and auxiliary areas (Nord-Larsen et al. 2014). According to national for-
est inventory (NFI) data, the annual Danish forest harvest is 3.3 million m? per year,
with total removals, including dead trees and lost volume, of 4.6 million m® year
(Nord-Larsen et al. 2014).

The forest area is owned mainly by private persons (60%), private companies
(10%) and state forests (18%). The remaining parts of the forest area are owned by
other public bodies or foundations. In total, there are 28,000 individual owners, of
which approximately 600 own more than 100 ha, indicating a much skewed distri-
bution of forest ownership. Less than half the area is covered by updated forest
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maps and management plans, with a clear tendency for the larger forest owners to
have more information and management plans (Nord-Larsen et al. 2014).

Increasing focus on biomass for bioenergy and maintenance of forest carbon
pools has created a need to know more about potential instruments and incentives
that may be applied in forest policies and forest management. In response, a number
of studies were performed in 2000-2013 to assess future development of Danish
forests and their wood production (Nord-Larsen and Heding 2002; Johannsen et al.
2010; Nord-Larsen and Suadicani 2010; Johannsen et al. 2011; Graudal et al. 2013).
The most recent analyses were aimed at assessing the possibilities for increasing
production and optimizing the use of Danish forest wood resources over the next
100-500 years on a sustainable basis, with due consideration to other forest func-
tions. The initiative for the analyses came from both private forest owners and the
National Nature Agency which has responsibility for developing forest policies.

Most previous studies of the effects of forest management on wood production
have been limited to the analysis of one or a few forest management interventions,
while the effects of a larger number of interventions that can be combined in differ-
ent ways have received less attention. In the present study we aimed to study the
effect of multiple silvicultural measures and how they both individually and col-
lectively influence both potential harvest and resources in the forest in terms of liv-
ing biomass and carbon pools.

10.2 Data

Assessment of forest biomass production potentials started with the current forest
area and its aggregated distribution to species, age-class, regions and soil types
provided by the Danish NFI. The Danish NFI was initiated in 2002 and is a continu-
ous, sample-based inventory with partial replacement of sample plots based on a 2
x 2 km grid covering the Danish land surface (Johannsen et al. 2013a). The sample
of permanent and temporary field plots has been systematically divided into five
non-overlapping, interpenetrating panels; each of which is measured in a single year
and constitutes a systematic sample of the entire country. Hence all the plots are
measured in a 5-year cycle. Approximately one-third of the plots are permanent and
are re-measured in every 5-year cycle, whereas two-thirds are temporary and are
moved randomly within the particular 2 x 2 km grid cells in subsequent cycles of
measurements.

In each square 2 x 2 km grid cell, a cluster of four circular plots (Primary
Sampling Unit, PSU) is placed at the corners of a square with 200 m side length.
Each circular plot (Secondary Sampling Unit, SSU) has a radius of 15 m. When
plots include different land-use classes or different forest stands, the individual plot
is divided into Tertiary Sampling Units (TSU).

Based on an analysis of aerial photos, each sample plot (SSU) is assigned one of
three categories reflecting the likelihood of plot-level forest or Other Wooded Land
(OWL) cover: (0) unlikely to contain forest or other wooded land cover, (1) likely
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to contain forest, and (2) likely to contain other wooded land. All plots in the last
two categories are inventoried in the field. In the 2008-2012 NFI-cycle, 9425 plots
covering 4138 clusters were classified as forest or OWL based on aerial photos and
were thus selected for field inventory; only three plots were not inventoried in the
field.

Each plot is composed of three concentric circles with radius of 3.5, 10 and 15 m.
In the 3.5-m circle, a single caliper measurement of diameter is made at breast
height (1.3 m from ground, dbh) for all trees taller than 1.3 m. Trees with diameters
larger than 10 cm are measured in the 10 m circle, and only trees with diameters
larger than 40 cm are measured in the 15 m circle. Measurements of total height are
obtained for a random sample of 26 trees. Further on this subsample, crown height,
age, and diameter at stump height are measured, and the presence of defoliation,
discoloration, mast, mosses, and lichens are recorded. The presence of regeneration
on the plots is registered as well as the species, age and height of the young trees.

Species are grouped into 13 main species groups based on similarity in growth
and silvicultural practices such as thinning practices and rotation length. For each
group, the area and the average carbon pools are estimated based on the NFI sample
plots for one full cycle of measurements which, for the scenario modelling, was
taken to be the period 2008-2012. Johannsen et al. (2013a) provide a full descrip-
tion of procedures for estimation of biomass and carbon pools.

For economic analyses, the current average prices of main assortments were col-
lected based on private and public accounts, as well as their estimates of costs of reg
eneration/afforestation (Schou and Thorsen 2013). Interest rates of 1.5% were based
on the general recommendation from the National Bank of Denmark for long-term
investments.

10.3 Methods

The scenario modelling and prognosis tool was applied to the entire Danish forest
area based on the NFI input data, and was programmed to run in the Statistical
Analysis System (SAS) environment. The models are deterministic and are based
on stand level growth models for thinning harvests estimates and on regional model-
ling of regeneration probability. For geographical regions a simplification was
applied, and only two regions were considered. The methods have been developed
and used over a period of more than 10 years, and have been implemented in a num-
ber of publications, but do not have a specific name (Larsen and Johannsen 2002;
Nord-Larsen and Heding 2002; Nord-Larsen and Suadicani 2010; Johannsen et al.
2011; Graudal et al. 2013).
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10.3.1 Area Composition

Using the current distribution of forest area by species, age-classes, and geographi-
cal regions, the forest area is projected for one period (1-year time-step) using the
probabilities of regeneration and annual afforestation given by the scenario.
Regenerated areas are assumed to be established with the same species that previ-
ously occupied the area, unless otherwise stated in the silvicultural measures applied
(see later paragraph on this issue).

Rotation age depends largely on the tree species and growing conditions. For
spruce on fertile, clay soils in the eastern part of the country, the desired rotation age
is 40-50 years. On gravelly soils in eastern Jutland and northern Zealand, the desired
rotation age is 60—70 years, and on sandy soils in western and northern Jutland, rota-
tion age may be 80-90 years. However, frequent wind throws, attacks by bark bee-
tles, and debilitation by root rot often significantly shorten the actual rotation age.

The age-class distribution by species is projected assuming that the forest area in
each age-class that has not been harvested progresses into the subsequent age-class
after each year. The area harvested each year is re-assigned to the first age-class of
the same species or another species in cases where species-change policies are mod-
elled. The probability that the forest area is transferred to the subsequent age-class
after a year is termed the transition probability whereas the net flow to or from the
species classes is termed the conversion probability.

Transition probabilities are derived from an analysis of the two successive forest
censuses in 1990 and 2000 (Nord-Larsen and Heding 2002). For each species class,
the aggregated transition probability at any given point in time was modelled from
the observed transition possibilities, and the area weighted production class in each
county, using a logistic model of the form:

1
1+[ﬁ0 +B '(I/PK):I.e’ﬂz'T +&,

p (regeneration) = (10.1)

where PK is production class expressed as total volume production per hectare for
a full rotation, 7 is age and S, to f3, are species-specific parameters. Accumulated
transition probabilities are illustrated in Fig. 10.1. By basing the estimation of the
transition probability models on two successive forest inventories, the effects of
windthrow (especially occurring in conifers such as Norway spruce) are included
directly in the model which results in short rotation ages for most conifers (see
lower graphs in Fig. 10.1). For further details on the estimation procedure see Nord-
Larsen and Heding (2002).

10.3.2 Harvest from Thinning and Clear-Cut Volumes

Historically, Danish forest wood production has been mainly from homogeneous,
even-aged forest stands. Regeneration of forest stands is done by clear felling and
subsequent replanting. Between planting and clear felling, the stand is usually
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thinned. As a rule of thumb, thinnings are carried out with a frequency correspond-
ing to about a tenth of stand age. In coniferous species, the market for wood chips
and the risk of windthrow have created a silvicultural practice of frequent, heavy
thinnings in stands less than 14—15 m tall and subsequently management without
thinnings until clear-felling.

Using the current distribution of forest area by species, age-classes and the
species-specific, regional average production class, volume growth is estimated
using mathematical formulations of species-specific yield tables (Mgller 1933;
Mgller and Nielsen 1959; Kjglby 1958; West-Nielsen 1950; Magnussen 1983;
Henriksen 1957, 1958, Elingard-Larsen and Jensen 1985; Morville 1948). The
species-specific, regional average production class is a measure of site quality cor-
responding to the potential average volume production, expressed in cubic meters,
at the rotation age optimizing volume growth. Newer models have been developed
for general growth simulations, but because these models require the definition of
specific thinning regimes, the older, well-known models were applied. Thinning
volume outside bark is estimated as the difference between estimated volume per
hectare at the beginning and at the end of the projection period and an estimate of
total production during the period. The estimates are calculated as averages over 10
years. These models are only used to estimate harvested volume from intermediate
thinnings.

Final harvest volume is estimated from the predicted area of regeneration and NFI
estimated volume per hectare for each combination of species, age-class and geo-
graphical region. This provides estimats of the harvested volume from final fellings.

10.3.3 Scenarios — Silvicultural Measures

Specific silvicultural measures can be analyzed either one at a time or in combina-
tion. Each measure causes the prognosis to be adjusted according to the expected
impacts on the species and age-class distribution, standing volume and resulting
products in different geographical regions.

The silvicultural measures included the following:

* Afforestation, establishment of new forest: How much forest is planted on for-
mer agricultural land per year in hectares?

* Species choice in afforestation: Which tree species are used for these new
forests?

* Rotation age: What is the expected rotation age of the forests?

* Species choice in regeneration: Which species are used for regeneration of existing
forests?

* Intensity of regeneration: How is forest regenerated? More intensive regenera-
tion: higher planting density, use of fast growing cover crops, providing early
and higher biomass production

* Level of forest set-a-side: How large areas are not available for forest production
to serve purposes such as biodiversity



10 Denmark 135

» Utilization degree: How great is the utilization rate of the harvest?

* Assortment choice: What is the wood used for purposes such as firewood or
timber?

* Breeding: How good is the planting material in planted forest in terms of breed-
ing intensity (Hansen et al. 2013)

For each of the silvicultural measures, adjustments to the prognosis models were
implemented so that the treatment change due to the measure had a direct effect on
each step of the estimation process. This allowed detailed responses to have effects
in the simulations. The calculations related to different scenarios are described in
Graudal et al. (2013) and in several background reports (Hansen et al. 2013;
Johannsen et al. 2013b; Schou and Jellesmark 2013).

Other silvicultural measures such as the use of fertilizer and pesticides could
have been considered. However, because they are not commonly used in the
Denmark and because the energy requirements for producing fertilizers and pesti-
cides and their environmental impacts would complicate the overall assessment,
they have been left out of the analysis.

10.3.4 Output for Further Analysis

Summary data for each year in the prognosis are collected and stored in datasets for
further analysis and dissemination to private and public stakeholders and
publications.

For each year, summary data for area, species and age-class distributions are
provided, as well as summary data for biomass (in volume, dry matter and carbon
equivalents) for the entire country. The biomass estimates are directly based on the
NFI estimates and the methods applied therein.

Economic data were applied to the results to facilitate estimation of the direct
economic effects of the simulations, without making the economic factors a part of
the simulations directly.

10.3.5 Scenario Modelling

The overall effects on development of the forest resources were analyzed individu-
ally for each of the nine silvicultural measures, including all the different levels they
could be assigned (Table 10.1). Furthermore, four different combinations (scenar-
ios) of the silvicultural measures were modelled and the results analyzed. Other
scenarios, consisting of combinations of levels for the different silvicultural mea-
sures, could have been analyzed as well.

The four scenarios are shown in Table 10.2 and are as follows: (1) a scenario
reflecting current forest management (business-as-usual, BAU), (2) a scenario
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Table 10.1 Silvicultural measures and different levels used in the analyses

Silvicultural
measures Level 0 Level 1 Level 2 Level 3
Afforestation | 1900 2280 4560 0
Species As current Only conifers Only
choice, broadleaved
afforestation
Rotation age As current Lower rotation Higher rotation
age age
Species choice | As current Transition Transition
in towards conifers | towards
regeneration broadleaved
Intensity of As current Higher stem Higher stem
regeneration number and number, nurse
nurse trees trees and
breeding
Level of forest |0 20% of 50% of 100% of
set-a-side broadleaved, broadleaved, broadleaved,
approx. 10% of approx. 25% of approx. 50% of
forest area forest area forest area
Utilisation As current — 80% | Higher — 100% Lower — 70%
degree
Assortment As current High Only high energy
choice firewood/energy | wood proportion
wood proportion | in conifers
Breeding As current (low High High speed
(Hansen et al. | improvement) improvement improvement

2013)

Table 10.2 Levels of the silvicultural measures listed in Table 10.1 for the four scenarios BAU,
BIO, ECO, and KOMBI

Silvicultural measure Silvicultural measure Scenario

number description BAU BIO ECO KOMBI

SK1 Afforestation 0 0 2 2

SK2 Species choice, 0 1 2 0
afforestation

SK3 Rotation age 0 1 2 0

SK4 Species choice in 0 1 2 0
regeneration

SK5 Intensity of regeneration 0 1 0 1

SK6 Level of forest set-a-side | 0 0 1 1

SK7 Utilisation degree 0 1 2 0

SK8 Assortment choice 0 1 2 1

SK9 Breeding 0 1 1 2
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where focus is on increasing the production of biomass for bioenergy (BIO), (3) a
scenario where focus is on the production of biomass through afforestation, but with
emphasis on domestic (broadleaved) species in the regeneration and in the affores-
tation (ECO), and (4) a scenario that aims to optimize biomass production, while
also considering a more broad concern for protection and domestic species
(KOMBI).

The summary data were analyzed in terms of multiple factors including: expected
volume in harvest, amount of biomass for energy and industry, as well as increment
and carbon pool in standing living volume.

10.4 Results

Because the primary purpose of these analyses was to assess the likely effects of
multiple silvicultural measures, they are all assessed in relation to the current prac-
tice, i.e., business as usual. Therefore, the summary output tables were presented
as relative values for a number of summary data for the analyzed area (Tables 10.3
and 10.4).

The effects of different silvicultural practices influenced potential biomass har-
vest both in the short and long-term. In the short term, the level of set aside land
(SK6) and the assortment distribution had the most pronounced effects on biomass
for energy. In the long-term, also the level of afforestation and intensive regenera-
tion had a substantial effect on biomass production. The effect of different silvicul-
tural measures also had to pronounced effects on the overall biomass production in
the four scenarios (Fig. 10.2). Projections showed that in 2050, the BIO and KOMBI
scenarios led to a 50% increase in the production of biomass for energy.

10.5 Discussion and Conclusions

The methods described for the prognosis tools for the Danish forest area and
resources related to it have been developed over time and have been adjusted for
different purposes. However, the current tools are flexible and the results are con-
sistent with findings from long-term (50—150 years) experimental forest trials on
growth and other data sources on the development of the forest area. The tools
have already gained more use for derived analyses, and further developments are
expected.
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Table 10.3 Results of simulations with focus on harvest

All in%. of
BAU Overall harvest Biomass for energy Wood for industry
Parameter/year | 2020 | 2050 |2100 |2020 |2050 2100 |2020 2050 | 2100
BAU 100 100 | 100 | 100 100|100 | 100 | 100 100
SK1 | Afforestation | 100 101 104 | 100 102 | 104 100 101 104
2280 ha/year
Afforestation | 100 108 | 127 | 100 113 131 100 | 105 125
4560 ha/year
Afforestation 0 | 100 94 80 100 91 78 100 96 82
ha/year
SK2 | Afforestation | 100 100 98 100 102|102 | 100 98 96
decidous
Afforestation | 100 101 104 | 100 98 99 100 | 104 108
coniferous
SK3 | Rotation 103 98 100 | 103 100 | 101 103 97 99
shorter

Rotation longer | 97 98 98 98 98 100 96 98 96

SK4 | Regeneration | 100 101 103 | 100 99 101 100 | 102 105
more conifers
Regeneration | 100 101 100 | 100 108 | 107 | 100 95 96
more
broadleaved
SKS5 | Intensive 100 115|113 | 100 135 | 132|100 | 100 100
regeneration/
nurse trees
SK6 | Forest 82 91 93 84 88 93 80 93 94
set-a-side
Level 1
Forest 67 75 82 72 75 80 65 75 84
set-a-side
Level 2
Forest 49 51 57 43 50 57 52 51 58
set-a-side
Level 3
SK7 | Utilisation 111 112|112 |112 112 112|111 111 111
degree Higher
Utilisation 89 88 88 88 88 88 89 89 89
degree Lower
SK8 | Assortment 115 118 117 183 188 185 67 66 67
bioenergy
Assortment 112 114|113 | 157 162 | 159 79 79 80
bioenergy/
minor
Assortment 103 106 104 |121 133|128 89 86 87

optimised
SK9 | Breeding 100 101 113|100 102|115 100 101 112
Breeding 100 103|119 | 100 104|121 100 | 102 118

intensive
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Table 10.4 Results of simulations with focus on increment, utilization degree and carbon

All in pct. of Carbon in living
BAU Increment Utilisation degree biomass
Silvicultural
measure/year 2020 2050 |2100 2020 2050 |[2100 |2020 |2050 |2100
BAU 100 100 100 |83 76 79 100 100 | 100

SK1 | Afforestation 100 102 105 |82 75 78 100 101 104
2280 ha/year
Afforestation 102 117 134 81 70 75 101 109 129
4560 ha/year
Afforestation 99 88 76 83 82 84 100 94 79
0 ha/year

SK2 | Afforestation 100 98 96 83 77 78 100 100 | 102
decidous
Afforestation 101 106 112 82 74 77 100 100 |94
coniferous

SK3 | Rotation shorter |97 100 99 87 74 79 97 96 97
Rotation longer | 99 100 100 |82 75 77 100 103 | 100

SK4 | Regeneration 100 103 107 |82 75 79 100 100 | 94
more conifers
Regeneration 99 98 97 83 75 74 100 100 | 102
more
broadleaved

SK5 | Intensive 103 116 115 80 77 79 101 108 | 107
regeneration/
nurse trees

SK6 | Forest set-a-side | 101 97 98 74 76 79 105 111 106
Level 1
Forest set-a-side | 101 96 95 60 63 71 106 119 115
Level 2
Forest set-a-side | 101 96 92 48 47 56 106 123 132
Level 3

SK7 | Utilisation 100 100 100 |92 85 88 96 90 90
degree Higher
Utilisation 100 100 100 |73 67 69 105 110 110
degree Lower

SK8 | Assortment 100 100 100 |95 90 92 100 100 | 100
bioenergy
Assortment 100 100 100 |93 88 89 100 100 | 100
bioenergy/minor
Assortment 100 100 100 |84 80 82 100 100 | 100
optimised

SK9 | Breeding 100 105 120 |83 74 75 100 101 110
Breeding 100 108 129 |83 73 74 100 102 | 114
intensive
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Fig. 10.2 Visualization of total harvest (million tons dry matter per year) for the four scenarios

10.5.1 Uncertainties

Technically the program and tools can handle a more refined geographical resolution,
but then with a greater uncertainty because the NFI sample size for each species and
age-class becomes smaller. On the other hand, because the tools have primarily been
developed to assess the likely effects of silvicultural measures, the simplification in
two regions can be justified.

The actual effects of the silvicultural measures at a national scale will, if implemented
in operational forest policy, depend on the degree to which they are implemented on
the entire forest area by all forest owners.

Changes in growing conditions or risk of forest damage caused by climate
change have not been included in the models, and this uncertainty is not addressed
in the models and the scenarios. Likely effects include increased growth due to
higher temperatures and increased rainfall, but changes in seasonal patterns of pre-
cipitation and increased risk of windthrow may have the opposite effect.

10.5.2 Further Developments

The tools developed have not been fully analyzed with respect to their sensitivity
towards changed preconditions or random variation in the individual factors or
model parameter estimates. Such analyses could be considered in the further
developments.
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Use of the tools for prognoses of more than 500 years indicated steady states,
which were consistent with results obtained from long-term field experiments.
Additional such analyses will be pursued further at a later date.
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Chapter 11
Estonia

Allan Sims

11.1 Introduction

11.1.1 Descriptive Statistics

The Republic of Estonia is located in northern Europe on the eastern coast of the
Baltic Sea. The total area of Estonia is 45,339 km?, with a north-south distance of
240 km and an east-west distance of 360 km. According to the National Forest
Inventory (NFI) of 2012, Estonia has 2,2 million ha of forest land which represents
approximately half of the country’s area (Raudsaar et al. 2014). According to the
Forest Act, the definition of forest includes all forest land listed in the land register
and any land of at least 0.1 ha with woody plants with a height of at least 1.3 m and
a crown cover of at least 30% grow (RT I 2006).

Based on the geographical division of plants, Estonia primarily belongs to the
northern area of the nemoral-coniferous or mixed forest belt of the temperate zone
of the northern hemisphere. The main tree species is Scots pine which represents
34% of the forest area and 30% of growing stock with a mean volume per ha of
229 m?. The second most important tree species is birch (Silver and Downy) which
covers 31% of the forest area and represents 23% of the growing stock. The third
most important species is Norway spruce, having a share of 16% of the forest area
and 23% of the growing stock. Other species are aspen and alder (Grey and Black)
(Raudsaar et al. 2014). Most Estonian forests are mixed forests, only 16% of stands
are pure and even-aged (Adermann 2012).

In 1958, the total forest area in Estonia was 1.42 million ha, the total growing
stock was 131.18 million m* and the average growing stock was 103 m? per ha.
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From 1958 until 2010, the total forest area increased by 55% to 2.2 million ha, the
total growing stock increased by 249% to 458.49 million m?, and the average grow-
ing stock increased by 113% to 219 m? per ha (Raudsaar et al. 2014).

11.1.2 Forest Inventory History

In Estonia, two types of national forest inventories are conducted: (1) Standwise
Forest Inventory (SFI), and (2) sample plot-based National Forest Inventory (NFI).
The NFI started in 1999, whereas the SFI is almost 100 years old. The SFI is carried
out by licensed forest inventory companies, whereas the NFI is carried out by the
Estonian Environment Agency, which is a state agency administered by the Ministry
of the Environment.

In Estonia, forest management requires forest inventory data for every stand, and
the data must have been gathered within the last 10 years. Forest inventory is a
licensed job in Estonia; thus, only companies that have a forest inventory license
can undertake it. At the moment, 14 organizations are licensed, including the
Estonian University of Life Sciences and the State Forest Management Centre. The
SFI is carried out according to the Forest Inventory Instruction (FII) (RTL 2009),
which was enacted on the basis of the Forest Act (RT I 2006). The instructions
include definitions, methods and mathematical models to assess stand
characteristics.

SFI data must be entered into the Forest Register (FR) database which is man-
aged by the Estonian Environment Agency. The data in the FR are partially available
for public use in a web-based information system (http://register.metsad.ee/avalik/).
About 80% of Estonian forests are inventoried by SFI and are represented with data
in the FR.

Criteria and instructions for management planning are fixed by law and described
in the Instruction for Forest Management (IFM) (RTL 2006). This document defines
the minimum density before and after thinning, the minimum clear-felling age by
species, the minimum number of seedlings for planting, etc. The document was
compiled by a working group that consisted of representatives from forest inventory
companies, the Private Forest Centre, governmental organizations, and the Estonian
University of Life Sciences.

11.2 Forest Inventory Data

11.2.1 Standwise Forest Inventory

SFI data are collected for forest management and are usually re-acquired every
10 years, because forest owners cannot carry out forest management with older
data. Traditionally, forest inventories were carried out every 10 years, but nowadays
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active forest managers are more interested in updated forest inventory data; thus,
their forest inventories are conducted more frequently.

SFI data include two levels of information: stand and stand-element level data
which represents a group of trees of the same species in the same storey. At stand
level, characteristics such as site type, site index, stand area and volume increment
are collected, whereas at stand-element level, tree species are identified and mean
height, mean diameter, basal area or number of trees, growing volume, damage
characteristics at tree level and age are collected.

According to the FR, in 2013 there were 1.52 million forest stands with a total
area of 1.90 million ha and a stand average area of 1.25 ha (Raudsaar et al. 2014).

11.2.2 National Forest Inventory

The first NFI was initiated in 1999 and has been carried out in 5-year cycles
(Adermann 2012). The NFI sampling intensity is one sample plot per 1000 ha. The
NFI sample plot network includes more than 4600 permanent plots which are mea-
sured every five years with one-fifth of the plots re-measured each year. The net-
work contains two types of sample plots: (1) permanent plots measured for growing
and standing stock estimation, and (2) temporary plots monitored for regeneration
and thinning. Plots have a radius of 7 m (temporary) or 10 m (permanent).

11.3 Data and Methods for Projecting Woody Biomass

The methodology for growth projections, forest management and the models for
stand simulation are published in the law (VVM 2008) as well as several algorithms
for software development. There is no forest simulator available for public use,
although private companies have constructed their own software based on the algo-
rithms in the law.

Species-specific difference equations are used to project the growth in diameter
and height and the evolution of the number of trees (Kiviste 1997). Timber assort-
ments are calculated for all tree species based on Ozolins (2002) taper curve
models.

11.3.1 Input Data

SFI data are used for growth simulation. The stand-element level input variables are
tree species, age, mean diameter, mean height, number of trees. The IFM provides
additional information on management thresholds such as the maximum stand den-
sity, the minimum density after thinning, the felling age.
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11.3.2 Simulation Software

Stand growth is projected in 1-year time-steps using the difference equations until
stand cutting age is achieved. Projections of height, diameter and number of trees
allow other variables such as volume, basal area and stand sparsity (average dis-
tance between trees in meters) to be predicted. Stand growth is projected until stand
age equals the final felling age. For each simulation year, stand density is compared
with the maximum stand density and if the stand is denser than 95% of the maxi-
mum density, thinning is applied. Thinning intensity is based on the minimum den-
sity after thinning as specified in the forest management rules. Only intermediate
thinning is considered and is implemented by decreasing the number of trees.
Thinned volume is calculated by multiplying the volume of the average tree by the
number of trees removed. For most tools developed by the companies, when the
final felling age is reached, the stand is harvested and stops being projected. However
some companies have implemented a stand initialization module based on the previ-
ous stand characteristics.

For every thinning and final felling timber assortments are calculated. The costs
of silvicultural operations and the current year assortment prices are used to calcu-
late the net present value for each stand.

11.3.3 Outputs

The outputs vary from one tool to another because each company has its own soft-
ware, and there is no standard output.

11.4 Discussion and Conclusions

Estonia has almost 100 years of history in forest inventory and, therefore, the direc-
tive for unifying data collected by companies is well-documented. Inventory and
stand variable calculations are carried out according to the FII, and management
operations are selected if needed according to the IFM.

For long-term projections of available forest resources using the traditional man-
agement regime, a development manual is available for constructing a stand level
growth simulator based on SFI data. The advantage of using SFI data is that 80% of
Estonian forests are covered by this inventory system; however, the disadvantage is
that these data can be outdated because forest management has as long as 10 years
to re-acquire data and because data are not rapidly updated after cutting. On the
other hand, the advantage of the NFI data is that the sample plots that are measured
in the same year form a systematic sample of the entire country and, therefore, are
more reliable for country level statistics of forest resources. Nevertheless, only one



11 Estonia 147

sample plot per 1000 ha is measured which makes these data unsuitable for small,
single-owner, parcel-level simulations.

No long-term forest resources projection has been made for the whole of Estonia,
primarily because the total growing stock has increased by 249% over the last
50 years due to forest area increase and average growing volume per ha increase.
Therefore, any projections based on today’s data could give results that are in error
by more than 100%.

The simulation is used mainly for long-term cash flow prediction for private for-
est owners about their forest land. In forest science, the simulations are also used in
different analyses for selecting final felling age, using management rules, etc. The
Copernicus Project (European Space Agency) increases the opportunity to combine
remote sensing (radar and multi-spectral imagery) and NFI data for analyses of
issues such as land change and forest mosaic which will hopefully result in the
development of a new wood availability simulation tool capable of combining NFI
and remote sensing data.
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Chapter 12
Finland

Tuula Packalen, Kari T. Korhonen, and Olli Salminen

12.1 Introduction

In Finland, forests cover 22 million hectares of which more than 10% are reserved
as conservation and wilderness areas (Finnish Statistical Year Book of Forestry
2013). The volume of growing stock is more than 2300 million m?, and consists of
Scots pine (50%), Norway spruce (30%), and deciduous trees (20%), mainly birch
(Finnish Statistical Year Book of Forestry 2013). Net annual increment of growing
stock is estimated to be more than 100 million m* per year (Finnish Statistical Year
Book of Forestry 2013). In 2012, total drain was 70 million m? per year, of which
52 million m? per year were industrial roundwood removals (Finnish Statistical Year
Book of Forestry 2013). In Finland, trees sequester more CO, than is emitted from
fellings and natural mortality. The net sink in 2012 was 36 Mt CO, (Finnish
Statistical Year Book of Forestry 2013; Statistics Finland 2014). In 2012, the con-
sumption of energy in Finland was 1374 PJ of which approximately 25% was wood-
based (Finnish Statistical Year Book of Forestry 2013). Approximately half of
wood-based energy was consumed as industrial black liquor (a by-product of the
pulp manufacturing process), other waste and by-products, and the rest as solid
wood fuels in heating and power plants and fuel wood consumed by small-sized
dwellings such as private houses or farms. Specifically, almost 8 million m? of forest
chips were used in heating and power plants, and by small-sized dwellings. Wood
fuels account for approximately 80% of all renewable energy consumed. To comply
with Europe 2020 target (Europe 2020 Targets 2011), Finland has agreed to increase
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its share of renewable energy sources from 28.5% (in 2005) to 38% by the year
2020. The national objective (Finland’s National Forest Programme 2008) is that
forest chips will account for half of the expected increase by 2020 when 12—13 mil-
lion m? of forest chips will be consumed annually.

In Finland, industrial roundwood is harvested mainly using a cut-to-length sys-
tem, i.e., as saw logs and pulpwood. The potential sources of energy wood include
whole felled trees including crown, felled stems without branches or components of
trees that do not satisfy the requirements for industrial use. Felled trees may be
rejected for industrial use because of poor quality or small size of trees. Tree com-
ponents rejected for industrial use include tops of stems, living and dead branches,
foliage, off-cuts of stems, stumps and roots. Biomass harvested for energy use is
usually converted to chips in the forest, at the roadside or at the site of end-use. The
amount of residues left in the forest after cutting depends mainly on tree species,
volume, size and branchiness of felled trees, and the amount of decayed wood. In
Finland, the average recovery of residues from a logging site is 65—75% of the total
residue or approximately 20-30% of the wood harvested for industrial use.
Profitability is greatest for logging residue at sites where mature spruce-dominated
forests have undergone final fellings.

Approximately 52% of forestry land is owned by non-industrial private forest
owners (NIPF). There are 345,000 NIPF holdings, whose average size is 30 ha
(holdings less than 2 ha excluded, Finnish Statistical Yearbook of Forestry 2013).
State forests (35%) are managed by Metsihallitus, a state enterprise. Industrial pri-
vate forests (8%) consist of forest land owned by wood processing companies.
Other public forests (5%) consist of municipal, foundational, and church forests. In
Finland, forest owners make their own decisions concerning cutting and other man-
agement activities that consequently affect the supply of timber, and future forest
conditions for all citizens. Forest management decision-making for different forest
ownerships is framed by the Forest Act (1093/1996), governed by Ministry of
Agriculture and Forestry (MAF). (Finnish Statistical Yearbook of Forestry 2013).

Societal objectives for the use of forests are defined in the participatory processes
of national and regional forest programmes covering forests in all ownership cate-
gories including non-industrial private, company, state and other ownerships. The
focus of the programmes, as well as the role of the National Forest Inventory (NFI)
has changed over decades. The first Finnish forest programmes referred to as
HKLN, Teho and MERA I-III were designed after the Second World War to support
intensive work in forest management and improvement. The timescale of these pro-
grammes was several decades. Simple projections of growing stock development
under different financing programmes were calculated manually based on NFI
results. Since the 1980s, the Forest 2000 Programme and its successors such as the
National Forest Programmes (NFPs) in 1999 and 2008 (Finland’s National Forest
Programme 2008) have had wider interests in forests and forestry than solely timber
production. Parallel to forest programmes, conservation programmes and climate
strategies have been designed and their success monitored. All of them have been
supported by the MELA model calculations based on NFI sample plot and tree data
(see e.g. Auvinen et al. 2007; Karkkéinen et al. 2008; Matala et al. 2009; Nuutinen
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et al. 2009; Sievinen et al. 2014; Kallio et al. 2013). For the most recent NFP
(Finland’s National Forest Programme 2008), a partial equilibrium model, SF-GTM,
was used (Uusivuori et al. 2008) to seek market balance between industrial and
energy demand and supply of wood.

The name MELA originates from the Finnish word MEtsdL.Askelma (forestry
analysis). The MELA software is written in FORTRAN and consists of two execut-
able components, MELASIM and MELAOPT (Redsven et al. 2013). In addition to
national level analyses, MELA has been applied at regional and enterprise levels for
strategic analysis based on NFI data. For operational planning in state, company and
private (estate) forest stand data are used instead of NFI data. The most recent
advances in calculation methods include the integration of multisource NFI
(MS-NFI), administrative and land-form data sets for landscape level forest sce-
narios used in the preparation of a strategic forestry programme at the local (village)
level (Mikeli et al. 2011; Kéarkkdinen et al. 2011; Nuutinen et al. 2011; Kérkkédinen
et al. 2013).

In the following, the NFI-MELA framework for studying the simultaneous
recovery of industrial wood and energy wood from cuttings and consequent devel-
opment of growing stock during next decades is presented.

12.2 Data

The MELA input data are based on inventory sample plots from the Finnish NFI. In
Finland, the first NFI inventory was conducted by the 1920s (NFI1 1921-1924) and
since then, NFIs have been conducted regularly at 5-10 years cycles. The latest field
measurements were carried out for NFI11 (2009-2013). Based on forest sample
plots located in temporary clusters, reliable forest statistics can be estimated for the
entire country and for large areas of more than 200,000 ha such as regional Forestry
Centres (Korhonen 2016). Cluster sampling features such as the distance between
clusters, cluster shape, the number of field plots per cluster and the distance between
plots within a cluster vary by region according to the spatial variation of the forests
and the road network density (Korhonen 2016).

For each NFI sample plot, tally tree data such as tree species and diameter at
breast height are augmented using sub-model predictions to compensate for missing
MELA sample-tree variables such as height and age, and MELA sample-plot vari-
ables are calculated using the sample plot data (Fig. 12.1). For the simulation, mod-
elling units are constructed and classified into three forest management categories
based on ecological and legal (e.g. conservation areas) constraints: (1) no restric-
tions on wood production, (2) restrictions on wood production exist, but wood pro-
duction is not totally forbidden, (3) no wood production is allowed. In the first
category, all typical forest management measures such as thinning and regeneration
cuttings are allowed; in the second category, clear cuttings are forbidden; and in the
third category, all forest management measures were forbidden.
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Other data sources in the MELA analyses include spatially referenced data on
conservation areas, statistical information on harvesting for business-as-usual sce-
narios and economic information on unit prices and costs (Metinfo 2013).

12.3 Methodology

In this study the national woody biomass resource projections were carried out
using the Finnish forestry dynamics model MELA. The approach adopted in the
MELA model (Siitonen et al. 1996; Redsven et al. 2013) is based on integrated
stand-level simulation and forest area-level optimization. The stand simulator auto-
matically generates several alternative feasible management schedules for the mod-
elling units, such as forest stands or sample plots representing the stands. The stand
simulator uses non-spatial empirical sub-models for individual trees (Hynynen et al.
2002). The events in the simulation consist of natural processes such as in-growth,
growth and tree mortality and management activities defined by the built-in basic
event routines (e.g. artificial regeneration with selection of tree species, clearing of
regeneration area, soil preparation, tending of young stands, cuttings, ditching, fer-
tilisation, pruning of pine). The event parameter (see above the list of event rou-
tines) of the MELA model enables the definition of a set of optional events for each
analysis within the built-in event routines and their arguments. For example, thin-
ning events can be constrained to remove only industrial roundwood, both industrial
roundwood and energy wood or only energy wood. Final felling events can be con-
strained so that only industrial roundwood, or industrial roundwood and waste
wood, or industrial roundwood, waste wood and stumps are removed. The feasibil-
ity of management activities can be defined, for example, by management catego-
ries. In the model, a set of calibrated tree-level sub-models is used to develop the
growing stock predictions for the MELA description (sample) trees of the sample
plots in a 5-year time-step (Hynynen et al. 2002). In collaboration with the NFI and
growth and yield modellers, growth indices based on climate data and NFI growth
measurements (Henttonen 2000) are used when calibrating sub-models before run-
ning the MELA simulations. The MELA stand simulator reads in the results to cali-
brate the sub-models. Forest state variables such as volume (Laasasenaho 1982) or
dry weight (Repola 2009a, b) are estimated using specific models for different tree
components. The components available for energy wood include roundwood (also
stems not fulfilling the requirements for industrial wood because of small size or
poor quality), foliage, living and dead branches, the tops of stems as well as stumps
and roots. The tops of stems and stems not satisfying the requirements for industrial
wood are grouped together as waste wood. Minimum top diameters for pulpwood
are 6.5 cm for spruce and deciduous trees and 6.3 cm for pine and other conifers.
After the simulation, an optimization package based on linear programming,
called JLP (Lappi 1992), is used to select an optimal combination of management
schedules. The optimization task is given as an objective function and a set of
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constraints. Thousands of variables describing the forest state are available for the
definition of the optimization task.

Because the amount and type of potential cuttings for roundwood are of great
interest in the Finnish forest sector, four different cutting scenarios are typically
defined to map the production potentials. Scenarios are generated through optimiza-
tion tasks: (1) to maximize the net present value of timber production by using a 4%
interest rate with the same flow of saw logs, pulpwood and energy wood as during
the past 5 years (business-as-usual scenario), (2) to maximize the net present value
of timber production by using a 5% interest rate (Max scenario), (3—4) to maximize
the net present value of timber production by using a 4% interest rate with non-
decreasing flow of wood and net income over a 50-year period and net present value
after the 50-year period greater than or equal to the beginning (two variants of Sust
scenario, both referring to the sustainable flow of wood and income). In Finland,
there are three ways to record statistics on harvesting: (1) area estimates based on
harvesting plans submitted to forest administration (Forest Centers), (2) area esti-
mates based on the NFI, and (3) volume estimates based on wood sales data. For the
MELA business-as-usual (BAU) scenario, the sales volume estimates from statistics
are used. Therefore, we call the BAU scenario demand-based, i.e., the scenario is
driven by harvesting of wood as recorded by timber assortment for the past few
years. In the traditional maximum sustainable (Sust) scenario, the flow of wood
includes sawlogs and pulpwood (Sust industrial roundwood) and the modern maxi-
mum sustainable scenario also includes energy wood (Sust energy- and industrial
roundwood). Both Sust scenarios are supply-based, i.e., scenarios are driven by
harvesting potential determined based on NFI and auxiliary land-use data to map
forests and wood available for supply.

The unit wood prices (€/m?) and costs (€/ha) of felling, silvicultural and forest
improvement work are based on the deflated average realised prices and costs dur-
ing the last 10-year period (Metinfo 2013). Forest management activities are simu-
lated based on the current silvicultural instructions given as event parameters. For
example, thinning rules are based on dominantheightand basal area. Correspondingly,
the rotation period is determined by the basal area weighted by breast height diam-
eter and/or stand age. The rules are defined separately for each tree species and site

type.

12.4 Results

The most recent results are available at MELA Analysis Service (http://mela2.
metla.fi/mela/tupa/tupaindex-en.htm, retrieved 7 April 2014). The web-based dis-
semination is designed for easy and fast knowledge transfer. The MELA Analysis
Service is updated regularly by Metla, based on the most recent NFI data and syn-
chronized with the publication of the NFI outputs.
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The variables cover growing stock (in 2010, 2020, 2030 and 2040) and harvest
(in the periods of 2010-2019, 2020-2029, 2030-2039) by assortments in different
strata.

During the period 2008-2012, the amount of extracted industrial roundwood was
50 million m? per year and the amount of energy wood was 12 million m* per year
(Metinfo 2013). If the fellings follow this BAU scenario, the volume of growing
stock is projected to increase from the initial 2310 million m* to 3428 million m® by
2040.

The projected industrial roundwood removal in the Max scenario during the
period 2010-2019 is 100 million m*® per year, while the projection of potential
energy wood is 27 million m? per year. During the period 2030-2039, the projected
potential recovery of industrial wood is 72 million m? per year, and energy wood is
21 million m?® per year. In the Max scenario, the volume of growing stock is pro-
jected to decrease by the end of the year 2019. After 2020, volume is projected to
begin gradually increasing.

In the traditional Sust cutting scenario (Sust industrial roundwood), the potential
recovery of industrial roundwood during the period 2010-2019 is projected to be 77
million m?® per year. During the period 2030-2039, the potential recovery of indus-
trial roundwood is projected to reach 86 million m® per year. In the modern Sust
cutting scenario (Sust energy- and industrial roundwood), the projected potential
recovery of industrial roundwood during the period 2010-2019 was 73 million m?
per year, while the amount of potential energy wood was 21 million m? per year.
During the period 2030-2039, the potential recovery of industrial roundwood was
projected to be 78 million m? per year and energy wood 22 million m? per year. In
the both Sust scenarios, the volume of growing stock is projected to increase slightly
and to be larger than in the Max scenario.

The proportion of saw logs in cuttings is projected to decrease and pulpwood to
increase, especially in the Max-cutting scenario. The proportion of different bio-
mass components is also estimated to change in the future, reflecting the decrease in
the amount of final fellings, and consequently a decrease in amount of wastewood.

12.5 Discussion

In all scenarios, due to changes in the structure of the forests during the next 50
years, the proportion of saw logs is projected to decrease and the amount of pulp-
wood from cuttings is projected to increase. In the future, the area of forest where
thinning is feasible will increase. On average, the biomass of living branches and
foliage in relation to the biomass of the stem is greater in young trees than in mature
trees. Therefore, in the future the proportion of residues will be greater relative to
that of harvestable stems for industrial use. During the next decades, the amount of
spruce-dominated mature forest will decrease; consequently, the total amount of
residues from the final cuttings of spruce-dominated forests will decrease. The
actual harvest of industrial wood and raw material for energy wood will depend, on
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the one hand, on the capability of industry to pay for wood for different end-use
purposes and, on the other hand, on the interests of forest owners. Satisfaction of the
national wood energy target will create new challenges to develop cost-efficient
harvesting systems for collecting forest chips from other types of cutting as well.
Because the volume of growing stock is increasing in all scenarios, carbon pools in
standing trees are increasing in spite of cuttings. Clearly, the mitigation potential of
trees is considerable; especially when the carbon in removed trees is sequestered in
wood-based products and the role of wood energy as substitute for carbon-based
energy is considered.

The MELA scenarios outline the production potential of the Finnish forestry in
terms of industry and energy wood, and remaining carbon in growing stock. The
MELA approach makes it possible to track any wood, biomass (energy) or carbon
component of a tree, either a standing tree or a cut tree, up to the stand or regional
level. In addition, we can model the development conditional on different types of
management and cutting operations. When using NFI sample plot and tree data, we
can accommodate the variety of different types of stands, their geographic and site
conditions as well as their current growing stock in initial state. Tree-level growth
models accommodate competitive interactions within a stand. Therefore, the effects
of stand density, species mixture, various size classes and age can be accommo-
dated. The effects of forest management on the growth of trees and on the amount
of different timber assortments and biomass components can be estimated quite
accurately with tree-level models as shown by sub-model validations (e.g. Matala
et al. 2003). However, the basic models as such are not applicable for Continuous
Cover Forestry (CCF). In addition, the detailed descriptions of forest conditions
makes it possible to address profitability of operations for each site depending on
technology available.

When comparing the national supply analysis with the European Forest Sector
Outlook Studies (EFSOS) (UN-ECE and FAO 2011), the European study seems to
predict the development of growing stock in Finland in right magnitude according
to specified fellings. However, in Finland the cutting potential is considerably
greater than sustainable removal due to the age structure of the forest. Therefore, the
specified wood demand (“real supply”) can be harvested in many ways, each of
them resulting in different development of forest resources. This applies specifically
for BAU which for decades has been much less than harvesting potential. Obviously,
wood sales and consequent harvesting reflect market demand for different timber
assortments. According to the EFSOS results, the EFISCEN model favors final fell-
ings to thinnings. In national scenarios, thinnings are more common than final fell-
ings in future decades. Concerning wood demand, EFSOS forecasts an increase in
the Finnish production in sawn wood, newsprint as well as printing and writing
papers, and consequently also in wood demand. Because Finland is a large exporter
and the role of the Finnish producers is based on the global market, the future mag-
nitude of production is subject to uncertainty. In addition, the role of imported wood
may increase due to differences in profitability among countries and, therefore,
affect the domestic harvest. Therefore, use of a partial equilibrium model such as
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SF-GTM (Kallio et al. 2013) is necessary when analyzing the balance between
wood demand and supply.

Scenarios are always conditional on underlying assumptions. As opposed to
demand-based BAU, supply-based BAU (e.g. Antén-Ferndndez and Astrup 2011)
could be used. The NFI sample plot data includes information on forest ownership
group (private, state, industrial, others). However, the data have not yet been used in
modeling the effects of forest owner interest despite the existence of national forest
owner surveys. There are also gaps of knowledge related to complex interactions
between climate change and other natural processes, including forest damage and
carbon and nutrient cycles in soils. Consequently, there are uncertainties related to
the optimal allocation of wood, with changing energy demand and the valuation of
the different wood-based and forest-based products and services. Uncertainties in
this type of modelling are related to the use of data and sub-models, the incorpora-
tion of the models into the simulator and the scenario assumptions. To date, the
main focus has been the validation of sub-models (Hynynen et al. 2002; Matala
et al. 2003). More research is needed to validate the MELA analysis and provide
uncertainty estimates.
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Chapter 13
France

Antoine Colin, Holger Wernsdorfer, Alain Thivolle-Cazat,
and Jean-Daniel Bontemps

Projections of wood resources have been needed for decades by both public authori-
ties and public and private stakeholders. Projections are requested to formulate and
assess forest policy and management strategies for the coming years to decades at
regional, national, and international scales. The French NFI provides information
for describing the forest resources and their spatio-temporal dynamics. These data
contribute to initializing two large-scale dynamic models for forest resource projec-
tion that have been developed in France and implemented since the 1980s. The
decision to use diameter-class or the age-class matrix models depends on the type
of forest to be simulated. Both approaches provide robust projections from short to
medium time scales and at spatial scales ranging from regional to national.

Recent projections carried out with these models have highlighted the potential for
French forests to remain an important carbon sink until 2030, while fellings can be
increased by two-thirds. This matrix-model approach is associated with interdisciplinary
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research programs that aim at developing environment-dependent representations of
forest dynamic processes such as growth, density-dependent mortality and forest regen-
eration, and also coupling of forest dynamics with forest sector models. Model valida-
tion is also essential, highlighting the major importance of current continuous forest
inventory, and making forest inventory data comparable over time following changes in
mensuration protocols.

13.1 Introduction

French forests are characterised by a high diversity in various aspects that must be
considered when developing models for projecting wood resources and potential wood
supply. We first provide this necessary background information and then present objec-
tives, data and projection methods, and perspectives for further model development.

13.1.1 Key Figures on Forests and Forestry in France

Forests cover 16.8 million ha of the French metropolitan territory (30.8% of the
area) and 8.2 million ha in oversea territories, mainly in French Guiana. Temperate
and Mediterranean forests of the metropolitan territory thus represent two-thirds of
the total national forested area. Intensive and systematic forest monitoring via the
National Forest Inventory (NFI) has been carried out over the metropolitan territory
since the late 1950s, enabling continuous analysis of forest features and wood
resources. NFI-like monitoring is not conducted in the French tropical forests.
French metropolitan forests have developed in a variety of climates. Oceanic and
sub-oceanic climates in western and north-central France favour the development of
sessile (Quercus petraea) and pedunculate (Quercus robur) oaks. Maritime pine
(Pinus pinaster) grows especially in the oceanic climate of the south-west. Semi-
continental climate in the north-eastern and mountainous areas (Alps, Jura,
Pyrenees, Massif Central and Vosges) are suitable for European beech (Fagus syl-
vatica), Norway spruce (Picea abies), silver fir (Abies alba), Scots pine (Pinus syl-
vestris) and European larch (Larix decidua). In the southern Mediterranean range,
evergreen oak (Quercus ilex), Aleppo (Pinus halepensis) and Corsican (Pinus nigra
ssp laricio var Corsicana) pines grow. As a consequence, French forests encompass
all but the “boreal forests” type (13 types) according to the European Forest Types
classification (EFT, Barbati et al. 2014), and rank first in Europe for the number of
forest types covered. In addition, 18 tree species are found predominant over
>200,000 ha (IFN 2010). Many other species are found in various locations, such as
pubescent oak (Quercus pubescens), chestnut (Castanea sativa), hornbeam
(Carpinus betulus), Douglas fir (Pseudotsuga menziesii), ashes (Fraxinus spp.),
aspen (Populus spp.), etc. Mixed species forests hence form one half of the national
resource, both in terms of forest area and growing stock (Morneau et al. 2008).
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Stand structure also shows great variations, including pure even-aged high forests of
broadleaved and coniferous species mainly in the northern plains and in the
Aquitaine region, uneven-aged mixed species forests in the mountainous domain,
and coppices and coppices with standards in the plains.

The heterogeneity in species and structure of French forests originates from eco-
logical factors. Coniferous species are mainly located in the mountainous domain,
broadleaved species are found in the plains, and Mediterranean species are located in
southern France. It also results from historical socio-economic factors. In the plains,
forests are dominated by broadleaved species, with sessile and pedunculate oak spe-
cies ranking first for the growing stock (566 million m? representing 23% of the total
national growing stock, IFN 2010). These species have been favoured since medieval
and even Roman times, because of their ability to re-sprout from stumps after cut-
ting. In the eighteenth and nineteenth century oak coppices with standards stands
were managed to produce roundwood and fuelwood for domestic and industrial pur-
poses. Later, following the introduction of coal and the need to produce timber, many
of these forest types were either naturally or actively progressively converted into
high forests, with high forests on stumps as a first structural step (IGN 2013).

Conifer plantations were promoted in the nineteenth century to drain the wet-
lands of Gascogne and Sologne and to protect fragile soils for purposes such as
preventing erosion in the Alpine range or fixing dunes on the coast range. The
National Forest Fund (Fonds Forestier National: FFN) policy framework was
launched in 1947. It contributed to the development of a new conifer forest resource
over marginal agricultural lands, and was instrumental in securing the wood supply
for the country’s industries (Gadant 1987). The FFN is estimated to have contrib-
uted 75% of the increase in coniferous forest plantation area, i.e. 1.5 million ha of
new forests with Norway spruce (Picea abies), Douglas fir (Pseudotsuga menzie-
sii), pines (Pinus sylvestris, Pinus nigra) and European larch (Larix decidua) as the
main afforestation species (Pardé 1966; Dodane 2012).

The area of forests available for wood supply is 15.7 million ha in 2013, of which
11.8 million ha (74.8%) are private forests, 1.4 million ha (9%) are state-owned for-
ests and 2.5 million ha (16.2%) are other public forests including forests owned by
territorial communities and public authorities (IGN 2014a). Over the past decades,
the decline of agricultural activity in low productive areas has led to further natural
afforestation by pioneer species which may, however, neither correspond to demand
on the wood market nor be situated in easily harvestable locations (IGN 2012). As a
result of both afforestation and natural colonization, the French Forest area has more
than doubled since 1788 (Brénac 1984). This reflects the typical pattern of ‘forest
transition’ (Mather 1992) that has been experienced by most developed European
countries following the industrial revolution and urbanization processes.

Concern for nature and biodiversity conservation has produced legal constraints
(e.g. Natura 2000 network) that partially exclude some French forest areas from
traditional forest management and harvest schemes. The impact on wood supply
can be locally significant. In the Vosges Mountains and on the Lorraine plateau, 4%
of the total forest area is not available for wood supply, and 8% of the forests avail-
able for wood supply are subject to management for species conservation (Colin



162 A. Colin et al.

and Lambert 2012; Thivolle-Cazat et al. 2012). Physical constraints also signifi-
cantly hamper forest management in France, and cause a decrease in the profitabil-
ity of harvest operations. One-third of the forest area available for wood supply is
estimated to be very difficult to access, and 1 million ha of the forested area has a
forwarding distance greater than 1 km, mainly in south-eastern France (IFN 2010).

Total annual fellings amount to 64 million m? of total aboveground volume over
bark (IFN 201 1c). Industrial roundwood removals (sawlogs, pulpwood, etc.) repre-
sent about 36 million m?® over bark per year (Agreste 2011) and fuelwood about 20
million m? over bark per year (FAO 2011), while the remaining part corresponds to
harvest residues. Total removals have increased slowly over the last 20 years and
result from both an increase of removals from coniferous stands afforested between
1950 and 1980 (FFN) and a regular decrease in hardwood removals. Forest chip
removals for energy have increased rapidly in recent years; the removed volumes
have doubled every year since 2006, and reached 1.8 million m* in 2013 (round
wood equivalent).

For several decades, French forests have experienced an increasing gap between
total drain and increment. Hence, growing stock, assessed as bole volume up to a
top-end diameter of 7 cm, has increased by about 25 million m?® per year over a
26-year period. This increase represents an additional 650 million m?* (IFN 2011b)
for a total of 2.52 billion m?. There is no sign of a future shift in this structural trend.
Recent and severe damages caused by storms Lothar and Martin in 1999 (140 mil-
lion m?® of damage, Doll 2000 and IFN 2003) and Klaus in 2009 (43 million m? of
damage, IFN 2009) represent anecdotal drains compared to the trend in growing
stock on a national scale. The current expansion of the French forest area will fur-
ther contribute to an increase in the growing stock in future decades. Thus, the
French forest is far from a stationary state of development.

13.1.2 Motives and Objectives for Projection

The needs for projections on forest resources arise from two categories of
stakeholders:

e Public authorities, at both national and regional levels, require projections to
formulate and assess public policies, for strategic guidance and planning of the
industrial roundwood and fuelwood sectors, and to report the contribution of
forests to carbon sequestration as required by international policy processes on
Green House Gases (GHG) emissions reduction.

* Public or private stakeholders of the forest-wood sector, including the French
Forest Service (Office National des Foréts, ONF) that manages the public forests,
saw and veneer-mills, pulp and paper, panel and fuelwood companies, and profes-
sional organisations (e.g. associations of wood producers and processers, inter-
branch organisations) require estimates for the wood availability and quality of a
given species in a given area to formulate or support their economic strategies.
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Inventory, assessment, analysis and projection of the forest resource, including
wood volume, biomass or carbon, form the missions of the French NFI which is
carried out by the French National Institute for Geographic and Forest Information
(Institut national de I’information géographique et forestiere: IGN). The French
NFI consists of a repeated and spatially-systematic inventory of metropolitan for-
ests with the objective of providing statistics at the regional and national levels
(Vidal et al. 2005). It is thus well-suited for contributing to decision making and
policy formulation at these scales. By contrast, it is not suitable for supporting forest
management at a local scale.

Ilustrations of recent wood resource projection studies based on NFI data
follow:

e 2009, national level: potential wood availability for industrial and energy uses
(study funded by the national renewable energy agency and the ministry of agri-
culture, Colin et al. 2009; Ginisty et al. 2011);

e 2010, intra-regional level: impact of the 2009 storm on the wood resource of the
Landes de Gascogne maritime pine forest (study funded by the ministry of agri-
culture, Colin et al. 2010).

* 2012, regional level: potential wood availability in Lorraine and Aquitaine until
2025 (studies co-funded by regional and infra-regional public bodies, as well as
professional organizations for pulp, paper and fuelwood, Colin and Lambert
2012; Thivolle-Cazat et al. 2012; Colin et al. 2012).

e 2014, national level: GHG emissions of the French forest until 2030 in the con-
text of the development of renewable energies (study funded by the ministry of
environment, Colin 2014).

13.2 Data Sources

13.2.1 NFI Data Used for Wood Resource Projections

Each year, the French NFI inventories the entire metropolitan forested area. The NFI
is carried out in public and private forests, regardless of whether they are available
for wood supply. Since 2004, the NFI design has featured a systematic sampling grid
with a 10% systematic sample of the grid measured each year. Each year sampling is
conducted in two phases. In the first phase, approximately 80,000 photo plots are
interpreted to assess land cover and land use. In the second phase, approximately
7000 temporary ground plots are established at a subsample of first phase photo plot
locations that have forest land use. All living trees on the sample plots are cored at
1.30 m height to measure radial increment over the past 5 years. Trees with diameters
less than 7.5 cm are not measured. NFI statistics are calculated using a post-stratifi-
cation process using the French forest map (IFN 2008) and aerial photo-interpretation
of land cover/land use for the 80,000 photo plots for a given year. Typically five
annual NFI samples are combined to calculate statistics for the forest resource.
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NFI data used for projections include:

» Contextual data: a biophysical classification of the forest area into “sylvo-eco-
regions” (IFN 2011a), administrative regions, forest land ownership, availability
of forests for wood supply, topographic position, elevation, physical accessibil-
ity, soil characteristics, etc.;

» Plot level data: species composition and forest structure, stand age, number of
stems, top height and site index (Seynave et al. 2005), etc.;

» Tree level data: tree species, circumference at 1.30 m height, height, wood qual-
ity classes, radial increment, bark thickness, growing stock, mortality, fellings,
etc.

13.2.2 Additional Data for Spatial Contextualization
of the Forest Resource

When projecting wood resources, the territory is usually divided into strata, often
derived from GIS information. Both the wood resource and silvicultural scenarios are
described at this level. In such studies, potential wood availability estimates and actual
fellings often show a gap, due to repeatedly acknowledged physical, socio-economic,
and environmental constraints (Puech 2009). Physical restrictions such as slope, pres-
ence of forwarding tracks and forwarding distance, prevail in mountain areas. Socio-
economic restrictions result from the private ownership structure in France with a
majority of small forest estates (Agreste 2013). Environmental restrictions arise from
conservation and protection measures (soils, freshwater springs, etc.).

The initial state of the wood resource and projection scenarios can be refined
using external GIS information to identify forest types with specific management
features. For example, maps of large private forests with forest management plans
allow identification of areas with more intensive management opportunities. Legal
restrictions for environmental protection also have an impact on harvest costs or
management regimes, and the areas where silviculture is legally not permitted (e.g.
biological reserves with strong protective rules) are sometimes excluded from wood
projections. Specific forest management practices are also implemented in areas
with harvesting limitations for fauna/flora conservation. For example in the Vosges
Mountains, silvicultural practices for the conservation of the Western Capercaillie
(Tetrao urogallus major) habitat are encouraged (MEDDE 2012).

13.2.3 Newer NFI Data to Quantify Felling Regimes

Since 2010, the French NFI has provided direct measurements of fellings based on a
partial re-inventory of temporary plots inventoried 5 years earlier. These estimates
are much more accurate than previous estimates based on consumption surveys or
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stump inventories (IFN 2003). Productivity, mortality and felling statistics are now
fully consistent with variations in the growing stock (IFN 2011c). These new data
can contribute to the calibration of silvicultural and mortality scenarios used for pro-
jections, and especially the Business-As-Usual (BAU) scenario (Colin 2014). The
silvicultural scenario derived from these measurements is relevant for BAU projec-
tions, because it takes into account implicitly all the current management and harvest
opportunities and constraints (physical, economic, environmental and social).

These new data can also contribute to virtually doubling the number of NFI
sample plots available for estimating the forest resource for a given year, because
they can be used to update the wood resource of the forest plots inventoried 5 years
ago. This practice leads to more precise NFI estimates, which finally allows more
spatially accurate NFI results or more detailed results for a given spatial domain
(Colin et al. 2012).

13.2.4 Data on Wood Assortments of Standing Trees
and Removals

The French NFI identifies three classes of roundwood quality for each standing tree,
according to potential uses such as veneer, sawn timber, pulpwood and fuelwood. In
addition, market fluctuations and changes in transformation practices lead to imple-
mentation of a complementary expert-driven approach, based on analysis of data
such as historical removals data.

Removal assortments are estimated from two surveys for which representative-
ness and statistical accuracy/bias are not assessed: (1) Since 1948, the national
annual survey on commercialized wood removals (Agreste 2011) has provided har-
vested volumes over bark by species and assortment, at administrative-department
level; and (2) the national survey on energy consumption by households (CEREN
2008) provides a raw estimate for fuelwood volume at regional level. The survey is
carried out every 5 years. Finally, estimates of historical removals can be compared
to wood availability estimates.

13.2.5 NFI Data on Extreme Climatic Disasters

The flexibility granted by the NFI design makes it possible to quickly update the state
of forest resources for purposes including estimation of the extent of damages caused
by severe windstorms such as Klaus in 2009 (IFN 2009). Every NFI plot was remea-
sured just after the storm to evaluate both volume of windthrows and remaining stand-
ing volumes. Regularly updated initial states of forest resources can hence be made
available for wood projection studies as was done in Aquitaine (Colin et al. 2012).
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13.2.6 Auxiliary Data on Technical/Economic Factors
of Production

With respect to wood availability assessment and scenario simulation, independent
economic data and specific expertise can also be used. Some examples are: harvest-
ing system costs as a function of accessibility, cut types and stand characteristics,
stumpage prices as a function of species and stand characteristics, and roadside
wood prices as a function of species and assortments.

13.3 Tools and Simulators

13.3.1 Main Purposes and Specification of Projections

Five main forest policy issues are raised at national and regional levels: (1) the
match between wood supply and demand by industries, (2) the opportunity for the
development of new energy-wood industries, (3) the trends in the national timber
sector, (4) the contribution of the French forest sector to GHG emissions reduction,
and (5) as a matter of increasing concern, the impact of climate change on future
forest patterns under different economic and climate scenarios.

Fundamental target variables for estimation include future quantity and quality
of growing stock, the availability of wood for different uses, and projections of for-
est carbon stocks and fluxes.

The typical temporal horizon for forest resource projections ranges between 10
and 30 years with a usual simulation time-step of 5 years. Three spatial scales are
typical: (1) a given tree species in a given regional domain, (2) all the broadleaved/
coniferous species in a given regional domain, and (3) a comprehensive approach
including the entire forest resource of a regional or national territory.

13.3.2 Types of Models and Their Implementation

In France, specific growth models are not available for many tree species (Pérot and
Ginisty 2004), and when these models do exist (typically stand-scale models such as
for abundant species including sessile oak, beech or maritime pine), they are usually
not appropriate for large-scale projections due to French forest diversity in forest
types and ecological conditions, and their non-stationary state. This context has fos-
tered the development of large-scale forest resource models and simulators, as well
as a specific expertise based on forest inventory data (Pignard 1993; Buongiorno
et al. 1995; Houllier 1995; Wernsdorfer et al. 2012). The description of the current
state of forest resources (area, growing stock, etc. distributed by tree species etc.)
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and estimation of model parameters associated with forest dynamic processes
(growth increment, natural mortality and recruitment) are based on NFI data.

Two types of large-scale forest dynamics models are currently used in France for
forest resource projections: an age-class based approach for forests where stand age
can be assessed, and a diameter-class approach for forests where this is not the case,
or not meaningful. Both are currently developed at IGN in close association with the
French NFI program, and both are used to address public and private needs (Sect.
13.1.2). The diameter-class approach is also associated with research programs
(Wernsdorfer et al. 2012).

Diameter and age-class models are used in projection studies depending on the
types of forests to be simulated. The age-class model applies to even-aged forests
only (e.g. mono-species conifer plantations, poplar plantation, oak or beech high
forests, managed coppices) while the diameter-class model can be used regardless
of whether the stand is even-aged or uneven-aged, pure or mixed. Both models are
implemented in specific simulation tools after being calibrated and initialised inter-
actively on data extracted from the NFI database. They are run by an expert user.

13.4 Model Description

13.4.1 Forest Stratification

Forests are usually partitioned into homogenous subsets or ‘strata’ (Wernsdorfer
et al. 2012), and projections are independently performed for each stratum.
Stratification factors usually include geographic region or a categorization of the
study area (biophysical classifications based on soil and climate such as the ‘sylvo-
eco-regions’, IFN 2011a) with a view to encompass variations in growth conditions.
Tree species composition is another mandatory stratification factor (e.g. single spe-
cies, broadleaf-dominated, conifer-dominated and broadleaf-conifer mixed stands).
Forest ownership category may be used as a stratification factor because manage-
ment practices often differ between public and private forests and potentially lead to
quite different stand characteristics for the different categories. Stand structure
(high forest, coppice forest and high-forest with coppice) can also be used as a
stratification factor when the available information is sufficiently accurate. Many
other environmental factors can also be taken into account, depending on the con-
text of the study. The number of strata is subject to statistical constraints including
a minimum number of NFI plots per stratum to ensure an acceptable sampling error
for within-stratum estimates of forest attributes.
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13.4.2 Consideration for Environmental and Silvicultural
Factors

In both the age-class and the diameter-class models, forest dynamics are not cur-
rently explicitly linked to environmental conditions such as site fertility. Spatial
variations in growth conditions are implicitly accommodated in strata-specific esti-
mates of model parameters. In addition, the models do not consider the impacts of
climate and environmental changes. Last, density-dependence of forest dynamic
processes is also implicit in forest stratification which may be sensitive to non-
stationary contexts. This becomes very important when alternative silvicultural sce-
narios differing from the BAU scenario (Sect. 13.2.3) are simulated. For these
reasons, the projection length should be limited to about 30 years.

13.4.3 Diameter-Class Model
13.4.3.1 Aim of Model Development

The tree diameter-class model was originally developed to assess future growing
stock and wood availability for the medium-term (up to 30 years) within heteroge-
neous forested areas, i.e., uneven-aged and/or mixed-species stands. The model is
also relevant for pure even-aged stands so that, unlike the age-class model, it allows
for comprehensive projections for an entire territory (region, country) with various
stand types. This model is particularly well-adapted to project forest resources in
contexts of valuation of new afforested areas which are rarely even-aged, or where
the forests are often heterogeneous such as in mountainous and Mediterranean
regions. The diameter-class model is called MARGOT (MAtrix model of forest
Resource Growth and dynamics On the Territory scale) and is described in
Wernsdorfer et al. (2012). The next model development steps will be to incorporate
competition and site as factors affecting forest dynamics.

13.4.3.2 Modelling Approach

Forest dynamics over time are described by within-stratum tree-diameter distribu-
tion and are governed by a Markov transition matrix with constant recruitment. The
lower limit of the first diameter class is usually equal to the minimum diameter
threshold (7.5 cm) of the French NFI. Three stratum-specific groups of parameters
are defined: (1) the proportion of trees within a given diameter class that move up to
the next larger diameter class (growth parameter), (2) the proportion of trees within
a given diameter class that are removed through felling and natural mortality (fell-
ing and mortality parameters), and (3) the number of new trees that grow into the
lowest diameter class (recruitment parameter) over a time-step. Further output
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variables such as merchantable tree volume, biomass or carbon content can be pro-
vided by multiplying the number of trees in each diameter class by the respective
output variable value estimated for the tree of mean size (i.e. mean merchantable
tree volume, biomass or carbon content, respectively).

13.4.3.3 Assumptions

The current model relies on four assumptions: (1) diameter distributions within dif-
ferent strata change over time independently of each other; (2) forest area, site and
competition conditions are constant over time within each stratum; (3) the state of a
tree at the end of one time-step depends only on its state at the beginning of that
time-step (Markov hypothesis); and (4) no tree can move up more than one diameter
class during a time-step, or regress towards a lower diameter class (Usher hypothe-
sis, Vanclay 1994). Some of these assumptions such as constancy of site and com-
petition will be relaxed in the near future.

13.4.4 Age-Class Model
13.4.4.1 Aim of Model Development

The stand age-class model applies to even-aged forests, mostly single-species coni-
fer and poplar plantations, high forests of broadleaved species in the plains regions,
and managed coppices where intensive management practices are usually imple-
mented. In such homogeneous stands, age is an efficient proxy to estimate growth
and to apply forest management practices. The model was described for the first
time by Alvarez-Marty (1989).

13.4.4.2 Modelling Approach

Forest dynamics over time are described by a within-stratum age distribution of the
forested area. Each stand cohort is represented by an age class and its associated
area, growing stock per hectare, and volume production per hectare. The model
simulates the lifespan of each cohort, from its birth (i.e., natural seedlings or planta-
tion) to its death (i.e., clear cut of the last area). The growing stock per hectare of
each cohort is recalculated at the end of each time-step of the simulation by subtract-
ing the total volume of thinnings over the period from the initial growing stock per
hectare. The mean production per hectare of the age class is finally added to this new
growing stock. The area of a given cohort remains the same during the simulation,
until it reaches the final cut age. From there, it is progressively reduced over time
until zero, thus representing the variety in forest management practices within the
stratum, and also the variety in site conditions. Silvicultural operations are defined
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by two parameters: for age classes up to the final cut age, a thinning rate is applied
as a percentage of the growing stock per hectare; for age classes corresponding to
the final cut age and beyond, a clear-cut rate is applied as a percentage of the surface
area of the age-class. Importantly, reforestation and afforestation within a given stra-
tum are represented by a net influx of new areas in the first age-class.

13.4.4.3 Assumptions

The model relies on two assumptions: (1) the site and density conditions are con-
stant over time within each age class; and (2) the state of a cohort at the end of one
time-step depends only on its state at the beginning of that time-step and not on any
previous state. Contrary to the previous approach, the total forest area under study
is not fixed and afforestation and land-use issues can be addressed.

13.4.5 Model Evaluation

Both the diameter-class and the age-class models provide projections that are con-
sistent with historical trends observed in NFI data. A first sensitivity analysis based
on NFI data for the years 2006-2008 was carried out by Wernsdorfer et al. (2012)
for the diameter-class model. It focused on the sensitivity of forest dynamics to vari-
ous stratification factors, showing that both varying growth conditions represented
by nine large forest regions, tree-species composition (broadleaf-dominated,
conifer-dominated and broadleaf-conifer mixed stands) and stand structure (high
forest, coppice forest and high-coppice forest mixture) clearly affect forest dynam-
ics at the larger-scale. Additional analyses on model evaluation are part of the future
work envisaged in the frame of further model development.

13.5 Conclusions and Perspectives

Both large-scale age-class and diameter-class forest dynamics models are used for
projecting wood resources in France, and they primarily target forest structures
associated with specific silvicultural systems. While age-class models are of imme-
diate advantage for simulation of forest areas of homogeneous stands and mapping
their age-structure, diameter-class models encompass forest heterogeneity. However,
the use of age as a proxy for developmental stage is questioned, because any histori-
cal factor may be confounded in this temporal proxy, including forest management
practices, and environmental changes that affect soil fertility over time and create a
shift in age-size relationships (Bontemps et al. 2009).

Diameter-class models also directly facilitate volume and biomass prediction
using volume and biomass models. Quantification of available roundwood for dif-
ferent uses such as fuelwood, pulpwood and timber still requires further refinement.
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Recent developments include total aboveground volume models for the main tree
species in France (Vallet et al. 2006; Loustau 2010). A new generation of adaptive
volume and biomass models has also been developed in the recently completed
research project Emerge, funded by the French Research Agency (e.g. Genet et al.
2011; Dassot et al. 2012; Longuetaud et al. 2013).

Accurate projections of wood resources over time require that BAU felling regimes
and initial state conditions are correctly quantified. In the past, this was difficult due
to only approximate estimates of felled tree volumes resulting from the temporary-
plot approach, and the occurrence of major disturbances caused by severe windstorms
(e.g. Lothar and Martin in 1999). The forest inventory design implemented since
2004 (Hervé et al. 2014) is a source of major improvements: (1) plots in forest areas
affected by severe storms can be quickly remeasured (e.g. in 2009), and (2) felling
levels can be accurately estimated by remeasuring plots that were measured 5 years
ago (IFN 2011c). Responsiveness in forest resource projections after major distur-
bances highlights the major role of a continuous and flexible inventory design.

Newer information sources such as aerial images and laser data should also be
combined with NFI data in the near future. Multi-source inventory using maps of
forest attributes as auxiliary information can improve the precision of forest resource
estimates, and finally of wood availability and forest resource projections.

There is increasing demand to account for changes in the socio-economic envi-
ronment in forest resource projection studies, for instance, to include a cost-
approach to account for the feasibility of harvesting operations. This suggests an
approach whereby forest characterisation with respect to physical and socio-
economic factors is included as an input to such simulations. Additional GIS data
sources may contribute to better assessments of the socio-economic context, e.g. the
cadastral (ownership) data may be used to stratify projections according to owner-
ship structure (IGN 2014b), and maps of harvest costs based on physical conditions
may help to better identify the economic constraints (Clouet et al. 2010).

All models implicitly take growth conditions into account by varying growth esti-
mates according to geographic domain or strata. In the face of ongoing environmen-
tal change impact onto forest growth as assessed from the French NFI (Charru et al.
2014), including climatic change, a future challenge will be to include environmental
forcing into forest dynamics models using impact models of growth, mortality, and
regeneration. Explicit approaches should rely on the environmental monitoring con-
ducted on NFI plots (e.g. soil pH prediction using plant bioindication, Gégout et al.
2003, or mapping of soil water capacity, Piedallu et al. 2011), highlighting the inter-
play between forest inventory and environmental monitoring (FAO 2011).

Projections of wood resources are often conducted on a medium-term scale (about
20-30 years), either for regional strategic planning, or for national carbon accounting.
In the context of global change, demand is increasing to perform simulations over the
longer-term, e.g. 2050 up to 2100. Such applications should, however, not be encour-
aged as long as slow-developing processes such as changes in the forested area, in the
growing stock, in tree species composition and site conditions are not covered at a
minimum. Incorporating forest area dynamics into the diameter-class model approach
is therefore needed. This also points to the importance of making forest inventory data
comparable over time following changes in mensuration protocols.



172 A. Colin et al.

References

Agreste (2011) La récolte de bois et la production de sciages en 2009. Un tiers des chablis de la
tempéte Klaus récoltés des 2009. Agreste Primeur. Numéro 254. janvier 2011

Agreste (2013) Structure de la forét privée en 2012. Des objectifs de production pour un tiers des
propriétaires. Agreste Primeur. Numéro 306. Décembre 2013

Alvarez-Marty S (1989) La méthode des générations dans 1’étude de la ressource d’une forét équi-
enne : le cas du massif landais. AFOCEL-ARMEF 3:135-146

Barbati A, Marchetti M, Chirici G, Corona P (2014) European forest types and Forest Europe SFM
indicators: tools for monitoring progress on forest biodiversity conservation. For Ecol Manag
321:145-157

Bontemps J-D, Hervé J-C, Dhote J-F (2009) Long-term changes in forest productivity: a consistent
assessment in even-aged stands. For Sci 55:549-564

Brénac L (1984) Connaissance statistique des foréts francgaises avant 1984. Revue Forestiere
Frangaise 36:77-90

Buongiorno J, Peyron J-L, Houllier F, Bruciamacchie M (1995) Growth and management of
mixed-species, uneven-aged forests in the French Jura: implications for economic returns and
tree diversity. For Sci 41:397-429

CEREN (2008) Bilan national du bois de chauffage en 2006. CEREN

Charru M, Seynave I, Hervé J-C, Bontemps J-D (2014) Spatial patterns of historical growth
changes in Norway spruce across western European mountains and the key effect of climate
warming. Trees 28:205-221

Clouet N, Berger F, Monnet JM, Descroix L (2010) CARTUVI: un modele sous SIG pour la
cartographie des surfaces débardables en zone de montagne. Revue Forestiere Frangaise
62(2):155-170

Colin A (2014) Emissions et absorptions de gaz a effet de serre liées au secteur forestier dans le
contexte d’un accroissement possible de la récolte aux horizons 2020 et 2030. Contribution de
I’IGN aux projections du puits de CO2 dans la biomasse des foréts gérées de France métro-
politaine en 2020 et 2030, selon différents scénarios d’offre de bois. Rapport final, mars 2014.
Convention MEDDE.DGEC / IGN n°2200682886 (IGN n°10998)

Colin A, Lambert P (2012) Analyse de la ressource forestiere actuelle en Lorraine. Résultats statis-
tiques et représentations cartographiques. Rapport final de convention. Tome 2. Contrat IGN/
DRAAF Lorraine n°ETU-2011-11

Colin A, Thivolle-Cazat A, Coulon F et al (2009) Biomasse forestiere, populicole et bocagere
disponible pour I’énergie a 1’horizon 2020. Rapport final de convention. Contrat IFN/ADEME
n°0601C0134, avec FCBA et SOLAGRO, 105 p. http://www.dispo-boisenergie.fr

Colin A, Meredieu C, Labbé T, Bélouard T (2010) Etude rétrospective et mise a jour de la res-
source en pin maritime du massif des Landes de Gascogne apres la tempéte Klaus du 24 janvier
2009. Rapport final de la convention IFN/MAAP n°E18/2010 du 21 juin 2010. Décembre 2010

Colin A, Drouineau S, Cavaignac S et al (2012) Analyse prospective de la ressource forestiere
et des disponibilités en bois de la région Aquitaine a I’horizon 2025. Etat des lieux des foréts
aquitaines a I’automne 2011. Version 1.0 du 31 juillet 2012. Rapport de conventions

Dassot M, Colin A, Santenoise P et al (2012) Terrestrial laser scanning for measuring the solid
wood volume, including branches, of adult standing trees in the forest environment. Comput
Electron Agr 89:86-93

Dodane C (2012) Quelle est la part du FFN dans la transformation du visage des foréts frangaises
au cours de la seconde moitié du XXe siecle ? Geoconfluences, 4 octobre 2010. http://geocon-
fluences.ens-lyon.fr/doc/territ/FranceMut/popup/Dodane3.htm

Doll D (2000) Statistiques historiques des grands chablis éoliens en Europe occidentale depuis le
milieu du XIXe siecle: analyse critique. Dossiers de I’Environnement de I'INRA 20: 28—42.
http://www7.inra.fr/dpenv/pdf/DollD20.pdf

FAO (2011) State of the world’s forests 2011. Food and Agricultural Organisation.
ISBN:978-92-5-1067550-5

Gadant J (1987) Quarante ans au service de la forét frangaise. Revue Forestiere Frangaise 39:10-19


http://www.dispo-boisenergie.fr
http://geoconfluences.ens-lyon.fr/doc/territ/FranceMut/popup/Dodane3.htm
http://geoconfluences.ens-lyon.fr/doc/territ/FranceMut/popup/Dodane3.htm
http://www7.inra.fr/dpenv/pdf/DollD20.pdf

13 France 173

Gégout JC, Hervé JC, Houllier F, Pierrat JC (2003) Prediction of forest soil nutrient status using
vegetation. J Veg Sci 14:55-62

Genet A, Wernsdorfer H, Jonard M et al (2011) Ontogeny partly explains the apparent heteroge-
neity of published biomass equations for Fagus sylvatica in central Europe. For Ecol Manag
261(7):1188-1202

Ginisty C, Vallet P, Chevalier H, Colin A (2011) Disponibilité en biomasse ligneuse en forét, dans
les peupleraies et dans les haies pour les différents usages du bois. Evaluation a I’échelle mét-
ropolitaine a partir des données de I’Inventaire forestier national et des statistiques de consom-
mation de bois. Revue Forestiere Frangaise LXIII-2-2011:151-162

Hervé JC, Wurpillot S, Vidal C, Roman-Amat B (2014) L’inventaire des ressources for-
estieres en France: un nouveau regard sur de nouvelles foréts. Revue Forestiere Francaise
XLVI-3-2014:247-260

Houllier F (1995) A propos des modeles de la dynamique des peuplements hétérogénes: struc-
tures, processus démographiques et mécanismes de régulation. Revue Ecologie (Terre Vie)
50:273-282

IFN (2003) Les tempétes de décembre 1999. Bilan national et enseignements. L’IF n°2 décembre
2003. Editeur IFN

IFN (2008) Nouvelle cartographie forestiere. De la production a I’utilisation. L’'TF n°20. 3%m® tri-
mestre 2008. Editeur IFN

IFN (2009) Tempéte Klaus du 24 janvier 2009: 234 000 ha de foréts affectées a plus de 40%. 42,5
millions de metres cubes de dégats. L’IF n°21 — 1¢" trimestre 2009. Editeur IFN

IFN (2010) La forét francaise. Résultats des campagnes 2005 a 2009. Nogent-sur-Vernisson, France

IFN (2011a) Un nouveau cadre de référence géographique pour les forestiers frangais : les sylvoé-
corégions (SER)

IFN (2011b) Volume de bois sur pied dans les foréts francaises : 650 millions de metres cubes sup-
plémentaires en un quart de siecle. L'IF n°27 — 2 trimestre 2011. Editeur IFN

IFN (2011c) Prélevements de bois en forét et production biologique: des estimations directes et
compatibles. L'TF n°28 — 3™ et 4% trimestres 201 1. Editeur IFN

IGN (2012) Quelles sont les ressources exploitables ? Analyse spatiale et temporelle. L'IF n°30
(numéro double). Décembre 2012. Editeur IGN

IGN (2013) Un siecle d’expansion des foréts francaises. De la statistique Daubrée a I’inventaire
forestier de I'IGN. L'IF n°31. Mai 2013. Editeur IGN

IGN (2014a) Résultats d’inventaire forestier. Résultats standard. Les résultats des campagnes
d’inventaire 2008-2012. Le palmares

IGN (2014b) Notice méthodologique pour la détermination d’indicateurs de morcellement de
la forét privée. Version 2.0. IGN Conseil. Rapport pour le CRPF Picardie. Juin 2014. D2SI/
SAL/2014.0126

Longuetaud F, Santenoise P, Mothe F et al (2013) Modeling expansion factors for European tree
species in France. Forest Ecol Manag 292:111-121

Loustau D (2010) Forests, carbon cycle and climate change. Ouvrage collectif issu du projet
CARBOFOR, Editions QUAE, Versailles, collection Update Sciences and Technologies.
ISBN:97827592038

Mather AS (1992) The forest transition. Area 24:367-379

MEDDE (2012) Stratégie nationale d’actions en faveur du grand tétras (Tetrao urogallus major)
2012-2021. Ministere de I’Ecologie, du Développement Durable, des Transport et du Logement

Morneau F, Duprez C, Hervé J-C (2008) Les foréts mélangées en France métropolitaine.
Caractérisation a partir des résultats de 1’Inventaire Forestier National. Revue Forestiere
Frangaise 60:107-120

Pardé J (1966) Foréts et reboisements a haute productivité en France. Revue Forestiére Francaise
11:718-724

Pérot T, Ginisty C (2004) Bilan et perspectives sur les modeles de croissance, de dynamique for-
estiere, et de qualité du bois. Cemagref, Rapport pour le Ministere de I’ Agriculture et de la
Péche, Nogent-sur-Vernisson

Piedallu C, Gégout J-C, Bruand A, Seynave I (2011) Mapping soil water holding capacity over
large areas to predict potential production of forest stands. Geoderma 160:355-366



174 A. Colin et al.

Pignard G (1993) Eléments pour I’élaboration d’un logiciel de simulation de 1’évolution des peu-
plements irréguliers. IFN, Cellule d’Evaluation de la Ressource (CER), Montpellier, document
interne

Puech J (2009) Mise ne valeur de la forét frangaise et développement de la filiere bois. Mission
confiée a Jean Puech ancien ministre. Rapport remis a Monsieur Nicolas Sarkozy, Président de
la République. 6 avril 2009. Paris

Seynave I, Gégout J-C, Hervé J-C et al (2005) Picea abies site index prediction by environmental
factors and understorey vegetation: a two-scale approach based on survey databases. Can J For
Res 35:1669-1678

Thivolle-Cazat A, Colin A, Lambert P (2012) Analyse de la ressource foresticre et évaluation de
la disponibilité en bois en Lorraine en 2025. Rapport final de convention. Tome 1. Contrats
FCBA/DRAAF Lorraine n°ETU-2011-10 et IGN/DRAAF Lorraine n°ETU-2011-11

Vallet P, Dhéte J-F, Le Moguédec G et al (2006) Development of total aboveground volume equa-
tions for seven important forest tree species in France. Forest Ecol Manag 229:98-110

Vanclay JK (1994) Modelling forest growth and yield. Applications to mixed tropical forests. CAB
International, Wallingford

Vidal C, Bélouard T, Hervé J-C et al (2005) A new flexible forest inventory in France. In: Proceedings
of the 7th annual forest inventory and analysis symposium; 2005 October 3-6; Portland ME,
McRoberts RE, Reams GA, Van Deusen PC, McWilliams WH (eds) — General Technical
Report WO-77. — Washington, DC: U.S. Department of Agriculture Forest Service, 2007. —319
p. [Online]: http://fia.fs.fed.us/symposium/proceedings/pubs/FIA2005%5Bhi%5D.pdf

Wernsdorfer H, Colin A, Bontemps J-D et al (2012) Large scale dynamics of a heterogeneous
forest resource are driven jointly by geographically varying growth conditions, tree species
composition and stand structure. Ann For Sci 69:829-844


http://fia.fs.fed.us/symposium/proceedings/pubs/FIA2005[hi].pdf

Chapter 14
Germany

Gerald Kéandler and Uli Riemer

14.1 Introduction

Although Germany has a long tradition of forest management based on surveys
of forest conditions, a sample-based, large-scale inventory was not introduced
until quite late in West Germany with the first Federal Forest Inventory
(“Bundeswaldinventur”) conducted in the years 1986—1990. The second inventory
was conducted in the years 2001 and 2002, after the re-unification. Today, the
usefulness of a sample-based inventory is generally accepted and the results
obtained are in wide demand. In 2010, the Federal Forest Act was amended and now
prescribes a 10-year interval between NFIs. Data collection for the third NFI was
carried out in 2011 and 2012. The NFI is a joint project of the federal government
and the federal states. The main task of the states is data collection; the federal
government is responsible for data analysis and reporting.

The NFI provides a vast amount of data on the current state of forest conditions
and on changes between consecutive surveys. These data serve as a valuable basis
for controlling forest development and sustainability as well as decision-making in
various sectors related to forests and forestry. NFI data, besides providing informa-
tion on the current state of the forests, are also important for addressing future forest
development and timber supply. For the latter purpose, a special tool was developed
that facilitates assessment of forest development and timber supply for several
future decades starting with the state of the forest state as described by the current
NFI. WEHAM (“Waldentwicklungs- und Holzaufkommensmodell*: forest devel-
opment and wood supply model) is a forest growth simulator. It was developed in
the 1990s by the Baden-Wiirttemberg Forest Research Institute by order of the
German Federal Ministry of Agriculture for the analysis of data for the 1st NFI

G. Kindler (<) « U. Riemer
Forest Research Institute, Baden-Wiirttemberg, Freiburg, Germany
e-mail: gerald.kaendler@forst.bwl.de; uli.riemer @forst.bwl.de

© Springer International Publishing AG 2017 175
S. Barreiro et al. (eds.), Forest Inventory-based Projection Systems for Wood and

Biomass Availability, Managing Forest Ecosystems 29,

DOI 10.1007/978-3-319-56201-8_14


mailto:gerald.kaendler@forst.bwl.de
mailto:uli.riemer@forst.bwl.de

176 G. Kéndler and U. Riemer

(Bosch 1995). WEHAM was updated for the second and third NFIs. It is used as the
core instrument for nationwide future forest resource assessments, sustainability
checks and for various ecological, economic and political planning purposes.

14.2 The German NFI - Design and Results

14.2.1 Inventory Design

The German NFI is based on a systematic rectangular grid with clusters (tracts) as
primary sampling units. The General Administrative Regulation prescribes a 4 x
4 km grid covering the complete surface of Germany with a defined starting point.
In some federal states, the basic grid has been intensified to a 2 x 2 km or a 2.83 by
2.83 km grid. The purposes of the intensification were to obtain more precise esti-
mates on a regional level in some states or acquisition of a sufficiently large sample
in less densely forested regions.

The tract is a quadrangle with sides of 150 m. The sides of the tract are oriented
north-south and east-west respectively. Plots are established on tract corners hitting
forest land. Aerial photographs are used for a preliminary decision regarding
whether the tract corners are located in a forest. When the German NFI was designed
in the 1980s, use of remote sensing for a pre-stratification in a two-phase sampling
framework was considered unnecessary. The main reason was that integration of
remote sensing would require additional operating expense which could not be jus-
tified because sufficiently detailed information on forest area was already available
and because most German forests are readily accessible.

Sample trees are selected on tract corners using multiple methods. Trees with
diameters at breast-height (1.3 m, dbh) over bark of at least 7 cm are selected by the
angle-count method (relascope-technique with basal-area factor 4 [m*ha]). Multiple
measurements and assessments are made for these trees, and their locations are
recorded by azimuth and horizontal distance from the plot centre. The attributes
recorded include sample tree code (e.g. new, re-measured, removed, species, can-
opy class (vertical layer membership), dbh, tree class, age, trunk damage and prun-
ing. Tree height and upper diameter are only recorded for a sub-sample. Smaller
trees are sampled in two concentric circular plots with radius of 1 or 2 m, offset 5 m
from the plot centre. Deadwood is surveyed in a plot with 5 m radius centred in the
corner. In a circle of 10 m radius, trees up to 4 m in height, shrub layers, and ground
vegetation are surveyed. Site characteristics and forest edges are registered in a
circle of 25 m around the plot centres. In total, approximately 150 characteristics for
each inventory tract are recorded. In contrast to Germany’s first NFI (1986-1990 in
the western states), the spectrum of data collected in the second and third NFIs has
been expanded to include ecological parameters such as deadwood, closeness to
nature, and ground vegetation. A detailed description of the German NFI sampling
design is given in Polley et al. (2010).
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14.2.2 Forest Conditions in Germany

Forest conditions are briefly described based on the results of the third NFI with
2012 as reference year."!

14.2.2.1 Forest Area and Ownership

Although Germany is one of the most densely populated countries of the European
Union it also includes substantial wooded areas. Approximately 11.4 million ha,
nearly one third of the surface area, is covered with forests; this area is equivalent to
approximately 1 ha of forest area per seven inhabitants. Approximately 10.4 million
ha are productive forests available for wood supply, and approximately 48% (5.5
million ha) of the forest area is privately owned, consisting of mostly small scale
forest lots. Only 13% of the private forest land belongs to forest estates of more than
1000 ha; approximately half of the private forest area is part of properties with less
than 20 ha. Municipalities own 2.2 million ha (19%) and the federal states (with a
small share by the federal government) 3.7 million ha (33%).

14.2.2.2 Species Composition, Forest Stand Structure

Deciduous and conifers tree species occupy 43.4% and 54.2% of the forest land,
respectively, with only 2.4% temporarily un-stocked. Norway spruce is the most
common species with 26% of the total; Scots pine follows with 23%; European
beech with 16%; oak species with 11%; other deciduous species with 17%; and
other conifers with 7%.

The forest is almost completely high forest (99%) which originates either by
natural regeneration, seeding, or planting. Approximately one-third of forest stands
in Germany are single-storied, mainly dominated by Norway spruce, Scots pine,
Douglas fir and birch; 57% of the forests are two-storied, and 11% are multi-storied.
Two- or multi-storied stand structures occur mainly within beech, oak and silver fir
stands. Young growth (trees shorter than 4 m) cover an area of 2.7 million ha, with
85% originating from natural regeneration; the remaining young growth area comes
from planting (13%), while seeding and coppice play a minor role.

14.2.2.3 Growing Stock, Growth and Removals

Total growing stock consists of 3.66 billion m* of solid volume over bark, corre-
sponding to 336 m*ha. This total represents an increase of 7% since the preceding
survey of 2002. Between the second and third inventories, 2003—2012, mean annual

Thttps://bwi.info/ provides access to the results of the third German NFI.
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volume increment was approximately 122 million m* of solid volume over bark
(11.2 m*/ha per year), and mean annual removals were approximately 106 million
m?® (9.8 m¥ha per year), corresponding to 75.7 million m* of harvested volume
under bark.

14.3 The WEHAM Forest Development and Wood Supply
Model

WEHAM was designed to project forest conditions and future wood supply over a
period of 40 years based on NFI data that define the initial conditions for each simu-
lation period. WEHAM uses NFI sample data representing stands whose growth
and silvicultural treatments are simulated over the projection period assuming com-
mon management practices and constant environmental conditions. The projection
period is subdivided into 5-year time-steps with silvicultural interventions within
each 5-year sub-period distributed randomly over the 5 years.

WHEAM simulator consists of three components or modules: (1) a growth mod-
ule, (2) a management module, and (3) a grading module.

The growth module predicts tree dimensions (diameter and height) based on
diameter growth using a trend function (Sloboda 1971) which is fitted using diam-
eter increments obtained from re-measured sample trees in the preceding period.
Mathematically, the trend function is a differential equation that takes into account
age, diameter and its increment; afterwards it is integrated as an initial value prob-
lem, providing growth curves as function of age. For the projection, each sample
tree is associated with its species-specific growth curve that depends on the tree’s
current dbh and age and that prescribes the tree’s diameter growth trajectory for the
projection period. Heights are not projected in the same way but rather are calcu-
lated from tariff functions with diameter as the predictor. The reason why no growth
model is used for height is that height growth, particularly for older ages, may be
overestimated by this approach with greater overestimation for longer projection
periods.

The management module implements all standwise silvicultural interventions
based on parameters controlling the timing and intensity of thinning and cutting
activities; these parameters, in turn, depend on tree species, age, and dimensions.
Thinning interventions follow different schemes which also use a control parameter.
The intensity of thinnings depends on yield-tables which may be provided by users.
In the upgraded version of WEHAM, new management features were implemented
(Rock et al. 2013). No-management scenarios may be simulated using self-thinning
models based on the concept of stand density index according to Reineke’s law as
modified by Sterba (1987). In addition, management control parameters can be
changed over time, thus allowing modifications of silvicultural treatments in future
decades. The management module includes a simplified approach to regeneration.
The default procedure is the regeneration of the same species that was dominant
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before the harvest. An alternative is regeneration of the species that is dominant for
the natural forest community associated with each stand’s site conditions.

The set of control parameters (Table 14.1) that define thinning rules and intensi-
ties, target diameters for final harvests, and rotation length may be specified differ-
ently by federal state and other domains such as ownership. This feature permits
typical and current regional treatment concepts to be reproduced at tree-level. Cap
limits prevent unrealistic thinning volumes. By altering the control parameters dif-
ferent scenarios and management schedules can be simulated.

The grading module calculates merchantable volume and assortments such as
logs or fibre wood for harvested trees. This module uses a software library that
includes species-specific taper models. Timber volume for a given tree or stand is
first estimated as the solid volume over bark, after which bark losses due to harvest
and cut-to-length division are subtracted. The grading module uses tree species and
the top diameter of the stem as control parameters which are modified according to
different regional practices in the federal states.

Because WEHAM projects the development of single trees on a plot-by-plot
basis; results can be aggregated at various levels including plot, stand, region or
state levels; by species or species groups; by age classes; and for any combination
of these classifications. By default, all projections are done in 5-year time-steps, and
the state of the forest (plot, single tree) at the beginning and at the end of this period
is given, as well as mean annual changes over the five years.

Additionally, in the new version, aboveground biomass is also provided, allow-
ing estimation of carbon stocks and carbon sequestration effects as well as wood
harvest in term of biomass or energy-equivalents. The estimation of carbon stocks
is done using the same models and tools as used for Kyoto and UNFCCC
reporting.

Table 14.1 Example of control parameters of the management simulator for beech and Norway
spruce according to the silvicultural concept of Baden-Wiirttemberg for the simulation based on
the third NFI

Species/ownership Beech Norway Spruce

State Communal | Private | State Communal | Private
Control parameters forest | forest forest forest | forest forest
Start of thinning at age 15-40 | 1540 15-40 15-30 | 15-30 15-30
Start of thinning at 15 15 15 11 11 11
average tree height [m]
Start of the regeneration | 80 80 80 80 80 80
cutting at age
End of regeneration 150 150 160 150 150 150
cutting at age
Target diameter 65 60 60 50 50 50
Maximum percentage 30 30 30 30 30 30
of cutting from target
diameter
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The control parameters used in the management simulator and the grading mod-
ule describe the management of forests as conducted and planned at the beginning
of the projection period. Actual management might differ from these assumptions
due to changes in economic conditions and/or owner preferences. In new scenarios
based on the third NFI, changes in management practices over time may be
simulated.

14.4 Results of WEHAM Projections

We present a few results of a projection based on the third NFI (BMEL 2016). The
overall time horizon of these projections is limited to 40 years because the scenario
does not accommodate changes in growing conditions, silvicultural treatments or
economic or socio-political framework conditions.

14.4.1 Scenarios

The potential harvestable timber was assessed for forest land with no legal harvest-
ing restrictions. Simulations were run for 5-year periods according to the rules in
the different federal states, tree species and assortments as defined in 2013. The
simulation parameters related to silvicultural treatments and grading rules (assort-
ments) were kept constant over the entire projection period. Growth dynamics were
simulated as recorded in the preceding inventory period (second to the third NFI:
2002-2012).

14.4.2 Essential Trends

Over the simulation period 2013-2052, potential marketable timber supply
decreases from 76.6 million to 71.2 million m*/year (=7.6%). On average, the total
consists of 62.4 million m?® of stemwood (72.7%), 14.2 million m* of pulpwood
(16.6%) and 9.2 million m? of currently non-marketable wood (10.7%). However,
the volumes of the different assortment groups are shifting towards stemwood. Over
the next 40 years, the share of stemwood is projected to increase approximately 4%
percentage points from 72.7 to 77.5%, whereas the share of pulpwood is projected
to decrease from 16.6 to 13.3% (Table 14.2). This shift in volumes is primarily
attributable to the increasing average age and size of the trees.

Tree species are grouped into wood-type categories based on the four main spe-
cies in Germany: Norway spruce (including Silver fir and Douglas fir), Scots pine
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Table 14.2 Potential timber harvest by assortment category and projection period

Projected merchantable wood solid volume under bark (1000 m?/year)

Assortment | 2013— | 2018- | 2023- | 2028- 2033— |2038- |2043- | 2048-
category 2017 2022 2027 2032 2037 2042 2047 2052

Stemwood 62,360 62,348 | 55,728 |57,834 57,723 |58,080 | 58,180 | 60,774
Pulpwood 14,241 12,463 10,427 10,769 10,421 |10,398 |10,417 | 10,445
Marketable | 76,601 | 74,811 | 66,155 | 68,604 68,144 |68,478 |68,597 71,219

Not 9,154 7,995 6,893 7,043 6,884 7,044 7,039 7,215
marketable
All 85,755 82,806 |73,048 |75,647 |75,028 |75,522 |75,636 |78,434
assortments

Table 14.3 Projected potential timber harvest by wood-type group (compared to period
2003-2012)

Merchantable wood solid volume under bark (1000 m® per year)

Observed | Projected

2003- 2013- |2018- |2023— |2028- |2033— |2038- |2043— |2048-
Species | 2012 2017 2022 2027 2032 2037 2042 2047 2052
Spruce |42,365 32,530 |32,158 29,331 |30,791 31,119 |31,775 31,553 |33,842
Beech 15316 |23,804 21,629 |18,198 |19,119 |18,833 |18,288 |18,755 | 18,384
Pine 14,850 14,906 | 15,298 13,845 |13,647 | 13,615 13,351 |13,568 | 14,000
Oak 3,148 5361 |5,725 4,781 |5,046 |4,577 5,065 4,722 4,992
Total | 75,680 |76,601 |74,811 |66,155 |68,604 |68,144 | 68,478 |68,597 |71,219

(including larch), European beech (including other hardwoods), and oak (Table 14.3).
The spruce wood-type group makes by far the largest contribution to the potential
usable timber stock (on average 45%), followed by beech (28%), pine (20%), and
oak (7%). In comparison to the period 2003-2012 spruce wood supply will drop
significantly. The projected volumes will decrease from 32.5 million m*/year in the
period 2013-2027 and then rise again to about 33.8 million m*/year in the period
2048-2052. On the other hand potential wood supply of beech along with other
hardwoods and oak is expected to rise considerably, namely in the first decade, and
then drop. Pine-wood supply will not change significantly in the first projection
decade, then decrease and recover again slightly until 2052.

14.5 Discussion

The potential timber supply estimated by WEHAM is based on assumptions of con-
stant management and environmental conditions and cannot be regarded as a fore-
cast in a narrower sense. The model does not take into account economic factors or
conditions which may select the best harvesting technique considering the costs
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associated. Accessibility and hauling distances are not included either. Furthermore,
WEHAM does not consider other external drivers such as consumer demand which
may affect wood harvest. In principle, WEHAM is management-driven; neverthe-
less it must be kept in mind that forest owners might not bring potential harvest
amounts to the market due to individual objectives or other socio-economic
reasons.

A major controversial issue that was discussed following publication of WEHAM
projections was whether current wood harvests are good estimates of available tim-
ber. This issue is very important for the wood-based industry in general and for the
wood-processing industry (sawmills) in particular. Moreover, the increasing demand
for bio-fuel from forests makes competition for wood more intense. Obviously, the
WEHAM timber supply assessments exceeded the harvesting statistics by a great
deal; however, this comparison is misleading because harvesting statistics underes-
timate real timber production and consumption for multiple reasons including
incomplete data from private forests and underestimation of fuel-wood harvest. A
more realistic comparison is to contrast the projected timber supply with the amount
of harvested wood as estimated from repeated NFI surveys, although these data are
available only for a past period. This comparison (Table 14.3) reveals that actual
Norway spruce harvests in the preceding period exceed the projections for 2013—
2027. So far, WEHAM projections based on the third NFI have provided a plausible
and reasonable prospect of potential timber supply and forest development; how-
ever, the results must be interpreted carefully because there are limitations in the
modelling approach that may affect the validity of the results, especially concerning
WEHAM’s long-term projection ability.

The updated version of WEHAM includes no-management options in new pro-
jections based on the third NFI. However, hazards and resulting risks are not explic-
itly modelled; rather, WEHAM simulates forest development under “normal”
conditions with natural mortality being implicitly subsumed under all cutting
regimes or self-thinning.

Regeneration is also simulated under the simplified assumption that the same
tree species will be regenerated at the same locations without regard to any changes
in species composition. In principle, WEHAM is able to simulate a change of tree
species in the course of regeneration; however, the rules have yet to be determined.
The existing option is to switch to the tree species that is dominant for the natural
forest community, but this option also requires sound rules which have yet to be
formulated.

Another shortcoming results from the fact that the growth model is calibrated
using increments observed in the preceding period which assumes environmental
conditions that are unlikely to remain constant in future periods. Currently, an alter-
native growth model that is sensitive to climatic and soil variables is being devel-
oped in a research project on climate change. This model could replace the current
growth model of WEHAM in future applications. Due to WEHAM’s modular struc-
ture, components can be exchanged rather easily. Finally, the lack of empirical data
for calibrating desired adaptations and extensions of the models is a major
problem.
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Generally, the uncertainty of the results should be expected to increase with the
duration of the projection. Moreover, an assessment of uncertainty of the projections
is not possible. Uncertainty increases due to changes in the environment, particu-
larly due to global warming, and to socio-economic factors and silvicultural treat-
ments. These factors must be considered when interpreting the results. Uncertainties
associated with the factors that influence forest development and treatment are a
major reason for limiting the projection period to 40 years with the result that esti-
mates for only the first two decades are considered more or less trustworthy.
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Chapter 15
Hungary

Pal Kovacsevics

15.1 Introduction

Forest land area in Hungary has been gradually increasing for the last 90 years. This
is due to large-scale afforestation carried out under the supervision of professional
foresters. As a result, the forest area which in 1921 was barely larger than 1 million
ha exceeded 1.9 million ha by 2015 and represented 20.8% of the country area.

The share of state-owned forests is 56%, community-owned is 1% and 42% of the
forests are private (1% of Hungarian forests are in mixed ownership). A long-term
purpose, primarily based on afforestation, is the large-scale increase of private and
community owned areas. The highlighted objective of forest policy is the structural
improvement of the fragmented estate system that hinders private forest manage-
ment, and the establishment of viable management organisations and partnerships.

The management of state-owned forests is primarily conducted by 22 state forest
management corporations. However, other national institutions, such as water
resource directorates and national parks are also managing state-owned forest areas.
The share of community ownership is relatively small, mostly managed by munici-
palities of villages and cities (NFCSO 2014).

The majority of private forests are in undivided joint ownerships. Private forest
owners often contract with private forest management companies to manage their
forests, but significant areas are managed by joint management organizations such as
forest cooperatives or local forest owners together with management associations.

To ensure that the interests of society and nature are satisfied, forests are man-
aged according to district forest management plans. These plans are prepared by the
forestry authority that is also responsible for verifying their correct execution for
both public and private forests.
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Fig. 15.1 Distribution of forest area and volume by the main tree species (Source: National
Forestry Database (NFD))
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Fig. 15.2 Annual increment and harvested volume since 1985 (Source: National Forestry Database
(NFD))

Hungarian forests comprise mainly Central European deciduous tree species
(Fig. 15.1) of which Black locust (Robinia pseudoacacia) accounts for the largest
area (24.1%), while noble oaks (Quercus robur and Q. petraea) have the greatest
standing volume (23.3%).

The growing stock of Hungarian forests amounts to 355.8 million m?, and has
been continuously increasing for the last 30 years. This increase is due partially to
afforestation, but mainly to allowable cutting levels prescribed in the approved man-
agement plans which result in considerably smaller harvested tree volume (felling)
when compared to wood increment (Fig. 15.2).
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15.2 Forest Inventory History

The first order to survey and map Hungarian forests was decreed by Maria Terézia
and came into force in 1769. In 1935, forest owners were first required to manage
their forests according to forest management plans. Forest management planning
has been supported by computer databases since 1970 through the creation of the
National Forestry Database (NFD). In 1978, the Forest Protection Network (FPN),
a4 x 4 km grid of sampling plots covering the entire country was established to
obtain data on forest health and to serve as the basis for inventory data collection
(Central Agriculture Office Centre, Forest Directorate 2009). In 1993, a new moni-
toring system was launched, the Growth Monitoring System (GMS), in close con-
nection with the existing FPN. The main objective of the program was monitoring
increment by creating a long time-series of repeated measurements of all trees on
the same plots. However, after three remeasurement periods the GMS method was
reassessed and modified to meet national and international requirements, always
bearing in mind the need for and the importance of ensuring the continuity and
consistency in data collection. In the framework of a European Union funded proj-
ect, a Geographic Information System (GIS) that records, stores, analyses, man-
ages, and permits visualization of data was integrated into the GMS. This new
system permits integration of cartography, statistical analysis, and database technol-
ogy. To distinguish among the previous and current operating systems, they will be
referred henceforth as GMS and NFI, respectively. The first NFI corresponds to the
4th cycle of GMS.

15.2.1 The National Forestry Database

Creation of the National Forestry Database (NFD) had three main objectives: (1)
storing data for the main attributes of Hungarian forests; (2) compiling the monitor-
ing data necessary for forestry administration; and (3) allowing for an information
technology environment. The main data sources for the NFD are Forest Planning
(forest management plans) and Forestry Inspections. However, it must be empha-
sized that almost 90% of the data are obtained from the standwise forest planning
inventories which are partially sample-based.
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15.2.2 Forest Panning as a Data Source

Forest planning is regulated at the highest level by the Forest Management Plan
Regulation issued by the responsible Minister. The Regulation includes the main
limits of forest management activities including prescription of the maximum tim-
ber harvest. The result of the forest planning activity is the forest management plan.
It is based on field surveys and prescribes tasks and timelines that must fulfilled
during the next 10-year period. Each forest manager receives a forest management
plan describing his rights and responsibilities. Exemptions from the forest manage-
ment plan might occur but are exceptional and only upon request.

Forest management planning activities cover the entire forest area of Hungary.
About 10% of the forest area of Hungary is subject to forest management planning
each year, meaning that each forest sub-compartment is planned once every
10 years. The unit of forest planning is the forest sub-compartment which is the
smallest management unit possible belonging to the same forest owner and is char-
acterized by more or less homogeneous site conditions and tree composition.
Consequently, the forest within a given sub-compartment can be managed accord-
ing to one management schedule defined in the forest management plan. Furthermore,
the area of the sub-compartment must be geographically reasonable (neither too big
nor too small) so that the same management activities can be conducted in the stand.
The average size of forest sub-compartments in Hungary is about 4 ha. Because the
forest sub-compartment is the basic unit for forest planning, the NFD contains data
by sub-compartments. Forest sub-compartments are grouped into forest compart-
ments by geographical and administrative units (municipalities). Grouping helps
spatial organization of forest management activities and forest logistics. Forest
management planning is conducted in each forest district separately.

15.2.3 Forestry Inspection

The Forestry Authority inspects forestry operations for compliance with the pre-
scriptions in the forest management plan. Forest inspection includes multiple activi-
ties: inspection of afforestation and regeneration, reviews and audits of subsidies,
and imposition of sanctions for violating rules; assessment of strong natural distur-
bances; inspection of harvested volume; identification of land use changes such as
deforestation; definition and establishment of forest sub-compartments; recording
of forest manager data; and updating of the database.
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15.2.4 Growth Monitoring System
15.2.4.1 Grid, Plot Selection, Sampling and Representativeness

Permanent GMS plots were established at the intersections of the national 4 x 4 km
FPN sampling grid. To increase the sampling intensity, additional permanent GMS
plots were established at the intersections of a second 4 x 4 km grid whose intersec-
tions were shifted 2.0 km to south-east of the FPN grid intersections.

The GMS sampling grid was overlaid with forest maps and any plot that fell
within a forest compartment and met the requirements was selected as a GMS sam-
pling plot. Forest management planning data were used to select sampling plots and
later to evaluate growth during data processing. The land use classification of GMS
sample plots was revised annually based on the maps linked to the National Forest
Database. Plots that did not meet the selection criteria were left out of the network,
while others that had been left out in the previous visit due to their land cover type
were integrated if the criteria were met. The main purposes of the selection criterion
for GMS was to ensure that the required accuracy for the of growing stock estimate
of the country’s forest resources was achieved, in other words, at the 95% confi-
dence level the growing stock estimate for the country and directorate level was to
be +5% and +10%, respectively.

The survey and assessment unit consists of four circular ‘satellite’ plots located
at the corners of a square (tract) with side length of 200 m. The south-western cor-
ner of the tract is the centre of the sampling plot. Each grid corner and tract plot
represents approximately 8 km? (800 ha) and 2 km? (200 ha) area, respectively. Each
tract is assessed once every five years.

15.2.4.2 Survey Methodology

The sample plot survey is responsible for the stand description whenever stands are
too young to be measured and also for individual sample tree assessment when the
trees have grown enough to be measured.

When trees within a plot do not meet the selection criteria or are inaccessible,
individual tree assessment is impossible. In this case, the stand description method
is used to describe the forest compartment. This description includes only minimal
data on tree species obtained mostly from the database but also from field
assessments.

In case the GMS sample plot lies within the FPN sample plot, measurement are
carried out for the four FPN circular ‘satellite’ plots. In GMS plots, data collected
at plot level relates to plot characteristics such as the geographic coordinates, survey
method and plot radius. The plot’s physiography, topography, altitude, slope and
soil erosion damages are described as well as the water management class, the
occurrence of shrubs, stand structure and the canopy closure. During the individual
tree assessment, in case a sample point overlaps a FPN point, data collection is
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carried out within circular plots with a radius between 4 and 25 m. The size of the
circular plot depends on the number of trees within the sample plot. The number of
sampled trees must be between 15 and 25 to ensure and adequate compromise
between accuracy and measurement times. Therefore, in young forests circular
plots have a smaller radius than in old-growth forests due to the lower density
observed in these stands. At regional or county level, the lower threshold for the
average number of trees is 20. As for tree measurements, tree diameters and heights
are measured and a height class is assigned. Due to visibility conditions, field mea-
surements for tree height are carried out from late autumn to spring. Additionally,
tree identification number, and tree level information such as tree species, damages
(level and causes), cutting year and tree age are also collected.

On the other hand, when the stand description method is applied, the stand com-
position, the regeneration method, the crown cover and signs of damage are assessed
together with estimates for the stand’s age, the number of stems per hectare, the
average diameter and the average height.

The GMS field assessment was carried out for 15 years, included three periodic
measurements (three GMS cycles) for each plot, and ended in the spring of 2008.
The 15 years of annual data also permitted estimation using 5-year moving averages
with starting dates from 1993/1994 to 2003/2004.

The huge amount of data collected required comprehensive control and consis-
tency analysis, and therefore data evaluation took a long time.

15.2.5 The National Forest Inventory

In the course of the 4th cycle of the Growth Monitoring System (GMS), which cor-
responds to the 1st National Forest Inventory, some changes were implemented,
namely on the type of inventory plot and on the set of sustainability indicators col-
lected. Although the sampling grid and the selection of sampling points have not
been significantly changed, NFI concentric circular plots with constant radius were
assessed instead of plots with radii between 4 and 25 m depending on stand density.

In the inner circle (3 m radius) all trees with dbh greater than 7 cm are measured;
in the intermediate circle (7 m radius) trees with dbh greater than 12 cm are mea-
sured, whereas for the outer circle (12.62 m radius) only trees with dbh greater than
20 cm are measured.

In addition to the data collected under the GMS, in the NFI survey indicators of
forest naturalness were emphasised and information on standing and lying dead
trees, stumps and actual and potential forest habitats were assessed. Field data col-
lection was supported by the use of maps, and all relevant locations of points, lines,
and areas are stored in GIS shapefiles.

The design of the NFI database is aimed at providing forest resource information
on forests that can be distinguished according to forest region, structure, site class,
tree species and management system. Therefore, NFI data can be used to character-
ize Hungary’s forests and its resources.
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15.3 Prediction of Potential Harvest

The potential final harvest volume for the next 30 years is predicted in 10-year time-
steps using data from the NFD (Fig. 15.3). Predictions require the following input
data: rotation age, current growing stock (V, m®), current annual increment (I, m?/
year) obtained from yield tables and a reduction factor (r) depending on tree species
and tree age also derived from yield tables. For a 30-year period, three felling classes
are considered based on the difference between stand age and the final felling age
(Felling Index). Class I includes stands with Felling Index less than 10; Class II is
for stands to be felled in the second decade; and Class III is for stands to be felled
in the last 10 years of simulation. All stands felled in Classes I, IT and III are assumed
to be harvested at years 5, 15 and 25, respectively, which represent the mid-points
of the classes. The harvestable volume is Vi, j =V +j x I x 1, where j stands for the
Classes’ mid-points (5, 15 and 25). The reduction factor is considered to be 1 for the
next decade because stands in Class I are near the rotation age and normally not to
be thinned.

The first step is to determine the stand’s Felling Class using the stand age and the
final felling age. After the class has been determined, the stands’ standing stock
must be predicted for the 5th, 15th or 25th year of simulation, depending on whether
the stand belongs to Class I, IT or III. The volume to be harvested for a stand in Class
I is obtained by adding to the stand’s standing stock and the stand’s current annual
increment multiplied by 5 years. As examples, suppose we have two stands A and
B: stand A is of age 92 years with a felling age of 100, whereas stand B is of age 99
with a felling age of 110. Stand A has a Felling Index of 8, whereas stand B has a
felling Index of 11 which makes stand A a Class I stand and Stand B a Class II stand.
Assuming that both stands have a standing stock of 100 m?® and current annual
increments of 20 and 10 m?/year respectively, their harvest volumes would be:
VA =100+ 5x20and Vi = 100 + 15 x 10 x r. The potential harvest volume for the
30-year period is the sum of volumes for all stands in each Class. This prediction
does not include thinning volume which will be added to the final yield.

Fig. 15.3 Final harvest Volume of cutting classes
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According to the felling targets defined in the district forest management plans,
both the volume resulting from pre-commercial thinning and final harvest can be
predicted every 10 years. Of course, this is only a harvesting potential and is not
necessarily exploited by forest managers.

The increment and the age class structure allow yield control for a given forest
planning district or yield regulation, if necessary.

15.4 Conclusion

In Hungary, in addition to the NFI, the Standwise system inventory (NFD) is avail-
able as well. The use of the NFD whose data are continuously updated is currently
dominant. As a result, very accurate data on harvest opportunities are available.

The main advantage of the NFI is that it covers the total forest area including
areas that are not recorded in the NFD and, therefore, can provide more comprehen-
sive information about forest resources. The first 5-year NFI period ended in 2014.
Subsequently, there will be opportunities to use this data for producing more com-
prehensive projections focusing on aspects other than just timber volume.

The importance of the NFI is expected to increase further in the future, as it
enables a proper data service recently required by the forestry sector. These new
survey criteria can be easily integrated into the NFI system on a year-to-year basis.
The NFI is a powerful tool for meeting comprehensive and independent national or
regional statistical data requirements.
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Chapter 16
Iceland

Arnér Snorrason and Bjarki Kjartansson

16.1 Introduction

16.1.1 Forest History

Iceland has a long history of deforestation with extensive overexploitation of wood-
land resources, but in recent decades a short history of afforestation was initiated.
From 1990 onwards several government subsidised projects have encouraged indi-
vidual land owners to plant trees. Nowadays, despite Iceland having among the least
forest cover in Europe, it shows the greatest relative increase in forest cover in the
European Union. From 1990 to 2000, the annual increase in forest area was 8.0%,
although the rate decreased to 4.8% in the next decade (UN-ECE/FAO 2015;
FOREST EUROPE 2015).

Forests and other wooded land represent 0.4% and 1.4%, respectively, of
Iceland’s area, reflecting the rather small importance of forestry in the country. In
2010, the area of forest cover was estimated to be 42.7 thousand ha of which 32.0
thousand ha were cultivated forests (UN-ECE/FAO 2015; FOREST EUROPE
2015); the area of other wooded land was estimated to be 139.3 thousand ha, with
natural birch woodlands covering 135.0 thousand ha.

The main tree species in Iceland are Mountain birch (Betula pubescens) with
43% of the forested area in 2010, Siberian larch (Larix sibirica) with 20%, Stika
spruce (Picea sitchensis) with 11%, Lodgepole pine (Pinus contorta) with 11% and
Black cottonwood (Populus trichocarpa) with 7% (FOREST EUROPE 2015).

According to the 2015 Forest Resource Assessment report (UNECE/FAO 2015),
Icelandic forests include 5.86 thousand ha designated for wood production, 15.21
thousand ha assigned to soil and water protection, 25.88 thousand ha for multiple
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uses, 0.60 thousand ha for nature conservation and 6.19 thousand ha for social ser-
vices (e.g. recreation, summerhouses) (UN-ECE/FAO 2015). About 66% of the for-
ested area in Iceland is under private ownership either by individuals, private
business or non-governmental organisations. The remaining 34% is under public
ownership and is managed by the Icelandic Forest Service, the Icelandic Soil
Conservation Service or by municipalities.

The growing stock of trees with diameters of at least 10 cm is increasing from
170,000 m? over bark in 2003, to 290,000 m? over bark in 2010. Because most of the
trees in planted forests are still young and small, the growing stock reflects only part
of the woody biomass, which was estimated as 570,000 metric tonnes in year 2005
and 790,000 metric tonnes in 2010.

After the Kyoto protocol was signed and ratified, reducing Greenhouse Gas
(GHG) emissions and increasing CO, sequestration through afforestation became
one of the main national targets (Ministry for the Environment 2010) and led the
Icelandic State to request forest growth projections. In the period 1999-2001, a
country-wide measurement campaign was conducted. The aim was to describe the
growth potential for the 11 most common tree species in Icelandic forestry in five
different regions (Snorrason and Einarsson 2001; Snorrason et al. 2001a, b;
Snorrason and Einarsson 2002; Snorrason et al. 2002). These data were also used to
develop general growth models for stem volume and aboveground biomass for these
species which were later integrated into a simple forest simulator. The first projec-
tion aimed at estimating the annual GHG fluxes related to forest and forestry activi-
ties, with special focus on CO, emissions/removals and how different afforestation
rates could affect these findings (Sigurdsson et al. 2005; Snorrason 2006). An
improved version of the same simulator was later used to make a long-term projec-
tion of growing stock and possible wood removals in Iceland under a business as
usual scenario (Snorrason 2011).

The objective for the National Forest Inventory (NFI) is to obtain reliable infor-
mation about the current status of forest and other wooded land and to use it as a
benchmark in Icelandic forestry. Similarly, the main reason for making projections
is to predict expected long term GHG emissions, forest area, growing stock and
wood removals. Such information is valuable for governmental decision making at
regional and national levels and supports the small, but increasing, forestry sector.

16.1.2 NFI History and Data

The aim of the Icelandic NFI is to assess the national forest cover and to estimate
carbon stock changes (Snorrason 2010). The data from the first survey, which was
carried out between 2005 and 2009, provided the first official information on the
status, growth and total resources of Icelandic forests at the national level. A sys-
tematic sample plot design was used with two strata: (1) Natural Birch Woodlands
(NBW); and (2) Cultivated Forests (CF), which were mostly planted and included
both native and exotic tree species. The two strata have different sampling densities:
for NBW, a grid of 1500 x 3000 m is used, resulting in 203 plots; while for CF forest
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a grid of 500 x 1000 m is used resulting in 663 plots (Snorrason 2010). Concentric,
circular, permanent plots are used for both strata but with different diameter and
height thresholds. In cultivated forests, plot size depends on the stem density and is
chosen to guarantee a minimum number of 20 trees per plot. In the second NFI
cycle (2010-2015), only CF plots were re-measured, because a re-mapping of the
natural birch forests was needed and therefore carried out in the same period.

16.2 NFI Data Used for Resource Projections

Diameter at breast height is measured on all trees that reach heights of 2 m, although
heights of all the trees are not measured. Data for trees with both diameter and
height measurements were used to developed height-diameter models so that the
heights of trees without height measurements could be predicted. Single tree mod-
els for predicting volume over bark above stump volume were developed for the 11
most common tree species grown in Iceland and used to predict single tree volume
(Snorrason and Einarsson 2006). Plot-level growing stock is predicted as the sum of
individual tree volume predictions. Afterwards, the total volume (m?) and the mean
volume per unit area (m*/ha) for each stratum are calculated as area-weighted sums
and area-weighted averages, respectively.

Although the forest was mapped before the first NFI started, no good estimates
of historical annual afforestation rates were available. However, accurate records for
seedlings of different tree species produced annually and used in plantations have
been kept since 1899 (Pétursson 1999). The first attempt to reconstruct afforestation
history used the annual number of seedlings to estimate the area planted annually.

In the first afforestation programmes, the practice was to establish dense planta-
tions, but later the planting densities were reduced. Based on a further analysis of
the average planting density for year 2003 (Snorrason and Kjartansson 2004), the
average planting density before and after 1990 was estimated in 4000 and 2350
seedlings per ha, respectively.

16.3 Methods

16.3.1 The Simulator

A simple forest simulator has been constructed to make projections for as long as
120 years into the future in one year time-steps. This tool was specifically devel-
oped for simulating cultivated forests and is not applicable to the natural birch for-
est. The main outputs of the simulator consist of forest area, C-stock and C-stock
changes, growing stock and possible wood removals. Because the focus here is on
the wood stock change and wood utilization, the C-stock module will not be further
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described. The simulator consists of two modules: a growth module and a manage-
ment module that carries out thinnings and clear-cuts. Future annual afforestation
area is estimated from annual seedling production, assuming a fixed number of
seedlings per unit area.

16.3.1.1 The Growth Module

For each time step, the new growing stock per simulated stand is estimated using its
age and standard volume models for each species. These models were used in the
second version of the simulator (Snorrason 2006) and updated with new models for
stem volume and aboveground biomass (Snorrason and Einarsson 2006; Bjarnadottir
et al. 2007; Jénsson 2007).

16.3.1.2 The Management Module

With the current version of the tool, potential wood removals are projected using a
fixed regime of thinnings and clear-cuts for each species, depending on their age.
This regime represents standard thinning interventions based on recommendations,
observations and clear-felling at age 35-105, depending on the species.

16.3.2 The Scenarios and Assumptions

Usually business as usual scenarios are used for which the annual number of seed-
lings planted as well as the species compositions considered are based on the aver-
age values observed for the last 5-10 years. Other scenarios consider increased
afforestation levels which assume increase in the number of seedlings, but have only
been tested for biomass and carbon stock projections. Different rates of wood avail-
ability for projected forest area have been set, but comparisons of reported and
projected removals always show differences with the reported removals less than
the potential.

For the current version of the simulator, the basic inputs are based on the forest
area estimated in the first NFI (2005-2009). Calibrations have been done for the
total forest area as well as for the forest area by species groups and by time
periods.

The current approach relies on several assumptions and correction factors. Annual
afforestation area is estimated based on the number of seedlings produced and
assumed planting density. However, this resulted in an overestimation of plantation
areas, because it didn’t take into account failures of plantations with high mortality.
After correction, the area generated by 100,000 seedlings is now fixed at 18.8 and
31.9 ha of successful plantations before and after 1990, respectively.
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16.4 Results

The projections for growing stock and possible wood removals obtained with the
current version of the simulator are presented in Table 16.1.

For this projection, the planted area, which was estimated based on the number
of seedlings used either in new plantations or in reforestation after clear-cutting,
was set based on the average observed area of plantations by species for the period
2005-2009. Equilibrium is reached when plantation areas and clear-cutting areas
are of equal size. In this projection, the five most common species and one species
group of slow growing conifers planted in Icelandic forests were considered. In
total, these species’ groups cover about 89% of the area and 93% of the growing
stock of the CF.

The potential wood removals were also simulated (Table 16.2). Harvesting resi-
dues as well as wood not meeting the quality requirements were discounted (10%)
from the potential wood available.

The current version of the simulator is more fine-tuned and better calibrated, but
so far it has only been used for biomass and carbon stock projections.

16.5 Discussion and Conclusions

Comparisons of simulation results and NFI estimates showed that the simulator
overestimates standing volume for the six species classes presented in Table 16.1.
Further work must be done to improve the species models that integrate the growth
module of the simulator and NFI data; this will be a crucial task. The comparison of
NFI estimates and projection results for 2010 indicate that the simulator is capable
of reproducing the relative importance of each species/species’ groups for the

Table 16.1 Projected standing volume (thousand m* over bark) for the years 2010, 2020, 2060
and 2110; for the most common species/species groups planted in Iceland

Projected standing volume (thousand m? over

bark)
Species/species groups 2010 2020 2060 2110
Sitka spruce (Picea sitchensis) 70 174 1446 2731
Lodgepole pine (Pinus contorta) 82 197 1471 2641
Siberian larch (Larix sibirica) 110 272 1657 2627
Slow growing conifers® 49 76 185 270
Black cottonwood (Populus trichocarpa) | 40 92 347 339
Mountain birch (Betula pubescens) 33 76 467 1031
Total 385 886 5573 9639

*Norway spruce (Picea abies), white spruce (Picea glauca) and Engelmann spruce (Picea engel-
manni)
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Table 16.2 The potential wood removal (thousand m* over bark) for the years 2010, 2020, 2060
and 2110; for the most common species/species groups planted in Iceland

Projected potential volume removals (thousand

m? over bark)
Species/species groups 2010 2020 2060 2110
Sitka spruce (Picea sitchensis) 1.9 1.9 21.3 70.7
Lodgepole pine (Pinus contorta) 1.2 2.7 13.5 53.0
Siberian larch (Larix sibirica) 1.0 54 22.8 71.3
Slow growing conifers? 0.4 1.0 7.6 7.3
Black cottonwood (Populus trichocarpa) | 1.4 0.8 12.0 13.2
Mountain birch (Betula pubescens) 0.2 0.7 4.5 20.6
Total 6.0 12.5 81.8 236.1

“Norway spruce (Picea abies), white spruce (Picea glauca) and Engelmann spruce (Picea engel-
manni)

short-term. Again, future NFI data will be essential for validating and improving the
simulator accuracy.

Regarding the projection of the potential wood removals, no attempt was made
to estimate the portion of wood actually available for wood supply other than a
simple exclusion of stem wood left in the forest. Actual commercial wood removals
were reported to be 4.2 thousand m? over bark. in the 2010 annual report of forest
activities (Gunnarsson 2011), which is 70% of the projected potential wood removal
for that year. In the SOEF2015 report (FOREST EUROPE 2015), available growing
stock (2010) was estimated to be 66% of the total growing stock of the CF forest in
that year. The first five species/species’ groups in Table 16.1 provide round wood of
sizes and straightness well-suited for industrial use, although the sawn wood output
will be relatively small for some of these species/species groups. Native mountain
birch has a low yield and produces small and rather crooked wood not suitable for
industrial use. However, the natural birch forest has an important role as protection
forests in Iceland.

As mentioned before, the Icelandic forest cover is small, but is growing each
year. With political interest in increasing the forest cover as well as obtaining more
detailed information on forest wood and non-wood resources, the Icelandic NFI has
been conducting measurements since 2005. Methods and practices on data collec-
tion and processing have been slowly evolving since the inventory surveys were
started, and it is clear that they can still be improved to a great extent. All the same,
the method for projections and the simulator can also be improved by using more
detailed growth models. Possible improvements could include developing regional
models for each age class or including site index as a dependent variable in the
growth models. Currently, the same growth model is applied to each species-specific
age-class regardless of the location of the stand or the site index. Despite the present
limited use of forest products, removals will be more relevant and important in the
future, and information on removals should be improved. Another desirable
improvement to the current version of the simulator would be adding the effects of
a changing climate.
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Chapter 17
Ireland

Henry Phillips, Mark Twomey, and John Redmond

17.1 Introduction

17.1.1 Forest Inventory

The Irish national forest estate has increased from a modest 89,000 ha or 1.3% of
the land area in 1928 (Minister for Lands and Agriculture 1928) to 732,000 ha in
2012, which represents 10.5% of the land area. In the 1920s grave concerns were
expressed regarding the deforestation of private forests, and the 1928 Forestry Act
sought to address these concerns by regulating tree felling and establishing a legal
replanting obligation.

The first inventory of growing stock in State forests was carried out in 1958/1959
and formed the basis for forecasting of future volume yields (O’Muirgheasa 1967).
Up to 1980, 80% of stocked forests were in State ownership and hence stand level
assessments, as well as long term analyses of woody biomass projections, were
concentrated in State forests. The first statistical sample survey estimating standing
volume in the national forest estate was conducted in 2007 by the National Forest
Inventory (NFI). In 2011, the first national forecast of the national forest estate was
conducted which also included Northern Ireland.
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The Irish NFI is based on a randomised systematic grid sample design and has the
task of describing the state and changes in Ireland’s forests. At present the periodic
sample consists of 1827 permanent sample plots, each representing approximately
400 ha. Within each plot a variety of primary attributes are assessed from the tree top to
the soil underneath. All recent woody biomass projections have primarily relied on
geospatial data which have been available at local forest level since 1998. However,
research is currently underway to use the NFI data for national woody biomass
projections.

17.1.2 Descriptive Statistics

Up to the eighties almost all afforestation was undertaken by the State, but with the
introduction of financial incentives for afforestation from the State/EU private land-
owners, mainly farmers, began to afforest significant amounts of land, doubling the
area of forests. Ireland has 732,000 ha of stocked forest land of which approxi-
mately 342,000 ha (46.8%) are privately owned while the remaining 53.2% is
publicly-owned (Forest Service 2013a).

Non-native species represent 76.2% of the forest area and native species 23.8%
(Forest Service 2013a). The most common forest type is Sitka spruce, P. sitchensis,
which covers 52.5% of Ireland’s stocked forest area. Other important forest types are
Lodgepole pine, P. contorta, (9.7%) and willow, Salix sp., (7.3%). The total growing
stock is estimated as 97 million m®, with 63% in publicly-owned forests. In 2012,
56% of the total stocked forest estate was less than 20 years old. Young and thinning
stage forest are the dominant maturity classes with 61.8% and 38.2%, respectively
of the stocked forest area. The average growing stock is 148 m*/ha, which is small in
comparison with many European countries (Ministerial Conference on the Protection
of Forests in Europe 2007) and is a reflection of the young age structure of the forest
estate. Productivity is high in Ireland with an average annual increment of 13 m*ha
in public forests and 11 m*/ha in private forests (Forest Service 2013a).

Standing volume in Ireland’s forests has increased consistently since the surveys
of 1968 and 1973 from 12.7 million m?® to 97 million m? in 2012. The proportion of
deadwood is about 6% of the total standing volume (Forest Service 2013a).

17.1.3 Forecasting in Ireland

Forest roundwood supply forecasting for both private (Purcell 1979) and State
owned forests (Forest Service 1987) was undertaken periodically by the Forest
Service up to 1988. The forecast period was typically 20 years and provided annual
volumes overbark by assortment classes and by species group. Due to the relatively
small proportion of broadleaved species within the forest estate and their use pri-
marily for recreation and landscape, they were not included in the forecast data.
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Every 5 years, Coillte publishes detailed five year volume forecasts, based on a
continuous Geographic Information System (GIS) stand level inventory for the
forests under its stewardship,! with the most recent being Forecast 2011 (Coillte
2011). In 2001, a desk study (Gallagher and O’Carroll 2001) on the production of
private forests was made, and in 2009 a more detailed geospatial production fore-
cast for the private sector was published (Phillips et al. 2009). Unlike previous fore-
casts, it included broadleaved species.

The first NFI cycle, which was completed in 2007, did not provide a roundwood
production forecast. The second cycle, which was completed in 2012 included the
estimation of increment and harvesting for the first time at a national level.

In 2011, an All-Ireland forecast was produced for the period 2011-2028 (Phillips
2011) using production forecast data from (a) Coillte, (b) Northern Ireland Forest
Service (NIFS) and (c) the private sector in the Republic of Ireland (ROI). This
provided woody biomass forecast data for varying size assortments and species
groups and an estimate of wood fibre potentially available for wood energy. The
Republic of Ireland component of this forecast is discussed in more detail in the
following sections.

17.1.4 Data Sources

Two main sources of data were used in woody biomass projections for the Republic
of Ireland: the Coillte stand inventory and Forest Service geospatial data which var-
ies in the level of detail regarding species and age category. A 10 m Digital Elevation
Model (DEM) was also used along with a forest soils productivity dataset. In addi-
tion, a database of Forest Service planting records was used in combination with the
above geospatial data.

17.2 Forecast Methods

17.2.1 General

Roundwood volume forecasts are a function of (a) productivity (yield class?), (b)
management regime (rotation length and thinning prescription), (c) forest area and
stocking, (d) volume reduction factors and, (e) growth model.

Two types of growth models are used when forecasting roundwood volumes in
Ireland, i.e. static (tabular) and dynamic. Until recently, forecasting in Ireland relied

'In addition to State-owned forests, Coillte manages areas where it has entered into a partnership
arrangement with the landowner and areas where the harvesting rights have been sold to pension
vehicles such as the Irish Forestry Unit Trust (IForUT).

2Yield class is a measure of site productivity and is expressed in terms of m?® growth per ha
per annum. The higher the yield class the more productive the site and the greater the overall
volume.
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on UK static models (Forestry Commission 1981) for all species except for Lodgepole
pine for which an Irish model was used (Forest and Wildlife Service 1975).

Dynamic models are more flexible and can accommodate changes in the timing,
intensity and frequency of thinning. Such models were initially developed for Sitka
spruce (Broad and Lynch 2006) and based on Irish data subsequently for the other
main species and more recently for ash, F.excelsior. The suite of stand-level dynamic
models is known as GrowFor.? To estimate the volume in each of the three standard
assortment sizes, the approach was to use UK assortment tables which apportioned
the volume based on mean diameter at breast height (dbh) for all conifer species up
until the late nineties. Research data around that time indicated a difference in the
growth pattern for Sitka spruce between Ireland and the UK (Jordan 1992), and an
Irish assortment table for Sitka spruce was incorporated into the forecasting model
used by Coillte.

17.2.2 Forecasting Methodology 2011

The objective of the 2011 National Forecast was to enable woody biomass projec-
tions to provide public authorities, organizations and industry a broad base for stra-
tegic decision making.

17.2.2.1 Coillte

The starting point for production forecasting is the stand-based inventory and the
series of Forest Management Plans (FMPs). Together they are the inputs to the fore-
cast model including species, age, area, productivity, stocking, accessibility and
management regime. Forecast volumes are generated at a sub-compartment level.

Coillte uses a combination of Forestry Commission static yield models (Forestry
Commission 1981), Irish static models and Irish dynamic models (GrowFor) to
forecast stand volume. The dependent variables are tree species, mean dbh, top
height and stems per hectare (Fig. 17.1).

The starting point for forecasting volume is the estimate of the gross over-bark
standing volume to a top diameter of 7 cm provided by the stand-level volume
model which is then subject to a series of reductions to approximate the volume that
will eventually be invoiced arising from the sale of the timber crop (thinning or
clearfell). GrowFor has four components (Broad and Lynch 2006): (1) volume
model, (2) thinning model, (3) growth model, and (4) assortment model.

The thinning model proposed by Garcia (1984) allows for estimation of post-
thinning basal area (resp. stocking) when the top height, pre-thin basal area, pre-thin
stocking and post-thin stocking (resp. basal area) are known. GrowFor allows the
user to specify the thinning in terms of stems removed, volume removed, or basal

3 Available for download at http://www.coford.ie/toolsservices/growfor/
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Fig. 17.1 Coillte forecasting schema (Coillte 2011)

area removed during thinning. Alternatively, the user can specify the thinning in
terms of the post-thin desired state for volume, basal area or stocking.

The growth projection mechanism consists of a system of differential equations
formulated by Garcia (1979). The system is sufficiently flexible to permit both
empirical growth modelling, where no assumptions are made as to relations between
stand variables, and modelling in limited data situations, where known biological
principles are used as a basis for fanning models (Garcia and Ruiz 2003).

The volume is initially reduced by 15% to allow for roads, ridelines (unplanted
areas between forest compartments), firebreaks and other non-productive areas. The
volume is then reduced to compensate for losses arising from additional factors
such as wind blow and disease.

Finally, the volume is reduced to take into account harvest losses, including:
stump wood above ground level; bark removed during harvesting; waste wood aris-
ing from cutting into product assortments; logs left in forest and not extracted; and
logs left at roadside following sale closure.

Coillte applies a volume reduction factor based on a combination of (a) species,
(b) stage of harvesting (thinning/clearfell) and (c) tree size. The factor is based on
the detailed field analysis of a series of volume sales. The factor will be updated
over time in line with further analyses.

17.2.2.2 Private Sector

There was no national private sector database with species, area, productivity and
other parameters to serve as input to the 2009 forecast for the private sector, so the
datasets used to run the GIS-based roundwood production forecast reflected what
was available from the Forest Service and consisted of:
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(a) The Premiums dataset which covers private plantations in receipt of premiums
between the years 1989 and 2007.

(b) The WPO08 dataset which covers private plantations that were in receipt of grant
aid prior to 1989-1990.

(c) FIPS98 which covers the remainder of the private estate, i.e. Private Grant
Aided area (PGA) and Private Non-Grant Aided area (PNGA).

The Premiums and WP08 datasets contain species and age data suitable for
forecasting. The FIPS98 species groups are too general for forecasting and do not
include age. Estimates of discrete species and age classes were, therefore, derived
for each of the FIPS98 species categories using the NFI (Forest Service 2007) and
the 1973 Inventory of Private Woodlands (Purcell 1979).

For each polygon in the forecast dataset, a centroid was established using the
easting (m) and northing (m) Irish National Grid coordinates which were imported
as point data. Centroids were intersected with a Digital Elevation Model (DEM) to
obtain elevation (m). The Irish Forest Soil (IFS) type data (Fealy et al. 2009) was
appended using the same approach.

To determine yield class, to identify the most appropriate range and type of man-
agement regimes, and to determine a relationship between site factors and manage-
ment regime (rotation length and thinning prescription), Coillte made available a
sample of their Thinning and Rotation Classification (TRC) inventory. In total,
21,260 records of sub-compartment details were provided. The TRC assigns a thin-
ning regime and a rotation type. Any deviation from the standard thinning treatment
or standard rotation is accompanied by an explanation.

The Coillte TRC inventory data were made available, providing information on
yield class by species by soil type and by elevation class. A multiple regression
model was developed to predict yield class for Sitka spruce using elevation class
and soil type as independent variables. The model was used to assign a yield class
to areas of Sitka spruce in the private estate.

For other species, the TRC data were analysed and a relationship determined
between the yield class for Sitka spruce and that for other species within the same
sub-compartment. This was converted to a simple look-up table, validated through
consultation with forestry professionals and then used to assign a yield class for all
other species including broadleaved species.

A default thinning prescription was assigned to each polygon based on an analy-
sis of the area and frequency of thinning types by main species (Sitka spruce,
Norway spruce (P.abies), Douglas fir (P.menzeisii), lodgepole pine (south coastal),
Lodgepole pine (north coastal), Japanese larch (L. kaempferi) and Scots pine (P.
sylvestris)), by Coillte soil type classification by elevation class (<100 m, 100-200
m, 200-300 m and >300 m) within the TRC dataset. With this approach approxi-
mately 30% of the private forest estate was classified as no thin, 50% as standard
thin and the remaining 20% as receiving two thinnings.

The current convention on rotation lengths for conifers is, site permitting, to
grow crops to a rotation of Maximum Mean Annual Increment (MMALI) with the
exception of Sitka spruce (20% below age of MMAI), Norway Spruce (30% below
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age of MMAI) and lodgepole pine (coastal) (30% below age of MMALI) (Forest and
Wildlife Service 1976). The underlying assumption used in the private sector fore-
cast is that owners will, on average, wish to manage their plantations to maximize
returns and use a financial rotation. An economic analysis of rotation length and
thinning regime was undertaken and confirmed with minor modifications to the cur-
rent convention (Phillips 2008). To simplify the underlying assumptions and spatial
modelling, areas having standard thinning were assigned a standard rotation, and
areas with either no thinning or two thinnings were assigned a local or reduced rota-
tion (Fig. 17.2). Typically reduced rotations are practised where crop stability is a
concern.

17.2.2.3 Net Realisable Volume

The All-Ireland forecast (Phillips 2011) combined data from the following sources
into a standard reporting format, expressing forecast production in terms of Net
Realisable Volume. The Net Realisable Volume is estimated roundwood volume
that will potentially be available to the end-user.

Private Sector ROI The private sector forecast (Phillips et al. 2009) highlighted
the lack of information on the accessibility of private forests. The forecast volumes
were adjusted to exclude thinnings from small forest areas and plantations with a
potentially uneconomic forest roading requirement. These areas were assigned a
no-thinning regime and assumed to be harvestable at time of clear-fell. The overall
net impact was a reduction of 4.3% in total volume.

Coillte Coillte revised its forecast estimates to: (1) include only volumes from
Coillte-owned forests, (2) take account of harvest losses, (3) exclude those areas*

4Coillte estimates based on historical analysis that these areas can account for between 100,000
and 150,000 m? per annum.
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which, for a variety of reasons, principally accessibility, are unlikely to be harvest-
able based on a continuation of current conditions, and (4) provide a further volume
assortment category (tip—7 cm). In addition, Coillte adjusted the forecast volumes to
provide an estimate for the last 2 years, i.e., 2027 and 2028, of the forecast tables.
Coillte does not currently estimate the volume for broadleaved species in their fore-
casts but has plans to do so in the near future.

Harvest losses may decrease over time due to improvements in technology and
or harvesting practices. No reduction in harvest losses was assumed and the factors
were applied equally to all years within the forecast period.

17.3 Forecast Results

17.3.1 Roundwood

The forecast produced statistics on the net realisable volume production for the
Republic of Ireland over the forecast period, 2011-2028. The forecast also included
the future sustainable harvest levels between 2014 and 2028 by assortment and
ownership type, as well as the evolution of volume available from clear-fells.

The total forecast of net realisable volume production for the Republic of Ireland
over the forecast period, 2011-2028, is estimated as being 87.58 million m? over
bark with an additional 2.51 million m? potentially available in the tip—7 cm cate-
gory. Despite the almost doubling of the total forecast total net realisable volume by
2028, there is only a modest increase in volume in the 7-13 cm assortment of the
order of 20%, with the volume within this category. Forecast volume in the 14—-19 cm
assortment shows a significant increase from 2014 to 2028 while the volume in the
20 cm + assortment more than doubles from within the same period.

There is an increasing need to inform policy makers, academia and potential
investors regarding the potential availability of wood fibre volumes for energy use.
To address this requirement, an addendum providing an estimate of potential wood
fibre availability for energy was included in the All-Ireland forecast.

17.3.2 Wood Energy

Wood energy forecasts are based on the assumption that there are three main sources
of raw material for wood energy — small roundwood from thinnings (7-13 cm top
diameter), wood residues from the processing sector and post-consumer recycled
wood; additional raw material is potentially available through the harvesting of tree
tops (tip—7 cm) and through the harvesting of lop and top (including branches and
some harvest loss material) on clear-fell suitable sites.
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The net realisable volumes in the Republic of Ireland forecasts the potential
wood fibre available for energy totals 23.749 million m* over the forecast period
(2010-2028). It is important to note that the total available for energy is not an esti-
mate of new or additional volume available for wood energy over and above current
usage. Wood energy will have to compete with other end uses for the volumes indi-
cated. Market price will ultimately determine whether the material goes to energy.

17.4 Discussion

17.4.1 Assumptions and Limitations of the Present
Methodology

According to the latest forecast, the volume from private sector forests will increase
almost eightfold within the next 15 years and be mainly responsible for increasing
supply volumes for all parts of the forest sector. However, the information available
for the private sector forecasting is limited. In particular, the datasets do not include
information on accessibility, the quality of broadleaved species, and age, and lim-
ited species information is available for FIPS98 areas. There is limited information
on stocking and little information on the management intentions of private forest
owners. In addition, the productivity estimate for each plantation is based on a sam-
ple analysis of the Coillte forest estate which may not be fully representative of
private forests.

17.4.2 Error Estimates and Uncertainties

While the GrowFor volume estimates based on Sitka input parameters, have been
validated, the model predictions for future volumes based on varying management
(thinning) regimes have not as yet been validated.

There are no error estimates for either the GrowFor or Forestry Commission
model forecasts of volume. Research undertaken as part of the Forecast project has
attempted to provide error estimates for yield class models derived from Irish data
(Lekwadi et al. 2011), but the models are as yet unsuited to form part of a robust
forecast process.

The ability to provide error estimates will increase confidence in the forecast by all
users including industry, Government agencies, academia and grower organisations.
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17.4.3 Future Improvements

Future forecasts should be able to address most but not all the shortcomings.

The Forest Service is in the process of updating the Forest07 database which
contained the three datasets used to forecast private sector volumes. This process
will append recent afforestation and update both the spatial and attribute data on the
remaining forest areas.

The Forest Service supports the drafting of management plans at age 10 years for
grant-aided plantations of more than 10 ha (5 ha for broadleaved species).
Enhancements to the management plan format have been introduced in line with the
requirements of certification to support the principles of Sustainable Forest
Management (SFM). The management plans also request information on the appro-
priate management regime. The use of this information to support future forecasting
process will provide for more reliable roundwood production information at
national, regional, county and catchment levels, thus facilitating improved invest-
ment decisions by the processing and wood energy sectors.

The GrowFor models based on Irish data are more appropriate for Irish condi-
tions than the UK Forestry Commission models. Over time, Coillte intends to
reduce its reliance on the UK models and move exclusively to GrowFor as stand
data and models become available. The growth model has never been validated.
Doing so would require measurement of a series of representative plots now with
re-measurement in 4-5 years. With such data, the growth model could be recali-
brated to reflect the actual growth measurements.

Accessibility could be interpreted based on orthophotomaps, Ordnance Survey
Ireland’s spatial datasets on road networks and proximity of adjoining plantations.
Work in this area is being undertaken as part of the SupplyChip® and Forecast proj-
ects (Whelan 2011). Site productivity could be based on the Teagasc model for
Sitka spruce (Farrelly et al. 2009) which has been shown to be robust in the field and
should help improve the reliability of production forecasting. The draft forest policy
completed in 2012 seeks to address the limited information on owner intentions
through the introduction of a standardised and integrated forest management plan-
ning process.

17.4.4 Research into Using NFI Data for Forecasting

Forecast, a research project on forecasting methodologies and their application in
Ireland, is currently underway. One objective of the project is to assess the possibil-
ity of generating a reliable forecast of production from privately owned forests
using the existing NFI plot data. The NFI data contain no information on top height

3 SupplyChip — Facilitating the supply of wood chip from forest plantations for a major heat user.
Project funded by COFORD and being undertaken by Teagasc.
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or yield class, which are traditionally used for forecasting in Ireland. The data were
analysed to determine whether it would be possible to apply a surrogate top height
based on a mean height derived from the NFI data. Robust relationships between
mean height and top height have been developed for the main coniferous species
based on permanent sample plot data provided by Coillte. Models were also devel-
oped to predict the upper and lower confidence intervals. These mean height top
height models allow the NFI plot data to be populated with top height, yield class
with the precision of the estimates quantified. Code for the GrowFor growth model
has been modified to allow forecast estimates to be generated for any number of
input vectors for both thinned and unthinned stands. This capacity will be extended
for all coniferous species for which GrowFor models exist.

Within the past decade there have been multiple major advances and initiatives
to support the development of forecasting roundwood volume production from Irish
forests. These include: (1) the availability of dynamic growth models based on Irish
growth data which will over time decrease reliance on UK models, (2) the develop-
ment of methods and datasets to increase the reliance of forecast volumes from the
private sector, and (3) research into the most appropriate forecasting methodology
and use of NFI data for forecasting purposes.

Further development and capacity is required to enhance the reliability of vol-
ume forecasts including incorporation of error estimates and integration of forest
management plan data from the private sector into the overall national forecast
process.

While the sawmilling sector relies on volume forecasts to aid their planning and
investment decisions, they ultimately are interested in log volume as opposed to
conventional assortment volumes. With further research into the relationship
between assortments and product outturn, it should be possible to provide volume
forecasts which include product volumes for a standard range of product
specifications.
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Chapter 18
Italy

Alessandro Paletto, Sandro Sacchelli, and Patrizia Gasparini

18.1 Introduction

The first Italian National Forest Inventory (NFI) was carried out between 1983 and
1986, and the results which were published in 1988 refer to the year 1985 (IFNIS8S5).
IFNI85 adopted a systematic sampling scheme based on a regular 3 x 3 km grid,
with a single field survey (MAF-ISAFA 1988).

The second Italian NFI, called National Inventory of Forests and Forest Carbon
Pools (INFC), was designed in early the 2000s to meet national and international
needs for updated statistics on Italian forests (Tabacchi et al. 2005). INFC adopted
a three-phase sampling for stratification design: the first two phases provided the
data to estimate forest area and its partition into inventory categories (e.g. planta-
tions, high forests and coppices, sparse forests, scrublands, shrubs) and forest types,
and the third phase was devoted to tree-level measurements (Gasparini and Tabacchi
2011; Gasparini et al. 2010). The first phase sampling units are approximately
300,000 photo-points and are randomly located at the intersections of a 1 x 1 km
grid (tessellation sampling) covering the whole Italian territory. They were photo-
interpreted on digital orthophotos to assign the land cover and land use class. For
the second phase, a sub-sample of 30,000 points was randomly selected from the
inventory categories “forest” and “Other Wooded Land” (OWL) and stratified by
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the 21 administrative regions of Italy. The sampling units were visited in the field in
year 2005 to collect information on 40 qualitative plot-level attributes (e.g. forest
category, crown cover, exposure, slope, stand origin, stand structure, ownership). In
particular, 23 forest categories and 91 sub-categories were used according to a
national classification scheme (Gasparini and Tabacchi 2011). In the third phase,
quantitative information (e.g. tree diameter at breast height, tree and crown height,
size of lying deadwood, standing dead trees and stumps) was collected together
with additional qualitative information (i.e. tree and shrub species, tree vitality and
integrity, silvicultural treatments, harvesting and extraction system). The measure-
ments were taken for approximately 6600 sampling plots to derive estimates on
quantitative stand attributes (e.g. growing stock volume and biomass, standing and
lying deadwood volume, regeneration and shrubs abundance). The third phase sam-
pling units were randomly selected from the second phase sample and stratified by
administrative region and forest category (Gasparini and Tabacchi 2011). The
results of INFC are important for national forest policy and provide essential data to
comply with international commitments (e.g. Kyoto Protocol and United Nations
Framework Convention on Climate Change).

In Italy, the forest sector contributes just 0.7% of the Italian Gross Domestic
Product (Lasserre et al. 2011). The main reasons for this small value are linked to
the declining timber market value, the highly fragmented private ownership, and the
high costs of harvesting (Cesaro et al. 2010).

According to national legislation (DPR n.616/77), the forest departments and
services of the 21 administrative regions in Italy are responsible for the forest sector.
At the state level, the Ministry of Agricultural, Food and Forestry Policies (MiPAAF)
is responsible for the national forestry policy, the coordination of regional policies
and representation of the country internationally. Moreover, other activities con-
cerning forest resources such as forest condition monitoring, forest fire protection
and the NFI are carried out by National Forest Service that is part of MiPAAF. The
Ministry for Environment and Protection of Land and Sea (MATTM) is responsible
for environmental issues and land protection. An agency of MATTM, the Italian
National Institute for Environmental Protection and Research (ISPRA) is in charge
of reporting to the United Nations Framework Convention on Climate Change
(UNFCCC) and the Kyoto Protocol.

NFI estimates are part of the Italian official statistics collected by Italian National
Institute of Statistics (ISTAT) and are used for the main reporting activities at the
international level (UNFCCC and Kyoto protocol, FAO-Global Forest Resources
Assessments, and State of Europe‘s Forests).

Although tools for predicting the woody biomass resource from inventory data
under different management conditions and for different time scales have been
developed for some case studies, a resource projection system applicable at national
scale has not been developed yet.
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18.2 Data

18.2.1 Descriptive Statistics

According to the second Italian NFI (INFC-2005), the total forest area was esti-
mated as 10,467,533 ha (8,759,200 ha of forest land and 1,708,333 ha of other
wooded land, FRA 2000 definitions; FAO 2001).

Forest ownership is an important feature in the Italian context because small
private property is prevalent, and this aspect must necessarily be taken into account
in the development of a woody biomass resource projection system. The results of
INFC show that 66.2% of forest land is private property and the remaining 33.8% is
public forest (Gasparini and Tabacchi 2011).

The most common forest categories are oak dominated forests (sessile oak,
downy oak and pedunculate oak) covering 12.4% of the forest land, followed by
beech forests (11.8%) and Turkey oak forests (11.5%). The most widespread conif-
erous forests are Norway spruce dominated forests representing 6.7% of the forest
land, and European larch and stone pine forests (4.4%) mainly located in the Alps
(Gasparini and Tabacchi 2011).

The average basal area of Italian forests is 20.4 m*ha. The growing stock vol-
ume, defined as the volume over bark and above stump of stem and main branches
with diameters of at least 5 cm (Gasparini et al. 2010), is 1269 million m* corre-
sponding to 144.9 m3/ha, while the total above-ground biomass is 874.4 million Mg
(99.8 Mg/ha). The annual volume increment is 35.9 million m? (4.1 m* ha per year),
and its value differs significantly among forest types (Gasparini and Tabacchi 2011).

The volume of deadwood amounts to 8.7 m*/ha, divided into the three compo-
nents: 5.3 m*ha for standing dead trees, 1.9 m*ha for lying deadwood, and 1.5 m?/
ha for stumps. Regarding forest categories, the greatest values of deadwood volume
are found for the Alpine coniferous forests (e.g. silver fir) with 21.0 m*ha and for
chestnut forests with 26.9 m*/ha (Gasparini and Tabacchi 2011).

Regarding the volume of removals, INFC estimated total fellings’ volume during
the 12 months before the inventory survey of 13.8 million m? over bark (1.6 m*ha
per year). The regions with the greatest values are Trentino (3.6 m*ha per year) and
Umbria (3.5 m’ha per year), while other three regions (Lazio, Alto Adige and
Campania) show values in the range of 2-3 m?ha per year. On the other hand, the
smallest values of removals, close to zero, are found in the regions Valle d’Aosta,
Basilicata, Sicilia and Sardegna.

18.2.2 NFI Data

The second Italian NFI collected tree, stand and site data using different fixed area
plots. For tree and deadwood measurements two concentric plots of 13 and 4 m
radius, centered at the sampling point, were used, while regeneration and shrubs
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were measured on two smaller plots with 2 m radius and located 10 m distant from
the sampling point (Gasparini et al. 2010). Trees with diameter at breast height
>9.5 cm were measured on the 13 m radius plot, while trees with a diameter at
breast height between 4.5 and 9.5 cm were measured on the 4 m radius plot. The
13 m radius plot was also used for deadwood measurements (lying deadwood with
minimum diameter >9.5 cm, standing dead trees with a diameter at breast height
>4.5 cm and stumps with a diameter >9.5 cm). Saplings and shrubs from 50 cm
height up to 5 cm of diameter at breast height were counted by three diameter-height
classes in the two 2 m radius plots. Stand and site data (e.g. damage, microhabitat,
forest category) were collected on a larger 25 m radius plot centered at the sampling
point as were the plots for tree and deadwood measurements (Gasparini et al. 2010).

The field data collected in the second and third inventory phases were used to
calculate NFI estimates of growing stock volume, annual increment, standing and
lying deadwood volume, above-ground biomass and volume of removals at the
national and regional level, by forest category.

Regarding information usable for woody biomass resource projections, INFC
provides two useful categories of data:

1. data on growth and harvest (quantitative: annual volume increment and removals
volume; qualitative: forest management regimes and extraction systems);

2. data on accessibility and availability for wood supply (mainly qualitative: degree
of accessibility, slope class, roughness, distance to roads or forest tracks’ class,
and availability for wood supply).

Forest Growth and Harvest

Data on growth and harvest were collected in the third phase of INFC. The informa-
tion useful for woody biomass resource projections are annual volume increment
and volume of removals.

Annual volume increment was assessed using sample cores extracted from 5-10
sample trees per plot for which the diameter increment was measured for the last 5
years before the inventory survey (Gasparini et al. 2010; Gasparini and Di Cosmo
2016). As a consequence of the procedure adopted, the estimated volume increment
is the periodic annual volume increment of the living trees at the time of the survey
(reference year 2005).

The volume of cut trees was estimated by the INFC by measuring the diameter
of the stumps left after harvest (due to thinning, fellings or cuttings of dead/broken
trees after wind storms, avalanches, etc.) for the last year before the survey (<12
months). Stumps with a diameter at the cutting section >9.5 cm , located within the
13 m radius plot, were counted and measured (two diameters at the cut section and
average stump height from the ground); also the tree species was identified. A model
with the diameter at the cut section as independent variable was used to predict the
diameter at breast height of each felled tree, which was then used to estimate the
stem plus large branches volume of the individual tree. Consequently, the sum of the
volumes of felled trees in the plot does not refer exactly to the removals volume
because no information is available on which part has been actually removed and
which one has been left in the forest.
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The forest management regime and the extraction system were classified consid-
ering the forest stand characteristics and the local silvicultural practices (traditions
and customs). The information sources were: direct observation in the field, inter-
views with local experts and other official documents (e.g. forest plans, GIS layers).
In particular, INFC also recorded the forest management regime using six classes:
high forest clearcutting or coppicing, high forest clearcutting with reserves or cop-
picing with standards, patch cutting, shelterwood cutting, selective or uneven-aged
cutting and other forest management regimes (Gasparini and Tabacchi 2011).
Lastly, INFC classified the extraction system using five classes (downhill, animal
skidding or tractor without skidder, direct or indirect skidding, cable systems and
aerial logging).

Accessibility and Availability for Wood Supply

Data on accessibility and availability for wood supply include two main types of
information: the first concerns slope and roughness, the second concerns some
accessibility parameters (i.e. distance to roads and tracks). Additionally, the sam-
pling units were also classified as accessible or inaccessible due to physical obsta-
cles (orographic causes) or legal restrictions as defined by national and international
legislation (e.g. forests in strictly protected areas or military areas). The information
on the accessibility was considered when defining the availability for wood supply.
The classification of availability for wood supply was based on a synthetic evalua-
tion about limitations on forestry activities due to regulations (e.g. presence of inte-
gral reserves in protected areas) or to physical features implying high costs for
logging.

The distance to roads or forest tracks was measured as the distance between the
sampling point and the nearest road, and was then aggregated into four classes
(<500 m, 501-1000 m, 1001-2000 m, >2000 m). The distance to roads or forest
tracks was calculated as the difference between the plot coordinates and the coordi-
nates of the closest road/track directly measured in the field, without considering the
roughness and asperity of the terrain. The roads were divided into four categories:
roads passable for trucks, forest roads passable by tractors with trailers, forest tracks
passable by tractors without trailers, and paths or trails.

The slope was measured on the plot as a continuous variable (degrees of the
angle of inclination) and classified using five classes (0-20%, 21-40%, 41-60%,
61-80%, >80%).

The asperity considers the micro-morphology of the terrain and the presence of
obstacles such as rocks, ditches and gullies. The roughness is classified into three
classes considering the presence of small and large obstacles: (1) absence of obsta-
cles or small obstacles on less than 25% of the plot, (2) small obstacles on 26-75%
of the plot or large obstacles on less than 25% of the plot, and (3) small obstacles on
more than 75% of the plot or large obstacles on more than 25% of the plot. The pres-
ence of obstacles was expressed as a percentage of the plot area.
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18.2.3 ISTAT Data

The Italian National Institute of Statistics (ISTAT) reported data on forest areas and
industrial roundwood or firewood removals for the reference period 2001-2006.
The figures on removed woody assortments are provided for forest and no-forest
areas and are derived from annual questionnaires completed by the Provincial
Offices of the National Forest Service.

Data are presented at regional level by wood use typology:

e Industrial roundwood (sawlogs, round and split pulpwood, other industrial
roundwood)
¢ Wood fuel (included wood for charcoal)

Data on volume and areas of removals authorized by the National Forest Service
are also reported at regional level and classified by forest ownership: State and
Region, Municipality, Other public ownership and Private ownership.

The ISTAT data useful for woody biomass resource projections are limited to the
percentage of felled woody assortments and their market prices. The wood market
prices (timber and fuelwood) are annually collected by the ISTAT through the use
of an ad hoc questionnaire compiled by Local Offices of the National Forest Service.
The prices refer to the timber and fuelwood prices at the roadside distinguishing
between conifers and broadleaves. The timber prices are also subdivided by species,
assortment and geographical location (administrative regions).

18.3 Woody Biomass Resource Projections Based on NFI:
Potential Fields of Research

In Italy, woody biomass resource projection procedures based on detailed input
variables have not been sufficiently developed at the national scale until now. The
only application was implemented by Pilli et al. (2013). The authors proposed the
use of the Canadian Carbon Budget Model (CBM-CFS3) to predict the carbon sink
of Italian forests at the national scale under different scenarios of natural distur-
bance and fires using aggregated NFI data. Even though the prediction of woody
biomass availability is not the main aim of this study, the dynamic of aboveground
biomass in the years 1995-2020 is provided as one of the outputs of the model
application. In addition, some local and regional models have been developed to
assess ecologically and technically-logistically exploitable forest resources (see e.g.
Corona et al. 2002; Bernetti et al. 2004; Scrinzi et al. 2007; Lasserre et al. 2011). In
two of these studies the BIOMASFOR model (Zambelli et al. 2012; Sacchelli et al.
2013), a Geographic Information System (GIS) based tool, was used. BIOMASFOR
is a population growth-based tool for decision making at different administrative
levels. It is regarded as suitable for implementation with data available at the
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country level such as INFC data (Sect. 18.2.2), integrated with additional geo-
referenced and non-geo-referenced information.

The last version of the BIOMASFOR model, currently named . green.biomass-
for (Garegnani et al. 2015), was implemented using GRASS GIS 7.0 open-source
software. The model applies economic and forest multi-function criteria to predict
annual forest energy-biomass and timber availability for a defined territory. The for-
est multi-function criteria currently considered in the model are: soil fertility main-
tenance; soil and water protection; biodiversity maintenance; fire risk reduction;
touristic-recreational valorization and CO, emission reduction. The rgreen.bio-
massfor model performs a multi-step analysis that can lead to different estimates of
bioenergy and timber availability defined as ecological, technical, economic, and
sustainable production. The outputs can be exported as text files and geo-referenced
maps (see Sacchelli et al. 2013, for more details).

The input variables needed for running the model can be classified as mandatory
or optional. If one variable is optional, a default value can be used (if not available).
This approach permits the model to process the data also in cases when information
on some input variables is lacking. The mandatory input variables are slope and
elevation, distance from main roads and forest roads, total yield, yield of n-th forest
category (e.g. Norway spruce forest, Turkey oak forest etc.). The current version of
the model permits to consider a maximum of five forest categories, forest manage-
ment, and woodchip collection point. Examples of optional variables are: forest
treatment, roughness, mean tree diameter, mean tree volume, soil productivity as
well as fire risk index.

18.4 Discussion

The main potential users of woody biomass resource projection at the larger scales
are the policy makers, the forest planners and managers of the regional departments
and services (forestry, energy and environmental services), and the Ministries
(MiPAAF, MATTM). Woody biomass resource projections could be potentially
used by political decision makers for implementation of national policies and pro-
grams for the forestry and energy sectors. In addition, the results of biomass resource
projections could provide useful support to forest planners and land managers in
developing forest management plans at the landscape level.

The r.green.biomassfor model is regarded as suitable for development into such
a projection system using INFC plot data as input. For example, the ecological
annual (or periodic) availability could be predicted from annual volume increment
data and information on forest management regime. Technical availability could be
predicted from data on the extraction system and accessibility, slope, roughness and
distance to roads or forest tracks (also available as a continuous variable). The addi-
tion of information on the efficiency of forest processes (related to forest typology,
accessibility, forest management regime etc.), unitary worker and machine costs
and assortments and woodchips prices, would enable assessment of economical
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availability. Furthermore, with the help of national and international literature and
datasets, the sustainability of the biomass production could be assessed. Forest data
used in 7.green.biomassfor tool have to be represented with continuous map surface.
Given that INFC data refer to NFI sampling units and are spatialized as point pat-
tern, application of r.green.biomassfor model should be tested firstly with non-
spatialized data to project the predicted variables at plot level and produce estimates
of the same variables at the national or regional level, using INFC algorithms.
Additional work should be necessary to test the r.green.biomassfor model on previ-
ously spatialized INFC data.

The structure of r.green.biomassfor (implemented in sub-models) and the open-
source based approach provide the opportunity to further develop the integration of
sub-models, criteria and variables as well as to perform its evaluation. For example,
a future improvement could be the inclusion of a dynamic forest growth sub-model
based on short-medium term forest planning. The available user friendly graphical
interface facilitates the application of the model for users.

18.5 Preliminary Conclusions for Woody Biomass Resource
Projections in Italy

In Italy, woody biomass resource projection is severely hampered by the lack of
information concerning logistical variables (e.g. a national database regarding the
spatial distribution of forest roads and landing sites) and the high variability of eco-
nomic parameters. In fact, Italian territory is characterized by high differentiation of
geomorphology, forest features, level of mechanization of harvesting operations
and socio-economic aspects. This variability does not allow generalizing the infor-
mation necessary for woody biomass resource projection. Although accurate evalu-
ations were carried out for local studies, up-scaling of the models used in these
cases for the national level presents the same above mentioned difficulties in input
generalization.

A possibility for producing national-scale projections could be depicted in the
availability of recently updated data from the second Italian NFI. In particular, the
Italian NFI provides useful information concerning accessibility and availability of
wood (degree of accessibility, slope, roughness, distance to roads or forest tracks,
and timber availability), tree growth and harvesting. On the other hand, accurate
information on harvesting costs and assortments and in general on logistical and
economical aspects at the plot level are not available in the NFI which should be
integrated with other data sources and models. The development of a model to pre-
dict the ecologically and technical-logistically exploitable forest resources at
national scale should be further investigated. In addition, an allocation model could
permit division of the predicted timber production into traditional assortments and
wood residues for energetic uses.
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Finally, different GIS-based analyses could be used to model economic restric-
tions related to, for instance, transportation of wood from forests to roads and along
roads to heating plants, sawmills, etc. as well as restrictions related to harvesting
and extraction operations.

References

Bernetti I, Fagarazzi C, Fratini R (2004) A methodology to anaylse the potential development of
biomass-energy sector: an application in Tuscany. For Policy Econ 6:415-432

Cesaro L, Florian D, Marongiu S, Tarasconi N (2010) Forest profitability measurement: a pilot
project to extend FADN to forestry sector in Italy. IUFRO World Congress, Paris, 26-30 May
2010

Corona P, Marziliano PA, Scotti R (2002) Top-down growth modelling: a prototype for poplar
plantations in Italy. For Ecol Manag 161:65-73

FAO (2001) Global forest resources assessment 2000: main report. FAO forestry paper 140, Food
and Agriculture Organization of the United Nations, Rome

Garegnani G, Geri F, Zambelli P et al (2015) A new open source DSS for assessment and planning
of renewable energy: r.green. In: Proceedings of FOSS4G Europe, Como 2015, 14—17 June
2015. Geomatics Workbooks ISSN 1591-092X, pp 39-50

Gasparini P, Di Cosmo L (2016) Chapter 26 Italy: national resource availability reports. In: Vidal
C, Alberdi I, Hernandez L, Redmond J (eds) National forest inventories — assessment of wood
availability and use. Springer. (in press)

Gasparini P, Tabacchi G (eds) (2011) L’Inventario Nazionale delle Foreste e dei serbatoi
forestali di Carbonio INFC 2005. Secondo inventario forestale nazionale italiano. Metodi
e risultati. Ministero delle Politiche Agricole, Alimentari e Forestali, Corpo Forestale dello
Stato, Consiglio per la Ricerca e la sperimentazione in Agricoltura, Unita di ricerca per il
Monitoraggio e la Pianificazione Forestale. Edagricole, Milano

Gasparini P, Tosi V, Di Cosmo L (2010) National forest inventories reports: Italy. In: Tomppo E,
Gschwantner T, Lawrence M, McRoberts RE (eds) National forest inventories — pathways for
common reporting. Springer, Cham, pp 311-331

Lasserre B, Chirici G, Chiavetta U et al (2011) Assessment of potential bioenergy from cop-
pice forests trough the integration of remote sensing and field surveys. Biomass Bioenergy
35:716-724

MAF-ISAFA (1988) Inventario Forestale Nazionale Italiano 1985 (IFNI 85). Istituto sperimentale
per 1’ Assestamento forestale e I’ Alpicoltura, Trento

Pilli R, Grassi G, Kurz WA et al (2013) Application of the CBM-CFS3 model to estimate Italy’s
forest carbon budget, 1995-2020. Ecol Model 266:144-171

Sacchelli S, Zambelli P, Zatelli P, Ciolli M (2013) Biomasfor — an open source holistic model for
the assessment of sustainable forest bioenergy. iForest Biogeosci For 6:285-293

Scrinzi G, Marzullo L, Galvagni D (2007) Development of a neural network model to update forest
distribution data for managed alpine stands. Ecol Model 206:331-346

Tabacchi G, De Natale F, Floris A et al (2005) Italian national forest inventory: methods, state of
the project, and future developments. In: Proceedings of the seventh annual forest inventory
and analysis symposium, 55-66

Zambelli P, Lora C, Spinelli R et al (2012) A GIS decision support system for regional forest
management to assess biomass availability for renewable energy production. Environ Model
Softw 38:203-213



Chapter 19
Lithuania

Andrius Kuliesis, Albertas Kasperavicius, Gintaras Kulbokas, Vilis Brukas,
Edmundas Petrauskas, and Gintautas Mozgeris

19.1 Introduction

The total forest land area in Lithuania increased by 135,000 ha (2.1% of the terri-
tory) since 2003. In 2015, according to the Lithuanian forest resource assessment,
the total forest land area was 2,179,900 ha covering 33.4% of the country (Lietuvos
misky tkio statistika 2015). The area of forest stands increased from 1,951,000 ha
to 2,056,000 ha during the same period. The remaining 123,900 ha include forest
land not covered by stands such as clear cut areas, dead stands, forest blanks, seed
orchards, and forest roads. Coniferous stands cover 56.0% of the forest area fol-
lowed by 40.4% of soft deciduous tree species. From 2003 until 2015, the area of
soft deciduous tree species increased 132,600 ha, while the areas of hard deciduous
and coniferous tree species decreased 18,000 and 9600 ha, respectively (Table 19.1).
The total growing stock volume increased from 453.4 million m? to 528.9 million
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Table 19.1 Species representativeness in Lithuanian forests (Lietuvos misky tkio statistika 2015)

Increase/decrease (+/—) (since
Year 2015 2003)
Forest Growing Stock Forest
Area Volume (million Area Growing Stock Volume
Tree species (hectares) | m®) (hectares) | (million m®)
Scots pine 718,600 218.5 +7100 +38.5
Norway spruce 429,300 88.6 —16,000 +12.8
Birch species 458,400 89.0 +66,200 +10.2
Aspen 85,300 36.6 +28,800 +2.6
Black alder 149,800 50.7 +30,300 +13.0
Grey alder 125,200 22.1 +3200 +0.5
Oak 43,400 11.5 +7700 +0.2
Ash 24,100 3.5 —27,300 —6.1
Other tree species 21,900 8.4 +5800 +3.8

m? during the same period (Lietuvos misky @ikio statistika 2015). Table 19.1 shows
the distributions of area and growing stock by tree species.

During the same period growing stock volume of mature stands available for
commercial use increased from 109.9 to 142.7 million m®. The gross annual
increment rose from 16.0 to 18.8 million m? corresponding to 8.9 m*ha. State for-
ests, i.e. those managed by the state and where the state has exclusive rights, cover
1,084,500 ha. Private forests cover 866,200 ha, and 229,200 ha of forest are reserved
for restoration of ownership rights to former owners (Lietuvos miSky iikio statistika
2015). Forests reserved for restoration of ownership rights, but which will not be
restored, are planned to be sold at auctions. Lithuania has about 248,000 private
forest owners with an average private holding size of only 3.49 ha.

All Lithuanian forests are divided into four functional groups according to mul-
tifunctional objectives. Group I includes forests for which no management is applied
and all cuttings are prohibited (26,300 ha or 1.2%). Group II represents ecosystem
protection and recreational forests (266,500 ha or 12.2%) for which cuttings are
allowed at the age of natural maturity. Forests with water, soil, landscape or valuable
natural features such as genetic and culture reserves as well as forest seed stands are
under Group IIT (331,000 ha or 15.2%). Finally, Group IV represents commercial
forests (1,556,100 ha or 71.4%). The principles of forest grouping are regulated by
Lithuanian forest law and the distribution of forest area by functional group which
is quite stable. The maps assigning each forest area to a specific group at the com-
partment level currently must be approved at a Ministry of Environment level.

Lithuania has developed a wood availability and use projection system based on
long-term (more than 30 years) planning combined with management planning for
10-20 years. Forest resources’ assessment, management planning and long-term
wood availability, and wood use scenarios are usually based on two types of inven-
tory data: stand-level or Standwise Forest Inventory (SFI) and the National Forest
Inventory (NFI) which uses sampling methods.
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SFI and NFI data are combined for wood-use planning in the country. SFI data
are used for 10-20 year’s wood-use planning of forest management units (enter-
prises, private holdings, etc.), whereas NFI data are used for forest resources assess-
ment in the country and also for forest management control using gross increment
balances. The proportion of dead trees decomposing in the forest is used to estimate
forest growth efficiency, while the ratio of removed and felled trees allows estima-
tion of harvest efficiency. The level of sustainable wood-use is estimated as the
proportion of stem volume accumulated from the gross increment. The combination
of data from both inventories is used to develop long-term wood availability and
wood-use scenarios.

The current text aims to report the status of woody biomass resource projection
methods for Lithuania based on forest inventory data. First, the inventories provid-
ing inputs to the wood resource projection models are introduced. Next, the meth-
odological principles behind the projection methods are discussed. Finally, the
simulator Kupolis is explained in detail.

19.2 Data Sources

19.2.1 National Forest Inventory

The Lithuanian NFI is based on sampling methods and integrated Geographic
Information System (GIS) technology and was launched in 1998 to conduct a thor-
ough monitoring of Lithuanian forests for an efficient assessment of the main forest
variables in the country and its regions (Kasperavicius and Kuliesis 2002; Kuliesis
etal. 2010, 2016). High priority was especially given to estimation of volume incre-
ment, structure and wood-use balance. The allocation and measurement of perma-
nent plots was finished in 2002 (Kuliesis et al. 2003). Re-measurement of these
plots and establishment of new temporary plots started in 2003 (Kuliesis et al.
2009), and the third cycle of Lithuanian NFI was finished in 2012 (Anonymous
2011). The fourth cycle of NFI will be finished in 2017.

The NFI provides data necessary for the preparation of various forest statistical
reports as well as for forest management planning and long-term wood availability
and wood-use projections (Kuliesis et al. 2010). The estimation of current forest
statistics is based on a combination of data resulting from the NFI sample plots
which are either remeasured permanent plots, temporary plots, or special temporary
plots for inventory of fellings. Measurement of permanent sample plots facilitates
estimation of the efficiency of forest management and estimation of total drain,
removals, changes in biodiversity and land use changes. Estimates of a large num-
ber of variables as required for various NFI users and especially for wood-use pro-
jections, are based on a combination of tree measurements from plots and aerial plot
assessments (Table 19.2).
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Table 19.2 Structure of NFI data measured and evaluated on the plots during field measurements

Dimension of plants State of plants Areal variables
Trees Species Ownership
dbh Storey Land use category
Height Living Functional forest group
Lenght of crown Dead, windthrown, windbroken | Administrative region, county
Age Cut Site type
Increment Kind of cuttings Forest type
Volume Quality class Age class
Understorey, natural | Damages Site index Hg?
regeneration Type Site index Dyg"
Height Cause Stocking level
Age Location Species composition
Underbrush Intensity
Height Defoliation

aH,p is estimated according to current mean height and age of the prevailing tree species in main
storey and expresses mean height at reference age

"D, is estimated according to current mean diameter at breast height (dbh) and age of the prevail-
ing tree species in main storey and expresses mean dbh at reference age

Each tree measured on a sample plot represents 8000 trees in the field.
Measurements of 6000 permanent plots produce estimates with 1% accuracy
(p = 0.683) for the main forest resource attributes (growing stock volume and gross
increment) for the entire country.

To conduct an IPCC National Greenhouse Gas inventory in the Land Use, Land-
Use Change and Forestry sector, Lithuania has chosen the stock change method
which is based on information from the NFI. Above ground biomass estimation is
based on the volume of living trees stems with bark and wood density and Biomass
Expansion Factor (BEF) values. Root-to-shoot ratios are used to estimate below
ground biomass. The default value of 0.5 ton C per ton dry biomass is used for esti-
mation of the carbon fraction.

NFI data are the major information input for forest resources assessments, which
are carried out every year (Valstybiné misky apskaita 2012) to produce an annual
forest statistics report (Lietuvos misky tikio statistika 2003; Lietuvos miSky tkio
statistika 2015) which is available at www.amvmt.It.

19.2.2 Standwise Forest Inventory

SFIs have been carried out for the entire country on a regular basis since 1922. The
seventh SFI was started in 2012. According to the Lithuanian forest law (1994), SFIs
and mapping should be executed every 10 years throughout the country indepen-
dently of forest ownership. Nowadays, one-tenth of the country’s territory is inven-
toried every year. Forest mapping using GIS techniques was started in 1995 (Brukas
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et al. 2000; Mozgeris et al. 2008; Anonymous 2012). The main SFI operations are
delineation of forests into compartments or stands, stand inventories, and the inven-
tory of other attributes such as soil properties and non-timber forest resources includ-
ing game, mushrooms, herbs and berries. Delineation of forests into compartments
consists of preparing a draft forest map based on information from orthophotomaps,
stand maps, forest soil maps, maps of cuttings and reforestation from the past inven-
tory, and also maps of protective territories and objects. Subsequently, this map is
validated in the field using GPS equipment. Forest stand borders are usually delin-
eated after assessing forest soil, site and forest type conditions.

SFIs are the basis for tactical forest management planning. SFI inventories are
based on visual methods to evaluate and describe forest stand variables including
land cover type, forest group/subgroup, tree species composition, stand age, under-
storey and bushes, forest ownership, soil type, silvicultural treatments, wild ani-
mals’ presence and the damages they cause, aesthetics, recreational and protective
value of stands and an estimate of the value of the forest land. Although visual
methods are used, some variables such as tree height and tree diameters are mea-
sured and basal area and volume are estimated. Growth models and information on
silvicultural treatments are used for annual updating.

Data, collected within the frames of SFI, are stored on an SQL server database man-
agement system since 2001 (Brukas et al. 2002). Since 2003, these data have formed the
basis for Lithuania’s State Forest Cadastre and are managed by the State Forest Service.

19.3 Methods

19.3.1 Forest Management Planning

Forest management planning in Lithuania is based on rigid routines and plays a
major role in defining forestry practices (Brukas et al. 2011; Anonymous 2012).
Planning relies on data from both SFIs and the NFI. Forest inventory experts visit
each forest stand and subsequently elaborate a forest management plan for 10 years
(lately up to 20 years for private forest estates). For a State Forest Enterprise (SFE)
the plan is to be followed by SFE managers and includes detailed management pro-
visions such as sequencing of stands for thinning and final fellings.

Planning experts estimate the allowable annual cut using the method of area con-
trol. Several variations are available, but basically the area control method entails
dividing the available area of commercial stands dominated by a given species by the
number of years within the rotation, where the rotation is traditionally estimated by
adding 10 years to the Minimum Allowable Rotation Age (MARA). The resulting
annual cut area for the country is distributed among SFEs. Annual final cut area by
prevailing tree species is estimated for each SFE every 5 years. The proposed norm
of annual cut area should guarantee a stable harvesting level for the analyzed tree
species for two decades. For every SFE, the area of annual final cut is specified
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Table 19.3 Minimum allowable rotation ages for Lithuanian forest stands by functional forest
group

Forest group

Prevailing tree species I I v

Scots pine, Ash 171 111 101
Norway Spruce 121 81 71
Birch 91 61 61
Aspen 81 41 41
Black alder 91 61 61
Grey alder 51 31 31
Oak 201 141 121

assuming the area of mature stands. The mature stands of the country occupy more
than 20% of the area of all stands. This means that mature stands in a particular SFE
are planned to be felled in a sustainable, long-term manner (13—16 years). The under-
lying aim is to continuously obtain as much timber in the long-run as possible.

MARA is a crucial variable because it determines the minimum rotation length.
No stands can be final felled earlier than MARA, except in cases of extraordinary
calamities. MARA is defined by prevailing tree species and forest group (Table 19.3).

In commercial forests the rotation age is set according to the criterion of techni-
cal maturity which refers to the annual increment of specific valuable assortments
(saw logs with top diameter of 19 cm) for average site conditions.

Forest management plans for SFEs must be checked by the regional subdivisions
of forest management control department of the State Forest Service and finally
approved by the Minister of Environment. As of 2006, regional forest management
schemes should also be elaborated, encompassing environmental impact assess-
ments with the possibility of public hearings. Annual cuts for each of 42 SFEs and
the total national annual cut are examined by the Scientific-Technical Board of
Forest Management Planning. The Board includes representatives from the Ministry
of Environment, Directorate General of State Forests, SFEs, universities and col-
leges, the Forest Inventory and Management Institute and State Forest Service.
After approval by the Board, the annual cutting norm is approved by the Minister of
Environment. In addition, the 5-year annual norm for cutting area and maximum
amount of merchantable timber must be approved by the Lithuanian Government
for all state forests.

The procedure is somewhat less complex in private forestry. Final felling can
only be carried out by a private forest owner if the owner has a forest management
plan prepared by an officially registered inventory expert and a cutting permit that
is issued at the regional agencies.

Forest management plans are not mandatory for forest holdings of less than 3 ha
of forest area, where the national average is 3.49 ha, and other cases described in
Regulation of private forest management and use. The compulsory parts of the for-
est management plan are the 10-year final cutting norm, forest regeneration, and
environmental requirements. For estates of less than 150 ha, all mature stands can
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be typically included in the 10-year cutting norm. However, various spatial restric-
tions apply. For example, the area and number of clear cutting occasions during
5-year period is limited for individual estate. The forest management plan must be
approved by regional subdivisions of the forest management control department and
registered by the State Forest Service. When planning a final felling, the forest
owner must obtain a cutting permit that is issued by the regional subdivisions of the
forest management control department of the State Forest Service.

Energy wood resources are estimated for every compartment for which felling,
either final or intermediate, has been projected. Energy wood in Lithuania includes
full stems of small trees in young forests (available from thinning of young stands),
round fuel wood and dead trees (not suitable for saw logs), felling residues (tops,
branches, stumps), all available from other types of fellings. Energy wood is
accounted including the bark. The volume of energy wood depends on the felled
stem volume and is differentiated by tree species, felling types, fertility, and hydrol-
ogy regime of sites.

19.3.2 Growth Model

Stand growth predictions are based on regression models developed for eight domi-
nant tree species (pine (Pinus silvestris L.), spruce (Picea abies (L) Karst.), birch
(Betula pubescens Ehrh. + Betula verrucosa Ehrh.), aspen (Populus tremula L.),
black alder (Alnus glutinosa), grey alder (Alnus incana), oak (Quercus robur L.),
ash (Fraxinus excelsior) by Kuliesis (1993). For each species and each stand, the
same models are used to estimate mean gross annual increment and its components
including wood left in the stand as the result of management thinning and self-
thinning mortality. The growth of other species is predicted using a model for the
most similar species.

The growth model for Lithuanian forests is based on general regularities of the
change and growth of mean parameters of trees and stands. It is based on materials
acquired within the frames of sampling based inventory of state forests in 1969
(Kuliesis 1993). The growth model consists of the following sub-models which aim
to predict the following parameters (Kuliesis et al. 2014):

e changes of mean tree height, depending on stand age, site index H,p and pecu-
liarities of site (mineral, organic),

 site index Hyg (mean height at reference age, depending on current mean height
and age of the main storey),

* changes of mean tree diameter at breast height (dbh), depending on stand age and
site index Dup

 site index D,p (mean dbh at reference age, depending on current mean diameter
at breast height and age of the main storey),

» changes of growing stock volume, depending on mean height of trees and stock-
ing level,
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* increment of mean diameter of trees, depending on site index D,g and mean dbh
of trees,

» general interrelations between tree height and tree dbh and mean dbh of trees per
stand,

e general interrelations between growth (increment) and changes of mean stand
parameters (height, dbh, volume) as well as the interrelations between survived,
dead and all trees of the same variables,

e estimation of stem volume over bark including above ground part of stump and
top, depending on tree dbh and height.

The growth model is used to predict: (1) the change in mean diameter, mean
height, number of trees, and basal area; (2) growing stock volume including surviv-
ing trees after n years, gross volume increment accumulated in stand and any parts
well as removed from stand during n years; (3) mean diameter and mean height
increment; (4) mean diameter, mean height and volume of dead trees; and (5) mean
diameter and mean height of trees surviving during n years. The growth model is
also used to predict stand-level stocking based on the portion of the gross volume
increment removed or accumulated in stand. The growth model is applied in SFI for
forecasting stand parameters and for the estimation of gross volume increment in
every stand (corresponding to its age, mean height, stocking level or growing stock
volume) as well as for the simulation of forest stand development and thinning
regimes.

19.3.3 Wood-Use Control Based on Increment Balance

Wood-use control based on increment balance is applied in all stages of forest man-
agement planning — during the implementation of accepted Forest Management
Plans (FMP) or for making new 10-20 year FMP as well as for forecasting of long
term wood-use changes. Wood-use results are controlled in various ways, but the
most efficient way uses directly estimated gross increment balance from measure-
ments of permanent plots of NFI. Using data from repeated measurements of per-
manent plots, increment balance equals:

IM=Ay +M; +M; (19.1)

where

Ay — volume change, during the period between two consecutive inventories.
Volume change includes ingrown trees or trees that changed storey;

My — volume of trees felled by all types of felling, usually is distributed into final
and intermediate;

M, — volume of dead trees between consecutive measurements (natural losses):
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M, = M, +M,, (19.2)

Mgk — volume of removed dead trees (used natural losses)
M, — volume of dead, left for natural wood decomposition, trees (unused natural
losses).

Gross annual increment and its balance have been estimated every year since
2007 using data from two successive measurements of permanent NFI plots. Mean
gross annual increment and its components are estimated for all forests — state for-
ests, private forests and forests reserved for the restoration of ownership rights.
Gross annual increment and its components are estimated separately for commer-
cial and protective forests as well as for strict reserves, protected and recreational
forests. The drain of gross annual increment represents felling of living trees and
natural losses, both used (removed) and unused (left in forest). The volume of felled
living trees can result from final harvest or thinning, whereas the volume of felled
(removed) dead trees represents natural losses that are used. It is estimated as the
volume of felled dead trees by various types of cuttings that were recorded as dead
during the previous inventory.

19.4 Long-Term Wood-Use Scenarios

19.4.1 Tools to Simulate Forest Resource Development
and Wood-Use

A large scale forestry scenario simulator Kupolis is structured following the recom-
mendations by Pretzsch et al. (2002). It was developed in the last decade of the
twentieth century with the primary aim of predicting forest resource development
under different economic and environmental conditions for SFEs and to produce
summary statistics at the country level. Currently it can be used for all levels of for-
est estates, ranging from one stand up to all forests in the country. The basic unit of
simulation in Kupolis is a forest stand or compartment, but any aggregated or sam-
ple plot data can be used if the structure of the data records is compatible with stand
data. The model may also work on a random sample of data. The model is designed
to work using the data structure of the database system “L”, which was originally
developed in Lithuania and used as a standard solution to process SFI and forest
management planning data throughout the entire former Soviet Union (Brukas et al.
2002). Some post-Soviet countries still successfully use this database system.
Growth models (Kuliesis 1993) are adapted for Lithuanian conditions, but could be
used in neighboring countries as well.

Kupolis was planned to consist of three sub-systems aimed to simulate the devel-
opment and use of: (1) wood resources and their dynamics, (2) non-wood forest
resources as well as (3) forest environmental and recreational functions. At the
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moment, just the first sub-system is operational; in particular, non-timber ecosystem
services cannot be accommodated currently. The simulator has six modules to
model the development and use of wood resources (Fig. 19.1): (1) final cutting, (2)
intermediate cutting, (3) artificial and (4) natural forest regeneration, (5) stand
growth, and (6) economic evaluation.

All the modules are combined in such a way that changing the parameters for one
changes the simulation results of the next steps of the iteration. The simulation
period may range from 1 to 20 years; the number of periods is practically unlimited,
i.e. it is limited only by the computer data storage capacities. As a result of each
step, two new virtual databases are generated: (1) a database of stands that are left
to grow, that describe the condition of forest resources after a chosen time period in
the same format as used for input, and that are the initial data for a new step, and (2)
a database of wood removed during all kinds of cuttings and natural mortality.
Special programs to extract various statistics from the simulation are used, as well
as whole data manipulating functionality of the system “L” is available, too.

Data input formats are compatible with the formats of the old database manage-
ment system “L” that was used in Lithuanian forest inventory and management
planning system a decade ago, that is still operational at the Lithuanian State Forest
Service, and that does not require any preliminary processing before using in
Kupolis. The main stand characteristics used as input for the growth models, are
species composition, age, mean height, mean diameter, stocking level, and growing
stock volume, each of which is estimated for each species in every storey of the
stand. However, each compartment has a detailed description with more than 100
variables used in Kupolis. Input stand attributes belong to the following groups:

e General data (manager, owner, estate address, forest block number, forest group
and subgroup, defining the management regime, administration unit);

» Forest compartment characteristics (id, area, land category, tree species, site
index, soil type, forest subgroup, inventory peculiarities, land drainage status);

» Forest stand description (storey, species composition, age, height, diameter, rela-
tive stocking index, origin, volume per 1 ha, basal area);

* Description of forestry operations (type of operation, percentage of volume cut,
volume of dead and wind fallen trees);

» Forest plantations and natural regeneration (type, tree and brush species, amount
of tree plantings, condition);

» Forest damages (tree species damaged, type, percentage of trees damaged, dam-
age degree);

* Non-wood products (herbs and berry plants, species, availability in percent,
commercial importance);

* Assessment of performed cuttings (cutting year, quality, validity);

e Agricultural lands (type of land, condition, use);

e Understorey (species, density);

* Protected objects, such as protected trees, bird nests, objects cultural heritage,
recreational facilities, etc. (type, sub-group, title, recommended treatment, num-
ber of objects for recreation).
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The simulator consists of several parts that are handled interactively. The basic
module is used to select the input database, the simulation step (years, ranging from 1
to 20, usually 5 or 10. The experience is that longer than 10 years simulation steps
need to be avoided as they may produce biased results), and the number of steps (tech-
nically unlimited, practically depending on the objectives of simulation exercise).
Next, the query is constructed to select specific records from the database such as
forest group, forest owner, and administrative unit, etc., i.e. all parameters described
in their own attribute fields can be used to query. Database management, printing of
the results, and export of data are carried out using the system “L” functions of special
programs.

Parameters for scenarios are stored in a special normative database as ASCII files
and may be adjusted using simple text editors. The normative files are arranged into
following thematic groups:

* Administrative classifiers (forest enterprise, district, year of Standwise inventory,
administrative districts, protected areas, functional zones, forest groups and
sub-groups);

* Environmental and dendrometric classifiers (soil productivity groups, forest land
categories, tree and brush species, stand stories, soil types, condition of planted
trees, stand damage, stand productivity, effectiveness of cuttings, herbs and berry
plants, characteristics of meadows, roads, Red Book species, wetlands, target
tree species, forest types, ecological evaluation, recreational objects, characteris-
tics of forestry activities, etc.);

e Growth model (parameters of growth models, (see the previous section on stand
growth models).

e Scenario definitions (describing the stand growth: target tree species and tree
species compositions, age of plantings, maximum time period to reforest clear
cutting areas, lowest amount of undergrowth, succession of target tree species,
target planting types, average age and age structure of undergrowth, user’s pro-
posed tree species to be planted, average tree species compositions in the coun-
try, densities of planted trees by species, surviving probabilities of planted trees;
describing the timber cuttings: maturity ages, minimum allowable cutting ages,
model validity limits, target diameters for cutting, selection of final cutting types,
optimized reserve of final cuttings, parameters to optimize the final and interme-
diate cuttings, parameters to define the thinnings).

* Economic variables (timber prices on the stump, log prices, forest land prices,
prices of exploitable stand volume, prices for herbs and berry plants, costs of
planting, thinning of saplings, intermediate and final cutting and the incomes
from intermediate and final cutting).

Because Kupolis is an open system consisting of elementary modules, each sub-
system can simulate a different type of forest management program at the stand
level. An exception is the final cutting budget optimization module which generates
optimal solutions at forest management unit level, and uses aggregated data based
on the age class principle. Within a forest management unit, an entire forest estate
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or a group of stands within the same estate is assumed to share the same tree species
and functional group (reserves, recreational forests, etc.).

The forest regeneration module can simulate regeneration in four ways: (1)
planting tree species following valid silvicultural rules and goals, (2) business as
usual which uses average country-wise inputs, (3) user-defined regeneration charac-
teristics, and (4) maintaining the same tree species composition as in the former
stand. The natural regeneration module foresees natural regeneration on all areas,
including those with artificial planting. Planting is not assumed in three cases: (1)
when enough undergrowth is already available, (2) on histosol soil type, and (3)
when experts allow natural regeneration due to economic reasons. Random selec-
tion of tree species composition and density from within the limits of variation in
real stands in the specified soil type is used in the natural regeneration and in-growth
modules to sustain the current tree species composition of simulated stands. The
number of in-growing trees is corrected using a coefficient that depends on the rela-
tive stocking level (based on basal area) of the present stand.

The thinning module can operate following two methodological approaches: (1)
thinning is planned by analyzing the stand characteristics and choosing the treat-
ments that best suit the present silvicultural recommendations at each simulation
step; and (2) defining the species composition of the target trees and the stocking
level of the stand at a rotation age, and planning the treatment when the stand stock-
ing level starts exceeding the targeted trends.

The main requirements for the objective function in the final harvest module are
continuous and sustainable use, smoothing of age class structure, and balance
between cutting and increment. The best long term forecasts meeting these require-
ments are provided using the model Optina developed by Lithuanian forest research-
ers in the 1970s and 1980s (Deltuvas and Miseikis 1975; Vitunskas 1988). The
economic evaluation module calculates three parameters: forest land value (it does
not apply discounting, i.e. should not be regarded as a variant of net present value),
stumpage price, and revenues and costs of all forest operations starting from grow-
ing seedlings until timber logging on a roadside at stand level.

Kupolis is based on two methodological principles, dynamic programming and
iterative simulation. This enables the user to minimize accumulation of deviations
of simulated results for a long time horizon (100 years). The annual budget of final
cuttings that fulfills the requirements of sustainability for a full rotation period is
re-optimized at each step using the principles of dynamic programming, while other
forest management activities are modeled using the iterative simulation.

Several types of output data may be generated:

* The simulation results are output using system “L” formats; thus the default way
to study the results is to use the analysis functionality of the system “L”. More
than 50 different summary tables may be constructed, as well as interactive, user-
defined report structures and contents. Results are usually output as ASCII text
files.

e The “L” databases may be exported into MS Excel or dbf formats and further
analyzed or merged with a GIS using the functionality of external software. For
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example, exported data on simulated future characteristics of stands are used to
estimate the amounts of biomass and carbon, evaluate forest environmental and
recreational functions using external software tools.

* Key summary statistics may be generated as MS Excel or dbf files using spe-
cially developed Kupolis tools.

Attributes of forest compartments exported into dbf files may be joined with the
borders of compartments in any standard GIS package such as ArcGIS. However, as
yet there are no spatial considerations implemented in Kupolis.

19.4.2 Kupolis Simulator and the NFI

Kupolis basically works with data originating from SFIs. Currently it is being
improved to incorporate sample plot data from the Lithuanian NFI (Petrauskas and
Rupsys 2013). The key issue for using NFI data in Kupolis is to define the primary
simulation unit which could be any of a single tree, a sector of a sample plot, a
sample plot, or a stratum of sample plots. Currently, the smallest unit describing the
forest stand and fitting the concepts on which Kupolis is based is the sector of an
NFI sample plot. However, the areas of some sectors delineated in the NFI are small
and the variances of stand parameters are too large to simulate the growth and use
of forest resources at the level of sample plot sector. The sector-area problem disap-
pears if the sample plot is used as a primary simulation unit. However, some sample
plots are segmented (divided into sectors), leading to the issue discussed above.
Thus, the recommended option is to use the NFI data in Kupolis to simulate the
growth and timber usage by strata. The stratum or management unit is constructed
by aggregating data from NFI sample plots or sectors of the plots based on the type
of forest ownership, forest group, soil type, age, prevailing tree species, stand struc-
ture and tree species composition, density and the silvicultural treatments during the
last 5 years. The area of each sector or sample plot is used as a weight to describe
the stratum. Thus, this simplified version of the NFI database matches the structure
of the SFI database used for simulation in Kupolis. Single-tree data may be used to
generate some characteristics of strata, too.

19.5 Discussion

The simulator Kupolis has found application at both national and SFE levels
(Kuliesis and Petrauskas 2000; Petrauskas and Kuliesis 2004). At the forest enter-
prise level, the model has been successfully used as a tool for forest management
planners to determine the minimal level of cuttings that is needed to ensure enter-
prise profitability and present the boundaries of sustainable and maximal wood use.
However, there are many open questions and issues regarding its usability. A spatial
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location component for setting rules and scenarios is completely missing. The simu-
lator was developed more than a decade ago, is far from user-friendly, and is open
to new scenario and rule definitions.

New applications of Kupolis have been discussed in several recent research proj-
ects. First, the simulator was tested for the usability of NFI data as an input
(Petrauskas and Rupsys 2013). This study indicated that the simulator can accept
input from the NFI, although the NFI data must be post-processed to satisfy the
Kupolis concepts and input formats. The potential of Kupolis to integrate the behav-
ior of forest owners or managers for modeling the development of forested land-
scapes under conditions of various scenarios was demonstrated by the European
Union’s Seventh Programme for research, technological development and
demonstration project INTEGRAL — Future-oriented integrated management of
European forest landscape (Mozgeris et al. 2016). This project estimated future
flows of timber products, carbon sequestration, recreation, and environment protec-
tion at the landscape or even forest estate levels, and aimed to judge the potential
combinations of ecosystem services as an outcome of contextual scenarios as well
as of alternative mixes of forest policy instruments. Further, the functionality and
user-friendliness of Kupolis was significantly improved, especially with respect to
defining new forest management programs.

The simulator accuracy depends on the accuracy of the input data, the data rep-
resentativeness, and the accuracy of the growth models. Thus, the simulation results
are heavily influenced by the characteristics of the data provided both by the SFI
and the sample-based NFI. The error of a volume estimate for a forest with area
more than 25,000 ha should be less than 6% (p = 0.683) using SFI data. However,
recent sample-based inventories of mature forests have demonstrated that SFIs tend
to underestimate the volume of compartments (Kasperavicius 2009; Anonymous
2010). Considerable effort has been made in recent years to improve the accuracy of
SFIs including introduction of a double quality control system that includes: (1)
thorough accuracy assessment of all of dendrometric characteristics in inventoried
compartments, and (2) sampling method based on volume estimation in mature
stands.

The accuracy of the growth models is rather difficult to estimate. The current
growth models were developed more than 20 years ago. Although the influence of
climate change on stand growth is widely discussed, no validated models to express
this potential influence have been incorporated in Kupolis. Kupolis simulations are
based on the condition that the longest time period to predict stand growth corre-
sponds to the length of the iteration step, i.e., 1-20 years. Thus, new stand growth
prediction at the beginning of each iteration step potentially reduces the bias in the
results. Nevertheless, the accuracy of the growth models should be inspected every
decade. The NFI based on permanent sample plots could offer a solution. Trees in
these plots are re-measured at least three times, thus providing good material to vali-
date and calibrate existing growth models as well as to develop new models.
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19.6 Conclusions

The Lithuanian forest inventory system confidently supplies enough reliable (NFI)
and detailed (SFI) data on growing stock volume, gross mean annual increment and
their structure, to facilitate wood use projections.

The forestry scenario simulator Kupolis is used to model forest resource and
timber use development at levels ranging from forest compartment to the entire
country. The simulator uses input data satisfying the formats of the Lithuanian SFIL.

NFI data can be used in Kupolis if they are aggregated to strata that match the
structure and contents of the SFI database. The stratum is constructed by aggregat-
ing data for NFI sample plots or sectors based on the type of forest ownership, forest
group, soil type, age, prevailing tree species, stand structure and tree species com-
position, density and the silvicultural treatments during the last five years.
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Chapter 20
The Netherlands

Mart-Jan Schelhaas and Sandra A.P.P.M. Clerkx

20.1 Introduction

Forest coverage in the Netherlands reached its minimum at the beginning of the nine-
teenth century when only 2% of the land was covered with forest. In the first half of
the nineteenth century, afforestation was started, first by private landowners and later,
in the second half of the century, by the state. These afforestations aimed at improv-
ing the economic value of unproductive areas, mainly drift sand and heathlands.
Afforestation continued in the twentieth century, but the main purpose then was to
create employment in times of economic crisis (1930s). Later, when the large polders
were created, plantations were established to shape the new landscape. At first, new
forests in the polders were located only on soils that were not good enough for agri-
culture, but after 1975 they were also located on better/richer soils. In the last decades,
some agricultural land was afforested as part of set-aside arrangements. As a result,
forest area increased from 270,000 ha in 1900 to 340,000 ha in 2000, with the largest
expansion registered between 1960 and 1980; currently, forest area is 373,480 ha
(11% of the land area). In the same period unproductive areas decreased from
620,000 to 140,000 ha. Some forested areas have again been cleared to provide cor-
ridors between remaining fragments of heathlands, or to increase windiness in the
last patches of drift sand. Additions to forest elsewhere compensate for these losses.
Almost half of the Dutch forest is public property, one third is private, whereas 19%
is owned by private nature conservation organisations (Schelhaas et al. 2014). During
the second half of the twentieth century, many private owners sold their forest. Because
most forests are located on poor soils, the financial returns have been very small and in
many cases even negative. Before the 1970s these forests were mostly sold to the state,
whereas in later decades the buyers were mostly nature conservation organisations.
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As in many European countries, the standing stock in Dutch forests increased
enormously over the last 30 years, from 40 to 81 million m? overbark. This increase
is attributed to a combination of aging forest and a decrease in harvesting activities.
The area of conifers, especially Scots pine and Norway spruce, is decreasing, while
broadleaved forests are increasing fast, from 29% area in 1984 to 45% in 2013. As
the consequence of a more nature-oriented management, the percentage of mixed
forests has increased, as well as the percentage of uneven-aged forest (16% of the
area in 2012-2013). Standing stock in trees outside the forest such as road plantings
is estimated at an additional 7—10 million m?>. In the nineties, the annual harvest was
approximately 1.25 million m?®, but decreased to approximately 1 million m? in the
early 2000s. Currently it is again at 1.3 million m*. Private owners in particular tend
to harvest less. Many of them own only small patches, do not live close to their for-
est, and do not depend on the forest for their income; therefore, they are not very
active.

Forest industry demands mainly coniferous and poplar wood and has an esti-
mated capacity of approximately 1 million m®. The majority of the wood harvested
is thus from conifers (64%). Part of the wood used in industry is imported due to
limited year-round availability of Dutch wood. The main reasons for this increase in
imported wood are limitations on domestic harvest due to laws for protecting flora
and fauna (no summer fellings allowed), increased harvesting costs due to more
nature-oriented forest management and greatly fragmented forest ownership. The
industry also reported that increased domestic demand for biomass for bioenergy
affects the wood market (Oosterbaan et al. 2007).

In 2005, the Dutch Ministry for Agriculture, Nature and Food safety requested a
projection for demand and supply of wood for the period 2005-2025, aiming at
mapping risks and opportunities for forest owners as well as the woodworking
industries (Oosterbaan et al. 2007).

20.2 Data Sources

Basic data for the supply projections were derived from the fifth National Forest
Inventory (NFIS), carried out in the period 2001-2005. NFI5 includes 3622 sample
plots based on a 1 x 1 km unaligned systematic sampling design. Trees are measured
and recorded on a circular plot. The plot radius is established so that each plot
includes at least 20 trees, but with a minimum of 5 m and a maximum of 20 m. All
trees with a diameter of at least 5 cm at a height of 1.3 m above the stump are mea-
sured, including dead and lying trees. Half of the plots are permanent and are the only
plots for which tree coordinates are mapped. In addition to the tree measurements,
characteristics of the plot and/or stand are assessed including ownership, stand size,
forest type, soil type, and age. Forest type assessment is rather subjective and includes
a mixture of appearance of the forest and management aim such as even-aged,
uneven-aged, natural afforestation, lanes, nature-oriented management, and parks.
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20.3 Methods

Two forest models were applied in the study by Oosterbaan et al. (2007), the indi-
vidual tree-based model ForGEM (Kramer et al. 2010; Kramer and Van der Werf
2010) and the large scale scenario model EFISCEN (Schelhaas et al. 2007). The
advantage of EFISCEN is that it was designed for this type of study and can be eas-
ily parameterised using NFI data. However, EFISCEN is especially suitable for
even-aged forests, but Dutch forests have tended to become more mixed and uneven-
aged. Therefore, parallel to EFISCEN, the more suitable ForGEM model was used
because it accommodates any mixture of species, age and tree size. However,
ForGEM cannot readily use NFI data.

Both models were applied to the forest area where timber production could play
a role (‘production forest’), based on the forest type assessment. Production forest
excludes forests where other goals are likely to be more important such as nature-
oriented forests and parks. The area of production forest totals 240,000 ha. The
remaining 120,000 ha of forest, classified as other forest, can in principle at least
partly contribute to the market. Estimates for the latter forests were obtained under
the assumption of an average increment of 6 m/ha per year based on the simulated
increment for oak forest. Otherwise, the estimated potential supply from trees out-
side forest was estimated using known information on area distribution over land-
scape types, and assumed densities and increment of trees in different landscape
types, totalling 443,000 m? per year. Two scenarios were studied, a low-supply and
a high-supply scenario.

20.3.1 ForGEM

ForGEM is a process-based model that tracks the characteristics of individual trees
over time. Trees produce biomass from intercepted light, which is subsequently allo-
cated to different tree compartments. Trees produce seeds, which are then distributed
over the area. When seeds germinate, they are treated as one cohort until they reach
a user-defined height threshold (usually 1 m), after which they are treated as indi-
viduals. Trees can die due to old age, competition and late season frost (seedlings
only). A range of management interventions are available including thinning from
above or below, clearcut, shelterwood and selection system. For some processes the
user has options regarding the level of simulation detail, depending on the question
of interest. These options include, among others, the choice between the ray tracing
method or the gap-type approach for light interception, and processed-based photo-
synthesis or the simpler light-use efficiency approach. Moreover, it is possible to
make specific parameters dependent on the genetic structure of trees. This facilitates
studies of the effects of natural or human selection on those parameters, and on the
forest in general (Kramer and Van der Werf 2010). The version employed uses the
gap-type approach for light interception with 20 x 20 m grid cells and the light use
efficiency approach to convert radiation into biomass. The genetic module was not
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used. The time-step depends on the detail of the processes simulated; for our applica-
tion a monthly time-step was used. The main drivers are temperature and radiation,
which were derived from meteorological data from measurement station de Bilt,
located centrally in the Netherlands, for the years 1975-2005 (KNMI 2007).

ForGEM is programmed in the language NSM (Nested Simulation Model), a
language developed at Alterra and is written in C++. It can be run from a typical
computer, but requires considerable memory capacity; a minimum of 2 Gb of RAM
is recommended. Simulation times largely depend on simulation length, and level of
detail required for the different processes. Typically the time ranges from several
hours to several days, but can range up to weeks for long and detailed simulations.
ForGEM has no specific user interface, but uses the general NSM interface.

The light use efficiency version of the model must be calibrated against local growth
and yield tables, with different productivity classes represented by different light use
efficiencies. In this case medium-productivity Dutch yield tables (Jansen et al. 1996)
were used. After calibration on total productivity, results were visually compared to
diameter and height development in the growth and yield tables. No further validation
was done. ForGEM has been used mainly as a research tool for studies with emphases
such as the effect of forest management system on wind damage (Schelhaas 2008),
interacting effects of forest management and climate change (Kramer et al. 2008), and
expected development of forest reserves (Schelhaas et al. 2005).

ForGEM can simulate an area up to a few hectares, but usually patches of 1 ha
are simulated. Exact tree position, species, and stem and crown dimensions are
needed for initialisation. Dutch NFI plots have radius between 5 and 20 m, but tree
positions are recorded only for the permanent sample plots which comprise 50% of
the total sample. Therefore, because ForGEM could not run for each sample plot
individually, NFI plots belonging to production forests were grouped to produce a
manageable number of forest types to be simulated by ForGEM. Grouping was
done by dominant species, species mixture, and type of management (even-aged,
uneven-aged, transition). In total, 19 representative groups were distinguished, with
a minimum area per group of 3000 ha. Each forest type was simulated as a single
stand for one single rotation, starting with an idealised, young, even-aged forest or
a typical, uneven-aged situation for the group under consideration.

For each group, the low and a high supply scenario were implemented at harvest
levels of 40% and 80%, respectively, of the basal area increment. These simulations
represented the typical development of a 1 ha forest per group for the two scenarios
for a full rotation. These idealised development curves as functions of age were then
combined with the actual area distribution over age classes from the NFI to estimate
the total potential of removals over the next 20 years. For example, if 20 plots were
present in the forest type “Scots pine mixed with oak™ in the age class 40-50 years,
the removals for the simulation between ages 40 and 60 year of the corresponding
forest type were used as an estimate of the removals on the corresponding 2000 ha
for the next 20 years. ForGEM can provide output both at the tree level and the stand
level for intervals of months to several years. For this application, the focus was
harvest volume by diameter class per tree species. The main stochastic processes
included in the model are seed dispersal, age-related mortality and selection of the
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simulation year to which the year of observed weather is applied. No replicates were
used, because seed dispersal and age-related mortality are not important in these
simulations, and weather had little influence on the results.

20.3.2 EFISCEN

The European Forest Information Scenario model (EFISCEN V3.1) simulates the
development of forest resources at scales from provincial to European level (Sallnés
1990; Nabuurs et al. 2007; Schelhaas et al. 2010; Verkerk et al. 2011). Forest
resource analyses have been successfully conducted at the pan-European scale with
the EFISCEN model for a range of applications.

Input data are usually obtained from NFIs in aggregated form. They can be strati-
fied by province, tree species, site class and owner class, depending on the level of
detail required and the size of the resulting groups, hereafter referred to as stand
types. The input data are used to construct the initial age class distribution and
growth as a function of age for each stand type. Each stand type is assigned a man-
agement regime defined in terms of the probability that a thinning or final harvest
can be carried out as a function of stand age. For each 5-year time-step, the timber
demand from the simulated area must be defined separately for thinnings and final
fellings. This total demand is then obtained for the different stand types, according
to the felling possibilities as defined by modelled age class distributions and the
management regime.

Principal outputs of EFISCEN are age class distributions, growing stock vol-
umes, harvesting levels and increment. Biomass Expansion Factors (BEFs) for con-
verting growing stock volume to biomass for different tree compartments and
turnover rates are used in EFISCEN to estimate carbon stocks in living tree biomass
and litterfall from those trees. The litterfall rates are used in the build-in YASSO
model (Liski et al. 2005) to estimate soil carbon stocks.

EFISCEN has been validated on historical inventory data for Finland (Nabuurs
et al. 2000) and Switzerland (Thiirig and Schelhaas 2006). Accurate predictions
were obtained at the national scale, but deviations occurred at the provincial and
tree species levels due to differences in the distribution of harvest over the stand
types. The model can reasonably be used for 50-60 year projections, but the projec-
tion horizon is commonly limited to 20-30 years.

The EFISCEN model was applied to the same NFI data again but only produc-
tion forests were considered. For the EFISCEN simulations, the data were aggregated
into eight groups based on dominant species, ignoring species mixtures and uneven-
aged structures. Although a fraction of the plots is classified as uneven-aged, they
still have a single age which is estimated from the time of regeneration of the origi-
nal stand. The inputs for EFISCEN are the area, average volume and average incre-
ment per age class for each of the groups distinguished. Because no increment data
were available in NFI5, we used the increment functions derived from the HOSP
study and as implemented for the first European Forest Sector Outlook Study
(Schelhaas et al. 2006). Simulations were done over the period 2005-2025.
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Table 20.1 Total wood supply according to the projections by ForGEM and EFISCEN (average
over the period 2005-2025), plus estimated supply from forest not managed for wood supply and
other sources (1000 m?)

Supply low Supply high Supply low
Source of wood scenario scenario scenario Supply high
supply ForGEM ForGEM EFISCEN scenario EFISCEN
Production forest | 681.0 1240.1 1117.4 1352.3
Other forest 129.1 258.3 129.1 258.3
Trees outside the | 177.3 354.6 177.3 354.6
forest
Total 987.4 1853.0 1423.8 1965.2

For forests not specifically managed for wood supply (other forest in Table 20.1),
potential wood supply is estimated using estimated increment and the specific sce-
nario percentages, 40% and 80% of increment removed for low and high scenarios,
respectively. Because no model projections were involved, removals from this area
are assumed to be the same for both the ForGEM and EFISCEN projections. Further,
the same 40% and 80% increment removal levels were applied to the potential sup-
ply from trees outside the forest.

20.4 Results

The low supply as projected by EFISCEN just overlaps with the high supply as
estimated by ForGEM (Fig. 20.1; Table 20.1). The range between the low and high
supply scenarios is much greater for the ForGEM model than for EFISCEN. Under
a high demand scenario (+2% increase per year), EFISCEN would be able to supply
enough wood under the low supply scenario until 2010, and until 2020 under the
high supply scenario. The high supply scenario of ForGEM provides sufficient sup-
ply until 2017, while the low supply scenario stays well below the demand through-
out the whole period.

The potential supply from other forest and trees outside the forest is estimated at
300,000-600,000 m? per year. This extra demand would help to compensate for the
discrepancy between the supply from the production forest and the high demand
scenario.
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Fig. 20.1 Historical harvest (actual removals), forest supply from production forest according to
low and high supply scenarios for the two models and projected demand assuming an annual 2%
increase (Reproduced from Oosterbaan et al. 2007)

20.5 Discussion and Conclusions

20.5.1 Conclusions From the Report by QOosterbaan et al.
(2007)

The projected developments of demand and supply were interpreted as opportuni-
ties for forest owners. Shortage in supply would mean increasing prices, which
would make operations more profitable. Consequently, a larger amount of round-
wood could be brought to market, especially from forests that are currently not
harvested for economic reasons. According to industry, the quality of Dutch timber
was adequate for their purposes.

Potentially, more timber can be harvested from the Dutch forests. For the
240,000 ha of production forest for which supply was estimated, possibilities for
increased harvest are limited, because a high percentage of the increment is already
harvested. Therefore, any harvest increase must be realised from the 120,000 ha of
other forests where the management goals allow harvest of trees and from trees
outside forest such as landscape forest and roadside plantations. The realisable har-
vest increase from these sources is estimated at 300,000—-600,000 m?.

The timber market will be good for all conifer species. Also the supply of timber
for broadleaved species will just exceed demand. Broadleaved species can be used
to fulfil the anticipated greater demand for energy purposes, but might also be used
for replacing species such as spruce and poplar which are likely to experience con-
siderable future supply shortage.
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20.5.2 Reflection

The differences in outcomes between the two models are quite large. For a large
part, these differences can be attributed to the uncertainty surrounding the incre-
ment. ForGEM is calibrated with yield tables that are known to underestimate incre-
ment, whereas EFISCEN was calibrated with more recent data. Moreover, the
increment level in ForGEM is influenced by the management during the simulation
where low removal rates lead to lower increment. A preliminary comparison with
the NFI6 increment values show that projections for conifers, except Scots pine,
match best with those projected by EFISCEN, while broadleaves are generally
closer to the projections by ForGEM. The overall increment (7.3 m*ha per year)
was closer to the projected value by ForGEM (6.8 m?/ha per year) than EFISCEN
(8 m*/ha per year).

There was also considerable uncertainty in area estimates from the simulations
due to missing information for a considerable number of plots. Furthermore, the
division of the forest into “production forest” and “other forest” was based on the
NFI field assessments. However, these assessments are highly subjective and add
more uncertainty. The NFI6 estimate of the area of production forest is 287,000 ha,
18% greater than in NFI5, although it is unlikely that much has changed in the
meanwhile.

Altogether the outcomes of the study are very uncertain and can serve only as an
indication for the possible supply. Meanwhile, NFI6 was finished, including a re-
assessment of the permanent sample plots. This allows a much better assessment of
the increment and how much of the area is really harvested. From the 1235 plots that
were re-assessed, 38% showed no signs of harvest (Clerkx et al. 2015), indicating
that harvest took place only on about 230,000 ha during the last decade. Reasons not
to harvest on the other plots varied greatly, including priority to other functions
(mostly nature) and the silvicultural state of the forest (Clerkx et al. 2015). A major
problem remains in identifying the management goals of the owners, the reasons for
acting or not acting, and how owners and managers could be stimulated to increase
their harvest level. A future study should take owner behaviour into account, and
should involve additional GIS analysis to better delineate areas where harvest is
allowed and possible. Also, incorporating cost estimates would help to produce a
more realistic picture. Furthermore, it would be beneficial to develop a model that
allows each NFI plot to be simulated separately, rather than simulating an average
development of a group of plots over an entire rotation. However, the most uncertain
factor will remain the forest owners’ behaviour, especially how they will react to
changes in prices and policies.
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Chapter 21
Norway

Clara Anton-Fernandez and Stein Tomter

21.1 Introduction

21.1.1 Forest Resources

Forest covers approximately 37% of the Norwegian land area. The most important
tree species with respect to volume and economic value are Norway spruce (Picea
abies), Scots pine (Pinus silvestris) and birch (Betula spp.). For the 2007-2011
period, the Norwegian National Forest Inventory (NFI) estimated forest area to be
12.2 million ha, with annual volume increment under bark of 25.6 million m°.

Annual fellings have been relatively stable for the last 80 years (around 10 mil-
lion m*/year), while mean annual increment has doubled during this period. This
means that annual harvested volume is considerably less than the potential level,
and potential harvest in Norway continues to increase each year. Thus, it is not sur-
prising that current growth is now more than twice as what it was 80 years ago.
Growing stock has increased significantly since the first Norwegian NFI, when the
growing stock of the Norwegian forest was estimated at slightly more than 300 mil-
lion m? (reference year 1925), while the most recent inventory (2010-2014) esti-
mate of volume under bark of Norwegian forests is approximately 920 million m?.
This increase is due to better forest management and harvest levels that, over time,
have been less than growth.

Approximately 80% of the forest area is privately owned, mainly by farmers who
combine small-scale forestry with agriculture. Forest industry and private enter-
prises own only approximately 4% of the forest area, while the state and the munici-
palities own approximately 12%.

C. Antén-Ferndndez (P<)) ¢ S. Tomter
Norwegian Institute of Bioeconomy Research, As, Norway
e-mail: caf@nibio.no; stt@nibio.no

© Springer International Publishing AG 2017 251
S. Barreiro et al. (eds.), Forest Inventory-based Projection Systems for Wood and

Biomass Availability, Managing Forest Ecosystems 29,

DOI 10.1007/978-3-319-56201-8_21


mailto:caf@nibio.no
mailto:stt@nibio.no

252 C. Antén-Fernandez and S. Tomter

Multiple reports have aimed at characterizing the local or national biomass sup-
ply situation in Norway (e.g. OED 1997; NOU 1998; Berg et al. 2003; Bernard and
Bugge 2006; Vennesland et al. 2006; Hobbelstad 2007a, b; Langerud et al. 2007;
Gjolsjg and Hobbelstad 2009; Tomter 2016a, b), but no countrywide projections
have been reported on a regular basis. Most of the existing woody biomass resource
projections are long-term projections based on the Norwegian NFI and conducted
using forest scenario analysis tools such as GAYA [NorFor, SGIS] (Hoen and Eid
1990) and AVVIRK?2000 (Eid and Hobbelstad 2000), with a focus on potential har-
vest (e.g. Eriksen et al. 2006). The last official countrywide projections for Norway
were published in 2006 and were based on the eighth NFI (2000-2004). Although
countrywide projections for Norway are not conducted on a regular basis, county-
wise projections are published on a 15-year cycle, which means that some of the
projections are very recent and some are 15 years old. These projections use data
from the temporary and permanent Norwegian NFI plots, and are long-term maxi-
mum sustained yield estimates.

21.1.2 NFI History and Data

The Norwegian NFI dates back to 1919. The first inventories (NFI1 and NFI2) used
strip sampling; from 1957 until 1986 the NFI used cluster sampling with temporary
plots; and from 1986 until 1993 circular, fixed-area, permanent sample plots were
installed in all counties except Finnmark. Starting with the seventh NFI (1994[95]—
1999), the NFI became a continuous forest inventory, with 20% of the plots remea-
sured each year (Tomter et al. 2010).

The first NFI was motivated by concerns related to forest resource development
and thus, the main focus of the first inventories was economic exploitation of the
forest. In recent inventories, the assessment of environmental values has been
increasingly emphasized and now represents a central task for the NFI. Recently
also a number of adjustments have been made to the NFI to facilitate carbon report-
ing for the LULUCEF sector.

The NFI sampling design is based on a 3 x 3 km grid that covers all of Norway
and includes about 12,000 plots lying within forest. Certain areas have smaller or
larger sampling intensities than produced by the basic 3 x 3 km grid. Plots above the
coniferous forest line are distributed using a 3 x 9 km grid. The northernmost county
of Norway, Finnmark, has traditionally been excluded from the NFI. However, after
the first inventory in Finnmark was completed in 2011, Finnmark has been included
in the regular schedule of 5-year remeasurements. Most of Finnmark county uses a
9 x 9-km grid, except for the coniferous forest area which uses a 3 x 3-km grid.
Starting in 2012, the protected areas have a greater sampling intensity than the rest
of the country.

Detailed tree measurements are obtained for the 250 m? circular plots, while land
use and stand characteristics are assessed for a 1000 m? area surrounding each plot.
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21.2 Data

21.2.1 NFI Data Usable for Resource Projections

The main source of data for woody biomass resource projection is the NFI perma-
nent and temporary plots. Both permanent and temporary plots are 250 m? circular
plots. On each permanent plot all trees with at breast height (dbh) of at least 5 cm
are measured and their species recorded. On plots with 10 or fewer trees, all tree
heights are measured, while for plots with more than 10 trees a subsample is selected
proportionally to basal area with a target sample size of 10 trees per plot. For the
selected trees, information on damage, discoloration signs, crown color, and crown
density is also collected. Stand density and species composition are assessed, among
other variables, for a 1000 m? area surrounding the plot. For all trees on the 250 m?
plot, dbh, species, status, position, and damage are measured. For each plot, other
measures are also taken including distance to road, skidding distance, high accuracy
GPS coordinates, and slope. Current site index is estimated for the dominant species
at each plot in productive forest (annual yield capacity of at least 1 m*ha of wood
including bark), where site index is defined as the average height of the 100 largest
trees per ha at age 40. At each re-measurement, treatments carried out in the past
5-year period are recorded. Possible treatments include final fellings, thinnings,
selective cuttings, regeneration treatments, early stand tending treatments, drainage
and pruning.

Total volume per plot is estimated as the sum of individual volume estimates for
all trees with dbh of at least 5 cm. Individual tree volumes are estimated with
species-specific, individual tree volume models with tree height and dbh as inde-
pendent variables. For trees without measured heights, species-specific height mod-
els are used to estimate their basic height (Hhc). Hhc is then used to estimate the
individual tariff tree volumes (Vy,.). To account for differences in the diameter-
height relationship between sites, Vi, is multiplied by a plot- and species-specific
correction factor. The correction factor (tariff) is calculated using only trees with
measured height as the ratio between the sum of the V. and the sum of the volumes
estimated using the measured heights. The individual volumes in both the numera-
tor and denominator of the correction factor are weighted to account for the unequal
sampling probability originating from the selection of trees proportional to the basal
area for height measurement.

Total biomass per plot is estimated as the sum of the individual biomass compo-
nents (stump, roots, stem, bark, dead and living branches, and foliage) for all indi-
vidual trees with dbh of at least 5 cm. Individual tree biomass is estimated using
species-specific allometric models with tree dbh and tree height as independent
variables.
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21.2.2 Other Statistical Information Related to Wood
Resources and Use Wood

The Statistics Norway (Norwegian statistics bureau) website (www.ssb.no) pub-
lishes information on growing stock (based on NFI), annual increment (based on
NFI), roundwood removals, average price per m?® of industrial roundwood for sale,
and commercial roundwood removals by assortment group, among other forestry
statistics. Some of these data go back to the 1920s.

21.3 Methods

AVVIRK2000 is a deterministic simulation model for large-scale, long-term
(100 years) forestry scenario analyses. AVVIRK2000 and its predecessor AVVIRK3
have been the main tools used for long-term management planning and forestry
scenario analysis in Norway in recent decades. The time scope of the system focuses
on strategic planning with projections made for a fixed period of 100 years, divided
into 10 periods of 10 years. All treatments are considered as having occurred at the
midpoint of each 10-year period.

Growth projections are based on the development of the “average tree”, i.e., the
development of a tree with diameter at breast height equal to the basal area mean
diameter (D), and with height equal to the mean height weighted by basal area,
also known as Lorey mean height, (H;). The basal area mean diameter, also known
as quadratic mean diameter, is calculated for each plot as the diameter of the tree of

average basal area, thatis D, = /% , where BA is the plot basal area (e.g. 2 m?),

and N is the number of trees on the plot. The empirical models used to describe the
state of the forest and stand dynamics in AVVIRK2000 are fitted with data from
experimental permanent sample plots. The core of the growth model consists of
three sets of models: diameter increment models (Blingsmo 1984), height develop-
ment models (Strand 1967; Tveite 1967, 1976, 1977; Braastad 1977) and a mortal-
ity model (Braastad 1982). The volume of the “average tree” is estimated using
models developed by Braastad (1966, 1974, 1980), Brantseg (1967) and Vestjordet
(1967), and the volume per hectare of the stand is estimated as the product of the
volume of the “average tree’” and the number of trees per ha, N. In young stands, site
index, age and number of future trees and tree composition are the basis for yield
estimation. No volume or volume increment is estimated until the dominant height
of the stand has reached 9 m. At this time, mean basal area is estimated according to
Braastad (1975, 1977, 1982), and then “average tree” diameter and height are
estimated.

Timber value and the proportions of pulpwood and saw timber are estimated
using the Blingsmo and Veidahl (1992) models which use tree species, Dy, and
H, as independent variables.
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Four harvest strategies are available: (1) a non-declining harvest path or net
income path for the period of 100 years, (2) a user-defined harvest level or net
income level for any number of 10-year periods up to 10, (3) a harvest path accord-
ing to user-defined harvest ages for all stands, or (4) a harvest path according to
removal of stands with relative annual value increment lower than a user-defined
percentage. Several environmental restrictions such as an “ecologically orientated
regime”’, where no treatments are allowed until the forest reaches a user-defined
maturity, can also be selected.

Because AVVIRK2000 estimates are based on the development of the “average
tree”” and the number of trees per ha, all results are at stand- or forest-level:

Forest-Level

* volume of fellings distributed by thinning and final cutting,

e volume of fellings distributed by tree species and assortments (sawlogs,
pulpwood),

e income,

* regeneration cost,

 area distribution by site classes and development classes,

* volume distribution by site classes and development classes, and

* increment distribution by site classes and development classes.

Stand-Level

e volume, income, cost for cutting (thinning, clear cutting, seed tree cutting etc),
regeneration, tending etc. for all treatments estimated in the stand for each
10-year period,

 state of the stand, for example, age, number of trees, tree species composition,
mean diameter, mean height, volume, increment, etc.

In addition, for each forest/stand, the net present value is calculated as well as the
soil expectation value for a newly established stand.

The most common biomass models for Norway are the Swedish models,
Marklund (1987) and Marklund (1988) for the aboveground biomass and Petersson
and Stahl (2006) for belowground biomass. Although AVVIRK2000 does not esti-
mate biomass, GAYA, a similar forest scenario analysis tool that uses the “average
tree” approach, does estimate biomass using the Swedish individual tree models.

21.3.1 Value of the Timber

In AVVIRK?2000 all prices and costs are assumed constant over time, i.e., the dis-
count rate is a real rate, and it is defined by the user. Timber value is estimated using
models (Blingsmo and Veidahl 1992) with tree species, Dy, and H; of each estima-
tion unit as independent variables. The models are standardized, i.e., the initial val-
ues are adjusted according to existing or assumed timber prices and assortment
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distribution. The model also provides an option that permits the user to specify the
timber value per m? for the stand, reflecting the timber value of all assortments in
the stand jointly.

21.3.2 Costs

Variable costs can be determined according to manual or mechanized logging sys-
tems. The model handles clear cutting, harvests when seed trees or shelterwood are
established and phased out, and thinnings. For both systems, the costs rely on vari-
ables such as tree species, Dy, and H;, as well as variables such as transport distance
and cost factors. The net present value of a silvicultural regime is determined by the
cash flow originating from the estimated timber values and harvest costs, and from
the costs for silviculture. Fixed costs (administration, planning, etc.) are included in
the net present value.

21.3.3 Uncertainty

Up to now uncertainty analysis have not been part of any of the woody biomass
projections for Norway.

21.3.4 Dissemination

The Norwegian NFI regularly reports on growing stock and biomass resources for
the country as a whole, for regions (i.e. several counties), and for individual coun-
ties. Results for smaller geographical units than a county are usually not reported
because the requirements for maximum standard errors may be violated due to the
low numbers of sample plots.

21.4 Discussion

AVVIRK2000 growth projections are based on the development of the “average
tree”’. This means that the variability within and between stands with similar Dy,, H;.
and number of trees per ha, is ignored. Furthermore, mixed-species stands are
assumed to grow as if they were mono-species stands. The reality of the Norwegian
forest is that uneven-aged stands with multiple species are not uncommon. Also,
diversified tree structures including multi-layered canopies are not uncommon.
Neither of these types of stands is correctly represented by the “average tree”.
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As a result of Norwegian forestry history, the current area of over-mature forest
is relatively small. Hence, over-mature forests are barely represented in the NFI data
and in the datasets used to fit AVVIRK2000 models. Because the current woody
biomass projections are made for a period of 100 years, and some areas are restricted
from harvesting, estimates for some are extrapolations beyond the limits of the
AVVIRK2000 growth models. Most over-mature forests in Norway are currently on
low productivity sites, so gathering data on growth of very old stands that cover the
wide range of forest conditions across Norway is difficult. An alternative to solve
this issue would be establishment of international networks with the aim of sharing
data on over-mature forest growth and yield.

Norway reports potential harvest levels. These potential levels do not reflect
what might be realistically available in the market. For example, for the 2007-2012
period, the annual potential harvest was estimated to be more than 19 million m?,
while the annual felling volume in Norway has been approximately 10 million m?
for the last 80 years.

Current published results lack any measure of uncertainty. Potential sources of
uncertainty that could be considered include sampling variability, model prediction
uncertainty, the effects of climate change on growth, mortality, and regeneration,
and uncertainties related to owner behavior, economic parameters, and catastrophic
events such as wind or fires.

A new framework for forest development scenarios, called “sitree”, is being
developed in Norway. The new framework will include both new and old individual
tree forest growth and yield models. The new framework will also include modules
for estimating vegetation and soil carbon, and a module for life cycle analysis. The
framework will allow for estimation of uncertainty through Monte Carlo
simulations.
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Chapter 22
Portugal

Susana Barreiro and Margarida Tomé

22.1 Introduction

22.1.1 Descriptive Statistics

Portuguese forest area has been increasing since 1874. The main tree species used
to be cork and holm oaks (Quercus suber and Quercus rotundifolia), but it was the
expansion of maritime pine (Pinus pinaster) that most contributed to increasing for-
est area. A century later, over 2.2 milllion hectares had been afforested leading to a
total forest area of 2838 million hectares (DGF 1975). Maritime pine represented
48% of the forest area followed by evergreen oaks (41%) and Eucalyptus globulus
(6%). Over time, eucalyptus plantations gained ground over maritime pine. In 2010
a backward-looking study on land uses and forest species occupation between the
years of 1995 and 2010 (Fig. 22.1) documented this change. The decrease in mari-
time pine forest area has been accentuated after the pine wood nematode
(Bursaphelenchus xylophilus) became established in Portugal. The application of
stringent measures consisting of harvest and destruction of woody material from
trees affected or showing any symptoms of decline has led to a reduction of 263
thousand hectares of maritime pine forest. Conversely, the area of Eucalyptus
increased at the expense of 70 thousand hectares of harvested pine forests, 12 thou-
sand hectares of abandoned agricultural land and 13.5 thousand hectares of shrub-
lands and pastures (ICNF 2013).

According to preliminary results of the sixth National Forest Inventory (NFI6),
Portuguese forests cover around 3.155 million hectares making up about 35% of the
land surface (ICNF 2013). Eucalyptus and maritime pine, both managed for wood
production, represent nearly 50% of the forest area covering 812 thousand hectares
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Fig. 22.1 Evolution of forest area by tree species over the period of 1995 and 2010; where P., E.
and Q. stand for Pinus, Eucalyptus and Quercus genus, respectively

and 714 thousand hectares, respectively (ICNF 2013). About 40% of Portuguese
forests are managed for non-wood forest products: 737 thousand hectares of cork
oak forests managed for cork production often as an agroforestry system; 331 thou-
sand hectares of holm oak managed as an agroforestry system; and 176 thousand
hectares of stone pine (Pinus pinea) managed for fruit production for human con-
sumption (ICNF 2013). The areas of cork and holm oaks are managed under severe
legal harvesting restrictions and are not considered as Forest Available for Wood
Supply (FAWS). In these areas, thinning is allowed to some extent, although thinned
woody biomass from these forests, as well as from stone pine forests, is difficult to
utilize and, when the selling price covers transportation costs, is frequently used by
local communities. The species groups that make up the remaining 9% of the forest
area are: other hardwoods (6%), other softwoods (2%), other oaks (2%) and chest-
nut (1%). In total, softwood species represent 31% of the Portuguese forest area.
Maritime pine forests are mainly concentrated in the north of the country, while
eucalyptus is generally found in north and central Portugal, mainly along the coast.
Evergreen oaks dominate the central and southern areas. Portuguese forests are
mainly managed as pure stands, although mixed stands can also be found with the
most common mixtures being maritime pine and eucalyptus, cork and holm oaks
and, more recently, cork oak and stone pine.

The Global Forest Resource Assessment 2010 considers Portugal among the 10
countries with greatest percentages of privately owned forests in Europe. In the
mainland, 97.2% of the forests are privately owned, of which approximately 5%
belong to industries.

Most forest properties are small and fragmented. Around 61% of private owners
have less than 5 ha representing 26% of the forest area (Santos et al. 2013). The size
of forest holdings increases from north to south. The small size of properties often
makes it difficult to implement policy as well as preventive and protective measures
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against biotic and abiotic agents. One possible solution is organizing forest owners
in associations to guarantee a minimum area for sustainable forest management
(DGRF 2007). The number of forest owner associations has increased from 16 in
1977 to 177 in 2013 (ICNF 2014). Moreover, by the end of 2012, 330,000 hectares
of forest were certified under FSC, and also by PEFC with some areas being certi-
fied by both systems (Santos et al. 2013).

Forest fires are the greatest threat to Portuguese forests. About 50% of fire igni-
tions are attributed to negligent or criminal behaviour. This factor, combined with
hot and dry summers that facilitate fire spread, depopulation of the interior of the
country which led to an increase in unattended shrublands and lack of forest man-
agement, the presence of fire prone species such as pine and eucalyptus, the small
average holding size, and limited accessibility all contribute to a massive problem.

Since 1995, total standing stock increased from 153,600 m* (DGF 2001) to
172,600 m* (AFN 2010). In spite of the increase, a reduction in the maritime pine
standing stock of 16.7 million m? was observed due to the pine forest area reduction,
whereas a moderate increase was registered in eucalyptus standing stock (6 million
m?®) mainly in pure stands. The average site index for eucalyptus is 18 m (base age
10) with an average gross mean annual increment of 12 m*/ha per year calculated
for the age of 12. As for maritime pine, the average site index (base age 50) is
around 18 m, corresponding to a gross mean annual increment of 7 m*/ha per year
(Santos et al. 2013). The area of maritime pine and eucalyptus stands with a MAI
higher than 22 represent 39% and 12.5% of each species forest area respectively.

22.1.2 NFI History

National Forest Inventories (NFIs) have been carried out more or less every 10 years
since 1965. The Portuguese NFI involves both land cover and field data collection.
Estimates of forest areas are based on photointerpretation of aerial photography and
characterisation of stands with the most representative tree species in the country.
However, the Portuguese NFI has not been based on permanent plots, and a differ-
ent sampling design was used for each NFI until NFI5 (2005), when a 500 x 500 m
systematic grid covering the whole country was established for photo-interpretation
(Barreiro et al. 2010). The current NFI is based on the same grid system. Two sub-
grids derived from the base grid were established every 2 km and every 4 km and
were used to select locations for forest and shrubland NFI field plots, respectively.
The intensive sampling design was justified by the intention of implementing a
system of continuous forest inventory that at the end was not implemented. NFI5
would represent the base year, for which all plots would be measured. In the course
of NFI6, 8000 forest plots were remeasured. The plots were randomly selected in
proportion to species abundance within the level two national subdivisions defined
by the Nomenclature of Territorial Units for Statistics (NUTS II). However, an
increase in sampling intensity was allowed for some species in the NUTS II subdivi-
sions for which the number of plots led to unacceptable sampling error for those
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species. The scope of the current inventory (NFI6) has increased and now includes
habitat identification and conservation status evaluation, soil characterisation and
organic carbon evaluation, and collection of increment bores in two dominant and
one average tree per plot. The Portuguese NFI provides official estimates at national
level, NUTS II subdivisions, and Regions for Forest Planning (PROF) level. The
last two levels do not include all statistics published at country level due to the small
sample sizes for some species in some NUTS II and NUTS III subdivisions. NFI5
estimates can be accessed through the FloreStat software at the Portuguese Forest
Services’ website (http://www.icnf.pt/portal/florestas/ifn).

22.1.3 The Portuguese Forest Simulators

To comply with international commitments under the United Nations Framework
Convention on Climate Change (UNFCCC), Portugal established a national
Greenhouse Gas (GHG) inventory and regularly submits annual reports on GHG
emissions and removals that require forecasting future forest development. Given
the importance of the forest sector in Portugal, the Portuguese public administration
has national reporting duties and therefore requires that wood availability studies be
conducted.

In the beginning of 2000, stand-level forest simulators were made available sepa-
rately for the three main tree species in Portugal, Pinus pinaster, Eucalyptus globu-
lus and Quercus suber (FPFP 2001a, b, c). However, the programming for these
simulators made updating difficult and made it impossible to include new models or
updated model versions developed in the past years. It was therefore of utmost
importance to support the development of European and national policies by relying
on consistent national level forest information. To achieve this objective, new forest
simulators were required that facilitated projecting forest development using the
latest model versions while at the same time taking into account forest management,
climate changes and hazards.

SIMYT, a SIMulator based on Yield Tables, was created to simulate forest
resources in a region. This simulator uses as input NFI data aggregated in 1-year age
classes’ taking into account wood demand, hazards and Land Use Changes (LUC).
This forest simulator is available for eucalyptus, maritime pine, cork and holm oaks
(Coelho et al. 2012) and was used for 2009 Kyoto Reporting. Another regional for-
est simulator based on Markov chains was developed for eucalyptus and maritime
pine forests (Rego et al. 2013). This forest simulator not only uses a high level of
data aggregation (10-year and 4-year age classes for maritime pine and eucalyptus,
respectively) but was developed using an NFI data series (from 1972 to 2005) to
calibrate its runs, all combining to restrict flexibility in the simulations.

In Portugal, most of the industrial round-wood yield (just considering wood, fur-
niture, pulp and paper products) originated from maritime pine and eucalyptus
stands representing 77.9% of the gross economic value of forest products (Santos
etal. 2013). Eucalyptus is mainly used for paper and paperboard production (45.7%),
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pulp (29.2%) and corrugated paperboard (10.1%), whereas maritime pine has been
traditionally used for carpentry and construction (39%), sawnlogs (26%), fiberboard
and particleboard (14%) (Santos et al. 2013). More recently, maritime pine wood
has also been used to produce pellets that are mainly exported to Italy and the United
Kingdom (Serra Ramos personal communication). Notwithstanding, over the last
three decades, wood industries have been using woody biomass to produce thermal
and electrical energy in Portugal. In 2005, the Portuguese Energy Strategy (PES)
considered it necessary to increase the power infrastructure, and the construction of
several thermoelectric plants fuelled by woody biomass was approved (Didrio da
Republica (DRE) 2005). Because the energy produced by these plants is competi-
tively priced, there is a possibility for woody biomass to be used for bio-energy.
With the competing uses for wood, another tool was developed. SIMPLOT, a
demand driven SIMulator based on NFI PLOTSs, was created to overcome the disad-
vantages of using aggregated data. Initially developed for eucalyptus forests
(Barreiro and Tomé 2011), SIMPLOT presently allows the simulation of maritime
pine forests as well. SIMPLOT’s projections are made separately for eucalyptus
(using stand level data) and maritime pine (using stand and tree level data) and are
mainly driven by wood and biomass demands. Different Forest Management
Approaches (FMA), hazards (fire) and Land Use Changes (LUC) are also taken into
account (Barreiro and Tomé 2012). Several forest management schedules per spe-
cies can be described and assigned to each input plot. More recently, SIMPLOT was
integrated into the StandsSIM forest simulator which has two alternative running
options: (1) the demand driven option (StandsSIM.dd), corresponding to SIMPLOT;
and (2) the management driven option (StandsSIM.md) described in Barreiro et al.
(2016). Only StandsSIM.dd/SIMPLOT which was used for the last policy study car-
ried out for the Portuguese forest sector will be described in the following sections.

22.2 Data

22.2.1 NFI Data

Field measurements are obtained for simple fixed-area circular plots of 500 m? for
wood production forests and 2000 m? for cork and holm oak stands (non-wood pro-
duction forests). For more details see Barreiro et al. (2010).

For each NFI plot, the diameters of all trees with diameters greater than the mini-
mum diameter threshold are measured. Height is measured for all dominant and
sample trees where dominant trees are the 100 largest trees per ha and sample trees
are those whose diameters are closest to the mean diameter in each diameter class.
All plot trees are classified in terms of their health condition (e.g. discoloration and
defoliation), shape (e.g. broken top, diameter defect, bent and curved), status (e.g.
dead, alive and stump), age and canopy position. Plot level information is also col-
lected including accessibility, topography, hazards occurrence, natural regeneration,
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vertical structure by height classes and understory use (e.g. for pasture). Land use,
stand composition and structure as well as evidence of recent silvicultural opera-
tions are described for the stand.

After field-data collection, and before data processing, a series of quality control
procedures take place. The estimation of standing and growing stock volume and bio-
mass is important for estimating woody biomass availability, but also for carbon evalu-
ation, and includes several steps: (1) tree height estimation for each non-sampled tree
using species-specific height-diameter models, (2) tree volume and biomass estimation
for each tree on the plot using species-specific models, (3) summation of tree volume
and biomass estimates for each plot scaled to a per hectare basis, and (4) aggregation
of plot mean volume or biomass per hectare estimates by forest stratum and multiplica-
tion by the respective area to estimate total volume or biomass of standing stock and
growing stock of each forest stratum. These variables combined with other stand level
information are used as inputs for running StandsSIM.dd (e.g. Barreiro and Tomé
2011, 2012). Change estimates can also be obtained with StandsSIM.dd.

22.2.2 NFI Based Initial Forest Resources Input

Each NFI plot represents a stand with the characteristics of an NFI plot. Each stand
represents an area corresponding to the total area of the species in the country
divided by the number of NFI plots for that species. Most eucalyptus and maritime
pine stands are managed as pure even-aged. Thus, mixed stands are simulated as
pure even-aged stands by correcting the stand area based on the ratio between the
species standing stock in the stand and the stands’ total standing stock (Barreiro and
Tomé 2011). Input requirements depend on the type of growth model used for each
species. Eucalyptus stands are simulated using a stand level growth model which,
apart from stand area, requires other numerical variables, namely stand age (in
even-aged stands), dominant height, number of trees (stools and sprouts) and basal
area. Volumes (volume under-bark with stump, volume of bark, volume of the
stump) are not a compulsory input, but more accurate results are obtained if pro-
vided. In turn, maritime pine stands are simulated using a tree-level growth model
and for this reason additionally require the plot area and number of trees, the mea-
sured diameter and height of the trees, as well as the status and dominance code for
each tree. Additional stand level information is also required such as stand area,
stand age and stand density. Non-numerical information such as stand type, compo-
sition and structure is also needed.

22.2.3 Simulation Parameters

Simulation runs depend on a series of parameters that can be modified by the user.
Simulation parameters include the number of years to project, fire parameters (the
minimum age for industrial use of wood after a fire and the proportion of salvage
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wood) and harvesting parameters (minimum age for harvesting and the harvesting
probabilities by age and stand type). Additionally, StandsSIM.dd needs simulation
parameters concerning short-rotation forestry (rotation length and the number of
rotations) as well as parameters related to harvesting residues removal options (e.g.
removal of tops, or branches, or bark or combinations of the three). Some of these
parameters are obtained from published reports, such as the proportion of salvage
wood. Parameters related to type of thinning, thinning intensity (the number of euca-
lyptus sprouts left per stool after the shoots selection, the Wilson Factor for maritime
pine) and thinning periodicity need to be provided as well as assortments (number
of assortments and their characteristics, namely the top diameter and log length).

22.2.4 Scenarios and Key Drivers

Scenarios can range from rather simple to quite complex depictions of the future. In
StandsSIM.dd, the range of possible scenarios result from combining two or more
key drivers for each species: (1) the demand of wood and biomass which has impli-
cations for the amount of felling per year, (2) the occurrence of hazards that takes
into account the burnt area per forest type, (3) land use changes to and from other
uses representing the afforested area per year and the deforested area per year, and
(4) the application of Forest Management Approaches (FMA). The intensity of each
driver is expressed by an area, volume or proportion.

The quantitative values that characterize the scenarios for each year of simula-
tion throughout the planning horizon can result from published statistics and/or rep-
resent the expected trend of each key driver. Itis important to state that the Portuguese
NFI does not provide statistics on the amount of harvested woody biomass or its
final use. In some cases the same statistics can be found published by different enti-
ties often presenting distinct numbers.

22.3 Methods

22.3.1 Running the Forest Simulator

StandsSIM.dd runs for a single species at a time. It “visits” each stand every year to
update growth. The growth module includes different growth models that are used
according to the species and stand structure (Barreiro and Tomé 2011). The drivers
(Sect. 22.2.4) are applied after forest resources have been updated. To select which
stands will be burnt, harvested or abandoned, the probability of each one of these
events occurring in a single stand is compared to a pseudo-random number, and the
event occurs if the occurrence probability is smaller than the random number. The
annual intensity of each driver per year is defined in the scenario as an area,
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a volume or a proportion of an area. As the drivers’ modules run, burned area, har-
vested volume, abandoned area and new planted areas are accumulated until the
values defined in the scenario for each year of simulation are met (Barreiro and
Tomé 2012). When running the tool for eucalyptus, in case both wood and biomass
demands have been considered, the wood volume for pulp and the woody biomass
for bio-energy are calculated. Similarly, two different afforested areas are also con-
sidered: newly planted areas managed for pulp production, and newly planted areas
for bio-energy. Figure 22.2 shows the structure of the simulator.

22.3.2 Growth Module

StandsSIM.dd starts by running the growth module for all the stands at year j to
update forest resources to year j + 1. This module comprises different sets of forest
growth models according to the species, stand structure and forest management.
Eucalyptus stands are managed using stand-level growth models: GYMMA for
simulating uneven-aged stands (Barreiro et al. 2004), and GLOBULUS 3.0 model
(Tomé et al. 2006) or GLOBEP model (Barreiro 2011) depending on whether the
even-aged stands are managed for pulp production or as short-rotations for bio-
energy production, respectively. Maritime pine stands are simulated using the tree-
level models PINASTER for even-aged stands (Nunes et al. 2010, 2011a, b) and
PBIRROL for uneven-aged stands (Alegria and Tomé 2013). Thinning is simulated
as part of the growth module. Thinned pine wood is assigned to the Wood/Pulp pool,
whereas the woody biomass resulting from the shoots selection operation in euca-
lyptus stands is assigned to the Woody Biomass pool.

22.3.3 Hazards Module — Fire

After forest resources have been updated, a pseudo-random number is generated for
each stand and compared to the stands’ probability of burning. In the current version
of the simulator, the probability of burning is considered equal for all stands and is
set based on the proportion of the area to be burned defined in the scenario and on
the total forest area (Barreiro and Tomé 2011). As the module runs, burned area per
species accumulates and a user defined amount of salvage wood by tree species is
considered for the Wood/Pulp pool, adding to the wood resulting from thinning,
whereas the remaining wood is assigned to the Woody Biomass pool. The module
stops when the burned area defined in the scenario for each species in each year of
simulation is met. If the area to burn is not met after all stands were “visited”, stands
which were not selected in the first round will be “revisited” before moving to the
next simulation year. This operation can be repeated 1000 times until the area to be
burned is met.
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22.3.4 Harvest Modules

Stands which have not burnt can be harvested. The main harvest module (WP/W)
operates on eucalyptus and maritime pine stands managed for Wood/Pulp Production
by generating a pseudo-random number for each stand and comparing it to each
stands’ probability of being harvested. The stands’ harvesting probabilities are
defined by the user and depend on tree species and stand structure (even-aged stands
allow assigning different probabilities according to stand age). The harvested wood
volume of each species is added to the respective Wood/Pulp pool, while the harvest
residues are assigned to each species Woody Biomass pool. In the case of maritime
pine, the Wood/Pulp pool is sub-divided into different categories representing the
assortments defined by the user. After a stand is harvested, harvested wood is com-
pared with the wood demand defined in the scenario. Harvesting continues until
wood demand is met. Harvest residues contribute to the Woody Biomass pool
according to the harvest residues removal option defined by the user (see Sect.
22.2.3).

In the case of the eucalyptus, if biomass demand is considered as a scenario key
driver, two additional harvesting modules are used: (1) the BP/E Harvest module,
which operates on stands managed for Biomass Production for bio-Energy; and (2)
the WP/E Harvest module that operates on stands initially managed for Wood/pulp
Production, but which are used for bio-Energy. Both these modules contribute
exclusively to the Woody Biomass pool.

Whenever the biomass demand is considered, the three Harvest modules are
called to operate in a specific order: (1) BP/E Harvest module, (2) WP/W Harvest
module, and (3) WP/E Harvest module. In this way we guarantee that the main
source of woody biomass used to meet biomass demand comes from stands
specifically managed for bio-energy and is complemented with the harvest residues
from Wood/Pulp production stands, which can be left on the site to minimize nutri-
ent extraction as soon as the biomass demand is met. After the first two harvest
modules have run, if wood demand is met and biomass demand is not, the third
harvest module will harvest the stands managed for pulp as the last option. The
BP/E Harvest module is the first to run, harvesting all bio-energy stands for which
the rotation length, defined as a simulation parameter, is reached. These stands are
harvested regardless of whether the Woody Biomass pool already holds sufficient
biomass to meet the demand. In case biomass demand is still not met by the time the
module is done, the harvest residues resulting from stands harvested to meet the
wood demand (WP/E Harvest module) will be used to increment the Woody
Biomass pool. However if this is still not enough, the WP/E Harvest module is used.
This module harvests wood production stands according to the same age/stand type
dependent probability as in the Harvest WP/W module, but the difference is that all
aboveground woody biomass is assigned to the woody biomass pool.
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22.3.5 Land Use Changes Modules

Two LUC modules are responsible for planting new stands and abandoning existing
stands according to the new plantation areas and the deforestation defined in the
scenario for each year of simulation. All stands that were harvested, due to fire or to
final felling, will be visited by the deforestation module. The decision on whether to
abandon a stand is based on the generation of a pseudo-random number which is
compared to a probability function that depends on the value of climatic variables
that characterizes the region where the stand is located. Abandoned stands are no
longer simulated. Conversely, new stands are assigned a climatic region so that the
site index can be estimated and stand growth can be initialized. These new stands
will only be disregarded if selected to be abandoned throughout the simulation
period. When both wood and energy demands are considered, two afforestation sce-
narios, one for wood production plantations and another for bio-energy plantations,
are required.

22.3.6 Forest Management Approach and the FMA Module

Similar to the deforestation module, the FMAs module operates only for stands that
have been harvested following the percentage of changes expected between differ-
ent Forest Management Approaches according to the scenario. This module is
expected to be of extreme interest as soon as maritime pine and eucalyptus stands
will run simultaneously for studying the impacts of possible tree species conversion
in certain regions.

Several FMAs can be considered for eucalyptus and even- and uneven-aged mar-
itime pine stands. Bio-energy production FMAs can only be considered for eucalyp-
tus. All stands classified under a given FM A are managed in the same way throughout
the simulation period, except for uneven-aged stands that are converted to even-
aged stands after harvest. The user can define sets of silvicultural operations under
each FMA by defining when in time and how often they take place. Additionally, the
cost of each silvicultural operation is known, which allows calculation of a set of
economic and some social indicators. The costs of operations are based on official
statistics (CAOF 2014a, b). At present, the impact of carrying out some operations
such as fertilization or weed control is directly reflected in production costs, but not
on volume increment.
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22.3.7 Assumptions

StandsSIM.dd assumes the same burning probability for all stands, regardless of
stand type, considering bark and branches biomass reductions of 40% and 25%,
respectively. Burnt stands are harvested, and a user defined percentage of salvage
wood is considered. Because fires usually occur from March until October and final
felling can take place throughout the whole year, fire and harvesting are applied
when half of the annual increment has been achieved. Eucalyptus wood production
stands can only be harvested for bio-energy if wood demand has been already met.
As soon as the biomass demand is met, harvesting residues are assumed to be left
on the site. The areas of gaps and clumps are assumed to be maintained constant
throughout the simulation period. Only stands that have been harvested can be aban-
doned or replanted.

22.3.8 Outputs

For each scenario run, four (.csv) output files are exported: the totals file that con-
tains annual values for some indicators along the simulation period, the socio-
economic indicators file, the areas by age classes’ file, and the plot level file. The
main output is given in the totals output file containing the total standing stock,
felled volume and woody biomass, forest area, burnt forest area, carbon stock and
carbon sequestered among other variables before and after running each drivers
module. The area output contains a transition matrix with the evolution of forest
area between l-year age classes over the simulation period (Barreiro and Tomé
2011). The plot output file allows tracing the history of each stand throughout the
simulation period, whereas the socio-economic indicators (production costs and
wages) are saved on a separate file.

22.4 Validation and Uncertainty

Projections obtained from running regional forest simulators are often used by pol-
icy makers to assist and support their decision making processes. To increase
StandsSIM.dd’s credibility and gain sufficient confidence for its outputs, the simu-
lator was run using the NFI4 (1995-1997) data and projections were compared to
NFI5 (2005-2007) data. This analysis showed reliable large scale projections for
standing stock and reasonable results for forest areas distribution by age classes for
all stand types except uneven-aged stands which were underestimated (Barreiro
2011). StandsSIM.dd can be run stochastically to allow for some variability,
although sampling and model errors have not yet been included.
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22.5 Applications and Future Challenges

StandsSIM.dd is described in two scientific papers (Barreiro and Tomé 2011, 2012)
and has been presented at several national and international conferences. In 2014,
with the increasing trend in wood imports and the rural development policy 2014—
2020 program about to be launched, StandsSIM.dd was used by the Portuguese
Agency for the Competitiveness of the Forest Sector (AIFF) for a wood availability
prospective study intended to assist in defining policy proposals based on a cost-
benefit analysis. Apart from eucalyptus and maritime pine wood production, the
study also covered cork production, although a stand level simulator (SUBER,
Tomé et al. 2015) was used for projecting cork growth.

StandsSIM.dd is under constant improvement and the next steps include: (1)
validating the applicability of 3PG process-based model for the whole country, (2)
calibrating 3PG for maritime pine in Portugal, (3) developing a new algorithm for
converting even- to uneven-aged stands, (4) improving the tool so that all NFI data,
including all species and strata, can be simulated simultaneously.
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Chapter 23
Romania

Marius Dumitru and Gheorghe Marin

23.1 Introduction

23.1.1 Descriptive Statistics

MECC is the central authority for forestry in Romania. The ministry elaborates
policies, strategies and programs for the development of forests, forestry and all
legislative forestry regulations.

According to official MECC data, the total forest area in Romania is 6.5 million
ha (MM 2014), of which the state owns 3.4 million ha. Approximately 66% of for-
ests are located in the Carpathian mountain region, 24% in the hilly area and 10%
in plains (RNP 2009).

The preliminary NFI estimate of forest area is approximately 6.9 million ha (IFN
2011) based on the international forest definition by FAO and represents about 30%
of the total country area. The difference between official data and NFI data comes
from different definitions of forest. The official estimate is based on forests with
management planning, whereas the NFI estimate includes all forest vegetation.

The main forest types are: beech; spruce; fir; mixtures of beech and conifer;
mixtures of beech, oak and broadleaves; and oaks. In terms of species proportions,
broadleaves represent 70% (beech 31%, oaks 18%, others 21%) and conifer 30%
(spruce 23%, fir 5%, other 2%) (RNP 2009).

The total standing wood volume is estimated to exceed 1.350 million m?, and the
mean volume is 217 m*ha. In terms of volume, the main forest species are: beech
(37%), conifer (39%) and oak (11%) (RNP 2009).

The total forest increment is estimated as 34 million m? per year in productive
forests and protected forest areas. Until 1990 there was a trend to over-exploitation
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of forest. In addition, the lack of an extensive and uniformly distributed forest road
network led to significant imbalances because forest harvesting which was concen-
trated in accessible areas. This condition led the national forest fund to suffer a
significant disequilibrium which caused a decrease in allowable cuts as established
by forest management plans after 1990.

In Romania, 48% of forests account for production and protection functions,
whereas 52% of forests have special protection functions (RNP 2009). Of the spe-
cial protection forests, soil and water protection forests represent 42% and 31%,
respectively; followed by recreation forests with 11%, and scientific interest and
conservation forests with 10%. The remaining 6% represents forests for settlement
and cropland protection against climatic and industrial damages.

From 1948 until 1991, the entire national forest area was under state ownership.
However, after 1990, application of laws for forest restitution led to the distribution
of forests among different ownerships. The state forest (about 3.4 million ha) is
managed by the National Forest Administration (ROMSILVA, NFA) which works
under MECC. NFA aims at sustainable forest management in accordance with the
forest law for forest state property with the intent of increasing the contributions of
forest to environmental improvement and maintaining the national wood-based
economy. NFA manages 23 national and natural parks for which state property is a
significant percentage and ensures the conservation of biodiversity in the protected
areas. Of the redistributed forest, approximately 1.1 million ha (17%) became
municipality forests, 0.8 million ha (12%) were distributed to forest associations
and 1.2 million ha (18%) were distributed to private owners. Percentages of forest
area by management system are 89% for even-aged high-forest, 5% for uneven-
aged forests, and 6% for coppice forests.

23.1.2 Forest Inventory History

Starting in 1948, a forest management planning system was implemented over the
entire Romanian forest. Based on the information contained in the forest manage-
ment plans, forest inventories for the forestry fund were conducted in 1959, 1965,
1973, 1980 and 1984 by the Forest Research and Management Institute (Marin et al.
2010). These forest inventories did not cover all the national forest resources
(wooded land was not inventoried) and little information about other forest func-
tions such as forest carbon sequestration, biodiversity, and forest ownership status
was collected. Therefore, a new type of forest inventory was designed to include the
most important information on forest and forest functions that previously had been
ignored. After 1990, there were some attempts to implement a new standwise forest
inventory, but they were not completed.

The National Forest Inventory (NFI) is currently the main tool for assessing for-
est resources at the national and regional levels and addresses the ever-increasing
needs for forest information. The Romanian NFI was initiated in 2006, and in 2007
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started the first pilot inventory. The first NFI cycle was conducted from 2008 to
2012, and the second NFI cycle has initiated in 2013 and will be finished in 2018.

23.2 Forest Inventory Data

23.2.1 The Standwise Forest Inventory

The first standwise forest inventory took place in 1959 at the end of the first cam-
paign for management planning for all state forests. It was realized by aggregating
data from management plans at country level. This was the usual way to implement
forest inventories in all Eastern European countries. It was a cost-effective inven-
tory, but provided little information about forest area, timber volume and
increment.

The next four standwise forest inventories were carried out in 1965, 1973, 1980
and 1984 using the same basic methods, although the information scope increased
from one inventory to the next another as variables such as age class structure,
canopy cover, and production classes were added.

23.2.2 The National Forest Inventory

The NFI is designed as a continuous forest inventory with a 5-year cycle. The NFI
covers the entire country and features a 4 x 4 km systematic sampling (Marin et al.
2010) grid which is intensified to a 2 x 2 km grid in the plains area where forest
cover is less. Estimates are based on repeated measurements of permanent plots and
measurements of temporary plots. It is a two-stage NFI that combines the analysis
of aerial photos and field forest assessment. Orthophotomaps are used for assessing
the presence or absence of vegetation for each sample plot. Sample plots are located
in the field using GPS devices, orthophotomaps (1:5000) and topographic maps
(1:25,000).

Each year the field teams collect data from approximately 2000 clusters (7000
permanent sample plots) with forest vegetation. In addition to these plots, approxi-
mately 700 clusters of temporary sample plots are also measured. Land cover cate-
gories and areas of forest vegetation are estimated via photointerpretation of points
at the intersections of a 500 x 500 m grid on orthophotomaps.

The NFI plot cluster is a square with 250 m side length and with the sample plots
located in each corner (Marin 2008). An NFI sample plot consists of three concen-
tric circles with radius of 7.98 m, 12.62 m and 25 m, plus two concentric circles
centered 10 m east and west of the sample plot center, with 1 m and 1.78 m radious.
In the three concentric circles, trees are sampled according to their diameter at
breast height (dbh). In the inner circle (200 m?) all trees with dbh between 5.6 and



276 M. Dumitru and G. Marin

28.5 cm are measured. In this circle lying deadwood and ground vegetation are also
assessed, whereas in the middle circle (500 m?) only trees with a dbh greater than
28.5 cm are measured. The outer circle is used for collecting growth cores as well
as information characterizing forest site, forest type, forest edges and soil character-
istics. The two concentric smaller plots are used for evaluating young growth. Inside
the 1 m radius circle all trees with 10 cm to 50 cm height are counted, whereas in
the 1.78 m radius circle trees over 50 cm height and under 5.6 mm dbh are counted.
Sample trees, including dead and fallen trees, are evaluated and measured. Multiple
observations and measurements are recorded for each tree: dbh, height, tree status,
sample tree identification, species, distance and azimuth to the sample plot center,
crown length and crown shape, layers vegetation to which it belongs, social posi-
tion, tree age, tree damage, living and death crown length etc.

Field data are collected by specialized teams and entered into field computers.
Later, these data are sent to the NFI headquarters, verified and validated, and stored
in an Oracle database in the central server for processing and analysis. In addition
to tree and stand data, soil samples and growth cores are also collected. Soil data are
collected from a single sample plot per forest cluster for the purpose of mapping
forest soil types and sites. Growth cores are collected from trees located between the
concentric circles with 12.62 m and 25 m radius.

If the concentric circle with radius of 12.62 m includes different ownership types,
forest types and/or land uses, then the sample plot is divided into Sectors of Sample
Plot (SSP). Because the area of the SSP should not be less than 100 m?, a sample
plot can have at most five sectors.

Of the approximately 300 variables that are measured or estimated, the most
important are: tree species, dbh, height, age, soil, site, altitude, topography, origin,
production class, and quality class. These variables are used to estimate the main
NFI outcomes including forest area, growing stock increment and age class struc-
tures at regional and country level.

23.3 Data and Methods for Projecting Woody Biomass
in Romania

The Romanian NFI has not yet made any predictions based on its own data.

Forest management plans, which are designed for each management unit of a
forest district and are repeated every 10 years, can provide information that can be
used for woody biomass projections. For elaboration of management plans, specific
software is used for all the forest districts in the entire country. This software is used
to calculate all stand level information (tree species composition, standing volume,
increment, canopy cover etc.) and forest structure (forest area, timber volume and
increment by tree species, age classes, productivity, wood quality, accessibility,
etc.). The allowable cut for the next 10 years and the volume from thinning are also



23 Romania 277

estimated through the management plans. All this information can be used for pre-
diction of woody biomass.

23.4 Discussion and Conclusions

For the second NFI cycle, we intend to develop models and make predictions at dif-
ferent levels for forest area, growing stock, increment, age class structure, etc. The
models will also be applied for prediction of various timber assortments (dimen-
sional and industrial). The old system based on management plans will be replaced
and new software developed so that NFI tree sample cores data can be used for
projecting woody biomass.
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Chapter 24
Spain

Sonia Condés, Iciar Alberdi, Fernando Garcia-Robredo, and Roberto Vallejo

24.1 Introduction

The first Spanish National Forest Inventory (NFI1) was carried out in the period
1964—-1977 and covered the entire forest area of the country. Each of the 50 Spanish
provinces served as an assessment unit; mean surface area per unit is 1 million ha
for a total area of 50.6 million ha. From the second NFI forward (NFI2, 1986—-1996),
sample plots were located at the intersections of a 1 x 1 km UTM grid, marked as
permanent, and remeasured every 10 years. Nowadays, the fourth NFI (NFI4),
which began in 2008, is being carried out.

According to the third NFI, the total forest area was 18.6 million ha of which
about 34.5% was dominated by conifers with a total volume of about 531.5 million
m? and about 46.4% was covered by broadleaf species with an approximate volume
of 396.2 million m®. The remaining 19.1% was covered by a mixture of conifers and
broadleaf species with a volume of 927.8 million m®. Regarding ownership, 29.0%
of this forest land is public forest, 65.6% is considered private property and 5.4% is
unclassified.
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Fig. 24.1 Occurence of the main species in plots that are classified as pure or mixed forest, as
percentage of the total number of plots. Note that mixed plots can occur more than once when
hosting more than one main species

One of the main characteristics of Spanish forests is the large variability in spe-
cies composition and structure. From a composition perspective, 70.5% of the NFI3
sample plots are regarded as pure stands with more than 90% of basal area in a
single species and 29.5% as mixed stands, usually consisting of two (23.4%) or
three species (5.2%). However, for biodiversity assessments the number of tree spe-
cies per plot is much greater because for this purpose all trees were recorded, not
only those with diameter larger than the inventory threshold (Magrama 2012).

In NFI3 more than 150 tree species were assessed of which about 20 were con-
sidered main species. These include eight Pinus species, five Quercus species, two
Eucalyptus species and the genera Fagus, Populus, Castanea, Abies and Juniperus.
The coverage of the main species and their occurences in pure and mixed stands is
shown in Fig. 24.1. Species mixtures can be very variable, illustrated by the range
of species occuring as the second most important species in Pinus sylvestris domi-
nated stands (Fig. 24.2).

From a structural perspective, more than 50% of the sample plots were located in
uneven-aged forest and about 15% of the plots were in mixed stands with two height
layers. Productive species such as Eucalyptus spp., Populus spp. or Pinus radiata
are frequently managed as even-aged, while Mediterranean species such as Quercus
ilex or Pinus halepensis are more commonly managed as uneven-aged (Fig. 24.3).
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Fig. 24.2 Percentage of plots in Pinus sylvestris mixed stands for each main companion tree
species
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Fig. 24.3 Occurence of the main species in plots that are classified as even-aged or uneven-aged
forest, as percentage of the total number of plots. Note that mixed plots can occur more than once
when hosting more than one main species
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24.2 Data Sources for Growth Modelling

24.2.1 National Forest Inventory

Since 1986, the NFI has been carried out in Spain using permanent sample plots
consisting of four concentric circles, each with different a threshold for tree diam-
eter at breast height (dbh). For each tree, dbh, height, taper and damages are
assessed. In the smallest circle, trees with dbh between 2.5 and 7.4 cm are counted.
In addition to the tree measurements, information such as forest type, number of
height layers, mixture type, shrubs and some geographical variables such as aspect
and slope are collected. Biodiversity is assessed through identification of the under-
storey vegetation, presence of dead trees and corresponding decay classes (Alberdi
et al. 2014).

NFI data are an excellent source of information for developing growth models
such as the individual tree-level models by Adame et al. (2008), Trasobares et al.
(2004) and Condés and Sterba (2008) and the stand-level models for pure or mixed
stands by Orois and Soalleiro (2002), Rio and Sterba (2009) and Condés et al.
(2013). Furthermore, the NFI data such as stem number, basal area and stand vol-
ume can provide the initial conditions for future projections as required by the
growth models.

Unfortunately, the NFI database has four major weaknesses for forest modeling
purposes (Alvarez-Gonzilez et al. 2013): (1) excessively long inventory cycles for
fast growing species, (2) a systematic inventory that does not permit comparisons of
different silvicultural alternatives present in small forest areas, (3) estimates with
large random errors such as ingrowth from the small radius plots, and (4) the
unavailability of stand age which hinders development of dynamic stand growth
models.

During NFI1, stem diameters at different tree heights were also recorded for
sample trees. From these data, simple taper models in the form of fourth degree
relative polynomials were constructed for the main species (ICONA 1979; ICONA
1980). These models facilitate estimation of merchantable volume as well as saw
log or pulp log volumes at any stem diameter requested by industry.

24.2.2 Other Data Sources

In addition to NFI information, three other data sources are available:

e A database was constructed for all growth models for Spanish forests that have
been developed by different research institutions. A review of the models devel-
oped before 2010, mostly for single-species even-aged stands, has been pub-
lished (Bravo et al. 2011).



24 Spain 283

e Stem taper models for some commercial species have been published in scien-
tific journals (Barrio Anta et al. 2007; Rojo et al. 2005) as have models for esti-
mating the carbon sink capacity (Ruiz-Peinado et al. 2011; Montero et al. 2005).

* Meteorological data with complete series of monthly mean temperature and pre-
cipitation are available from the Spanish National Meteorological Agency which
has meteorological stations spread throughout the Spanish territory. Because
these stations are georeferenced, their data can be easily geo-referenced to NFI
sample plot locations to facilitate inclusion of climatic data in new growth mod-
els (Condés and Garcia-Robredo 2012).

24.3 Spanish Forest Growth Simulators

Developing large-scale, country-wide simulators in Spain is complicated due to the
large variability in tree species, mixtures and stand structures. A large number of
growth models (Bravo et al. 2011) and several growth simulators have been devel-
oped, but most focus on productive species in monospecific even-aged stands.
Because no counry-wide growth models are available, no national forest resource
projections exist. Here we give an overview of the best known Spanish simulators
with emphasis on those with potential to be used to project resources at regional or
national scales.

24.3.1 GesMOO©

GesMOO (Diéguez-Aranda et al. 2009) was developed by members of the research
group “Sustainable Forest Management Unit”, from the University of Santiago de
Compostela (Spain) and can be freely downloaded at www.usc.es/uxfs. It is based
on stand-level growth models developed for single-species in even-aged stands. At
the moment, the program implements dynamic growth models for the most produc-
tive species in the Galicia region in northwestern Spain which are Pinus pinaster
(coastal and inland regions), Pinus radiata, Pinus sylvestris, Betula alba and
Quercus robur. The program is able to incorporate new dynamic stand level growth
models when they become available. However, it is restricted to single-species
even-aged stands, which in Galicia represent about 65% of the forest lands.

GesMOO allows simulation of different silvicultural treatments and returns their
economic assessment. GesMO® consists of six modules: a stand-level simulator for
the main attributes of the forest (natural mortality can be included as well); a silvi-
cultural scenario module allowing testing types and intensities of thinnings; a disag-
gregation module providing diameter distributions as well as volume, biomass and
carbon content; a merchantable volume estimation module; an economic assess-
ment module; and a module for generating tables, graphs and reports.
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24.3.2 SIMANFOR

SIMANFOR (Bravo et al. 2012) was developed by a research group in the “Escuela
Técnica Superior de Ingenierias Agrarias”, University of Valladolid (Palencia,
Spain), in close collaboration with modelers and end users. SIMANFOR is avail-
able for free to the forestry community at www.simanfor.org. The simulator includes
two tree-level, distance independent models: one for Pinus sylvestris in Sistema
Central and Sistema Ibérico, representing two of the most important natural distri-
bution areas of Scots pine in Spain (Rio and Sterba 2009), and the other for Pinus
pinaster in the same area. The system can incorporate new models when available.

SIMANFOR is a forest growth simulator intended for different user types:
administrators who manage the systems, modelers who can upload and develop
models, and users who can upload, modify and download forest inventories and
simulate different silvicultural scenarios to produce information at tree, size class or
stand levels.

24.3.3 RODAL, MONTE, ESCEN

RODAL, MONTE and ESCEN are three commercial software products that have
been developed by ForEco Technologies. More information on these products can
be obtained through the company website (www.forecotech.com).

RODAL is an information system that supports decision-making at the stand
level. It is suitable for both even-aged and uneven-aged stands, and, according to the
authors, for both pure and mixed stands. The system is based on individual tree
growth and survival models, predicts growth and yield, and calculates the economic
profitability of the simulated management schedule. RODAL also includes an opti-
mization algorithm to find the management schedule for maximizing wood produc-
tion, net income or land expectation value.

MONTE is an information system for forest management planning that contains
sub-systems for data management, stand development simulation, combinatorial
optimization and visualization of forest landscape.

ESCEN is a forestry scenario model that uses NFI plots or similar data as input
for regional forestry scenario analyses. The program permits long-term projections
according to management alternatives.

24.4 Discussion

A deeper analysis of the NFI statistics and simulators shows that there is not an easy
way to project biomass for the whole Spanish forest area. The problems encoun-
tered are described in this section.
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24.4.1 Number of Species and Species Distribution

While there are about 20 main species in Spain, growth models are available only
for a few conifers and some productive broadleaf species such as Betula alba or
Populus sp. The growth of species that are widely distributed, such as Quercus ilex,
have been poorly studied (Gea-Izquierdo et al. 2008). Furthermore, all growth mod-
els have been developed for a specific region only which is particularly important
for a country like Spain where climatic conditions can be very different among
regions. For instance, Pinus pinaster in Spain has two different varieties: atlantica
and mesogeensis. Growth models are developed mainly for the first one in the
Galicia region, or for the second one in central and northeastern Spain. Large areas
of the southern and southeastern Spain remain unstudied, or the existing models are
only developed for even-aged stands (Bravo-Oviedo et al. 2004).

24.4.2 Composition and Structure

Most of the growth simulators described above include models that can be used only
for even-aged, single-species stands. However, a large proportion of Spanish forests
is covered by uneven-aged stands, and even for even-aged stands, age has not always
been recorded during NFI3 or the estimates are unreliable (Alvarez-Gonzélez et al.
2013). This means that models based on stand age cannot be easily applied to NFI
data.

Around 30% of the NFI sample plots are classified as mixed stands. In these
stands, inter-specific relationships can result in competition or facilitation, which
has to be taken into account in growth models (Condés et al. 2013; Rio and Sterba
2009). Moreover, different companion species could have very different effects on
target species growth (Rio et al. 2013; Rio et al. 2014). The necessity of using
species-specific models for mixed stands emphasizes the requirement for develop-
ment of new growth models.

24.4.3 Forest Growth Simulators

Of the forest growth simulators presented in this document, GesMo®© is probably
the simplest in terms of user interface and the required input data. However, it can
only be used for mono-specific, even-aged stands in northwestern Spain. Because
stand age data are required, this simulator is not entirely compatible with NFI data.

The simulator that is most adapted to NFI data is probably the one developed by
ForEco Technologies. Because it is based on individual tree growth models and is
age independent, it is more flexible and applicable to all stand types and species
found in Spain. However, currently few models have been included in the simulator,
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and the high prices required by the company for updating or developing new models
limits its use.

The Simanfor simulator has the advantage that simulations using NFI data are
possible. However, further analysis is required to determine if new models can be
easily incorporated or even developed by users.

A variety of other tools and simulators exist as well in Spain but do not meet the
basic criteria for simulators to be applicable country-wide. For example, the process-
based model GOTILWA (Gracia et al. 1999) has limited applicability because it not
only requires soil properties and daily climate data as inputs, which are difficult to
find for country-level simulations, but also because it is only applicable to pure
stands. CUBIFOR is an EXCEL implemented tool for calculating volume by assort-
ments, total biomass and carbon content, which would be valuable outputs in a
country-wide projection system. However, it does not include a growth simulator
and is currently only available for the main species in the “Castilla y Leon” region
(Rodriguez et al. 2008, Ruiz-Peinado et al. 2011).

24.5 Conclusions and Future Challenges

Unfortunately, appropriate wood projections for Spain at the National or Autonomous
Communities level cannot currently be provided. Rather, all that can be provided
are volume increments for different forest types which are calculated through the
comparison of NFI permanent sample plots. The required carbon sequestration pro-
jections could be obtained using the EFISCEN program, but the results may not be
reliable because the program was developed for even-aged and managed forests and
the deviations from these conditions make the application less suitable (www.efi.
int). As has been described, more than half of Spanish stands are uneven aged for-
ests and, in addition, little information is available about forest management.
Approximately 70% of Spanish forest area is privately owned. Additionally, stand
age is needed, but such information is not currently available.

However, due to the great interest in the subject, a research project is currently
under way to develop country-wide growth models with financial support from the
authorities. The initial idea is to develop growth models or annual volume change
models for the different Spanish forest types based on NFI data. These data have the
important advantage of having been acquired using rigorous and well-tested proto-
cols from plots systematically distributed throughout the complete range of the for-
est types and therefore represent the most complete spatial distribution of stand and
tree variables (Alvarez—Gonzélez et al. 2013).
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Chapter 25
Sweden

Anders Lundstrom and Per-Erik Wikberg

25.1 Introduction

Sweden has a well-established tradition of making long-term analyses of the conse-
quences of different courses of action in forestry. The results have been important
for forming national forest policies and for taking strategic decisions within the
forest industry. The first known estimates of the national potential harvesting levels
were presented by Israel af Strom in the 1850s (Anonymous 1914). Af Strom
showed that, at that time, the harvest by far exceeded the increment and predicted a
catastrophic effect on the forests. He was right by the end of the century the forests
were in a very poor state in most parts of the country. The poor state of the forest
was partly a result of increasing harvest level driven by a corresponding increasing
demand for sawn wood. Because the demand for forest products was likely to
increase at the same time as the supply seemed to decrease, the need for knowledge
among stake holders and decision makers about parameters such as standing vol-
ume, dimensions, species mixture, growth and geographical distribution became
more and more obvious.

During 1923-1929, the first NFI was conducted with measurements obtained
along straight 10-m wide lines. It was followed by a second NFI during 1938—
1952 in which the lines were complemented with plots. During the third NFI in
1953-1962, the measurements were obtained for circular plots arranged along the
sides of rectangles or squares called tracts, a design that is still used today. All tracts
were temporary until the sixth NFI, 1983-1992, when permanent tracts were
established.
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At present, the whole sample consists of 2500 temporary and 4500 permanent
tracts. Each tract consists of 4—12 plots. One-fifth of the whole sample is measured
each year. Consequently, the annual sample consists of approximately 12,000 plots.
The side-length of the tracts varies between 300 and 1800 m. The tracts are system-
atically distributed over all of Sweden, with a denser spacing in the south than in the
north. The plot radius is 10 m for permanent plots and 7 m for temporary plots.

The inventory has been and still is concentrated on the tree population with other
parameters added as important concerns about climate change and biodiversity have
emerged. Thus, coarse woody debris has been measured since 1984, and soil sam-
ples have been collected and analyzed since 1983 to track attributes such as soil
carbon and nitrogen.

The Swedish NFI has the task of describing the state and changes in Sweden’s
forests. The information collected is used for multiple purposes including as serving
as a basis for forestry, energy and environmental policy in Sweden. Data from the
Swedish NFI are part of Sweden’s official statistics.

25.1.1 Descriptive Statistics

Sweden has 22.7 million hectares of productive forest land (growth >1 m¥ha per
year of stem volume above stump including bark and top and 0.7 million hectares of
productive forest land within protected areas. Forest land according to international
definitions covers 28.4 million hectares.

The largest ownership category is individual private owners who own 52% of the
productive forest area. The rest is divided equally between companies and other
owners, each with approximately 24%. The state comprises the majority of “other
owners.”

The most common forest type is Scots pine (Pinus sylvestris) forest which covers
39% of Sweden’s productive forest area. Other important forest types are Norway
spruce (Picea abies) forest (27%), mixed forest (22%) and deciduous forest (7%).
The rest is Pinus contorta (2%) and bare land (3%).

Stands are classified with respect to maturity stages based on normal manage-
ment measures. Thinning stage forest and final felling forest are the dominant matu-
rity classes with 38% and 33% of productive forest area respectively. Young forest
(including pre-commercial felling stage forest) and bare forest land account for
29% of the productive forest area.

Productivity is estimated with respect to the growth potential of a site. Productivity
is greatest in the extreme south of Sweden (11.0 m*ha per year) and decreases in
northern and then northwestern directions. The average site productivity for the
entire country is 5.3 m¥ha per year.

Since the 1920s, annual growth has increased by more than 100% from approxi-
mately 60 to approximately 120 million m®. Mean annual growth for productive
forest land in Sweden is 4.9 million m? per hectare.
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Standing volume in Sweden’s forests has increased consistently since the first
NFI in the 1920s. In the middle of the 1920s the total standing volume was 1760
million m?, and has increased to the current level of 3400 million m*. This steady
increase indicates a long-term trend of higher growth than loss (natural loss and
felling) during the period. The increase was primarily in Norway spruce until the
1970s, after which the increase in standing volume has been in Scots pine and
broadleaves. In recent years Norway spruce volume has stabilized with the increase
due primarily to Scots pine and broadleaves.

Sweden’s forests are dominated by Scots pine and Norway spruce, being typical
boreal conifers. The proportion of broadleaves has increased from 15% of the vol-
ume at the end of the 1950s to 19% today. This means we are now back to the same
proportion of broadleaves as was seen in the 1920s. Silver birch (Betula pendula)
and hairy birch (Betula pubescens) are the dominant broadleaves. Other broadleaves
include aspen (Populus tremula), rowan (Sorbus aucuparia), goat willow (Salix
caprea) and grey alder (Alnus incana). Oak (Quercus robur), beech (Fagus sylvat-
ica) and other southern broadleaves occur in the hemi boreal and nemoral zones.

The volume of dead and wind-thrown trees has been relatively constant, with a
slight increase due to storms at the end of the 1960s. An increase can be seen, how-
ever, for the last 10-15 years with the proportion of dead and wind-thrown trees
currently representing approximately 3% of the total standing volume.

The annual harvest has varied between 80 and 90 million m? during recent years.

25.1.2 NFI-Data in Future Projections

Data from the NFI have formed the base for several nationwide projections of future
harvests levels and related features. In 1938, Jonson and Modin presented projec-
tions using data from the first NFI (1923-1929) (Anonymous 1939), showing a
potential annual felling of 70 million m? in the 1970s. It agreed well with the actual
average annual harvest of 67.3 million m® in 1970-1979. Since then, results from
the NFI such as descriptive statistics and short term projections have been reported
on several occasions.

Since the 1970s, countrywide studies of the development and potential of forest
utilization in Sweden have been conducted every 5—10 years. Often the studies have
been initiated by the Forest Agency, but in a multiple cases the initiative has been
directly from the government. Estimates obtained for the twentieth century have
indicated a constantly increasing harvest potential. This is partly due to improved
silviculture, but also to annual increment exceeding the rate of harvest during most
of the century.

The latest study was finished in 2008 (SKA-VB 08). The Swedish Forest Agency
initiated these studies with estimation made in cooperation with Swedish University
of Agricultural Sciences (SLU).

The objective of the SKA-VB 08 project was to give public authorities, organiza-
tions and industry a broad base for strategic decision-making. With this aim in view,
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the project team worked with scenarios that differed with respect to forest manage-
ment, utilization and environmental considerations. None of the scenarios represent
a “desired” development; rather they are merely possible alternatives, usually char-
acterized as ‘what-if” scenarios.

25.2 Data

The NFI collects tree, stand and site data for the main plot, sub-plots and an enlarged
plot. Diameter is measured for all trees with a diameter at breast height (dbh)
>10 cm on the main plot (7 m radius for temporary plots and 10 m radius for per-
manent plots), and for trees with dbh of 4-10 cm on a 3.5-m radius subplot. Saplings
with heights from 30 cm and up to dbh of 4 cm are counted in height interval classes
at two 1-m radius plots. Height, damage, age and other variables are measured on
sample trees. The stand is described by height interval classes (species mixture,
number of stems, etc.) for an enlarged 20-m radius plot. Dead wood is measured and
classified by decay classes. Species occurrence and ground coverage and field
vegetation are inventoried. Stumps on the plot are measured. If harvest operations
have taken place at the plot during the last year, additional plots where only the
stumps are measured are established between ordinary plots. Plots are divided along
borders between stands or biotopes.

A large number of variables are calculated from the collected data including
volume, growth, and biomass per tree component (stumps, branches, needles and
stemwood), and is thereafter stored in databases together with climatic and geo-
graphical parameters.

SKA-VB 08 was conducted by entering NFI data into the computerized forest
simulator HUGIN (Lundstrom and Séderberg 1996). Different assumptions about
future courses of action (scenarios) were also entered into the simulator. The
scenarios were based on information taken from multiple sources. The Swedish
Forest Agency’s annual questionnaire survey of forest owners was used to acquire
information about regeneration methods and management programs. To acquire
information about use of forest residues for energy, statistics on Sweden’s total
energy use and supply statistics were used. These statistics are compiled annually
by the Swedish Energy Agency based on data from multiple surveys.

In HUGIN, approximately 32,000 NFI sample plots from 2002-2006 were
assigned to the utilization and management schemes defined in the scenarios. The
state of the forest and the greatest sustainable harvesting levels for 10-year periods
from year 2010 to 2110 constituted the output from HUGIN.

Existing protected forest areas and areas planned for protection were included in
the analyses. These areas were located using GIS information to identify forests
likely to retain high nature values. Information for these areas was obtained from
the Swedish Environmental Protection Agency.
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The growth models in the HUGIN-simulator are constructed for all forest land in
Sweden, for all types of stands and within a wide range of management alternatives.
Different methods are used to simulate the development of young stands where
mean height is less than 7 m (“stand establishment phase”), and for the remaining
life of the stands (“established stand phase”™).

In the stand establishment phase, tree height is the dependent variable for the
growth models (Elfving 1982). To obtain diameter distributions and volume growth,
special models are used to estimate diameter from height, and volume from diam-
eter. Special models to predict damage and mortality in young forests have been
developed by Nislund (1986). These models may be revised depending on knowl-
edge concerning damage agents; for example if moose numbers increase, the prob-
ability of moose damage can be increased.

During the simulations, stands are established after harvest by imputing a tree
population from the HUGIN young forest database. Data for the database were col-
lected from a countrywide survey of young stands during 1976—1979, the HUGIN
young stand survey. The young stand survey was adapted to the HUGIN system,
with greater detail than provided by the NFI for this developmental stage.

The method for forecasting growth changes when the average height of the trees
on a plot reaches 7 m. The simulators for growth in established stands are based on
NFI data. The dependent variable is basal area growth for individual trees (Soderberg
1986). The growth period for the simulators is 5 years and, after each period, vol-
ume is obtained using static form height models (Soderberg 1992). To obtain net
growth for each period, special models for mortality (Soderberg 1986) and ingrowth
(trees passing 4 cm in breast height) are used.

Models used to estimate tree biomass have been developed by Marklund (1988),
Petersson and Stahl (2006). The effect of thinning is estimated by means of thinning
response models based on experimental data. If a plot has been fertilized, the effect
of fertilization is estimated using models based upon results from experimental
plots (Pettersson 1994a, b).

The effects of climate change have been incorporated in the simulation (Bergh
et al. 2007).

25.3.1 Management Program

The effects of the following types of treatment can be investigated in the HUGIN
system: (1) establishment of new stands by planting, sowing or by natural regenera-
tion, (2) pre-commercial thinning (cleaning), (3) thinning, (4) fertilization, and (5)
final felling (clear-cutting).

Because simulations are based on trees within sample plots and not on stands,
special procedures are necessary to ensure more realistically simulated management.
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Because the plots are too small to correctly describe management in practice, a
specified proportion of plots is randomly selected for enforcement of thinning and
final felling. The remaining plots are selected according to priority rules based on
current standards for good stand-level management. The random treatment is
intended to simulate mismanagement and the “stand-plot problem” mentioned
above.

The simulator includes considerable flexibility with respect to how treatments
are implemented. To make use of the simulator easier, default values for simulation
parameters are included based on current good management standards.

The HUGIN-simulator generates results in standard tables for every 10-year
period of which some are presented here. Harvested volume and area are presented
in various classes, i.e. diameter, site index and age classes. The cut volume from final
felling and thinning is presented separately in m? total volume (including bark and
top) and solid volume (excluding bark and top), respectively and in kg dry weight.

The information is also saved in a database for further analysis, or for presenta-
tion of results from additional analyses presented in new tables. It is also possible to
obtain more detailed results about growth and cutting methods.

25.3.2 Scenarios

Projections were made under different scenarios: Reference, Production, Protection,
and Production + Protection. For all scenarios, the effects of climate change were
included. The Reference scenario represents business as usual. For the Production
scenario, measures for increased production are simulated, mainly by assuming
improved management in general, more fertilization, and afforestation of agricul-
tural land not in use. For the Protection scenario, the proportion of the forest set
aside as reserves is increased. Restoration and adapted management of some pro-
tected forests have been simulated, and nature care has been considered to a greater
degree in non-protected forests. The Production + Protection scenario is a combina-
tion of the above. The level of the simulated measures in the scenarios has been set
according to guidance from policy documents issued by the Government and the
Swedish Environmental Protection Agency.

25.4 Results

Examples of standard tables for the reference scenarios are presented here and include
projected volumes for 2010, 2020, 2060 and 2100 for the entire country and by region.

In total, standing volume for all productive forest land is projected to increase
from approximately 3100 to 4500 million m?® until 2100 according to Reference
scenario simulations. The proportion of the total volume on common forest land
mainly subject to wood production (labelled ‘production’ in Table 25.1) was 84% at
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Table 25.1 Standing volume by region and land-use class

Standing volume (million m?® including bark and top)

2010 2020 2060 2110

Million Million Million Million
Region/land-use m? % 'm % 'm % |m} %
Northern Norrland 644 678 828 1008
Production 495 77 1501 74 | 545 66 | 605 60
Environmental 90 14 108 16 | 181 22 1260 26
Nature reserve 60 9 |68 10 102 12 1143 14
Southern Norrland 780 813 933 1080
Production 677 87 686 84 1720 77 1793 73
Environmental 76 10 196 12 164 18 1223 21
Nature reserve 27 3 31 4 48 5 64 6
Svealand 763 786 957 1136
Production 648 85 1642 82 |712 74 | 819 72
Environmental 77 10 |97 12 167 17 1217 19
Nature reserve 39 5 47 6 78 8 101 9
Gotaland 921 939 1129 1303
Production 793 86 |776 83 | 855 76 1962 74
Environmental 97 11 126 13 214 19 266 20
Nature reserve 30 3 37 4 60 5 |74 6
Whole country 3108 3216 3846 4527
Production 2612 84 2606 81 2832 74 3179 70
Environmental 340 11 1427 13 726 19 966 21
Nature reserve 156 5 184 6 288 7 382 8

the beginning of the time series and 70% at the end. Thus, the volume increase for
unmanaged nature reserves or managed forests subject to environmental concern
has been more rapid than in common forests (Table 25.1).

Tables 25.2, 25.3 and 25.4 contain future sustainable harvest levels presented in
classes of cutting methods, tree species and assortments. The potential harvest level
will increase from 90.5 m? to almost 135 m? in 2100. The increase will not be linear
but will decrease somewhat in the first 10 years and then will increase. The har-
vested volume from thinnings will increase steadily while the cut volume from clear
cuts will decrease approximately 10% and then increase (Table 25.2). The potential
harvest of Scots pine will remain rather steady during the whole period while
Norway spruce and birch harvest will increase substantially. A steady decrease in
potential harvest of Scots pine can be seen in southern Sweden (Gotaland) while the
potential for Norway spruce will increase rapidly after the first 10-year period and
onwards (Table 25.3). The reason for this change in tree species is due to the increas-
ing use of Norway spruce in plantations during recent decades, which continues in
the scenarios. The allocation between saw logs and pulpwood was not altered to any
larger extent. A slight increase of pulp wood can be seen at the expense of saw logs.

The sustainable harvest will decrease about 7% in the Protection scenario in the
short-term and decrease approximately 10% in the long-term. In the Production
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Table 25.2 Annual sustainable harvest by region and harvest type for the Reference scenario and
all land-use classes

Annual sustainable harvest® (1000 m*/year including bark and top)
Region/harvest 2010-2019 2020-2029 2060-2069 2100-2109
type 1000m® % [1000m* |% |1000m® |% |1000m’ | %
Northern Norrland
Clear-cut 10,751 70 9567 65 13,065 70 116,292 68
Thinning 4518 30 5231 35 5602 30 |7771 32
Total 15,269 14,798 18,667 24,063
Southern Norrland
Clear-cut 14,672 69 | 13,900 65 | 17,869 69 |21,468 69
Thinning 6511 31 | 7480 35 | 7876 31 9531 31
Total 21,183 21,379 25,744 30,999
Svealand
Clear-cut 16,489 69 | 14,717 63 |19,287 67 |24,432 67
Thinning 7555 31 | 8783 37 9664 33 12,009 33
Total 24,044 23,500 28,952 36,441
Gotaland
Clear-cut 20,225 68 |17,935 64 |23,037 65 129,229 68
Thinning 9737 32 10,128 36 12,510 35 13911 32
Total 29,962 28,004 35,547 43,140
Whole country
Clear-cut 62,137 69 156,120 64 | 73,257 67 91,422 68
Thinning 28,321 31 31,621 36 | 35,653 33 143,221 32
Total 90,458 87,741 108,910 134,643

“Excluding cleaning

scenario the sustainable harvest is almost the same as in the Reference scenario during
the first period, but will increase over time and will be approximately 15% greater
at the end of the projection period.

25.4.1 Bioenergy

The potential for extracting forest residues (branches, twigs, needles, top) for energy
production was simulated for three ecological and technical/economic restriction
levels and is based on the Reference scenario. In Table 25.5, results for the first
period (2010-2019) are presented.

¢ Level 1 means no restrictions, the estimates shown in Table 25.5 are the total
available amount after performed final felling.

e Level 2 means ecological restrictions,

* Level 3 means ecological restrictions and technical/economical restrictions.
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Table 25.3 Annual sustainable harvest by region and tree species for the Reference scenario and

all land-use classes

Annual sustainable harvest* (1000 m*/year including bark and top)

2010-2019 2020-2029 2060-2069 2100-2109
Region/tree species | Millionm’ | % |Millionm® |% | Millionm® |% | Millionm’® |%
Northern Norrland
Pine 9.2 61 | 87 59 | 9.7 52 | 12.6 53
Spruce 43 28 | 4 27 | 4 22 5.9 24
Birch 1.3 8 | 14 10 | 3.9 21 4.8 20
Other 0.4 3 | 07 5 |11 6 0.8 3
Southern Norrland
Pine 8.8 41 | 9.2 43 | 8.7 34 | 11.8 38
Spruce 10 47 | 8.9 42 | 9.1 35 113 36
Birch 1.4 7 |2 9 | 52 20 | 6 19
Other 1 5 1.3 6 | 2.8 11 1.8 6
Svealand
Pine 10.2 42 | 95 41 | 82 28 8.7 24
Spruce 11.3 47 1109 46 | 152 53 1219 60
Birch 1.8 7 |23 10 | 42 14 43 12
Other 0.8 3 |08 3 | 14 5 1.4 4
Gotaland
Pine 8.5 28 | 6.6 23 | 5.7 16 | 47 11
Spruce 17.4 58 |17 60 |23.7 67 |31.8 74
Birch 2.1 7 | 24 9 | 37 11 4.5 10
Other 2 7 |21 7 | 24 7 2.1 5
Whole country
Pine 36.7 41 |34 39 323 30 379 28
Spruce 43.1 48 140.7 46 |52 48 |71 53
Birch 6.5 7 | 8.1 9 17 16 | 19.6 15
Other 42 5 | 49 6 | 1.7 7 6.2 5

“Excluding cleaning

At level 1 it was possible to harvest forest residues at 100% of the total clear cut
area, at Level 2 it was possible to harvest forest residues from 88% of the clear cut
area, and at Level 3 the area is reduced to 73% of the total clear cut area.

25.5 Discussion

25.5.1 Uncertainties

The model package in the HUGIN-simulator is almost entirely built on empirical
data as previously described. As such, the models generate reliable results as long
as the independent variables are within the range represented by the data used for
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Table 25.4 Annual sustainable harvest by region and assortment for the Reference scenario and
all land-use classes

Annual sustainable harvest (1000 m? of solid wood under bark per
year)
2010-2019 2020-2029 2060-2069 2100-2109
Region/assortment | 1000m® | % |1000m’ | % |1000m’ |% |1000m® | %
Northern Norrland
Saw logs 7939 63 | 7369 60 9321 59 112,972 63
Pulpwood 4757 37 |4915 40 | 6356 41 | 7650 37
Total 12,696 12,285 15,676 20,621
Southern Norrland
Saw logs 12,268 69 | 11,717 65 | 13,040 60 | 17,057 64
Pulpwood 5631 31 6286 35 18861 40 |9776 36
Total 17,898 18,003 21,901 26,833
Svealand
Saw logs 14,041 69 | 13,163 67 | 15,688 64 |21,192 68
Pulpwood 6165 31 6598 33 8998 36 10,111 32
Total 20,207 19,760 24,686 31,303
Gotaland
Saw logs 17,674 70 | 16,122 68 |19,681 65 25,162 68
Pulpwood 7569 30 | 7643 32 10,729 35 11911 32
Total 25,243 23,765 30,410 37,073
Whole country
Saw logs 51,922 68 |48,370 66 |57,730 62 76,384 66
Pulpwood 24,122 32 25,443 34 34,944 38 39,446 34
Total 76,044 73,813 92,673 115,830

building the models. Thus, simulating situations rarely occurring in reality using
empirical models may be associated with considerable uncertainty. Examples of
such simulations are catastrophic events, development of old growth forests and the
effects of climate change. Validation of models used for forest growth is presented
in Fahlvik et al. (2014).

25.5.2 Climate

The effect of climate change is included in the simulator and is probably the factor
with the greatest uncertainty. Given that the climate effects are limited to tempera-
ture increases while other factors remain unchanged and that trees respond to tem-
perature increase by increased growth, simulation uncertainty should not be
particularly large, at least not during the first decades. However, the magnitude of
climate change and how climate is affected in Sweden is quite uncertain. The nega-
tive effects of other climatic factors such as precipitation and wind and damage
agents may compensate for the positive effect on growth resulting from an increase
in temperature.
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Table 25.5 Annual possible removals of harvest residues in clear-cut areas by regions and owner

type for the different ecological and technical restrictions

Annual possible removals of harvest residues in clear-cut areas (million ton
dry wood (MtonDW)/year and TeraWatthours (TWh)/year)
Region/owner Level 1 Level 2 Level 3
type MtonDW | TWh |MtonDW  |TWh |MTonDW ' TWh
Northern Norrland
Private 0.63 3.1 0.43 2.1 0.29 1.4
Other 0.7 34 0.49 2.4 0.33 1.6
Total 1.33 6.5 0.92 4.5 0.63 3
Southern Norrland
Private 0.88 4.3 0.58 29 0.37 1.8
Other 0.93 4.6 0.66 32 0.4 2
Total 1.81 8.9 1.24 6.1 0.78 3.8
Svealand
Private 1.02 5 0.71 35 0.45 22
Other 0.86 4.2 0.58 2.8 0.33 1.6
Total 1.88 9.2 1.29 6.3 0.78 3.8
Gotaland
Private 1.89 9.3 1.3 6.4 0.76 3.7
Other 0.52 2.5 0.35 1.7 0.21 1
Total 241 11.8 1.66 8.1 0.98 4.8
Whole country
Private 4.42 21.6 3.03 14.8 1.88 9.2
Other 3.01 14.7 2.08 10.2 1.28 6.3
Total 7.42 36.3 5.11 25 3.16 15.5

25.5.3 Mortality and Development of Protected Forests

Mortality models in the HUGIN-simulator are based on average mortality accord-
ing to the NFI and on self-thinning as investigated in scientific trials. This system
seems insufficient for old growth forests. During the simulations, all plots in pro-
tected areas eventually reach volumes that seem unrealistically large. Undoubtedly,
some plots will suffer from sudden mortality due to events such as storm, snow, fire,
and insect outbreaks. Development of old growth forests generated by HUGIN
should be compared against adequate data. Suitable trials have been established,
and the NFI has included protected areas since 2003, but the existing time series is
far too short. Possible improvements include incorporation of a maximum age for
the different species and an increase in stochasticity when mortality is allocated

among plot trees
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25.5.4 Error Estimates

The NFI is a sample survey and is subject to random errors whose effects increase
as sample sizes decrease. Here, results are presented at a national level. Standard
errors (SE) at national, regional and county level have been presented by Toet et al.
(2007). For example, the SE for standing volume was 0.9% at the national level and
1.5-2.4% at the region level (one region constitutes about 25% of the total area).

25.5.5 Heureka — New Projection System

The HUGIN-simulator will be replaced by an application called RegWise devel-
oped by the research programme Heureka at Swedish University of Agricultural
Sciences (SLU) (Wikstrom et al. 2011). In the next countrywide forest impact anal-
ysis, the new simulator RegWise will be used. The project started in 2013 and is
planned to finish in 2015.

In RegWise, several components are added or improved compared to the HUGIN
simulator. Examples are models for estimating soil carbon and nitrogen, volume,
biomass, and carbon content of dead wood divided in decay classes, utilization of
forest fuels (harvest residues) and its effect on carbon storage, income and growth,
improved routines for continuous cover forestry, growth effects from retained trees
and improved functions for ingrowth.
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Chapter 26
Switzerland

Christoph Fischer, Paolo Camin, Edgar Kaufmann, and Esther Thiirig

26.1 Introduction

26.1.1 Results of Swiss NFI

In Switzerland, NFI data are available since 1983 when the first NFI was started. To
date, data for three complete NFI’s are available: 1983-1985, 1993-1995, and
2004-2006. These data comprise a long-term dataset that can be used to develop
forest growth models. At the time of the fourth NFI (2009-2017), the continuous
decadal inventory system changed to a continuous inventory for which one ninth of
the sample plots are assessed each year. Forests are an important Swiss resource that
is used not only for wood production but also for other functions such as protection
against natural hazards, nature protection, and recreational purposes. Approximately
31% of Switzerland is covered with forests for a total forest area of 12,786 km?
(Bréndli 2010) of which 34% is located in the Alps. The greatest proportion of the
forest is found in the Southern Alps with 51% of the forest total area. Between the
second (1993-1995) and third (2004-2006) NFIs, forest area increased by 5%
(60,000 ha) with the largest increase in the Alps and Southern Alps. Two thirds of
the total forest area is in public ownership (69%) whereas one third (31%) is in
private ownership (Brindli 2010).

The main forest functions in Switzerland are wood production and protection
against natural hazards, accounting for 38% and 36% of the forest area, respectively.
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Wood production areas are mostly located in the Plateau, the Swiss lowlands,
whereas forest areas with protective functions (e.g. against landslides and ava-
lanches) are located in the mountainous areas of the Alps and Southern Alps. Other
functions such as nature conservation and landscape protection which are mostly
located in the Alps make up 10% of the forest area. The NFI results (Brindli 2010)
show that most of the annual yield of Swiss forests originates from forest with wood
production functions (73%), whereas 17% comes from forests with protective func-
tions, showing that all forest areas are subject to harvesting.

The conifer portion of Swiss forests is greater than the broadleaved portion and
is greater than would be expected under natural conditions. Of the total forest area,
62% is dominated by conifers and 34% by broadleaved species (Brindli 2010). For
the remaining 4%, no classification is possible because no trees satisfying the mini-
mum diameter of threshold of 12 cm were found on the field plots (Bréindli 2010).

In Switzerland, 19% of the forest area is uneven-aged forest (Brindli 2010).
Nevertheless, the age structure of Swiss forests exhibits considerable regional varia-
tion with the proportion of uneven-aged forests varying between 9% in the Plateau
and 27% in the mountainous Southern Alps. The large area of uneven-aged forests
in the Alps has its origins in the traditional management regime.

The most important factor affecting Swiss forest productivity is altitude. Overall
productivity is approximately 9 m*ha per year, but varies between 11 m*ha per
year for altitudes (altitude above sea level) less than 600 m and 4 m*/ha per year for
altitudes greater than 1800 m, with further decreases until the timber line is reached
for which tree productivity is negligible (Abegg et al. 2014).

26.1.2 Growing Stock, Growth, and Drain

Between the second and the third NFI, the proportion of wood subjected to drain
(cut + mortality) relative to gross growth increased compared to the previous decade
(NFI1 to NFI2). As reported by Brindli (2010), 94% of the gross growth was sub-
jected to drain, 79% resulting from cut and 21% due to mortality. There are large
differences for tree species and ownership. For conifers, 109% of gross growth is
being harvested versus 63% for broadleaved species. The large rates of drain for
conifers are strongly influenced by salvage logging due to the Lothar storm event
(1999). Smaller drain rates are found for conifer forests which were not affected by
Lothar. In public forests, 99% of gross growth is being used, whereas 87% of gross
growth is being used in private forests.

In the third NFI, after Lothar, the average growing stock in Switzerland was
346 m*/ha, of which 69% was allocated to conifers, and 31% to broadleaved species.
Between the second and third Swiss NFIs, a 2% increase in growing stock was
estimated with a fivefold increase registered in private forests compared to public
forests. The average dead wood volume was 19 m*/ha.

Regional differences in the proportion of cut and mortality were very important.
In the pre-Alps and the Alps, mortality as proportion of drain was 27% and 35%,
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respectively. As a result of the Lothar storm, mortality as a proportion of drain
increased from 14 to 21%. Between the second and the third NFIs, the proportion of
wood drain relative to net growth was large with 93% of the net growth being uti-
lized. In alpine regions, accessibility to wood resources is limited because of the
lack of substantial infrastructure. Average road density in Switzerland is 27 m/ha,
but in the Alps and Southern Alps densities are much less, 13 and 7 m/ha, respec-
tively (Brindli 2010). As a result, alpine regions host the greatest growing stocks.

26.1.3 Scenario Models

The first version of Massimo was implemented during the second NFI in 1999 with
detailed descriptions reported in Brassel and Lischke (2001). The Massimo tree-
level simulation model is used to forecast the development of future forest resources
(Kaufmann 2001a). The plausibility of the model is increased based on its use of
empirical Swiss NFI data and its application to future management scenarios.

The main motivation for estimation of future forest development scenarios based
on NFI data is the importance of forests as a multipurpose resource for which sustain-
ably available wood and carbon sequestration play key roles (Kaufmann 2011).
Applied management scenarios were defined by a group of experts from the forestry
sector and grouped into “scenario lines”. The expert group included representatives
from the Federal Office for the Environment (FOEN), the Swiss timber industry, for-
estry scientists (e.g. from the Swiss Federal Institute for Forest, Snow and Landscape
Research (WSL), and forestry practitioners (Hofer et al. 2011; Kaufmann 2011)).

Scenario lines of forest development based on NFI data cover three main topics:
(1) wood resources, (2) carbon storage, and (3) close-to-nature forestry.

The three scenario lines developed serve as a basis for national forest policy dis-
cussions. With the 2011 decision to power-down the last nuclear power plant operat-
ing in Switzerland by 2034, the possible use of wood resources as a source of energy
supply became more important. This decision makes woody biomass very attractive
as an energy supply, especially for household heating purposes. For the second com-
mitment period of the Kyoto Protocol (2013-2020), projections of future harvesting
rates and forest development are required to estimate the projected forest manage-
ment reference level as required for reporting national future carbon budgets.

26.2 Data Sources

Swiss NFI data are obtained from three sources: remote sensing, namely aerial pho-
tography, field measurements and interviews conducted with foresters for every
field plot. Remote sensing data are used in the first-phase of a two-phase sampling
approach to determine which field plots are to be measured in the field. In the third
NFI, 20,638 sampling plots were selected by overlaying a 1.4 x 1.4 km sampling
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grid on aerial photography. Of the 20,638 possible sample plots, 6462 were classi-
fied as forest and measured in the field. Plots of multiple sizes are combined in each
sample plot. First, a 50 x 50 m area serves as an interpretation area for the forest/
non-forest decision during the first-phase photo interpretation. The centre of the
sample plot is located at the centre of the square. In the field, the interpretation area
is used for the classification of the forest type, forest structure, forest age, forest
cover, and other variables (Keller 2005). In the centre of the sample plot, two con-
centric circular plots are located with areas of 200 m* and 500 m? on which all trees
and shrubs are measured, depending on their dimensions. On the 200 m? nested plot,
all trees and shrubs with diameters at breast-height (1.3 m, dbh) between 12.0 and
35.9 cm are measured, whereas all standing trees and shrubs with a dbh of at least
36 cm are measured on the 500 m? nested plot (Keller 2005). The variables collected
on trees and shrubs include coordinates (distance and angle to the plot centre), spe-
cies, dbh, tree height, tree damages, tree dominance, tree conditions (dead or alive).
In addition to the two nested plots, two subplots with variable sizes depending on
regeneration density and height class were assessed during the third NFI. The sub-
plot centres are located 10 m from the sample plot centre in opposite directions (100
and 300 centesimal degree) (Keller 2005; Schwyzer and Lanz 2010). Methodological
changes for the assessment of regeneration have been implemented in the fourth
NFI, leading to one subplot with a fixed size (Schwyzer and Lanz 2010). Regeneration
is assessed for species, height, quantity, browsing damage, and other variables
(Keller 2012). For estimation of the volume of coarse woody debris (diameter > 7
cm), line intersect sampling with three lines in each NFI plot is used. Line intersect
sampling is applied as described in Gregoire and Valentine (2007). In addition to the
field measurements, interviews are conducted within the Swiss NFI. Because there
is no national management directive for forests in Switzerland, the interviews con-
ducted within the NFI are of considerable importance, giving a detailed picture of
Swiss management practices for the entire country.

26.3 Methods

26.3.1 Models

Biomass projections for Switzerland are based on the stochastic, empirical single-tree
forest management scenario model Massimo; the current version is Massimo 3
(Kaufmann 2011). The estimates are based on 10-year periods for accessible forest in
Switzerland, not including shrub forest. Massimo 3 is largely based on NFI data and
runs on every NFI site in Switzerland. The model projects the development of tree
growth by updating single-tree dbh information for all sites. Biomass is estimated by
using allometric models with estimated dbh as the predictor variable (Perruchoud
1999; Kaufmann 2001b; Thiirig and Herold 2013). Five different tree components can
be estimated: (1) twigs, (2) branches, (3) bole wood, (4) stump, and (5) roots. By
aggregating estimates for single trees, the stand variables growing stock, increment,
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and drain in m® of bole wood or biomass can be projected. The model output is nor-
mally a text file. The output of Massimo 3 can further be used in combination with the
soil carbon model YassoO7 (Liski et al. 2005; Tuomi et al. 2009, 2011) to estimate soil
carbon changes over time (Didion et al. 2014). Carbon gains and losses for Swiss
forests and the Swiss Forest Management Reference Level (FMRL) submitted to the
UNFCCC-Secretariat for annual reporting are both estimated with the Massimo 3 and
Yasso07 models (FOEN 2015). Massimo 3 is implemented in SAS 9.3 with input and
output written to an oracle database (Oracle Database 11 g).

Kaufmann (2012, personal communication) describes Massimo 3 as consisting
of three major modules: (1) a single tree growth module, (2) a cut and mortality
module, and (3) a regeneration module, in addition sub-modules for increment after
thinning and in-growth are included.

The growth module integrates a single-tree basal area increment model, based on
an allometric model using dbh as the explanatory variable. Further explanatory vari-
ables are basal area per hectare, basal area of trees with a larger diameter than the
subject tree (serving as a competition index), fertility, altitude, stand age, a growth
boost factor to account for the increase in growth after thinning operations (Fig. 26.1)
(Thiirig et al. 2005a). For uneven-aged forests, the diameters of the 100 thickest
trees per hectare are used instead of stand age (Kaufmann 2011).

The wood harvesting module estimates the annual harvested and natural mortality
amounts based on several assumptions. All assumptions and rules concerning losses
are empirically derived from NFI data. Natural mortality was based on empirical data
from the NFI1 and NFI2 and amounts to 15% of total losses (Kaufmann 2011).
Rotation periods for even-aged forests as well as thinning criteria for all types of
forests are defined. It is assumed that a rotation period largely depends on the site
conditions: 90—110 year rotation periods on very good sites, 110—130 year periods
on good sites, and 130-150 year periods on poor sites (Kaufmann 2012, personal

Growth module:
Increment of single
trees

Harvesting /
Regeneration mortality module:
module: Total loss
Regeneration Even aged forest
Uneven aged forest

Increment after
thinning

Ingrowth

Fig. 26.1 Schematic overview of Massimo 3
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communication). Because clear cutting practices are forbidden in Switzerland,
mature stands are harvested over a time span of 20-30 years, thereby promoting
natural regeneration; in Switzerland, 90% of the forests are regenerated naturally
(Brindli 2010). Thinning is assumed to take place when a basal area increment of
10% has been reached compared to the basal area before the previous thinning. In
Massimo 3, even-aged and uneven-aged forest thinning methods are distinguished.
Basal area reductions of 30% and 25% are assumed for even-aged and uneven-aged
forests, respectively (Kaufmann 2011). Trees to be thinned are selected according to
their diameter. The selection probability for single trees is empirically derived by the
difference between the diameter distribution of initial stands before thinning and the
distribution of remaining stands after thinning (see Kaufmann 2001a). Hence,
assumptions regarding harvesting are all based on NFI data. To define different forest
management scenarios, the effective date of regeneration cuts, the diameter distribu-
tion after thinning, and the periodicity of thinning can be modified.

The regeneration module uses an imputation approach based on NFI data. For
each plot requiring a regeneration prediction, a pool of plots that are similar with
respect to site conditions is selected from the NFI database. One plot is randomly
selected from this pool, and its regeneration and other stand data are assigned or
imputed to the plot requiring the prediction. Massimo 3 bases its predictions for the
plot on this imputed data.

26.3.2 Management Scenarios

Many different management scenarios have been developed and published with
Massimo (Kaufmann 2001a; Thiirig et al. 2005b; Schmid et al. 2006; Werner et al.
2010; Thiirig and Kaufmann 2010; Hofer et al. 2011; Kaufmann 2011; Thees et al.
2013). Here, we focus on the six scenarios used for national potential wood supply
estimates (Hofer et al. 2011). Within the scenario line “wood resources”, three sce-
narios are described here, a base scenario (A'?), a sustainable high growth scenario
(B'), and a high demand scenario (D'). The wood resources-business as usual with
constant wood supply scenario line (A'?) was designed to reflect the management
practices (thinnings, etc.) assessed during the third NFI, taking into account the
growing stock decreases resulting from “Lothar” (Brindli 2010). Within the sce-
nario, growing stock was maintained at a constant level by assuming that the drain
(cut and mortality together) equals the gross growth. Due to the extraordinarily high
mortality during the period of the third NFI, the mortality rates (15%) are based on
the second NFI as described in Brassel and Bréndli (1999). The rotation length fre-
quency and intensity of thinnings (Sect. 26.3.1) were applied as implemented in
Massimo 3 (Kaufmann 2011).

The “wood resources-sustainable high growth scenario line (B')” is based on grow-
ing stock of 300 m*ha which is defined as optimal for a maximizing increment
according to the yield-tables developed by EAFV (1968). To achieve the recom-
mended 300 m*/ha, the existing growing stock was constantly reduced for a period of
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20 years. Following Hofer et al. (2011), not only were the removals increased, but the
sizes of harvested areas were also increased by 40%, compared to the base scenario.

The “wood resources-high demand scenario line (D')” assumed an increasing sup-
ply of wood for a period of 20 years. The increasing supply is achieved by shortening
the rotation periods within even-aged forest by approximately 40% for the defined
length of projection (Kaufmann 2011). As a result of shortening the rotation periods as
applied in the base scenario, the areas of annually fellings increase, leading to a grow-
ing stock decrease of approximately 15%. The changes from the previous management
approaches to new interventions and management intensities are implemented for the
period 2006 to 2026. After the first management period with a duration of 20 years, all
forests are managed following the base scenario from 2026 to the end of the twenty-
first century. The growing stock then reaches equilibrium at a sustainable level as
growth increases due to increased thinnings and fellings (Kaufmann 2011).

Under the “carbon storage-Kyoto scenario line (C')” the projection addresses
carbon storage and carbon balance. This scenario line was used by the Swiss delega-
tion attending the conference of the parties (COP) in Copenhagen, Cancun, and
Durban. The aim of this scenario was to estimate the possible drain from the Swiss
forests while meeting the defined yearly CO, offsets for Switzerland as defined by
the Kyoto Protocol (for 2008-2012). Within this scenario, two important forest
attributes were combined, wood production and carbon sink. Between 2006 and
2106, in addition to a steady wood supply, the carbon stock had to be increased by
as much as 470 m*/ha (1.5 m*ha per year).

For the “close-to-nature forestry scenario line” (Table 26.1) two scenarios are
described here: (1) uneven-aged forests (E?), and (2) close to nature forestry (F?). In
the past decades many forests were planted and then managed towards even-aged
forests, which represent about 80% of the Swiss forest area (Bridndli 2010).
Nowadays, many efforts are undertaken towards development of uneven-aged
forests. To assess the impacts of such management, the “uneven-aged scenario” was
developed. In this scenario, young and middle even-aged stands (defined as stands
with the end of the rotation period at the earliest in 30 years) are consequently con-
verted to uneven-aged stands. The conversion is implemented by seeking a diameter
distribution of typical uneven-aged stands after several thinning events. Selection
probabilities for single tree removal are implemented accordingly. Kaufmann
(2011) estimated this would affect approximately 30% of the even-aged forest area.

Table 26.1 Scenario lines and scenarios (A-F)

Scenario line

Carbon
Wood resources storage Close to nature forestry
A2 | Base C! | Kyoto |B? Forest reserves
B! Sustainable high growth E? Uneven-aged forests
C? Harvesting costs F? Close to nature forestry
D! High demand
D? Shortening rotation periods

Hofer et al. (2011)" and Kaufmann (2011)?
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The “close to nature forestry scenario (F?)”, aimed to define the sustainable level of
coniferous regeneration as a means of establishing a baseline for the sustainable yield
of conifers (Kaufmann 2011). To achieve such a baseline, the same definitions as
applied in the base scenario were used, thereby reducing coniferous regeneration.

26.3.3 Scenario Model Output Application

At the national level, the main use for Massimo 3 outputs is the prediction of future
sustainable wood supply. For this prediction, the “onion model” by Hofer et al.
(2011) is applied in Switzerland. Each layer of the “onion model” reduces the actual
available wood by subtracting ecological and socioeconomic losses, such as harvest
losses, from the Massimo 3 outputs. In the past, those reductions were largely based
on expert estimates which, in the future, will be replaced by estimates based on NFI
data. A second topic of interest is the estimation of future harvesting costs under
different forest management regimes. Here, the Massimo 3 outputs are important
because harvesting costs strongly depend on the harvestable growing stock.

26.4 Discussion and Conclusions

26.4.1 General Remarks on Models

Model-based prediction always entails uncertainty, because a model by definition is
an approximation and partly relies on assumptions. Thus, a model is only as good in
terms of reproducing the actual situation as the input into the model. In the case of
Massimo 3, we have two major data sources, the statistically correct empirical data
obtained from field measurements and the scenario definitions which are largely
based on expert knowledge. Because Massimo 3 is based on NFI data covering the
entire Swiss forest, we expect the model to be quite reliable for current Swiss condi-
tions. However, changes in environmental conditions could have a negative effect on
model prediction accuracy. In contrast to process-based models, empirical models are
based on statistical relationships which can change with environmental alterations.

26.4.2 Use of Massimo 3 for Political Implementation

In 2009, the Federal Office for the Environment (FOEN) initiated a study with the
objective of estimating the sustainable potential wood supply of Swiss forests. To
estimate the potential under different harvesting regimes, four of the above described
scenarios were analysed: (1) Base, (2) maximizing increment, (3) carbon storage,
and (4) high demand on wood. Based on these scenarios and considering ecological
and socioeconomic factors, the sustainable potential wood supply was estimated.
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The results of the study provide a scientific basis for implementation of the Swiss
forest policy and for the consolidation of the wood mobilization policy. Within the
frame of the described political processes, the next step would be to apply the results
at a regional level, differentiating and validating the scenarios. Further, regionaliza-
tion would offer the possibility of comparing the available wood supply with the
actual wood demand.

Under the new LULUCF (Land Use, Land Use Change and Forestry) accounting
rules for the second commitment period (2013-2020) of the Kyoto Protocol, parties
must calculate their respective forest management reference levels. Therefore,
countries must estimate future (2013-2020) emissions and removals from forest for
the six carbon pools: above and belowground biomass, dead wood, litter, soil,
organic carbon, and harvested wood products. Switzerland estimated its future
changes in living biomass using a well-defined harvesting scenario implemented
with the stochastic-simulation model Massimo 3 and Yasso07. Results are dissemi-
nated in form of national reports and scientific publications published by the Swiss
Federal Institute for Forest, Snow and Landscape Research (WSL) and the Federal
office for the environment (FOEN 2015).

26.4.3 Validation and Future Development of Massimo 3

The main advantage of empirical models based on large data sets is their statistically
sound basis. Building a model using NFI data facilitates reliable model calibration
because the NFI data cover the entire area, including its environmental and manage-
ment conditions. However, because the environmental conditions are implicitly rep-
resented in the explanatory variables and the model parameter estimates, the models
are prone to error if the environmental conditions change. Process models based on
high resolution functional relationships might offer advantages.

As discussed in Thiirig et al. (2005a), model evaluation is important and can be
undertaken by different means. General model verification and accounting for
random errors of Massimo 3 was conducted as described in Kaufmann (2001b). The
evaluation of the Massimo 3 growth model was undertaken with a partial sensitivity
analyses (Thiirig et al. 2005a). An independent data set, the NFI data of Lichtenstein,
which was not used for model calibration but is assessed following the NFI method
of Switzerland, was used. Thiirig et al. (2005a) tested the model to assess whether
predicted diameter increments differ from the measured diameter increments for
1520 sample trees. Results of the Wilcoxon signed rank test indicate that measured
and predicted diameter increments are not statistically significantly different.
Nevertheless, Thiirig et al. (2005a) observed that Massimo 3 is very sensitive to
stand age, an explanatory variable for the growth model. Small errors in the estima-
tion of stand age lead to large deviations in the predicted increment. Currently, the
growth function is being reconstructed using climate variables (Rohner et al. 2015).
Plans for evaluating the new growth function include using NFI4 data and data from
long-term forest growth and yield plots (Zingg 2009).
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Chapter 27
United States of America (USA)

Ronald E. McRoberts

27.1 Introduction

27.1.1 Descriptive Statistics

In the United States of America (USA), forest land is defined with respect to four
criteria: (1) minimum area of 0.4 ha, (2) minimum crown cover of 10%, (3) mini-
mum width of 36.6 m, and (4) forest use. Total forest land currently exceeds 310
million ha and has generally been increasing since the 1920s, despite a near tripling
of the human population. Currently, more than 30% of the country is characterized
as forest land with 58% of it in various categories of private ownership. Unlike in
many European countries, private forest land owners in the USA have considerable
freedom to convert their land from forest to non-forest uses and vice-versa in response
to varying commodity prices and other factors. This feature of private land owner-
ship at least partially explains substantially varying local forest areas over time.

The Nation’s many topographic and climatic zones define a large number and
great variety of forest biomes ranging from boreal in the north to tropical in the
southeast. In the eastern half of the country, the oak-history forest type group repre-
sents 34% of forest land and dominates in the central part of the region, pine groups
represent 17% and dominate in the southeast, and the maple-beech-birch group with
13% and aspen-birch group with 4% dominate in the north. In the western part of
the country, coniferous species dominate with Douglas fir representing 18%,
pinyon-juniper representing 15%, fir-spruce representing 14%, and Ponderosa pine
representing 11% of forest land. In Alaska, the fir-spruce forest type group is the
largest and represents 34% of forest land.
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The forest land use category Forest Available for Wood Supply (FAWS) is not
commonly used in the USA, although the concept is prevalent. In particular, the
definition of the American land use category Timberland includes the specification
that the land must not be withdrawn from timber utilization. Thus, all timberland is
in the FAWS land use category. More than 200 million ha of forest land are classi-
fied as timberland, meaning that they are capable of producing 0.57 m* of industrial
wood products annually, are not legally reserved from timber harvest, and are simi-
lar to what is known elsewhere as productive forest land. Nearly 70% of timberland
is privately owned (Oswalt et al. 2014). In contrast to timberland, the land use cat-
egory Reserved Forest Land is defined to be land where management for production
of wood products is explicitly prohibited. Reserved Forest Land constitutes 7-10%
of forest land, includes mostly state and federal parks and wilderness areas, has
doubled in area since the early 1950s, and is concentrated in western States.

27.1.2 Wood Resources and Their Uses

Wood resources are generally available for use on all private, non-reserved forest
land and most public non-reserved forest land. Local exceptions include buffer
zones established for aesthetic purposes and for filtering purposes such as near
water sources. Net growing stock volume on timberland, one measure of wood
resources, totals nearly 30 billion m® and has increased by more than 50% since
1953, mostly in the eastern USA (Oswalt et al. 2014). Over the past 50 years, growth
has generally exceeded removals throughout the country. Although removal levels
have stabilized in recent years, the source of removals has shifted decidedly from
public land in the West to private land in the East. In 1996, coniferous removals in
the South exceeded growth for the first time since 1952 when data were first
reported. Between 2007 and 2012, the southern region of the country had 63% of
American removals (Oswalt et al. 2014), hence the characterization of this region as
the “woodbasket of the country.” Nation-wide in 2011, timber harvested for indus-
trial products and fuelwood totaled more than 360 million m* of which saw logs
accounted for 39%; the combination of pulpwood and composite panel outputs
accounted for 39%; fuelwood accounted for 14%; veneer production accounted for
5%; and poles, posts, and mulch accounted for 2%.

27.2 The National Forest Inventory

The Forest Inventory and Analysis (FIA) program of the U.S. Forest Service con-
ducts the National Forest Inventory (NFI) of the USA for purposes of estimating the
area of forest land; the volume, growth, and removal of resources; and the health of
the forest (McRoberts et al. 2010). The FIA program and its predecessors have con-
tinuously assessed the Nation’s forest resources since 1928. The current form of the
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inventory was initiated in the early 1990s and is consistent across the entire country
with respect to major features such as plot configuration, sampling design, core
variables, measurement protocols, and reporting requirements. The inventory is
conducted in three phases. In Phase 1, remotely sensed data in the form of aerial
photographs and satellite imagery are used for intial assessments of all plots and to
stratify the area of interest in support of stratified estimation for purposes of increas-
ing the precision of estimators. In Phase 2, field crews visit plot locations that
include forest land, and observe or measure a broad array of site and mensurational
variables. Phase 3 consists of more intense measurements of a subset of Phase 2
plots for purposes of assessing a suite of variables related to forest health, ground
vegetation, and soils. Additional components of the FIA program include a survey
of woodland owners, an emerging urban forest survey, and a mill survey using ques-
tionnaires designed to determine the locations, sizes, and types of mills; the volume
of roundwood received by product, species and geographic origin; and the volume,
type and disposition of wood residues generated during primary processing.

The FIA sampling design is based on a tesselation of the entire country into
2400 ha hexagons with a plot established at a randomly selected location in each
hexagon. In the eastern USA, 14% of the plots are measured each year, and in the
western USA where growth is slower, 10% of the plots are measured each year. An
interpenetrating panel design is used whereby the plots measured in any particular
year constitute a complete sample of each state. Each year, approximately 50,000
plots are assessed of which more than 17,000 are on forest land and are measured
by field crews.

For all plots on forest land, FIA field crews obtain observations and measure-
ments that describe individual trees, site quality, stocking, general land use, owner-
ship, reserved status, and general stand characteristics such as forest type, stand age,
and disturbance. For all trees with diameter at breast height (dbh, 1.37 m) of at least
12.7 cm, individual tree observations and measurements include species, dbh,
height, and removals. Tree- and plot-level observations and measurements are used
to predict additional variables including tree and plot volume and biomass, growth,
and mortality. Following quality checks, plot data are made available via a publicly
accessible Internet site.

FIA data are available to forest planners and managers to assist in managing the
Nation’s forest resources. However, the data are only sufficient for assessing the
past and current state of the resource and for estimating trends. Today, forest plan-
ners and managers are increasingly expected to manage stands in ways that are
ecologically and economically sound; that comply with a diverse array of objectives
including criteria related to health and condition, scenic value, wildfire risk, inva-
sive species, insects and pathogens, and biodiversity; and that produce sufficient
additional revenue at harvest to justify intermediate treatments. Further, forest plan-
ners and managers have little first-hand knowledge or validated guidance regarding
how to comply simultaneously with these often competing criteria. Thus, they need
more than just data; they need techniques and tools that use the current state of the
resource as a starting point for projecting the long-term consequences of alternative
management strategies.



318 R.E. McRoberts

27.3 The Forest Vegetation Simulator

27.3.1 Overview

Multiple forest projection systems are used in the USA, depending on the region
and the purpose. Of these, the Forest Vegetation Simulator (FVS) is the most widely
used, particularly by federal and state government agencies and private landowners.
FVS is an empirical, distance-independent, individual-tree forest growth modeling
system constructed, maintained and updated by the U.S. Forest Service. The basic
spatial analysis unit is a stand, but the system accommodates many thousands of
stands simultaneously. Initial conditions for model predictions consist of a sum-
mary of current forest conditions, often in the form of a tree list that can be obtained
from the FIA database. Minimal input requirements are individual tree species,
diameter, height, and expansion factor. Predictions are possible for several hundred
years with time steps of 5—10 years. Details of the FVS system are documented in
Dixon (2002) and in an excellent review by Crookston and Dixon (2005).

More than 20 geographical FVS variants have been developed to accommodate
regional and local conditions in the USA and parts of western Canada (Crookston
and Dixon 2005). Extensions of the basic model functions in the forms of integrated
modules or separate models that use FVS output files as input have also been devel-
oped. These extensions broaden the system to address specific applications such as
the effects on forest growth and mortality of insects and pathogens, fire and fuels,
and climate change. Additionally, the economic extension aids in the assessment of
silvicultural alternatives, and the fire and fuels extension can be used for carbon
accounting. The system includes a graphical user interface and post-processing pro-
grams that allow stand visualization and that customize output reports to meet user
requests. Brief descriptions of the models and some of the extensions follow with
additional details available in the Internet-accessible references provided.

27.3.2 Models and Extensions
27.3.2.1 Growth and Mortality Models

The most important components of the system are the large tree diameter increment
and mortality models for the regional variants. These models drive much of the
system. Overall, FVS has four primary model components: height growth, diameter
growth, crown change, and mortality. The first three components consist of separate
sub-models for small trees and for large trees. Within a projection cycle, the pro-
cessing sequence is: large-tree diameter growth, large-tree height growth, small-tree
height growth, small-tree diameter growth, mortality, and crown change. The small-
tree model is driven by height growth, whereas the large-tree model is driven by
diameter growth. This approach is intended to ensure a smooth transition in height
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growth as tree size increases. Logistic models are used to predict mortality based on
a suite of site and tree conditions. Mortality predictions generally reflect typical
background level with mortality due to insects, pathogens, and fire accommodated
in the extensions. In addition, as stand basal area approaches the site potential, mor-
tality rates increase (Dixon 2002).

27.3.2.2 Regeneration

Natural regeneration is predicted by summarizing species-specific small-tree attri-
butes such as average frequency and height for seedlings and small saplings based
on local FIA plot observations. Seedling recruitment is based on relationships with
maximum stand density index. Small sapling regeneration is based on distribution
patterns characteristic of current stand size class (seedling/sapling, pole, sawtimber)
and density conditions. Apportioning the small sapling frequencies according to the
observed distribution patterns provides an expected natural regeneration by stand
size/density condition or vegetation state (Vandendriesche 2010).

27.3.2.3 Insects and Pathogens

Extensions to FVS have been developed to accommodate the effects of insects and
pathogens (Crookston and Dixon 2005). These extensions are in form of modules
that are integrated with the base FVS program. They modify the standard growth
and mortality predictions to represent insect and pathogen losses and are imple-
mented once per year within a projection cycle. Crookston and Dixon (2005,
Table 1) document many of the separate modules that have been developed for
individual insects and pathogens.

27.3.2.4 Fire, Fuels and Carbon

The Fire and Fuels Extension supports fuel management and post-fire treatment
decisions by simulating fuel dynamics over time. The extension estimates changes
in vegetation due to fuel treatments that include prescribed burns, multiple thinning
schemes, piled fuel and burning, pile burning, and mastication. The extension evalu-
ates the effectiveness of these treatments with respect to short- and long-term stand
dynamics that are important for silviculture, wildlife habitat, and fuel hazards. The
extension does not predict the probability of fire or the spread of fire among stands.

The fuel modeling and accounting approach used by the Fires and Fuels
Extension can be used to account for stand carbon stocks and carbon in harvested
products. With the exception of the litter and duff pools, carbon found in the living
and dead biomass is converted to units of carbon by multiplying by 0.5. Stand C
stocks are calculated and reported for multiple categories including total aboveg-
round live biomass, standing dead biomass, forest down dead wood, forest floor
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litter and duff, herbs and shrubs, and belowground live and dead biomass (Rebain
et al. 2015).

27.3.2.5 Climate Change

The climate change extension simulates stand-level impacts of climate change via
three modifications of model predictors: linking species mortality and regeneration
to climate variables that express climatic suitability, linking site index to climate
and using it to modify growth rates, and changing growth rates to accommodate
climate-induced genetic responses. Growth is affected when climate conditions at a
given location change in relation to the optimal climate conditions under which the
species is known to grow and thrive. Mortality is affected when the climate becomes
inconsistent with the conditions where species are presently known to survive.
Regeneration potential is limited by changes that cause an area’s climate to become
inconsistent with the known conditions where specific species survive; conversely,
changes that cause climate characteristics to become more suitable for a species’
survival facilitate successful regeneration of the species (Crookston et al. 2010).

27.3.2.6 Economics

The economic ramifications of individual stand prescriptions can be evaluated with
any of several independent extensions that do not interact dynamically with FVS but
rather run as separate programs using special FVS output files as input. These pro-
grams provide additional functionality for specifying rotation lengths, allow for
scheduling activities based on economic parameters, and provide for enhanced
reporting of revenues based on log dimensions (Dixon 2002 Sect. 8.10).

27.3.3 Uncertainty

Although FVS makes no provision for rigorous uncertainty assessment, random
effects are incorporated into several system components. Diameter growth estimates
for large-trees consist of the sum of the growth model estimates and random residu-
als. These residuals are correlated with residuals from the previous growth cycle to
mimic the general finding that trees growing rapidly or slowly in the past tend to
continue to grow rapidly or slowly, respectively, in the future. In addition, the com-
ponent of the model that regenerates stands includes random variation in the heights
of seedlings, stocking levels and species composition.

Uncertainty assessments are conducted as deemed necessary by external users
and are of several forms. First, accuracy assessment consists of comparison of
model predictions with ground observations. Russell et al. (2012) found that for the
model variants for the northeastern portion of the country and for the region in the
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vicinity of the Great Lakes, mean deviations between observed and predicted 5-year
diameter increments were in the range 0.025-0.625 cm, but that 10% error in diam-
eter predictions produced 25% error in biomass estimates. Second, sensitivity anal-
yses assess the effects of variability in inputs on the variability of outputs. For the
Southern region, Vacchiano et al. (2008) found that diameter, site index, and
competition-related variables were the most influential predictors of large-tree
diameter growth. For the Southern region, Herring (2007) found that large-tree
diameter growth predictions were sensitive to variability in only five predictors,
whereas the variability in the 25 other predictors contributed less than 5% of total
model uncertainty. Third, propagation of error techniques are used to assess the
effects of the transmission of statistical uncertainty from sources such as sampling,
parameter variances, and model prediction residuals through modelling predictions
to the statistical uncertainty of system outputs. For complex models such as large-
scale forest projection systems, assessment of the effects of uncertainty from all
sources is a daunting task. Thus, assessments frequently focus on individual sources.
For Washington State, Gregg and Hummel (2002) used bootstrapping techniques to
propagate the uncertainty of in tree-list inputs through to the distribution of vari-
ables predicted by FVS. Investigations of the combined effects of uncertainty from
all the major FVS sources should be considered.

27.3.4 Applications

The availability of FIA data in FVS-ready format has increased the number of FVS
users to the point that it has become the tool of choice for many applications. In
addition, FVS is the official tool for stand growth projection on National Forest
lands owned and managed by the U.S. Forest Service. Forest managers have also
used FVS extensively to summarize current stand conditions, predict future stand
conditions under various management alternatives, and update inventory statistics.
Crookston and Dixon (2005) document multiple specific applications. FVS was
used to analyze the economics and feasibility of alternative timber harvest methods
in South Dakota, to optimize management plans for a late successional reserve in
Washington, and to develop an optimal forest rotation for reclaimed coal mines in
the eastern USA. In response to potential loss of spotted owl habitat, logging in
national forests in the Pacific Northwest of the USA was stopped by court order in
1991. FVS was used to identify plant communities in Oregon that would sustain the
owl and to produce 300-year yield estimates to support owl habitat in California.
Large-scale forest health assessments were conducted using FVS to assess the
effects of dwarf mistletoe and root diseases on yield in Oregon and the effects of
bark beetles on forest structure in Montana. The feasibility of applications has been
further enhanced via linkages between FVS and other software systems, databases,
and geographic information systems.
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27.4 Conclusions

The FIA program collects information for a broad array of inventory variables using
methods that are consistent across the entire country. The data are available to the
public in formats that facilitate input to a variety of applications including forest
projection systems. FVS is the most widely used forest projection system in the
country and is based on integrated diameter growth models, mortality models, and
stand regeneration methods. Extensions in the form of integrated modules or sepa-
rate programs address specific issues such as insects, pathogens, fire, climate
change, carbon accounting, and economic considerations. FVS has been success-
fully used for a wide range of applications including assessment of management
alternatives, wildlife habitat analyses, and climate change effects.
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