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PREFACE

Establishment of the International Boreal Forest Research Association (IBFRA) was proposed in 1990 at the International
Conference on Northern Forests in Arkhangelsk, Russia. The first organizing committee meeting was held in June, 1991,
in the Ukraine, and by September, 1993, IBFRA membership included all major boreal forest countries: Russia, Canada,
the United States of America, Finland, Norway, and Sweden. The current president of IBFRA is Anatoly I. Pisarenko of
Rus'sia.

»

: The major purposes of IBFRA are:

" e To support sustainable development of boreal forests by promoting basic and applied research and other act1v1t1es
relating to forest ecosystems, forestry, and forest industry;

e To promote and coordinate research to increase understanding of the role of circumpolar boreal forest in the global

environment and the effects of environmental change on that role;

e ' To promote the dissemination and transfer of research results and new technology and the adoption of new methods
?fforest use, p]annmg, and management, with a view to ensure conservation and sustainable development of boreal

orests

The primary formal activity of IBFRA is to promote exchange of research and management information through
international scientific conferences. The first IBFRA conference held in Anchorage, Alaska, USA, in 1992 focussed on
"Managing Forests to Meet People's Needs". Since that time, annual conferences have brought together hundreds of
scientists and managers interested in the problems of forest management in the boreal zone: Conferences have rotated
among the major boreal forest countries and topics have included: "Classification, inventory and monitoring of boreal
forests" (1993; Norway, Sweden); "Boreal forests and global change" (1994; Canada); "Climate change, biodiversity, and
boreal forest ecosystems" (1995; Finland); and "Sustainable development of boreal forests" (1996; Russia). In response
to growing recognition of the importance of understanding disturbance processes, the 1997 conference reported in this
volume focussed on "Disturbance in boreal forest ecosystems: human impacts and natural processes". Over 100

. researchers and managers from eight countries attended the conference. The papers in this volume represent material that
was presented at the meeting as either oral talks or poster presentations. The major conference topics were Forest

" Dynamics and Structure, The Role of Disturbance, and Boreal Forest Management.

Many people contributed to the success of this conference. William Sommers (USDA FS, Washington, DC (WO)) was
- . the overall meeting chairperson. Members of the program committee were: John Brissette, Susan Conard, Alan Ek, Eric
.Kasischke, Michael Lalich, Joel Levine, Roberta Balstad Miller, Jon Ranson, Charles Slaughter, Keith van Cleve, and

John Zasada. Anatoly Shvidenko organized and chaired a panel session on International Cooperation (not reported on
here). Elizabeth Schmucker's efforts in meeting planning and coordination were extensive and invaluable. Meeting
.arrangements were handled by the USDA FS North Central Research Station (NCRS) (Linda Donoghue, Mike Prouty,
‘Diane Veilleux), with support from the Superior National Forest (Duane Hanson, Mark van Every, and James Sanders),

-the Chippewa National Forest (Steve Eubanks), the Northeastern Research Station (Andrew Gillespie), the Minnesota

- Department of National Resources (Jerry Rose and Joyce Nyhus), the University of Minnesota (Alan Ek), and the Natural

Resources Research Institute (Michael Lalich).

Production of this volume would not have been possible without the able assistance of Mary Peterson (NCRS) in

. developing the cover and finalizing the overall format and structure of the proceedings. Bill Bennett (WO) convérted the
manuscripts to two-column format, inserted tables and figures, and typed in revisions; Sharon Parker (WO) attepded to
many of the details involved in final formatting of papers. Papers were edited as necessary for format and to enhance
clarity. The overall quality and consistency of the proceedings has been improved vastly as a result of the cooperation of
the authors in this process, but the final responsibility for any errors that may have resulted from editing and reformatting
is mine. _

Readers will find that this volume contains many excellent papers and a great deal of new information on disturbance and
its management in the boreal zone. The high participation of Russian authors provides access to a number of important
papers previously referenced only in the Russian literature. Many of the personal contacts made in Duluth continue to
bear fruit in growing international research cooperation on boreal forest issues.

" Susan G. Conard, editor
Washington, DC
- 20 March, 2000
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CHALLENGES FOR THE BOREAL FOREST ZONE AND IBFRA

Sten Nilsso_nI 2

ABSTRACT.--This paper gives a simple overview of
the boreal forest sector, and addresses a few of the
challenges confronting the boreal zone. These
challenges are: how to deal with sustainable boreal
forest management, the structural changes in the
boreal industrial sector due to globalization, and the
imbalance between political commitments and real
actions with respect to the boreal forést sector.

" BACKGROUND

Boreal forests are increasingly becoming a high-
profile topic on the international political agenda.
Unfortunately, there are limited possibilities to discuss
all of the problems associated with the boreal forests
in one condensed presentation. I also do not feel that
this would be a task for me to accomplish. Instead I
- will try to highlight a few issues which I regard crucial
" with respect to the future development of the boreal
forests. I am especially aiming at issues that are not
on the boreal forest agenda today. But before
addressing these issues, I will present a very
aggregated summary of some features of the boreal
forests.

SOCIO-ECONOMIC IMPORTANCE OF THE
BOREAL FORESTS

Currently, boreal forests constitute roughly one-third
(1.4 billion hectares — depending on what is included
in the definition of boreal forests) of the global
forested areas (Nilsson 1996a). Forests have
historically played a vital role in the development of
the economies and societies in the boreal zone.
Settlements were only possible through the support of
wood resources. Wood was used for buildings,
heating, cooking, tools and transportation. Mining,
ship-building, charcoal production and tar extraction
were major consumers until the end of the 19th
century. The evolving timber industry during the 20th
century resulted in the rapid exploitation of the boreal
forests. Today, the boreal countries are economically
dependent on their forest sectors '

(table 1).

The forest sector's importance to the national
economy in these countries can also be approached by
assessing the role of the so-called forest cluster, which.
includes other industries and services that are directly
connected to the forest sector. An example ofa
forest cluster is illustrated in figure 1.

Table 1.--Economic importance of the forest sector in boreal countries.

Country Percentage of Gross Percentage of Direct
Export Earnings Contribution to GDP
Canada 13 4
Nordic 9-34 4-7
Russia 5 3 ’

! Professor Sten Nilsson, Leader, Sustainable Boreal Forest Resources Project, International Institute for
Applied Systems Analysis (IIASA), A-2361 Laxenburg, Austria.

2 Acknowledgements: I am extremely grateful for the help I have received from Drs. Tim Williamson and René
Samson, Canadian Forest Service, Dr. Sven Svensson, The Swedish National Board of Forestry, and Prof. Matti
Palo, Finnish Forest Research Institute, for supplying some of the basic data. In addition, I have also used a report
by Zasada et al., (1997) in writing this paper and would like to thank the respective authors for the use of their

work. :
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"~ With this approach, the forest sector’s contribution to

GDP is estimated to be 10%-15% in Canada. The
forest cluster share gross export earnings is 41% in
Finland, compared with 34% as a direct impact by the

" forest sector; and 24% in Sweden, compared to 17%

as direct impact (Lammi 1994). The important factor
is that net export earnings are some 80% of gross
export earnings as most input factors are produced

_domestically (Swedish Pulp and Paper Association
.1996). These estimates are based on the forest

products’ values and do not consider non-wood
functions. Hultkrantz (1992) and Solberg and

. Svensrud (1992) have estimated the contribution of

non-wood functions to GDP to be 35%-75% of the
value of industrial products in the Nordic countries.

‘Costanza et al. (1997) have tried to estimate the value

of ecosystem services and functions (17 different

" Figure 1.--Example of a forest cluster. After Hernesniemi et al. (1996).

functions) and have developed an aggregated annual
ecosystem services value of US $302 halyr! (1994
USS$) for the boreal forests. This value can be
seriously debated, since only oceans and grasslands
have lower values of the biomes analyzed. ’

The economic importance, as a proportion of ovelglll
economic activity, of the boreal countries’ forest
sectors has declined since the post-war period.
Despite this decline, boreal forests continue to play a
substantial role in the economies of these countries.
There are very few, or for that matter, .any other,
sectors in the boreal countries that can provide a
similar contribution to net export earnings as the
forest sector.

GTR-NC-209



An outlook on the future consumption and production
of industrial roundwood based on conventional
estimates is shown in table 2. These conventional
estimates indicate @ stable increase in consumption of
industrial wood. The demand will be difficult to meet
_without increased forest production, utilization and
higher prices on forest products. Boreal countries
supplied some 40% of the industrial coniferous supply
in' 1992." According to these conventional scenarios,
‘the output of coniferous industrial wood from boreal
forests will have to increase by some 140 million m’-
390 million m* within the next 25-year period.
However, the share of the world’s industrial
coniferous supply has also been estimated to remain
constant in 2010 and 2020 (Nilsson 1996b).

The amount of timber resources is not a limiting
factor for the supply from the boreal forests estimated
“above. It should be pointed out that, even if the
calculations identifying shortages in the global wood
balance are accurate, realistically these shortages will
never appear. A number of balancing measures will
occur on.the market to achieve an equilibrium
including decreases in demand due to increased
prices, introduction of new and more fiber-efficient
technology, substitution of products, increased
supply, etc.(McNutt 1995).

The development of the energy market will influence
future utilization of forest resources. The
contribution of forests in the future to electricity, heat,
and gaseous and liquid fuels will depend on markets

" -and incentives, on Research and Development
progress, and on environmental requirements. Today,
the costs for biomass energy production are

- compatible with the cost of several traditional fuels.
There is a large potential estimated, and strong

- political pressure (e.g. Sweden), for wood for energy

. in the future. Forest sector managers in the boreal

- countries have the necessary knowledge to intensify
utilization of forest resources for energy production.

- There ére more than one million Aboriginal people
living-in the boreal zone.

The cultures and economies of these people are
intricately adapted to their natural environment and

Proceédihgs IBFRA Assn 1997 meeting

depend upon it for self-perpetuation. The lebensraum
(living space) of Aboriginal people will probably be
degraded with increased utilization of the boreal

forests unless special actions are taken in the future.

ECOLOGICAL IMPORTANCE OF THE
BOREAL FORESTS

The boreal forests are finite whose productivity is
restricted by the boundaries set by their physical
environment and the ability of biota to survive and
grow within that environment. Silvicultural activities
can enhance productivity within the limits of
biological constraints and economic realities.
‘Understanding the biotic and abiotic characteristics of
the present boreal forests and their dynamics under
the current environmental conditions is necessary to
determine the potential for biological productivity and
resource management. This information is also
critical for predicting future paradigms that will result
as environmental, socio-economic, and political
conditions evolve. In the following, I will briefly
discuss the physical and biological factors determining
the potential for sustainable development of the boreal
forests. '

Climatic Attributes

All climatic attributes combined serve to distinguish -
boreal forests from the more temperate areas, but the
temperature control over above and below-ground
biological processes and the characteristics of the
snowpack are particularly important for this
distinction. The below-ground temperature affects all
aspects of soil biology and nutrient cycling. Forest
floor conditions, overstory and understory density,
and soil temperature are closely related. The amount
of heat available for growth during the growing
season, as well as frost events, greatly influence
phenology and the development of vegetative and
reproductive growth. More than 50% of the annual
precipitation occurs during the growing seasons. §

v
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Table 2.--Global industrial wood balance, expressed in million m>, (Nilsson, 1996b).

Under certain conditions of evaporation an
accumulation of organic matter will take place, which
drives the development of organic soils. Snow
modifies local climate through its high albedo and
high thermal conductivity. The boreal forests are
mosaic of upland forests and wetlands with lakes and

rivers interspersed. The current mosaic of floristic

and forest stand patterns are maintained by the
combined effects of site conditions, disturbance
factors and climatic regime of the region. This mosaic
is an extremely important landscape element in terms
of biodiversity.

Soils and Permafrost

Features commonly referred to in a discussion of

‘boreal forest soils are low temperatures with the

formation of permafrost as the maximum expression
of this characteristic, poor drainage, thick organic
layers with deep organic soils in wetlands, low soil
biological activity and low nutrient availability. Due

" to these features productivity is often limited.

Forest Composition and Distribution

Although the boreal forest is often viewed as one

- large cold-dominated area occupying the northern
* .part of the globe, this simplistic view is far from

realistic. Rowe (1992) identifies 45 sections of the
Canadian boreal forest based on climate,
physiography and tree species composition.

At the scale of the stand there can be large stand-to-

stand variations in species' composition and structure.
The distribution of species within the landscape varies
within the boreal region even if the boreal forests have

- relatively few tree species (some 15 dominating
_ species in North America and some 35 in Siberia).

Species composition, species diversity, and
productivity of shrubs and herbaceous plants also vary

" in the boreal region. Shrubs are key elements for

wildlife habitat, providing both food and cover.
Nonvascular plants, such as mosses and liverworts,

_ are ecologically important boreal plants and often

1993 2020
Coniferous Non- Coniferous Non- Coniferous Non- Total
coniferous coniferous coniferous
.Demand 939 540 1,210-1,680  730-990  1,400-1,540 850-1,010 2,250-2,550
Supply 939 540 950-1,210 545-745 1,080-1,330  585-800  1,665-2,130
Balance -- - 0--470 +15--445 -70--460 -50--425 -120--885
Land and Water Base

contribute more to plant species diversity in a stand
than do vascular plants.

Biodiversity

Biological diversity may be defined as the number,
variety and variability of living organisms on the earth
(WCED 1992), including the sum of diversities found
at the genetic, species, ecosystem, and landscape
levels (Wilson 1988). It is estimated that the boreal
forests contain over 100,000 species, 95% of which
are arthropods and microorganisms. Viruses are
particularly abundant with over 40,000 species.
Currently, only some 20% of the taxa in the boreal
forests have been identified taxonomically.

The dominant tree species have varied from one
interglacial period to another, and many species have
gone extinct during the Pleistocene climatic
fluctuations. There is also growing evidence that the
current composition of plant associations is
contingent upon historical accidents. .

Forest Succession

As discussed earlier, boreal forests are described as a
mosaic with relatively few tree species arranged in
pure and mixed stands of various sizes and shapes
owing to site and soil conditions, distribution of lakes
and rivers, species characteristics, and disturbance
history (e.g., Suffling 1993). Within any landscape,
there are both long- and short-term scale processes
that shape current vegetation and influence potentjal
future vegetation. Here I will concentrate on the
short-term factors (years to several centuries). THe
primary natural short-term disturbances that influence
landscape patterns in boreal forests are fire and
insects. Wind and snow breakage and diseases can
also be important, but tend to follow the first two
mentioned factors. Another group of disturbances is
linked to flooding.

GTR-NC-209
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* Forest Productivity

- Both the primary and secondary productivity are

important, but I will concentrate on the primary
productivity in this discussion. It is important to take
into account the tangible values of the primary
productivity such as water protection, water supply,
soil protection and climatic roles.

Forest biomass and annual bioproductivity of the
boreal forests are of particular importance to the

. boreal forests in the global carbon budget (Kurz et al.

1993, Shvidenko ez al. 1996). Total biomass,
distribution of biomass and productivity differs
depending on site conditions, species composition
and stand age. For example, on cold sites the moss

" component may have levels of annual productivity,

equal to or greater than, that of the overstory woody
species.

Man-Made Disturbances
The conversion of forests to agriculture, community

development, mining, oil and gas exploitation and
forest management have historically affected the

. boreal forests and will continue to do so in the future.

The conversion of boreal forests to agricultural land
has: decreased the area of forest, especially on rich
soils; fragmented the forest resulting in remnant
forest patches and increased edge effects; and
changed the forest stand community structure by

introducing new species.

The forest management activities that have most
influenced the boreal forests as a whole are forest

- harvesting and forest fire management. Both of these

activities change forest dynamics at all scales of

~ resolution, from altering the landscape structure to
- . microsite characteristics and have introduced
- externally operated dynamics versus natural

dynamics.
Sustainability

The rational for sustainability of the boreal forests
has both a pragmatic and a more idealistic dimension.

~ The pragmatic reason is that the boreal forests are an
Jimportant source of employment and economic

development, as well as a source of food, fiber, water
and forest products upon which people depend. The

more idealistic and long-term dimension is of an

ecological nature and includes the role boreal forests
play in the greenhouse gas budget, maintenance of
biodiversity, wilderness, wildlife habitat and spiritual
values. The idealistic dimension is difficult to
substantiate to the satisfaction of the general public,
politicians and policy-makers. Often there is a direct

conflict between the ecological issues and the
pragmatic issues. :

In order to achieve sustainability, all of the ecological
factors contributing to sustainability discussed above
must be taken into account in a satisfactory manner
in any future management system.

GLOBAL CHANGE AND THE BOREAL
FORESTS .

An array of global changes will influence the
potential responses of the boreal forests and the ways
the boreal forests will be used and managed in the
future. Many people instantly think of biophysical
processes when global change is the subject of
interest, e.g., climate change. These processes are
indeed central to examining the boreal forests, but of
parallel significance today, and in the future, will be
a set of human-oriented forces or socioeconomic
forces (Forester ef al. 1994). The German Advisory
Council on Global Change (1993) has stressed the
width of the global change concept. This concept is
illustrated in table 3 in an application revised for the
boreal forests. It can be seen from this table that
Global Change is much more than merely climate
change.

The meta-drivers of global change are human
population and human behavior. There has been, and
continues to be, a serious concern regarding an .
exploding population development. But the most
recent results (Lutz et al. 1997) indicate that it is
unlikely that the population will be doubled by the
year 2050, as earlier expected. The median estimate
is a total global population of 10 billion by the year
2050, compared to 5.7 billion in 1995 (Lutz et al.
1997). Population growth will probably be most
rapid in the Middle East, sub-Saharan Africa and
North Africa, with the population tripling by 2050 in
these regions. There will also be significant increases
in the proportion of the population above 60 years azf
age. Western Europe, Eastern Europe and Russia are
likely to experience little, if any (most likely negative
in Eastern Europe and Russia), increases in the
population. But in Western Europe and Pacific
OECD, the proportion above 60 years of age will
probably double compared to the situation today (it
could be as high as 40% of the total population). In
North America, a population increase of 25% seems
likely with a substantial aging of the population, but
not as dramatic as in Europe. The population in
Latin America is likely to double with the proportion
of the population above 60 years of age increasing by
20%.

GTR-NC-209



Central Asia is estimated to grow by 37% and have an
increase in the 60 and over age group from 9% to
25%. Southern Asia (mainly India) will double its
population by the year 2050 (Lutz et al. 1997).

This increase in population is still dramatic and the

. population development in the regions outside the
boreal region will cause transboundary effects
impacting the boreal forests. But the most dramatic
message in this new information is the high proportion
- of aging people in the global population. Therefore, I
expect much of the demographic research in the
future will address problems connected with the aging
population instead of the population growth as of
today. ’

Most important for boreal forests in the future will be
'human behavior and how it affects the global
environment — economic behavior (e.g., consumption
~patterns), social behavior (e.g., attitudes), and
political behavior (e.g., cooperation or conflict).
Human behavior will probably change dramatically
over time, especially with the shift in age distribution
illustrated above, we do not know what direction
these changes will take.

'~ NON-STATEMENTS

Until now, I have taken a rather conventional
‘approach to my presentation. In the following, I will
address a few issues that normally are not on the
agenda for the future of boreal forests. To give

" - ammunition to this convention (the IBFRA-meeting),

I could state that climate change is not a major threat
to the boreal forests. The continuing, steady
decarbonization of energy systems means that
concentrations of carbon dioxide will not rise above
500 ppm. It has been stated that a climate warming
.over the next 75 years “Will not significantly effect
diet, health, income or environment. Most of the
economy has moved indoors and much that has not
will do so. Climate simply matters less and less
(Ausubel 1996).” Or I could state that the assumed
climate change is only good for the boreal forests.
Perez-Garcia et al. (1996) estimate that the boreal
zone will have a substantially increased net primary
production (+15%-25%), an increased output of

~ forest industrial products (+13%-20%), increased
export, and improved economics due to forecasted
climate change. Mendelsohn et al. (1997) claim that
" the-expected climate change will have positive market
implications for the boreal region in the range of 15-
29 billion US$ per year. There are indications that we
have already started to move on this path with a
‘significant increase in plant growth in the northern
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high latitudes during 1981 and 1991 (Myneni 1997).
In this situation, I could argue that instead of
worrying about protecting existing production and
forest resources we should worry about how to take
care of this new production in the boreal zone. I
could argue that the loss of biodiversity is an issue
more of the past than the future. Ausubel (1996)
reminds us that the Americans cleared forests not only
for food production but also to keep down the snakes,
chiggers and ticks. A similar pattern occurred in
Europe and Russia with clearing of forests for health,
safety, and mental security. Mankind has passed this
stage by now and the snakes and bugs are back in the
forests. But I do not intend to make these statements.
Instead I will concentrate on a few other issues.

IS SUSTAINABLE BOREAL FOREST
MANAGEMENT POSSIBLE?

After reading some 50,000 titles indicated in library
indexes and through the internet using the keyword
“sustainable forest management,” I should of course
be wise enough not to touch upon this topic at all, but
I am not that bright.

Quite recently, Rice ef al. (1997) raised the question
of “Can Sustainable Management Save Tropical
Forests?” They came to the conclusion that this is
probably not the case. The conclusions were that
current logging practices cause considerably less
damage than some forms of sustainable management
and the authors state, “substainability is, in fact, a
poor guide to the environmental harm caused by
timber operations.” I will deviate Rice et al.’s (1997)
original question to “Is Sustainable Boreal Forest
Management Possible?”.

A tremendous effort has been put into development of
criteria and indicators for temperate and boreal forests
through the so-called Montreal and Helsinki
processes. Criteria is defined as: The essential
components of forest management against which
sustainability may be assessed. Each criterion relates
to a key element and can be characterized by one dr
more quantitative, qualitative, or descriptive v
indicators. The development of criteria and indicators
was identified as being one of the major tasks for the
Intergovernmental Panel on Forests. The basic idea is
that by monitoring these indicators the degree of
sustainability can be measured. FAO (1997a) states
that it seems plausible to arrive at a globally-agreed
upon core set of national-level criteria and indicators.
A further step in this direction is certification.
Roughly defined, certification is the process of
establishing whether or not a particular forest area is
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achieving objectives based upon criteria and indicators
of sustainable forest management.

The Helshki Process includes 6 criteria and 27
quantitative indicators (of which 6 are difficult to

‘implement; FAO, 1997a) and Montreal Process
_contains 7 criteria and 67 indicators (of which only 9

can be measured in e.g., the USA; FAO, 1997a).
Russia has developed its own preliminary set of 6
criterion and 35 indicators (Strakhov 1997).

‘This 'eqtire development is excellent and shows a way
‘to move towards sustainable forest management. But

will it happen? -

First, it is certainly necessary that the signatories of

“the agreements monitor the indicators they have

agreed upon. Second, currently the agreements are
non-binding national indicators. There is a strong
need to demonstrate and quantify what does it mean

for the sustainable development at a sub-regional

national level in concrete form by implementing these
indicators — usage of just national indicators will only
mask the problems. To my knowledge, no one has
done this so far. Even if these two hurdles are
overcome I still think there exist great difficulties with
the entire concept.

I will use Russia as an illustration. I have selected one

-indicator from each criterion in my illustration and

you should remember that the agreements deal with
27-67 indicators. By merely overlaying my 6 selected
indicators for Russia one can see that the indicators

~ point in different directions®. The indicators of the
" agreements are selected in a manner where there will

always be conflict between the same. The questions
one may ask in this situation are: what is acceptable
sustainability, what is good sustainability, and what is
bad sustainability? Who is going to decide this? In

- the end it will, of course, be a political decision at
some level and at that stage a whole array of

important socioeconomic factors or indicators (which
are not included in the current indicators) will be the
driving forces for the decision-making process.

The problems with the sustainability concept, and by

that the criteria and indicator approach, have been
illustrated in an excellent way by Heilig (1997). I will

- use his-paper as a platform for my further discussion.

" The concept zgnores the furidamental diversity of

interests. One of the major characteristics of our

" world is that people fundamentally disagree about

objectives, values and lifestyles. What is
environmentally sound may not be acceptable for our

social structure, our economy or our culture. A most

*Ilustrations are not presented in this paper.

serious obstacle to a universal concept is the fact that
human life has to deal with more than one dimension.
Stability of our ecosystems is only one of many
concerns.

: The concept is based on a social concept of harmony

and ignores the fact that human development is
driven by conflicts and fierce competition. The
whole evolution of the human species indicates that
we are part of the ecosystems (Behan 1997), but we
are not just happy being part of a sustainable
ecosystem. We want to dominate and grow.
Through all kinds of interventions, we try to shape
our environment for our benefit — even if at the cost
of other species and our human neighbor. By nature,
we are competitive animals.

It can be demonstrated that a strategy of simple-
minded cooperation will always lose in an
environment where the other players can gain a slight
advantage by not cooperating (Nowak et al. 1995).
Human interaction is based on bargaining, open
threats, economic pressure, coercion, or a strategy of
limited retaliation against non-cooperation. This
diplomacy of violence (Schelling 1966) is one of the
fundamental principles of all social, economic and
political development, which is neglected in the
current concept. This is especially crucial at a time
when the world is swept by, international, global and
neo-liberal economies.

The concept reduces the analysis of social, economic,
cultural and political processes to a simplistic Bio-
Physical Framework. 1t has been demonstrated that
the most important social processes are not at all
similar to those in ecosystems (Etzioni 1968).

Thus, I do not think that we can achieve sustainable
forest development in the boreal zone as thought, due
to the fact that the current concept does not address
the fundamental social problem of power imbalance
between societies and social groups. Furthermore, it
does not identify which social, economic and political
structures and processes a society should use in vgder
to promote sustainable development. This has been
illustrated for the tropical forests by Kamari (1998)
and Rice et al. (1997) and more generally by Jacger
(1995), we have the same situation in the boreal zone.

What counts is what the local society wants to happen
in and for their forests. The moment that occurs is
when we may have a sustainable boreal forest
(Duinker 1997). The important task is to find the
mechanism for this consensus-seeking by the
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local societies in the boreal forests. Thus, the first

" recommendation to IBFRA would be:

‘e To broaden its current concept with a rather basic

ecological approach to include social, economic,
cultural and political processes. Otherwise, the
organization will not be successful in the very

" important work it is carrying out in order to
contribute to the sustainable development and
management of the boreal forests.

IS THERE A FUTURE FOR THE

" TRADITIONAL BOREAL FOREST SECTOR?

As stated earlier, the world is swept by international,
global and neo-liberal economies. The development is
going very fast, the driving criteria are to be
competitive and it is very powerful. This strongly
influences the future of the boreal sector. Concerns

- are raised that this “competition fundamentalism” is

Prbceedings IBFRA Assn 1997 meeting
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Figﬁre 2.--Consumption of industrial wood products expressed in kg/capita (paper and board) and m’/1000 capita

incapable of integrating social justice, economic
efficiency, environmental sustainability, political
democracy and cultural diversity (Emmerij 1997).
However, this is how the world is ruled today.

In order to illustrate in what direction we are going, I
use FAO data (FAO, 1997a and b) (fig. 2 and table M
4). In figure 2, I have used a simple prolongation of
the trend breaks to illustrate my message (these tren
breaks are not accounted for in earlier estimates on
demand in table 2). The key message is that
sawnwood consumption per capita in the developing
world has decreased dramatically between 1970 and
1994. In the same countries, per capita consumption
of wood panels has also started to decline. There is
still an increase in consumption of paper and
paperboard, however this increase is weak. The
increase in per capita consumption takes place in
panels and paper and paperboard in the developing
countries. If we look at the expected paper and
paperboard consumption changes, based on FAO
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estimates (‘l 997b), we get a development as illustrated
in table 4.

What does this mean? It means that the pulp and
paper industry in the boreal zone will move to areas

_ with a rapid growth in consumption, mainly Asia and

South America, to be profitable. There will still be a
substantial increase in paper and paperboard
consumption in the developed world, but in the future

- it will be less dependent on virgin fiber, as increased
* utilization of wastepaper will take care of most of this

expansion. It means the boreal pulp and paper
industry will become increasingly more global, and
increasingly less dependent on boreal fiber and as a
result we will not see any new mills established. This
process-has already started (e.g., Financial Times
1997), the result will be a handful of big companies in
the boreal zone. ‘At the same time we have a

" domestic sawmilling industry in the boreal zone facing

a dramatic drop in per capita consumption and a
stagnating aging population in traditional markets,
with the non-traditional markets incapable of
absorbing this difference in consumption. In
addition, with a boreal pulp and paper industry going
abroad and becoming more and more dependent on
wastepaper, it will decrease prices on pulplogs and
sawmill chips. Income from sawmill chips for most of

. the sawmilling industry constitutes a profit margin of

“about 15% today. .

A friend of order asks of course, what does this have
to do with sustainable forest management and the

" - boreal forests? The anomaly is that the overall

objective with most boreal forestry is to make money.
The way forestry brings in money to the forest

*.°2010. Expressed in million tons.

landowner, and different operators of the forests is
through sawlog production. Therefore, the overall
objective in the boreal zone has been, and still is, to
produce high quality sawlogs. But the world is

¢ changing rapidly and it seems that very few will be

interested in sawnwood in the future.

o If this happens, we should work with quite
different objectives for the boreal forests in the
future, which will result in quite different
ecological and sustainability concerns (many of ‘
our current concerns may also disappear). A key
issue will be who will pay for the forestry and
ecological management under these new
conditions. Based on the above, I would like to
make two recommendations to IBFRA’s future
activities:

o To include analyses of the development of the
industrial boreal forest sector in the current
framework. Without a strong sector I see limited
possibilities to achieve sustainable development
in the boreal forests, and

e To expand analyses to include links to, and
impacts on, the sustainable development (both
from a socioeconomic and environmental point of
view) of the boreal forests with the development
of the resources and forest sector at a global
level.

Table 4.--Estimated increase in paper and paperboard consumption and wastepaper consumption between 1994 and

Paper and Wastepaper Relation of Wastepaper to
Paperboard Paper and Paperboard
(in percentage) '
Africa 1.9 0.8 42
North/Central America 28.9 22.4 78 v
South America 4.6 24 52
~ Asia 67.2 36.2 54
.Oceania 1.7 1.2 71
Europe ' 23.0 17.9 78
Former USSR 23 1.0 42
Developed 66.3 49.9 75
Developing 63.3 32.0 51

10
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IS THERE A SUSTAINABLE FUTURE FOR
THE BOREAL FORESTRY COMMUNITIES?

The future of human communities in boreal forested
regions is a growing concern among politicians, social
scientists, land managers, and most importantly,
among community members themselves. As
illustrated earlier, the world is swept by
internationalization and neo-liberal economies. The
results of this merging of forest companies are lean
operations with substantial downsizing and huge
layoffs in forestry operations. This often occurs in
towns with only one major employer, namely the
forest industry. In the boreal zone, many
communities will not survive without a solid forest
sector and vice versa, the forest sector operations can
. not be carried out without stable forestry communities
(e.g., Lundquist et al. 1997; Bradshaw and Lynn
1996). Two different schools of thought with respect
to natural resources and regional development exist.
One is that regions having an abundance of natural
resources may have an advantage over less resource-
rich regions in the form of better incomes and in
alternative strategies for industrialization (e.g.,
Gerschenkron 1962; and Bradshaw and Lynn 1996).
The other school, the resource-curse theory,

> highlights the disadvantages that resource-dependent
regions face in their attempts to achieve long-term
economic growth (the so-called Dutch Disease).
Examples of advocates for this second school are
Spooner (1981), Auty (1993), and The Economist
(1995).

In order to achieve sustainable forestry communities,
three aspects have to be fulfilled (Kaufman 1990):
land-use aspects, industrial and employment aspects,
and the social welfare and organizational aspects.

Current analyses of forest communities (Carroll and

" Lee 1990) suggest that ecological and economic

"analyses alone are not sufficient to understand the
adaptability of forest communities under stress. There
must be increased cooperation amorg foresters,

* ecologists, economists and sociologists in order to
address the sustainability issue of forestry
communities. Muth (1990) suggests that the most
productive approach to study the relationship between
forest resources and sustainbility of forest
communities could be that provided by structural

“sociology. He also stresses that the issue of
sustainable forest communities are best understood in
terms of a sustainable community institutional
structure, rather than in terms of traditional indicators
such as employment, resource supply, ecology,
economics, and inhabitants.

Proceeﬂiligs IBFRA Assn 1997 meeting

Apedaile (1992) points out that understanding of the
underlying order of the rural economic system and its
place among other systems is a precondition to
steering the development of the rural system. He also
points out that rural-urban integration changes the
system-millieu, but it does not change the underlying
features of the resource-based economy, and that over
time these underlying features worsen the economic
performance of natural resource-based activities of
the rural system. Without a solid background of the
above, it will result in flawed policies for sustainable *
rural development. Williamson and Annamraju
(1996) underline that an adequate of the sustainability
approach is necessary to achieve forest community
sustainability. We, in the forestry community, have
not been very successful in tackling forest community
problems in the way I have outlined above. Given the
conditions we are facing in the boreal zone, i.c., a
stagnating and aging population, the continual,
substantial downsizing of the workforce in forest
communities (Financial Times 1997), the strong
structural changes expected in the boreal forest
sector, and the crisis situation in the Russian forest
communities (Lundquist et al. 1997), I strongly
recommend the following to IBFRA: -

o Start a program with the objective to find the soul
of the future boreal forest communities (Robson
1996). The keywords in this program should be
integrated analyses, structural sociology, and
community institutional structures. The program
must aim to produce results for sustainable
development of boreal forest communities.

WHERE IS THE LOGIC AND WHERE ARE
THE SCIENTISTS?

During the last 10-15 years and especially during the
1990s, demands on the forest sector by society and
governments have increased dramatically. Societies
and governments require that a new set of principles
be implemented to improve social, economic and
environmental benefits of the forests. These demands
can be illustrated by the conclusions from the 7th ¥
American Congress:

o The forests should sustainably provide a range of
goods, services, experiences and values that
contribute to community well-being, economic
opportunity, social and personal satisfaction,
spiritual and cultural fulfillment, and recreational
enjoyment,

o The forests should be sustainable; support
biological diversity; maintain ecological and

11
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evolutionary processes, and be highly productive,
and ’

o . The forests should be managed with consideration
for global implications.

“This will require tremendous resources in the form of

people, money and a healthy forest industry to
implement these principles and visions. But what are
governments doing? They are implementing policies

that totally contradict the points made above. This

can be illustrated by data kindly supplied to me by Dr.
René Samson, Canada, and Dr. Sven Svensson,
Sweden. They stress that there are uncertainties in
the data, but the trend is assumed to be correct (tables
5 and 6). When comparing the increased demands
with public allocation of manpower and money to
forestry, it can only be concluded that this equation is

‘not sustainable. Therefore, a logical question is if the

different political commitments made, both at national
and international levels, to reach sustainable
development (all aspects) in the boreal zone is just lip

Table 5.--Relative Development in Canada.

service. With this simple overview the conclusion

points in that direction. '

And where is the scientific community in this non-

sustainable equation? Our usual attitude is that we

. are scientists and do not get involved in policies and

politics. Therefore, the boreal scientific community is
silent. But in reality, as stated by the Director
General of UNESCO, “Science is a highly political
issue and part of the political decision-making process
and therefore science must make its voice heard
(Nature, 1997).” Hellstrém and Palo (1995) point cut
that research and development in forestry should be
regarded as one of several instruments in forest
policy-setting.

It can be concluded that there is a rather low
probability that those visions set in the boreal zone to
achieve sustainable development can be reached with
current governmental allocations. This has to be
made clear to the decision-makers and the scientific
community has to act as the messenger.

Year Person-year in Canadian Forest Public (Provincial and Federal)
T Canadian Forest Service Budget Funding on
Service (Deflated to 1990 Values) Forest Management
(Delfated to 1990 Values)
1989/90- 100 100 100
1990/91 101 73 104 .
- .1991/92 100 81 96
1992/93 96 91 90
1993/94 103 94 85
. 1994/95 97 87 93
1995/96 89 70 ?
- 1996/97 estimate 71 46 ?
Table 6.--Relative Development in Sweden.
- Year Number of Service Days Regional Forestry Maximum Amounts of State '
by the Regional Forestry Boards Budget Subsidies to Forestry
: Boards (Delfated to 1991 Values) (Deflated to 1990 Values) v
1989/90 - - 100
199091 -- 100 75
.1991/92 100 90 48
1992/93 " 97 89 33
1993/94 66 72 44
. 1994/95 66 73 24
1995/96 75 76 33
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My final recommendation is:

e To get heavily involved in the policy debate with
respect to the future of boreal forests. Your
important work and results will only be
implemented by an active role in the debate on

future policies for sustainable development in the
boreal zone.

- SUMMARY

I have attempted to illustrate, at an aggregated level,
how vital the boreal forest zone is from an ecological,

~ economic and social point of view. But I also
concluded that the boreal forest zone and boreal
forest.communities face serious structural changes in
the fori of stagnating (or declining) and aging
population, resulting in changed attitudes in many
respecis. Due to the globalization of the forest
industry, the boreal zone faces a challenge with
structural changes, of which we do not know the
outcome. It can also be concluded that the current
allocation of resources to the boreal forest zone by

- the-public will hardly make it possible to achieve those

' visions set by societies and governments for a
sustainable boreal forest zone.

The boreal forest zone and the scientific community in
the zone face challenges that have to be approached in
a non-traditional way to become successful. To
" summarize, I make the following recommendations to
the players and scientists in the boreal forest zone and
- IBFRA:

e To broaden its current concept with a rather basic
, _e'cblogical approach to include social, economic,

. ¢cultural and political processes otherwise the
organization will not be successful in the very
-important work it is carrying out in order to
contribute to the sustainable development of the

_boreal forests.

o To include analyses of the development of the
industrial boreal forest sector in the current
“- framework. Without a strong sector I see limited
. possibilities to achieve sustainable development
in the boreal forests.

‘o To expand analyses to include links to and
impacts on the sustainable development (both
Jfrom a socioeconomic and environmental point of
_ view) of the boreal forests, with the development

Pfoceediﬂgs IBFRA Assn 1997 meeting

of the resources and forest sector at a global
level.

o Start a program with the objective to find the soul
of the future boreal forest communities (Robson,
1996). The keywords in this program should be
integrated analyses, structural sociology, and
community institutional structures. The program
must aim to produce results for sustainable
development of boreal forest communities, and

o To get heavily involved in the policy debate with
respect to the boreal forests. Your important
work and results will only be implemented by an
active role in the debate on future policies for
sustainable development in the boreal zone.
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GLOBAL SIGNIFICANCE OF DISTURBANCES IN BOREAL FORESTS

Anatoly Shvidenko' 2

ABSTRACT.--Disturbance (D) significantly impacts

the state, structure, productivity and dynamics of
boreal forests. The unified hierarchical typological
classification of D and set of indicators to quantify D
are presented for the circumpolar boreal forests.
Basic principles of a logically complete description of
D are: (1) understanding that D of the forest
ecosystem is simultaneously D of the (definite)
landscape, and the consistent landscape approach is
one reliable method for all estimates; (2) landscape
- regularities define disturbance regimes (DR); (3) D
and DR are strongly dynamic processes, and
appropriate quantification of them should be based on
succession regularities; (4) the set of indicators that
describe D has to be used as a subset of criteria and
indicators of sustainable development/sustainable
forest management. Based on the above classification
and principles, available publications, data and
research results, the paper presents a brief overview
of: (1) quantitative descriptions of D in the boreal
. zone; (2) aggregated estimates of impacts of D on
current productivity, species distribution and age
structure; (3) estimates of the role of D in the
interaction of boreal forests with global carbon
budget;(4) globally significant features of predicted
dynamics of D in boreal forests during the next
. century under expected global climate change.

INTRODUCTION: BASIC DEFINITIONS,
.- CLASSIFICATION SCHEMES AND
‘ INDICATORS

Disturbance (D) can be defined in many different
ways. Disturbance is mainly understood as a
.destructive impact on an ecosystem. “A disturbance
is ‘any relatively discrete event in time that disrupts
ecosystem, community, or-population structure and
changes resources, substrate availability, or the
physical environment” (Pickett and White 1985).
“Disturbance is considered to consist of the

_ mechanisms - which limit the plant biomass by causing

its partial or complete destruction” (Crime 1979).

“Disturbance is the destruction of living biomass or
accumulated detritus” (Reiners 1983). Other
definitions (Sousa 1984; Forman and Godron 1986)
point out different aspects of the phenomenon. “A
disturbance is a discrete, punctuated killing,
displacement, or damaging of one or more individuals
(or colonies) that directly or indirectly creates an
opportunity for new individuals (or colonies) to
become established” (Sousa 1984). “Disturbance ...
is considered as something that causes a community
of ecosystem characteristic ... to exceed or drop
below its common (homeostatic) range of variation”
(Godron and Forman 1983). “Disturbance is an event
that causes a significant change from the normal
pattern in the ecological system” (Forman and
Godron 1986).

.

We do not believe that terminological discussions are
relevant in this paper. It is evident that: (1) there are
no boreal forests, both managed and not managed,
which would be not impacted by D, and namely D is a
crucial factor of the current state, productivity and
dynamics of forests; (2) any definitions (and
classifications) should be dependent on the goals and
objectives being considered; (3) many basic types of
Ds cannot be considered as a destructive factor
exclusively (Furyaev 1996), and even the term  ®
“creative destruction” (Holling 1992) could be used;
(4) Ds are spatial and time dependent; (5) although
intuitively D seems to be ticd with human impact,
natural Ds play a crucial role in the structure and
function of boreal forest ecosystems; (6) the definition
of Ds in forests should consider specifics of forests as
a natural phenomenon, as well as the requirements
and traditions of forest management. The multi-
faceted influence of Ds generates the major patterns
of the boreal forests, defines fragmentation and
mosaic of boreal landscapes, and eventually boreal §
vegetation structure, distribution, stability, diversity
and productivity. All of these features are v
comprehensively revealed in successions. Thus, a
relevant evaluation system of Ds is their close
connection with an interdependence on succession
dynamics of forests.

' Professor Anatoly Shvidenko, Senior Research Scholar, Sustainable Boreal Forest Resources Project,
International Institute for Applied Systems Analysis (IIASA), A-2361 Laxenburg, Austria.
- 2The author is indebted to Drs. T. Schmidt and G. Raily for their helpful comments and information in

preparing this paper.
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We deﬁhe disturbance as any (exogenic) impact,
which changes natiiral (evolutionary) dynamics of a
forest ecosystem or a (forest) landscape. This

. definition, as all others, has a shortcoming as it

requires both the explicit understanding of the notion
and the availability of the reference base, which would
quantify the natural (i.e., undisturbed) state and

- natural dynamics of forests. A comprehensive and
* formal description of the problem would require much

more space thanr would be relevant here. We only
note that the approach is often used in both the theory
of forestry and forest management practice, e.g., in
the classical theory of normal forests, or in some basic
principles implemented in yield tables of normal (fully
stocked) stands, or in the normal (sustainable)

~ structure of a landscape.

D usuallyi starts from an initially short impact at the

beginning of a new succession. Evidently, the
magnitude of this impact would exceed the threshold
of the self-organization of a forest ecosystem. Thus,
we can say that D is a purely exogenic succession.

“Exogenic” is used to some extent as a relative term,

e.g., Forman and Godron (1986) suggested not to
consider a disturbance as any exogenic factors, which

_is inherent in natural conditions of sites. This

recommendation has a solid ecological background,
but it is probably not acceptable from a practical point
of view because based on this approach, for example,

we cannot consider insect outbreaks as D.

Different approaches could be used to classify Ds;
causative factors (genesis of Ds), changes of forest

functions or structure, severity of consequences, etc.
Ds can be classified by the objects disturbed (e.g., Ds

- of'needles (leaves), individual trees, forest

ecosystems, landscapes, forest cover, etc.). They can

be human-induced and natural, reversible and
irreversible; stand-replacing and non-stand replacing;
simple and composite; can occur in “infrequent” and
“multiple disturbance” ecosystems (Reiners 1983),
etc. We suggest the classification in figure 1 which is
based on causative factors that are closely connected
with the upper level of a relevant classification of
successions (Rojkov ez al. 1996). Such an approach

s very close to the traditional understanding of D in

forest management practice and seems to be
applicable to all types of disturbances in boreal forests

" as well as to other types of natural vegetation in the

boreal zone.

The set of indicators appropriate to quantify Ds

“should provide two interconnecting and overlapping

18

goals: (1) to be applicable for forest management
practice, and (2) to present sufficient and complete
information for different ecological applications.

* Both are closely tied with criteria and indicators of

sustainable development (Status Report 1994; Criteria
1995; Conference 1993).

There are two basic elements in evaluating Ds’: a
forest ecosystem and a forest landscape. It is often ,
impossible to present a consistent description of D for
one without considering the other. The main reasons
for this are: (1) any description of D as a succession
even for a separate ecosystem includes basic
landscape peculiarities; (2) many Ds have a typical
landscape extent, genesis and magnitude; (3) any D of
a separate ecosystem impacts a landscape’s property;
(4) specifics of major Ds as well as interactions and
interdependence between different types of D have an
explicit landscape nature. '

These interconnections make it necessary to consider
disturbance regimes (DR), i.e., stable combinations of
types of Ds and their characteristics, as well as ‘
specifics of interactions between them. DR can be
defined (for a definite landscape) by both a major type
of D (e.g., pyrogenic or industrial exploitable types of
DR), and the type of interactions expressed in terms
of synergetic, neutral, contradictory and exclusive
interactions. Generally, all DRs can be combined into
two types: digressive DR, i.e., the DR under which
the climax state of an indigenous forest ecosystem
cannot be reached, and progressive DR where the
natural successions are maintained and the climax
state is reached. In the framework of the digressive
DR, Ds can lead to the degradation of forest
ecosystems. Forest degradation could be defined as a
process that describes human-induced phenomena,
which lowers the current and/or future capacity of the
forest to protect the environment and to satisfy human
requirements to all benefits from the forests. Similarly
to Ds, degradation can be classified by types (e.g., site
impoverishment due to water and wind soil erosior,
"green" desertification), and be described by
quantitative indicators. The project of Global
Assessment of Soil Degradation (GLASSOD)
recommended identification of type, degree, extent,
rate and causative factor of soil degradation; a clear
distinction should be made between status, rate and
risk. The eventual degree of forest degradation can
be expressed in terms of the impacts of forest
degradation on productivity. Such an approach
develops the additional link between Ds and
degradation. Indicators of sustainable forest
management should include an expedient unification

v
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v

of a subset of D indicators and the degradation
mentioned above.

D and DR are a geographical phenomenon. At least

. three major gradients impact distribution, dominant

forest types, succession regularities and DR of the
boreal forest: temperature, moisture (or climate
continentality) and anthropogenic pressure.

" The set of indicators suggested to describe Ds in

boreal forests is presented in table 1. Several
indicators (e.g., extent, frequency) were widely used
before; some of them ("universal" time, asymmetry)
are referred to as succession regularities. A definite
type of D requires quantitative indicators expressed
explicitly. We briefly illustrate the implementation of

_ the indicators™ system presented in table 1 to describe
-forest fires as D. There have been previous attempts

made to sufficiently quantify it by Kurbatsky 1970a;
Heinselman 1981; Van Wagner 1983; and Furyaev
1996. There are several rather complicated national
fire classifications. (e.g., for Russia, Kurbatsky 1970;
Sheshukov ef al. 1992); but forest fire protection in
boreal countries eventually uses simplified
classifications which include crown fires, surface (on-
ground) fires, peat (litter, turf or ground) fires and

- spotting (underground) fires (Van Wagner 1983;
‘Shetinsky 1994). The extent or size of a fire has an

explicit meaning, and modal area (in year t), and mean
area for a definite period are used widely in forest

~ management practice. The intensity ofa fire is
" eéxpressed in units or energy released per unit area per

unit time. Fire frequency is usually defined as the
number of fires per unit time in a definite area.
Several derivative indicators could be useful. Fire
(return) interval is the number of years between two
successive fires; mean fire interval is used as the

- indicator of the DR. The length of time used for

averaging depends upon the goals of the evaluation;
the succession phase seems to be relevant for many of
them.. Return time or fire rotation period (natural fire

_rotation period; Heinselman 1973, fire cycle; Van

Wagner 1978) is an indicator to describe how
complete the scope of a fire is in a given point of an
ecosystem. Predictability characterises the regularity
of fires, and can be estimated as variability of fire

. interval, or risk (probability) of fire.

From a theoretical point of view, a change of

" ecological efficiency could serve as an indicator of the

Severzfty of a fire. However, this indicator is rather
complicated for practical purposes, and other
derivative indicators, such as the loss of live biomass

' including direct burning and post-fire die-back, could

20

be recommended. Russian fire protection practices
use a very simple and informative indicator of fire
Jforce which is a function of the average height of fire

* marks on the stems, and is highly correlated with both

forest combustibles consumed and post-fire die-back
(Matveev 1992). Spatial structure of fire as a D can
be characterised by the spatial variability of its
severity. Universal time and asymmetry are
theoretical estimates; the first describes the
possibilities to reach the climax phase of the
succession consequence under the definite DR, and
the second indicator indicates the shift, which the
current succession cycle provides in the structure and
productivity of its climax phase. Interaction’s
indicator is based on the types of D interactions in a
forest ecosystem, and is measured by enforcing the
ecological effects of different types of Ds, e.g., in
southern taiga ecoregions of Northern Eurasia post-
fire outbreaks of secondary pests could significantly
increase the severity of DR. Finally, fire can
significantly impact neighbouring and/or even remote
areas of a landscape; spatial coherence is suggested
to measure it. Quantification of the two last
indicators could be made based on a formal
description of the landscape (Rojkov et al. 1996).

.

CURRENT IMPACT OF DISTURBANCES ON
BOREAL FORESTS :

Currently, the three most important types of De in
boreal forests are: fire, insect outbreaks, and harvest.
Some regions are impacted by air pollution and suffer
from the unregulated development of industrial
infrastructure. Unfortunately, comprehensive and
reliable data for all boreal zones do not exist due to
different classifications used in different countries, and
vast unmonitored areas, specifically in Russia.
Nevertheless, the magnitude of Ds can be defined
rather accurately. Some examples are presented
below. Recurring forest fires are widespread in the
boreal world. It is very probable that there are noy
vegetative areas where fires have not occurred during
Holocene, and charcoal in peat deposits is eviden¥e of
this. The natural fire cycle depends upon many
natural and anthropogenic circumstances.

GTR-NC-209
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Table l.-System of the Basic Disturbance Indicators.

. _No Indicator Object Definition and examples of units of measurement
1 Extent FE,FL Physical extent of D, area, size, volume
2 ‘Magnitude or intensity FE Physical force of D, units of energy, concentration, etc.
3 Frequency FE, FL Recurrence of Ds, expressed in the number of Ds per unit
S time in a definite area, yr'
4 Return time FE, FL Average time between Ds of the same type at a particular
' site (in a given point), yr
S - Severity FE, FL Ecological effect of D on a forest ecosystem
6 . Spatial structure " FE,FL Territorial integrity and specific of D, e.g., inverse value of
the number of patches
i Predictability FE, FL Regularity of frequency distribution
8 Universal time FE Assumed (model) time required to reach the climax state
] ' under a given regime of Ds, year
9 Interaction FE Strengthening or weakening of integrated ecological effect of
] - different types of Ds on forest ecosystem
10  Asymmetry FE Shift of productivity/biodiversity by the climax phase of the
' succession consequence
11 Spatial coherence FL Impact of D on the landscape mosaic outside of the D area

The average estimates for the North American

boreal forests are 50-100 years (Heinselman 1981;
Vireck 1983) varying from 26 years in dry
deciduous forests in interior Alaska (Yarie 1981) to

- 500 years in the wet areas of eastern Canada

(Foster 1983). Data for Sweden are very similar,
ranging from 50 to 270 years and averaging 110-
155 years (Zakrisson 1977; Englemark 1984). Data
for Russia varies greatly, from 10-15 to 250-300
years depending on the location, forest types and
level of anthropogenic pressure (see review in
Shvidenko et al. 1995).

‘About one-third of the boreal zone is not under any
fire protection (e.g., 40 % of total Forest Fund area

- in Russia, or about 500 million ha of sparse taiga,

forest tundra and tundra zones are not protected).

‘According to official data for the protected areas,

20,000 to 40,000 forest fires occur annually, which
cover a total average area of about 4-5 million ha
(FAO 1995). From the total amount, stand-
replacing fires (crown, peat) comprise about 20 %
of these areas. There exist only expert estimates for
the total boreal forests. These estimates are about
25 %-=30 % higher in comparison with data for
protected areas. For example, the annual average
fire area between 1988-1993 on protected areas in
Russia is 1.12 million ha, of which forested areas
were 0.76 million ha. The estimate for all Forest
Fund areas is 3.0 respectively 1.5 million ha
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(Shvidenko et al. 1995). The first remote sensing
survey which covered all Russia estimated fire areas
at 1.5 million ha (Cahoon et al. 1995); official
statistics for protected areas were 0.9 million ha.
Seasonal variability of burnt areas is very high —

from 2 million ha to 15 million ha for different )
years.

Insect and disease damage is the second crucial
factor of boreal forest dynamics. There is a rather
corresponding opinion that the damage caused by
insect and disease outbreaks is as great as forest fire
damage in the boreal countries. Annual forest
losses due to insect attacks in Canada are estimated
at 51 million m® per year, or 1.5 times that due to
wildfire and about one-third of annually harvested
wood (Hall and Moody 1994). Spruce budworm
(Choristoneura fumiferana) in eastern Canada
killed 720 mln m* wood between 1919 and 1920
(Blais 1968). In 1992 budworm-related mortality of
balsam fire and white spruce was detected on 3.94
million ha in Ontario alone (Howse and Applejohn
1993). Spruce beetle (Dendroctonus rufipenis)
causes widespread mortality in white spruce (Picea
glauca) in south-central Alaska (Werner and
Holsten 1983). But probably the most impressive
examples of severe defoliating insect outbreaks are
in Russia. According to incomplete official
statistics, the average annual area attacked by insect
and disease outbreaks between 1971-1988 was 2.73
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million ha (Isaev 1991). The area of forests
destroyed by Dendrolimus sibiricus in Siberia
during the first half of the twentieth century is

estimated to be 13 million ha (Katajev 1980), and

from the outbreak of 1954-1957 is 3 million ha.
The last outbreak of Dendrolimus sibiricus in
Krasnoyarsk kray between 1994-1996 damaged
forests on an area of more than 1 million ha,

. including 0.5 million ha where more than 51 % were

destroyed (Isaev 1997).

Harvest is the largest human-induced disturbance in

-boreal forests. Between the 1980-1990s, annual

removal was between 600 and 700 million m®, of

-which almost 80 % were harvested in two countries

— Russia and Canada (FAO 1996). By 1995, total

- harvest decreased to about 500 million m® due to
~ decline of harvest in Russia (volume of harvested

wood in 1996 was about one-third of the level of
1988).

The effects of air pollution are significant in several
regions of Russia. A special survey of forests
damaged by pollutants (1989) and covering about
60 % of Russian forests estimated 0.8 million ha of

~ dead and strongly disturbed forests. In 1993 the

area of dead forest tundra landscape due to

- industrial emissions around Norilsk (North Siberia)

reached 2.1 million ha including 0.6 million ha
forested area; the earliest data from the late 1960s

- - indicated only 5,000 ha were affected (Kharuk

1993). Based on recent estimates, there are 210
million ha of forests at risk from sulphur deposition
in Asian Russia. No specific symptoms or specific
responses on the forest ecosystems due to pollution
impact in Canada were detected (Hall and Addison

’ 1991).

Other' types of disturbances are numerous, and their
total impact on boreal forests is significant. We
limit our review to a few typical examples in Russia.

‘Large areas of forests are transformed in regions

where intensive gas and oil exploration and
extraction have occurred, e.g., about 0.1 million ha
annually alone in Tjumen oblast in 1980s-1990s
(West Siberia). Northern deer pastures in Magadan

- oblast (the total area by 1990s, mainly in Forest

Fund areas, is about 60 million ha) decreased over

. the last 20 years from 5 %-7 % for each 5-year
" period (Stepanicheva and Nagibina 1988) due to

excess grazing and fires. Many other examples
could be presented (Shvidenko et al. 1997).

- The major consequences of Ds are: death of
forests due to stand-replacing Ds (e.g., all forests
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after crown and peat fires die within the year the
fire occurred, and forests on roughly the same area

:die during the first 5 post-fire years as a result of

other types of fires); partial mortality of trees (e.g.,
on-ground fires cause mortality on 10% to 50%-
60% of the growing stock); changes of structure,
species composition and productivity of forests.
Undesirable changes of species are common in .
many regions. For instance, vast post-fire and post-
cutting areas of indigenous coniferous forests in
boreal Russian Eurasia are regenerated by
softleaves species (birch, aspen); such areas reach
about 30 million ha in Russian European North
alone by the 1990s, and is predicted to increase to
70 million ha by the year 2015. Ds (basically on-
ground fire) are one of the main reasons for the
development of uneveri-aged stands which are
widely distributed in boreal Eurasia (uneven-aged
stands of different types comprise 40 % to 90 % of
the forests covered by coniferous species in the
middle and southern taiga zones of Russia). On the
contrary, the general opinion is that a major part of
boreal zone forests in Canada, from forest-tundra to
the closed-crown forests of the south, is presented
by even-aged forests (Black and Bliss 1978; Cogbill
1985; Morneau and Payette 1989; Sirois and
Payette 1989).

The consequential impact of Ds on boreal forest is a
decrease in productivity for two basic reasons. First,
stand-replacing Ds change the distribution of forest
land cover, increasing areas of temporary
unforested lands (clear cuts, burns, etc.), and
secondary forests of low value and low
productivity. Second, non-stand replacing Ds
decrease productivity of actual stands. In order to
quantify this impact we can express changes of
productivity of actual forests in relative terms to
non-degraded forests. Based on global vegetation
models it is possible to estimate potential
productivity, or productivity of a climax state of a '
forest ecosystem, although some artificial
assumptions remain, €.g., we must assume zero ¥
areas of stand-replacing natural Ds due to fire or
insect plagues. Potential or climax production of
forest vegetation is only an abstract understanding
of the vegetation’s state if no human were to exist
and nothing occurred on Earth. Such an approach
does not include the transformation of lands, and
consequently cannot be used as a basis for
degradation estimates. Much more interesting is
achievable productivity, or maximal possible
productivity under the historically stipulated
transformation of natural landscapes. In other
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(e.g., direct fire emissions), Y PDF

. organic and post-fire dieback), and

words, the achievable state of forests (including
share and state of temporarily unforested areas) is
understood as a state corresponding to the
paradigm, criteria and indicators of sustainable

_ forest management. A comparison of forest

productivity in boreal Russian Asia revealed that the
actual productivity of about 450 million ha is only
55 %-60 % of the achievable one (Shvidenko ef al.

1997). We could compare it, for example, with

Austria; the total aboveground NPP of the actual
vegetation was found to be 7 % less than the
potential natural vegetation, and an additional 34 %
of potential production is harvested (Haberl 1997).

IMPACT OF DISTURBANCES ON GLOBAL
CARBON BUDGET

Ds generate significant additional C fluxes to the
atmosphere for which the total value can be
estimated as:

IDF,, =3 DF,,+ 3, PDF, .o ~ 3 RG,,,
P 14 ’t<tl P ?’<‘I

Where TDF o is the total C flux from a forest

ecosystem generated by disturbances p during the
year t;; 2 DF,, is direct emissions of year ¢,
P

v S post
p.I<t

disturbance (biogenic) flux caused by disturbances p

which occur during previous years (e.g., post fire
flux generated by decomposition of uncombustible

2 RGPJ<’1 is

pi<h

accumulation of C due to regrowth on areas

disturbed during previous years #<¢;. The first two
items in the equation give the “pure” C flux caused
by disturbances. Each type of disturbance requires
the explicit expression of all items of the equation
presented above (Shvidenko et al. 1997).

There are no national publications which could

.comprehensively consider the impact of major types

of Ds to the global carbon budget. Usually,
calculations are restricted by forest fires, harvest
and land-use change. Stocks (1991) estimated the
total direct forest fire emission (DF in the equation)
of boreal circumpolar countries at 70 Tg C year .

He used the average value of consumed fuel which
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he defined for Canada — 1.125 kg C/m’. Based on
data, presented by Kashishke et al. (1995), the
average direct C emission for Alaska can be

estimated at 1.70 kg C/m”. This result is very close

to the average data (for all types of fire) reported

for Russia — 1.66 kg C/m’ (Shvidenko et al. 1995),
and that were used by Seiler and Crutzen (1980) for
all boreal forests. Thus, probably the DF estimate

for boreal forests, 70 Tg C year ', is )
underestimated by about 30 %.

Historically, land-use changes decreased the area of
boreal forests and carbon content in vegetation and
soils. Houghton (1996) has shown that over a
period of 130 years (1850-1980) boreal forests have
lost 9 Pg C (6 Pg C in forest vegetation and 3 Pg C
in soils). Taking into account that circumpolar
boreal forests area increased during the last two
decades, it could be concluded that current land-use
transformation is not a source of C uptake to the
atmosphere. Nevertheless, the regional processes
are observed.

The equation presented above has been applied to
all basic types of Ds in Russian forests (impacts of
the regrowth were not considered) (table 2). Annual
average C flux generated by Ds (“pure” flux) was
estimated at 377 Tg C year” for 1989-1993. The
direct fluxes are estimated to 28 % of the total.

This can be explained by the suppression of forest
fire and decrease of harvest in Russian forests
during the last decade. If we assume the same
magnitude of Ds in all circumpolar boreal forests
we could conclude that Ds generate a C uptake to
the atmosphere of about 500-550 Tg C annually.

DISTURBANCE AND CLIMATE CHANGE

All major GCMs (OSU, GFDL, GISS, UKMO,

etc.) give rather consistent predictions of ambient '
temperature change for the boreal zone

(Ganopolsky 1994). The transient response for the ¥
boreal zone estimates that the mean annual

temperature will increase by up to 1.5° C-2° C by

the year 2030 and up to 3° C-5° C by the end of the
next century. Significant seasonal differences are
predicted. The maximal increase is expected in the
northern part of central Eurasia in the winter —

about 6° C-8° C (and only 3° C in Scandinavia).

On the southern boundary of the boreal zone and
during the Scandinavian summer, the temperature

will increase by 3° C-4° C, while for the northern
boundary of the boreal zone temperature increases
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by only 2° C or less (Manabe et al. 1991-1992).
The reliability of precipitation forecasts is much less
than for temperature. Nevertheless, a consistent
viewpoint is that precipitation will increase over the

" major part of the boreal zone for both cool and

warm seasons, but as a rule not significantly, except
for a few regions, and that increase will be greater

. in winter than in summer. The precipitation’s
- increase will be not enough to compensate the

temperature's increase, and the soil moisture in
summer will decrease over the boreal zone by up to
20 mm except in north-eastern Siberia (Houghton
1990; Houghton et al. 1990; Manabe et al. 1992;
Gubash ¢t al. 1992). The results of climate change
projections based on paleoanalogies (Budiko 1988;
Budiko and Groissman 1991) is in the line with the

" conclusions mentioned above; where an even more

stringent increase in temperature is predicted.

The general conclusion is that new climatic
conditions will probably support the increase in
productivity over all boreal and temperate zones in
Russia. Potential shifts of northern species
boundary are predicted for Larix, Pinus, Picea,
Abies, etc.; although some decrease in humidity may

" negatively influence forest productivity in the

permafrost zones. The quantitative estimates of the

‘increased growth rate (IGR) were reported for the

boreal zone from about 8 % to 15 % for the
northern taiga, 5.5 %-15 % for the middle taiga and

- . about 2 %-6 % for the southern taiga (e.g., Alcamo

1994; Kokorin and Nazarov 1994), and even 28 %-
50 % for the total boreal zone (Budiko and Izrael
1987) during the next century. All of them are
based on indirect analogies. Generally, direct
consequences of climate change seem to be either

» favorable or neutral for major areas of the boreal
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zone. .

Indirect global change consequences are much more
dangerous and uncertain because they are strongly
dependent on the climatic peculiarities which cannot
be reliably predicted through the climatic scenario
available. Moreover, a crucial point is the
prediction of extreme events, e.g., the occurrence of
very hot and very dry periods, storm winds, etc.
Increased temperature and aridity of the major part
of the boreal zone, decrease of the water table due
to melting of permafrost can generate an increased
probability of large-scale fires, and specifically peat
and underground fires. Taking into account huge
reserves of organic matter stored in boreal wetlands
(from 110 to 270 Pg C in different estimations) this
factor can catastrophically accelerate fire emissions
to the atmosphere.

However, such predictions cannot be validated
directly, and only some assumptions can be
expressed. Due to expected climate change, and
under additional assumptions that (1) the
distribution of extreme value of climatic indicators
will be similar to the current one, and (2) the level
of forest fire protection will be the same, we could
expect a dramatic increase of severity and frequency
of fire. Some model calculations show that the
probability of big fires is close to 1.0 for all major
boreal regions of Russian Eurasia during the next
century (Shvidenko et al. 1997). Evidently, the
second assumption cannot be true; at least the
suppression of fire during last decade is evident for
all boreal zones. In addition, large regional
variability is expected (Bergeron and Flannigan
1995).

Table 2.--C Fluxes Generated by Disturbances in Russian Forests (annual average for 1989-1993, Tg C).

- Type of disturbance Direct flux (DF)

Post disturbance flux (PDF) Total flux (TDF) v
Fire 58 92 150
. Biotic 10 80 90
Abiotic 15 35 50
‘Harvest - 23 64 87
" Total 106 271 377
GTR-NC-209
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There is a high risk of a significant increase of insect
and disease outbreaks. There is evidence that even
short warm and dry periods coinciding with the life
rhythm of insects can promote large-scale outbreaks
of dangerous insects such as Dendrolimus sibirica,
Lymantria monacha, Limantria dispar, etc.
(I''insky 1981; Konikov 1970; Isaev and Girs 1975;
Isaev 1997) in boreal Eurasia or Choristoneura
fumiferana Clem. and C. pinus Free. in Canada
(Fleming and Volney 1995; Volney 1996).

Warming can promote a geographical shift of
dangerous insects from the northern regions to the
southern regions due to a decrease in the stability of
stands caused by climate change. Climate change
will probably increase the widespread distribution of
some diseases, e.g., stem and root fungi decay.

In order to avoid huge losses of forests due to fires
in the boreal zone and taking into account the
irreversible character of catastrophic fires, an
anticipatory adaptation forest management system
should be developed. One of the major parts of the
system is the problem of forest fire protection,
which could be solved based on a correct

- understanding of the ecological role of forest fires,

and on current and future economic possibilities of
human society. Among others, such a system could
include the following strategic options: (1) Fire-
preventing arrangement of forest landscapes, e.g.,
optimal spatial interchanging of forested and

_ unforested areas, coniferous and deciduous stands;

(2) Development of relevant infrastructure in the
forest fund areas: road networks, forest fire break
lines, etc.; (3) Hierarchical zonation of the forest

" protection priorities. The problem of fire protection

in remote and unused boreal territories requires

. both ecological and economic investigation. The
*- current fire protection paradigm, which is based on
* the priority of high-value resources, has to be

reconsidered. -

" There are great uncertainties regarding the future

fate of boreal wetlands (93 % of world’s total
wetlands). Northern ecosystems contain up to 455
Tg of C in the active soil layer and the upper levels
‘of permafrost, or up to 60 % of the 750 Pg C,
which are currently in the atmosphere as CO,

- (Oechel et al., 1993). Recent measurements gave

significant effluxes from permafrost soils in tundra:
35 g-160 g C/m® year over 125 summer days
(Oechel et al. 1993) in Alaska, and 75 g-175 g C/m®
year during the summer and 89 (83-94) g C/m2 year
during the winter in north-eastern Asia (Zimov et
al. 1993, 1996). These results increased
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uncertainties in attempting to understand the future
C budget of northern territories.

INSTEAD OF CONCLUSION - RESEARCH
NEEDS

Disturbances rule over the boreal world. People are
able to manage them only to some, relatively
modest extent, and the basic reason for that is an
incomplete knowledge and insufficient mutual
understanding of the problem by all boreal forests
stakeholders, forest managers, harvest companies,
scientists, politicians, and indigenous people. There
are urgent circumpolar research needs in order to
improve the multi-faceted benefit of the boreal
forests:

1. To investigate a circle of classification
problems such as a unified classification of Ds
and a relevant set of circumpolar indicators to
describe D and DR which would be
internationally consistent and correspond to the
requirements of national forest management
systems. The close connection of Ds with
successions and landscape peculiarities makes it
necessary to extend the problem to consider the
relevancy of a comprehensive system of boreal
forest classification including a classification of
forest types, forest land-use-land-cover and
successions.

2. To develop a unified approach to the principles
of spatial partition, quantification and mapping
of boreal landscapes as a basis for the
description of forest dynamics, succession
regularities and disturbances' predictions.

3. To generate a unified DB on boreal forests and
corresponding GIS components including
consistent information on state and dynamics of
forests, disturbances, etc.

4. To improve the national forest monitoring
systems, and to learn possibilities of developing
an internationally compatible system.

5. To develop a regionally distributed vegetation
model based on successions and landscape
regularities which would describe the dynamics
of actual forests.

6. To develop a circumpolar boreal forest carbon
and nitrogen model, based on the above
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ﬁndings, and to provide unified estimations of
the biospheric functions of forests for all boreal
countries.

REFERENCES

Alcamo, J. (ed.). 1994. IMAGE 2.0. Integrated
Modelling of Global Climate Change.
Dordrecht, The Netherlands: Kluwer Academic

. Press, 318 p.

Bergeron, Y.; Flanningan, M.D. 1995. Predicting
the effects of climate change on fire frequency in
. the southeastern Canadian forests. Water, Air
" and Soil Pollution 82: 437-444.

» Black, R.A.; Bliss, L.S. 1978. Recovery sequence

of Picea mariana —Vaccinium uliginosum forest
- after burning near Inuvik, Northwest Territories,
* Canada. Canadian Journal of Botany, 56: 2020-
30.

Blais, J.R.. 1968. Regional variation in susceptibility
of eastern North American forests to budworm
. attack based on history of outbreaks. Forest
Chronicle, 44: 17-23.

Budiko, M.I. 1988. Climate for the End of XX1
Century. Meteorology and hydrology
(Meteorologia i gidrologia) 10: 5-24 (in
Russian).

Budiko, M.I.; Groisman, P.N. 1991. Predicted
~ changes of climate in the territories of the USSR
by 2000. Meteorology and hydrology
" (Meteorologia ihydrologia), 4: 84-93 (in
" Russian).

Cahoon, D.R:; Stocks, B.J.; Levine, I.S.; Cofer III,
~ W.R. 1995. Monitoring the 1992 Forest Fires in
the boreal ecosystem using NOAA AVHRR
satellite imagery. Paper presented for
_publication in J.S.Levine (ed.) Biomass Burning
and Global Change, MIT Press, Cambridge,
USA.

| Cogbill, C.V. 1985. Dynamics of the boreal forests

of the lauretian Highlands, Canada. Canadian
" Journal of Forest Research, 15: 252-261.

Conference. 1993. European List of Criteria and
Relevant Quantitative Indictors of Sustainable
Forest Management. Helsinki, Finland: The

European Ministerial Conference on Forests,
16-17 July, 1993.

Criteria. 1995. Criteria and Indicators for
Preserving and Sustainable Management of
Temperate and Boreal Forests (Montreal
Process). Intergovernmental Working Group,
February 1995, Santiago.

Crime, J.P. 1979. Plant strategies and vegetation
process, Wiley, Chichester, UK.

Danilik, V.N.; Makarenko, G.P.; Murzaeva, M.K.
1989. Ecological-economic estimate of forest
biocenosis watershed functions changes caused
by anthropogenic impacts. In G.M. Kozubov
(ed.), Ecology of forests in the North, short
reports of I All-Union meeting, 2-7, October,
1989, Issue 1, 34-36 (in Russian).

Dixon, R.K.; Brown, S.; Houghton, R.A.; Solomon,
AM.; Trexler, M.C.; Wisniewsky, J. 1994,
Carbon pools and flux of global forest
ecosystems. Science 263: 185-190.

Engelmark, O. 1984. Forest fires in the Muddas
National Park (northern Sweden) during the
past 600 years. Canadian Journal of Botany,
62: 893-98.

FAO. 1995. Forest fire statistics. .
ECE/TIM/BULL/48/4-Timber Bulletin,
Vol XLVIII (1995), No 4, New York and
Geneva, UN Economic Commission for Europe
and Food and Agricultural Organization, 27 p.

FAO. 1996. Forest products. FAO Yearbook-1994.
Food and Agriculture Organization of the
United Nations, Rome, Italy. 178 p.

Fleming, R.A.; Volney, W.J.A. 1995. Effects of
climate change on insect defoliator population
processes in Canada’s boreal forest: some
plausible scenarios. Water, Air and Soil v
Pollution, 88: 445-454.

Forman, R.T.T.; Godron, M. 1986. Landscape
Ecology, Wiley, New York, NY, 376 p.

Foster, D.R. 1983. The history and pattern of fire in
the boreal forest of southern Labrador.
Canadian Journal of Botany, 61: 2459-71.

GTR-NC-209



~

-

Furyaév, V.V. 1996. Role of fire in the forest
formation process. Nauka, Novosibirsk, 252 p.
(in Russian).

Ganopolsky, A.V. 1994. Climate Change Scenarios
for Boreal Forest Zone. Working Document
(Unpublished Manuscript). Laxenburg, Austria:
International Institute for Applied Systems

- Analysis, 59 p.

Godron, M.; Forman, R.T.T. 1983. Landscape
modification and changing ecological
characteristics. In H.A. Mooney arid M. Godron
(eds.), Disturbance and ecosystems.

. Components of response, Springer-Verlag, 12-
28.

Gubash, U.; Hasselmann, H.; Hoeck, H.;
Mikolajevich, U.; Santer, B.D.; Sausen, R.
1992. Time-dependent greenhouse warming
computation with a coupled ocean-atmosphere
model, Climate Dynamics, 8: 55-69.

Haberl, H. 1997. Human appropriation of Net

Primary Production as an Environment
indicator: implications for sustainable
development. Ambio (26)3: 143-146.

_ Hall, J.P.; Addison, P.A. 1991. Response to air

pollution. ARNEWS assesses the Health of
Canada’s forests. Inf. Rep. DPC-X-34, Ottawa:

" * Forestry Canada, 42 p.

Hall, J.P.; Moody, B.H. 1994. Forest depletion
caused by insects and diseases in Canada, 1982-
1987. Information Report St-X-8. Ottawa:
Canadian Forest Service, 14 P

Heinselman, M.L. 1981, Fire and succession in the

conifer forests of northern North America. In
Washington, D.C., H.H. Shugart Jr.; B.D.
Botkin (eds.), Forest Succession, New York,
Springer Verlag, 374-405.

Holling, C.S. 1992. The role of forest insects in
- structuring the boreal landscapes. In H.H.
~ Shugart; R. Leemans; G.B. Bonan (eds.) 4
System Analysis of the Global Boreal Forest.
Cambridge University Press, 170-195.

Houghton, J.T.; Jenkins, G.J.; Ephraumus, L.I.
1990. Climate Change. The IPCC Scientific
_Assessment. Cambridge Univ. Press,
Cambridge, UK.

Proéeedixigs IBFRA Assn 1997 meeting

Houghton, R.A. 1996. Land-use change and
terrestrial carbon: the temporal record. In
- M.J.Apps; D.T.Price (eds.), Forest ecosystems,
" forest management and the global carbon cycle,
NATO ASI Series, Vol. I 40, Springer-Verlag,
117-134.

Howse, G.M.; Applejohn, M.1. 1993. Forest Insect
and Disease Conditions in Ontario. Fall 1992.
Survey Bulletin, Forestry Canada, 18 p.

Il'insky, A.L. 1981. Monitoring of Insects’
Infestation in Forests of the USSR. Moscow,
USSR: Forest industry, 217 p. (in Russian).

Isaev, A.S.; Girs, G.I. 1975. Interaction of tree and
insects-xyliphagus. Nauka, Siberian Branch,
Novosibirsk, Russia, 347 p. (in Russian).

Isaev A.S. (ed.). 1991. Forecast of utilization and
reproduction of forest resources by economic
region of the USSR. Academy of Sciences and
State Committee on Forest of the USSR. Vol 1,
508 pp. Vol. II, 509-994. Moscow, Russia (in
Russian).

Isaev, A.S. (ed). 1997. Program of extraordinary
measures on biological suppression of insect
outbreaks in Krasnoyarsk kray. Federal Forest
Service of Russia, Moscow, Russia, 153 p. (in
Russian).

Kasischke, E.S.; French, N.H.F.; Bourgeau-Chavez,
N.L.; Christinsen, N.L. Jr., 1995. Estimating
release of carbon from 1990 and 1991 forest fire
in Alaska. Journal of Geophysical Research,
(100) D2: 2941-2951.

Kataev, O.A. 1980. Specifics of reproduction of
forest pests around large industrial centers of
Siberia. In: Problems of the Siberian forest
industry complex, I. Novosibirsk, Russia: 200-
206 (in Russian).

Kharuk, V.I. 1993. Forest decline in the Siberian
North. World Resource Review, (5) 1:72-76.

Kokorin, A.O.; Nazarov, .M. 1994. Evaluation of
the effect of climate warming and
photosynthetically-active radiation on boreal
forests. Meteorology and Hydrology, 5: 44-54
(in Russian).

.

27



-

Konikov, A.S. 1970. Mechanism of Regulation of
Population Dynamics of Insects in forest
B10geocenos1s In: Problems of Forestry,
Krasnojarsk, USSR: Institute of Forest and
Timber, 366-376 (in Russian).

Kurbatsky, N.P. 1970a. Investigation on amount
- and properties of forest combustibles. In
~ Problems of forest pyrology, Krasnoyarsk,
Institute of Forest and Timber , 5-58 (in
~ Russian).

Kurbatsky, N.P. 1970, Classification of forest fires,

‘In A.B. Shukov (ed.), Problems of Forest
Science, Vol. 1, Krasnoyarsk, 384-407 (in
" Russian).

" Manabe, S.; Spelman, M.L; Stuffer, R.J. 1992.

Transient Responses of a Coupled Ocean

. Atmospheré Model to Gradual Changes of
Atmospheric CO,. Part 11: Seasonal Response,
J Climate, 5: 105-126.

Manabe S.; Stouffer, R.J.; Spelman, M.I.; Bryan,
K. 1991. Transient Responses of Coupled
. Ocean Atmosphere Model to a Gradual Changes
of the Atmospheric CO,. Part 1. Annual Mean
Response. J.Climate, 4: 785-818.

Matveev, P.M. 1992. Consequences of fire in Larch
biogeocenoses on permafrost. Joshkar-Ola,
Russia: Marijsky Polytechnical Institute, 49 p (in
Russian).

Mooney, H.A. ; Godron, M. (eds.), 1983.
' Disturbance and Ecosystems. Ecological Studies

- 44, Springer-Verlag, 292 p.

Mormeau, C.; Payette, S. 1989. Post-fire lichen-

28

spruce woodland recovery at the limit of the
" boreal forests in northern Quebec. Canadian
Journal_ of Botany, 67: 2770-2782.

Oechél, W.C.; Hastings, S.J.; Vourlitis, G.; Jenkins,
M.; Riechers, G.; Grulke, N. 1993. Recent
change of Arcyic tundra ecosystems from a net

 carbon dioxide sink to a source. Nature 361:
520-523. '

Pickett, S.T.A.; White, P. 1985. The ecology of
natural disturbance and path dynamics,
Academic Press, Orlando, FL , 270 p.

Reiners, W.A. 1983. Disturbance and basic
properties of ecosystems energetics. In H.A.
Mooney and M. Godron (eds.), Disturbance
and ecosystems. Components of response,
Springer-Verlag, 83-98.

Rojkov, V.; Efremov, D.; Nilsson, S.; Shvidenko,
A.; Sokolov, V.; Wagner, V. 1996. Siberian
Landscape Classification and a Digitized Map of ,
Siberian Landscapes. WP-96-111. International
Institute for Applied Systems Analysis,
Laxenburg, Austria, 61 p.

Seiler, W.; Crutzen, P.J. 1980. Estimates of gross
and net fluxes of carbon between the biosphere
and atmosphere. Climate Change, 2: 207-247.

Shetinsky, E.A. 1994, Forest fire protection and
forest pyrology; Ecology, Moscow, 209 p. (in
Russian).

Shvidenko, A.; Nilsson, S.; Rojkov, V. 1995.
Possibilities for Increased Carbon Sequestration
through Improved Protection of Russian
Forests. WP-95-86. International Institute for
Applied Systems Analysis, Laxenburg, Austria,
27 p.

Shvidenko, A.; Apps, M.; Nilsson, S. 1997. Impact
of disturbances of terrestrial biota in Northern
Eurasia on the Global Carbon Budget. Paper®
presented at the 5™ International CO,
Conference, Cairns, Australia, 8-14 September,
1997.

Sirois, L.; Payette, S. 1989. Post-fire black spruce
establishment in boreal and subarctic Quebec.
Canadian Journal of Forest Research, 19:
1571-1580.

Sousa, W.P. 1984. The role of disturbance in
natural communities, Annual Review of ]
Ecological Systems 15: 353-391.

Status Report. 1994. Criteria and Indicators of
Sustainable Forest Management in Canada.
Presentation to the CCFM Deputy Ministers’
Meeting, 22 June 1994.

Stepanicheva, L.V.; Nagibina, M.N. 1988. Land-use
in Magadan oblast. In A.S. Sheingauz and V.P.
Korjakin (eds.). Use of land resources in the Far
East. Vladivostok, Far Eastern Branch of the

GTR-NC-209



-¥

Academy of Sciences of the USSR, 22-31 (in
Russian).

Stocks, B.J. 1991. The extent and impact of forest
- fire in Northern Circumpolar Countries. In J.S.
Levine (ed.) Global Biomass Burning
(Atmospheric, Climatic and Biospheric
Implications), MIT Press, pp. 197-202.

 UN/FAO. 1993. Forest Fire Statistics. UN

Economic Commission for Europe and FAO,
New York, 1993, 24 p.

Van Wagner, C.E. 1983. Fire behaviour in northern
conifer forests and shrublands. In R.M. Wein
and D.A. MacLean (ed.). The Role of Fire in

. Northern Circumpolar Ecosystems. SCOPE 18.
-John Wiley and Sons, New York, 65-80.

Vireck, L.A. 1983. The effect of fire in black spruce
ecosystems of Alaska and northern Canada. In
R.W.Wein and D.A. MacLean (eds.) The Role
of Fire in Northern Circumpolar Ecosystems,
Wolry, New York, 201-220.

Volney,.W.J.A., 1996. Climate change and

" management of insect defoliators in boreal forest
.ecosystems. In M.J. Apps and D.T. Price (eds.)
Forest ecosystems, forest management and the
global carbon cycle, NATO ASI Series, Vol. I

. 40, Springer-Verlag, 79-87.

Proceedings IBFRA Assn 1997 meeting

Wermner, R.A.; Holsten, E.N. 1983. Mortality of
white spruce during a spruce beetle outbreak on
the Kenai Peninsula in Alaska. Canadian
Journal of Forest Research, 13: 96-101.

Yarie, J. 1981. Forest fire cycles and life tables: a
case study from interior Alaska. Canadian
Journal of Forest Research, 11: 554-62.

Zackrisson, O. 1977. Influence of forest fires on the
north Swedish boreal forests. Oikos, 29: 22-32.

Zimov, S.A.; Davidov, S.P.; Voropaev, L.V.;
Prosyannikov, S.F.; Semiletov, L.P.; Chapin,
M.C.; Chapin, F.S. 1996. Siberian CO, efflux in
winter as a CO, source and cause of seasonality
in atmospheric CO,. Climatic Change 33: 111-
120.

Zimov, S.A., Semiletov, I.P., Davidov, S.P.,
Voropaev, 1.V., Prosyannikov, S.F., Wong,
C.S., and Y.-H. Chan, 1993. Wintertime CO,
emission from soils of Northeastern Siberia,
Arctic 46: 197-204.

29



¥

SUSTAINABILITY OF THE BOREAL FOREST IN CANADA

J. Peter Hall'

ABSTRACT.--Sustainable development as promoted

by the Brundtland commission is the "economic
development that meets the needs of the present

- generation without compromising the ability of future
" generations to meet their own needs." This paper

describes four science and policy initiatives designed
to address forest sustainability. They are: Forest
Health Monitoring, Forest Science, Model Forests,
and Criteria and Indicators. Conventional approaches
to forest management that emphasize maximum
sustained yield of fibre may not fulfill the goal of
sustainability. - Sustainable forest development means

" _recognizing the limits of forests to withstand

environmental change and to manage human
activities to optimize forest benefits within biological
limits.

INTRODUCTION

" The concept of sustainable development promoted by

the Brundtland Commission is "economic
development that meets the needs of the present
generation without compromising the ability of future

. generations to meet their own needs." The concept

was developed for biological systems; forestry and
agriculture particularly. This concept has captured
the imagination of the public as well as of
policymakers at local, national and international
levels since it is seen as a worthy goal for society and

for the global community at large. The term has
~ stinulated much discussion at the conceptual level,

however, there has been little elaboration on how to
apply it. (Maini 1990).

. The role of forests in the biodiversity and climate

change conventions negotiated in the UNCED

process demonstrates the importance of issues of
forests as protectors of soil, water, and ecological
cycles; habitats for diverse flora and fauna. These

. issues are receiving increasing consideration by

science and policymaking communities. (Maini
1991). The increasing commitment to environmental
stewardship reflects the view that the environment,
particularly its natural resources, is not an asset
inherited from the past but one held in trust.

Consequently, forest practices and use must reflect
these values.

This paper describes four science and policy
initiatives designed to address forest sustainability.
They are Forest Health Monitoring, Forest Science,
Model Forests, and Criteria and Indicators. The
Boreal Shield Ecozone in Canada is discussed in
terms of these policy initiatives, and their relationship
to sustainability.

.

APPROACHES TO SUSTAINABLE
DEVELOPMENT OF FORESTS

Forests cover half of Canada and play an important
role in local, regional and global cycling of water,
carbon, oxygen and nutrients. Forest ecosystems are
subjected to many stresses associated with forestry-
activities including road-building, harvesting, and
manipulation of species and cover types through
reforestation. The use of forest management
techniques for protection against fire, insects,
diseases and competing vegetation may also stress
forests. Stresses are caused by non forest related
human activities such as air and water pollution, and
other global changes. Forests are unique in that they
are located within the territories of sovereign nations
but their environmental role extends well beyond
national borders (Maini and Ullsten 1993).
Management activities in one country may impact on
forests biologically similar but under different
jurisdictions. The role of forests in global climatic
cycles demonstrates their environmental significance
beyond political boundaries.

Conventional approaches to forest management that
emphasize maximum sustained yield of fibre may got
fulfill the goal of sustainability. To fulfill this goal,
an enhanced knowledge base coupled with
fundamental changes in forest policies is needed.
Policymaking communities are faced with the need to
reconcile national interests with international
responsibilities and to develop appropriate policy
responses, instruments, and institutions. . Sustainable
forest development means recognizing the limits of
forests to withstand environmental change, and
managing human activities to produce the maximum

' J Peter Hall, Canadian Forest Service, 580 Booth Street, Ottawa, CANADA KI1A4 OE4
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level of benéfits obtainable within biological limits
(Maini 1992).
Several parameters describing productive capacity,
renewal capacity and species and ecological diversity
are used to assess forest sustainability. Nations with
a significant forest sector are accelerating the
development of monitoring systems to provide timely
information on the state of health of forests (Hall et
al. 1996). Nations are establishing national
ecological reserves and parks of representative and
unique forest types to protect biological diversity and
to provide baselines against which the environmental
consequences of human activities can be determined.

" Sustainable development requires systematic socio-

economic research to understand and influence
decision-making processes and to develop innovative
approaches to harmonize social, economic, and
environmental goals. Forest managers are
developing policies and frameworks for sustainable
forest development strategies. An equitable
distribution of the benefits of forest ecosystems is a
prerequisite for creating the incentives needed to

maintain the Earth's biological wealth (Watson et al.

1996). Application of these measures have different
impacts on various parts of our forests although the
goal of sustainability is universal. Canada has
several initiatives designed to promote sustainable
development. They are discussed below.

Monitoring Forest Health

In 1994, as a result of predictions of damage from

" pollution, the Canadian Forest Service (CFS) initiated

a national program of forest monitoring called the

- Acid Rain National Early Warning Sytem. The
*." objectives of this program are to detect the early
- symptoms of damage to forest trees and soils caused

by acid rain, to-identify the causes of damage to
forest ecosystems, and to monitor changes in

* vegetation and soils (Hall and Addison 1990, Hall

1995a). . This is a national program; other similar
systems-have been established to study conditions on
a regional basis (Lachance et al. 1995).

" Results ilave shown that although considerable
damage occurs in boreal forests, most of it is caused

by known factors: insects, diseases or weather events.

 Boreal forests are generally adapted to these stresses
and hence few adverse effects on sustainability are

expected. Some forests have been damaged severely
by pollution in the past, and some are currently being
damaged (Hall 1995a). Forest ecosystems are not
well adapted to human-caused stresses such as air

Proceédihgs IBFRA Assn 1997 meeting

pollution or global warming and exposure to these
stresses can adversely affect sustainability. These
early warning systems enable the forest manager and
the policymaker to take preventative and remedial
actions in the face of environmental stress and so
protect our forests.

Forest Science

An environmental forest research program is
essential to understand the basis for a sustainable
forest (Maini 1991, Hall et al. 1990). Science must
be developed in such a manner as to allow its
inclusion into the policymaking sphere. It is essential
to use the existing knowledge base to support
activities contributing to forest sustainability. We
need research to predict the response of forest
ecosystems to disturbances associated with natural
causes and human activities so that development in
forest ecosystems occurs within an environmental
perspective (Maini 1990, Hall ef al. 1990).

A series of site classifications for Canadian forests
has been developed based on the biological
characteristics of the disturbed sites (Sims 1992).
Application of the most effective forest management
techniques ensures that forest lands can be
regenerated adequately following disturbances such
as harvesting, insect attack or blowdown. A
biological approach enables the natural successional
patterns to be encouraged resulting in the growtht of a
healthy, productive and diverse forest.

Biological control methods are being developed for
the control of exotic forest pests through the use of
introduced predators, and parasites. These are not
normally part of the parasite/predator complex
associated with pests in their native habitat. Several
exotic pests formerly damaging to Canadian forests
have been controlled using classical biological
control methods. Successful control means that pest
damage is kept at levels that do not adversely affecty
sustainability, and the use of chemicals which may
harm other beneficial organisms is avoided (Hall e
al. 1990).

For several decades the only available control method
of indigenous insect pests was that of chemical
insecticides which adversely affected other organisms
in the forest and upset natural ecological balances.
The encouragement of natural control systems was
seen as a better approach. The naturally occurring
bacterium Bacillus thuringiensis (Bt) which infects
defoliating insects, was developed to an operational
stage and is now used to manage such pests. Pest
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such as.the jack pine budworm (Choristoneura
occidentalis), gypsy moth (Lymantria dispar) and
forest tent caterpillar (Malcosoma disstria), are now
managed using Bt. (Hall et al. 1990). This natural

. control agent has minimal effects on the forest

environment, other than the target insects, leaving
natural insect populations intact.

. Large-scale reforestation j)rograms were
- implemented in Canada in the 1980's. In 1989,

approXimately 800 million seedlings were raised in
nurseries for reforestation of cutover and burned
forest sites. Extensive seedling mortality soon

‘became common caused by a rapidly-spreading root-

feeding-nematode. Research on the ecology of this

‘organism showed that it could be controlled by

modifying growing methods. This was as effective

* as pesticides which had been previously used, but
avoided adverse environmental impacts (Hall et al.

1990).

These few examples of science addressing forest
biology problems by working within the natural
system provide the support for sustainable forest
management. Research is being done in many fields,
and is now expanding into biodiversity and the
management of forests on a landscape basis (Hall

" 1997). These fields are being explored while

incorporating the advances made in previous years as

newer and more complex problems are addressed.

Model Forests

There is a need to develop and implement innovative
on-the-ground solutions to address local and global
concerns. The task for forest managers is to try to

-accommodate diverse expectations from the forest

- while ensuring the economic well-being of forest

dependent communities. The Model Forest Network
is an initiative designed to generate ideas and
solutions for sustainable management of forests

_(Anon. 1996). Ten such forests have been

established in Canada and interest is growing in the
concept elsewhere.

A common feature of the Model Forest program is

the building of local partnerships among individuals

and organizations with an interest in sustainable
forest management. Participants collaborate to
determine approaches to sustainable forest
management appropriate to their environmental,
soc_io'-ecbnomic, cultural, and political context. The
Model Forest partnership has no jurisdictional

" authority over the land base, however, all those who

do have such authority are participants (Hall 1996).
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In this fashion, the groundwork is laid for
implementation of sustainable policies that can
evolve over time.

The Model Forest partners use a variety of
approaches to develop effective decision-making
structures. The enthusiasm and innovative spirit that
emerges is a more powerful force than that of groups
working against each other, or independently, for
similar objectives. Social stability and protection of
peoples' livelihoods are keys to sustainable forests.
The Model Forest Network is built upon a broad
range of interests; educational institutions, industry,
aboriginal groups, various levels of government, and
community and public action groups.

Four of the 10 Canadian Model Forests are situtated
in the boreal forest ecozone and two others are in
boreal-like conditions. They cover extensive areas of
1-2 million hectares each and, contain a variety of
partners, and are actively promoting a sustainable
approach to forests.

Model Forests go a long way toward enabling forest
managers to determine the management planning
process required to provide a sustainable supply of
goods and services from the forest, without
jeopardizing the biodiversity, ecosystem integrity, or
productive capacity of the forest. Partnerships create
new challenges and increase the complexity of
current ones, but at the same time they offer the
opportunity to share information and to make hoices
between conflicting objectives. They key to
sustainable forest management lies in reconciling
diverse objectives.

Criteria and Indicators

One approach to defining and assessing sustainable
development of forests is the integration of science
and policy in Criteria and Indicators of sustainable
forest management (Anon. 1995a, 1995b). Criteja
are a category of conditions or processes by which
sustainable forest management is assessed. The v
Indicators are measures of the conditions or processes
of a criterion to explain and demonstrate
sustainability. They are scientifically based,
nationally and internationally accepted measures
providing the basis for assessing and monitoring
sustainability.

The Canadian C&I were developed by science and
technical groups using a consultative and inclusive
process by people from governments, the academic
community, industry, non-government organizations,
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the aboriginal community, and other groups with an
interest in forests. The result of these discussions is
the current assessment of forest sustainability
representing the best available scientific knowledge
of the subject.

The Canadian C&I reflect an approach to forest
management based on the need to manage forests as
ecosystems in order to maintain their natural
biological processes. The C&I recognize that forests
simultaneously provide a wide range of
environmental, economic, and social benefits, and
that an informed, aware, and participatory public is
essential for sustainable management.

* The C&I provide information on trends in the status

of forests and related values over time. Much of the
data required for national reporting are provided
through current information systems. Some
indicators will evolve as new data, techniques, or
research results become available. Where there are
no reasonable quantitative measures, qualitative or-
descriptive indicators are used to describe the current
status. The C&I are designed to reflect the range of

. forest conditions and so may be appropriate for

reporting at a national or provincial level, or for an
ecological zone or region. They are a flexible
framework within which to capture the range of
ecological, social, economic, and cultural conditions.

The Canadian C&I are designed to be compatible

- with similar international processes, while providing

mere detain and precision on our own forest values.
National circumstances differ in economic

_development, patterns of land ownership, population,

forms of social and political organization, and
expectations of how forests should contribute or

- relate to society. C&I will facilitate international
" reporting, and provide the framework for
international agreements while reflecting national

differences in characteristics and descriptions of

forests.

Concepts of forest management evolve based on
scientific knowledge of how forest ecosystems
function and respond to human interventions, as well

as in response to changing public demands for forest

products and services. The criteria and indicators are

- intended to be reviewed and refined on an ongoing

basis to reflect new research, advances in technology,
'enha‘nced capability to measure indicators, and an
improved understanding of what constitutes
sustainable forest management.

Proceedings IBFRA Assn 1997 meeting

BOREAL SHIELD ECOZONE

This Ecozone covers the forested part of Canada
from northeastern Alberta east to the Atlantic
Maritime Ecozone (Wiken 1986). The Boreal Shield
Ecozone comprises about 30% of the area of forest in
Canada. It is dominated by broadly rolling uplands
and lowlands. Precambrian granitic bedrock outcrops
are interspersed with glacial moraines, and fluvial .
deposits. Soils are mainly Podzols in the south and
Brunisols in the north. The Boreal Shield Ecozone
generally supports closed stands of conifers: white
spruce (Picea glauca), black spruce (P. mariana),
balsam fir (4bies balsamea), and tamarack (Larix
laricina). Towards the south, there are more
broadleaf trees: trembling aspen (Populus
tremuloides), balsam poplar (P. balsamifera), and
white birch (Betula papyrifera). Conifers common in
the south include white pine (Pinus strobus), red pine
(P. resinosa), lodgepole pine (P. contorta), jack pine
(P. banksiana), and eastern white cedar (Thuja
occidentalis). Lakes are common and cover about
20% of the area (Lowe et al. 1996). The continental
climate is modified by maritime conditions in the east
and by cold artic air masses from the north.

The Ecozone is characterized by settlements with
small, resource-dependent societies based on forestry,
mining, trapping, and tourism. Large-scale forest
exploitation began in the late nineteenth century with
the harvesting of conifers for the pulp and paper
industry. The ecozone represents a major economic
asset with about 32% of all standing timber in
Canada. Disturbances occur on an extensive scale;
fires, insects and harvesting are the primary
influences on forest succession.

Much of this forest regenerates naturally following
disturbance, but natural regeneration is often
adversely affected by poor harvesting practices. If
these practices leave slash and cones on the site
instead of skidding branches and tops to roadside
then many sites will regenerate naturally (Hall ef al. '
1990). With the increase in mechanization, howeveg,
less emphasis was placed on biology than on
economics, and regeneration problems increased.
Only when former practices were resumed did the
sites regenerate naturally. Harvesting practices
although economically attractive, proved to be
unsustainable.

To ensure adequate regeneration in boreal forests, a
series of biologically-based site specific prescriptions
was developed using successional descriptions and
empirically derived regeneration techniques. The
results of many years of ecological studies were
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synthesized to develop descriptions of forest
ecosystems (Sims 1992). This provided the
framework for sustainable harvesting practices and
encouraged the establishment of natural regeneration,
both requirements for sustainability.

Results of many years of monitoring by forest health
practitioners indicates that damage in boreal forests

. was caused by insects, disease, weather events, fire

etc., all of Whiqh are natural occurrences and to
which forests are adapted. Other forests in Canada
have been and are being affected by pollutants, but

“no such damage has yet been observed in boreal

forests. (Hall 1995b).

‘ Wildfire is a characteristic feature of boreal forests

and appears to be increasing while resources for

- suppression are decreasing. Increased losses of

wood, coupled with losses from harvesting, insects,
and diseases, are increasing the pressure on forest
use. Ifthese large-scale disturbances continue to
deplete-the forests at current rates, then sustainability
may be compromised. (Salmoni et al. 1995, Simard
1996). The C&I integrates socioeconomics, science
and development to promote sustainability in these
forests. The Boreal Shield Ecozone forests are in a

. relatively early stage of exploitation, and mechanisms
~are now in place to monitor sustainability.

CONCLUSIONS

‘The importance of forests to Canada and indirectly to

the international community has initiated the
development of several measurements of
sustainability. This development has both a
biological and ecological component and reflects a

~growing awareness of forests as an essential part of

our environment. . Forest health monitoring, science,
demonstrating and testing sustainability in model
forests, the integration of science and policy in
Criteria and Indicators were established to promote

 sustainability.

The science of forest management has evolved along
with settlement, political and economic evolution,

~ and the demand for forest products. Society over the
- same time has evolved in terms of demands and the

sophistication with which we view the forest.

- This overview does not lead to precise conclusions.

Is the boreal forest sustainable? The largest of
Canada's forested ecozones yields products and has

_ been exploited for the last century. Now there are

concerns that insects, diseases, wildfire and

 harvesting are together exceeding the annual
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production of fibre. Is this sustainable, and if not,
what management actions must be taken to ensure
sustainability? The Boreal Shield Ecozone is utilized
and managed extensively and is becoming subject to
land use conflicts. The products of these forests have
changed as a result of demand; at the same time the
value the public places on forests has changed. What
part, or parts, of the ecozone are sustainable and how
do we keep it so? *

What we can conclude is that a number of measures
to assess sustainability have been or are being
implemented and it is now up to society to use them
to ensure sustainable forest management. I remain an
optimist that we will do so.
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.DEGRADATION OF FORESTLAND IN LAND-USE/COVER PATTERNS OF RUSSIA

Vladimir Stolbovoi'

ABSTRACT.--By manifesting the response of land to
human activity and impacts, degradation of forestland
indicates the locations where. society is in conflict with
sustaining the forest environment. The analysis of
land degradation in various land-use/cover patterns of
Russia's vast forest zone (about 1,050 million ha, or
63% of the country) clearly demonstrates two human-
induced problems, inappropriate technology and
improper management, causing land degradation on

- 9% of the territory. The study illustrates the high

vulnerability of forest soils (in comparison to steppe
grassland soils) after conversion to intensive
cultivation. ‘Thus a balanced combination of forest
and cropland has been found to be the most
sustainable land use in the forest zone.

INTRODUCTION

‘ Russia’s pote'ntihlly forested territory, termed the

forest zone, covers about 1,050 million ha or 63% of
the country. The territorial structure of this huge area
comprises an intricate mosaic of various land-uses and
land-covers (LU/LC pattern). Land use refers to the
purpose for which humans exploit the land and

“includes the characteristics of the biophysical

environment and socio-economic conditions. Land
cover refers to characteristics of the land surface, i.e.,

the external features of land use. Major features of

the LU/LC patterns are driven by a combination of

_ physiographic peculiarities of the territory, such as
- .relief, vegetation, soils and a variety of land-uses
-occurring in the area--for instance, cultivation, wood

cuttihg, settlements, etc. These interrelated elements
affect the environment, and changes in one area may

- ‘have positive or negative reactions in others.

Applying various land-use systems and changing them
in historical perspective, humans have actively shaped
the forest environment, converting forest into
agricultural land, transforming natural forest into
managed ecosystems, etc. However, these activities

- do not always enrich natural forest potentials, to allow

the increasing and changing human needs to be met in
a better way. Very often, particularly in the long run
perSpective, they create problems in sustaining
production or the environment, suggesting a

reassessment of the benefits that had been initially
achieved.

Land degradation [4,6] affects land quality and/or
functioning, often indicating a negative reaction of the
land to nappropriate human activity. As a concept,
land degradation was primarily developed for
agricultural land, referring to the deterioration of land
productivity. Expansion of this concept to forestland
recognizes that forests play a multi-functional role, for
instance, in land protection, hydrological and
geochemical cycles, climate impact, etc. This means
that productivity decline, which is the main criterion
for quantifying degradation of agricultural land, does
not encompass all aspects of the negative
consequences for forestland. It leads to the
conclusion that the concept of land degradation has to
be adapted to the complex functions of the forest
environment. This concept will be valuable for the
assessment of technology and management systems
that are applied in the forest sector. For example,
industrial harvest by clear-cutting causes replacement
of naturally self-maintaining forest by man-managed
ecosystems. In some regions [1] due to this
technology, vast territories have lost the potential for
afforestation, or planted forest can produce only lbw-
quality wood instead of real forest vegetation. The
investigation of the dynamics of this development [2]
has concluded that in the next century broad-leaved
and coniferous broad-leaved forest will practically be
replaced by anthropogenic ecosystems. Due to this
perspective, to maintain the ecological balances on
this huge territory, appropriate land-use regulations
have to be implemented that protect the ecological
functions of the forest. The alarming fact is that
currently nobody can predict what the cost of current
forest practices to future generations will be. ’

Obviously, land degradation has most severely
developed on the territories where current land use
does not fit environmental conditions. Thus it could
be applied as obligatory information to indicate “hot”
spots where society has harmfully intruded on the
forest environment. It is important to implement
preventive measures against land degradation at an

-early stage in these regions to avoid irreversible

damage. Furthermore, the analysis of degradation in

“'Vladimir Stolbovoi, Dokitchaev Soil Institute, 109017, Pyzhevskey Line 7, Moscow, Russia
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the context of the negative effects of human impacts
might be applied as a helpful tool to find a balance
between human activities and nature, optimizing
structure and functioning within LU/LC patterns.

- Some authors have stipulated that maintenance of the

productive potential of land resources, and prevention
of land degradation, are fundamental elements of

sustainable land use [7]. -

" To investigate the LU/LC patterns a multi-sectoral

analysis approach has to be used. One of the
problems that make the task difficult to fulfill is the
lack of a common information base. Traditionally, the
inventory and analysis of the LU/LC patterns is
carried out as separate compartments (cropland,
forest, water, etc.) and by different institutions

. (agriculture, forestry, etc.). This approach creates a
“narrow and fragmented view of the territory for

holistic understanding. The problem becomes much
more complicated when taking into account the fact
that various science disciplines and practices use
different methods and terminology. Currently it
seems that these problems can be partly overcome by
applying geographical information systems (GIS)
methods to allow the integration of different

knowledge on the basis of spatial unity.

OBJECTIVES

.. The overall goal of the present study is to improve the

understanding of the interaction between society and
nature. The research uses data on degradation of
forestland to indicate main human-induced damage to
the forest environment occurring in the Russian forest
zone. To achieve this task the following topics have

" been considered:

1.- Overview of degradation of forestland within

" land-use/cover patterns of Russia;

2. Investigation of major anthropogenic and natural
driving forces causing negative developments in
the forest zone of the country.

MATERIALS AND APPROACH

The present study is based on a broad geographical
analysis of a new digital georeferenced database on

E the land of Russia. The database has been created

jointly by the United Nations Food and Agricultural
Organization (Rome, Italy), the International Institute

. for Applied Systems Analysis (Laxenburg, Austria)

40

and the Dokuchaev Soil Institute (Moscow, Russia).

The database comprises of a set of spatially and
temporally consistent digitized georeferenced

. coverages (relief, vegetation, soil including soil

degradation attributes, land category, etc.) handled by
GIS Arc/Info. An overlay of the coverages on land
categories and soil (with soil degradation attributes)
was used in the analysis.

The LU/LC patterns relevant to the research topic «
were distinguished by aggregation of the legend of the
digitized Land Category Map [5]. The aggregation
was aimed at differentiating type, degree/extent of
human intervention for a number of broad land-
use/cover categories. Soil and land degradation
attributes [9] for the newly generated LU/LC pattern
polygons were established by overlaying with the soil
coverage.

DISTRIBUTION OF LAND DEGRADATION BY
LAND-COVER PATTERN

Land degradation types, definition and causative
factors are shown in table 1. Land degradation types
can be grouped with regard to the distortion of major
forest functions: the forest protection function (water
and wind erosion, terrain deformation, compaction);
the hydrological function (erosion, compaction,
desertification, partly secondary salinisation and
underfloods); the local climate regulation function
(desertification, surface corrosion, thermokarst); and
the biodiversity and production function (disturbances
of soil organic horizons due to wood cutting and
fires). It is necessary to note that this grouping is
rather simplified because in reality most degradation
types may affect several of the land functions. For
instance, disturbances of the topsoil organic horizon
may aggravate erosion and affect the hydrological
function.

Analysis of human-induced factors (table 1) causing
increased land degradation shows that they can bd
combined into two general groups. The first deajs
basically with inappropriate technologies in harvest
processes, type of machinery and wood
transportation. The second deals mainly with
improper management systems for forest protection
against fires. In both cases land degradation gives a
clear signal on the negative response of the forest
environment to human intervention. Thus it can be
concluded that degradation of forests could be used
for detecting society-forest environment conflicts.
This indicator can be applied as a powerful argument
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Table 1.--Land degradation types, definition and causative interpretation.

Type of degi’adati(m

Definition

Causes

Water erosion
Water & wind erosion
Wind erosion

Terrain deformation

Compaction

~ Underfloods

Secondary salinization

- Desertification

Disturbances due to wood cuttings

}'.Di's'tulfbances’ due to fires

Surface corrosion

Thermokarst

Loss of topsoil by sheet erosion

Combined action of water and wind
depending on seasons humidity

‘Loss of topsoil by wind action

Development of gully or rill
erosion or mass movements

Deterioration of soil structure by
trampling

Human-induced hydromorphism

Increase of the salt content of the
topsoil

Decrease of average soil moisture
content

Distortion of the topsoil organic
horizons

Distortion of the topsoil organic
horizons

Solifluction, landslides

Development of thermokarst caves
very often filled with water

Inappropriate technology causes

unobstructed flow of run-off water,

weak soil structure

Inappropriate technology causes
ineffective seasonal protection
against water and wind action

Inappropriate technology causes
insufficient soil protection by
vegetation

The same

Inappropriate technology, repeated
use of heavy machinery,
overgrazing and overstocking.

Inappropriate technology causes
rising water table, increased
flooding

Inappropriate technology causes
improper irrigation

Inappropriate technology causes
changes in the local hydrology

Inappropriate technology, clear
cutting, skidding, etc.

Inappropriate management,
insufficient forest protection

Inappropriate technology causes
distortion of the thermoisolating
topsoil

Inappropriate technology causes
distortion of thermobalance of
subsurface permafrost
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humid climate, where water erosion causing soil
detachment and transport is very high. Secondly,
traditionally cultivated land in the forest zone
occupies externally drained slopes. Flat interfluves
are covered by swamps and bogs and are unsuitable
“for cultivation. Slope cultivation requires land
protection measures, which obviously can decrease
erosion to some extent but very seldom prevent it
completely. Thus, the development of compaction
and water erosion in the forest zone is strongly pre-
conditioned by physiographic and geographic
features. '

The nature of forest soils is another important factor
influencing erodibility. Soil erodibility is the
integrated effect of processes that relate to the
resistance of the soil to particle detachment by rainfall
- and subsequent transport. Figure 1 shows the extent
of water erosion and compaction on the cultivated
soils formed under forest and steppe vegetation. As
can be seen, 61% of cultivated soils (cropland) which
formed under forest are affected by compaction, and
27% of the soil is influenced by water erosion.
Cultivated soils developed under steppe grassland
contain only 30% of compacted and 7% water eroded
soils, i.e., they are only half and one-fourth affected
compared to soils originating from forest. These
figures completely correspond to differences in
erodibility of major arable soils of Russia (fig. 2). As
can be seen, Podzoluvisols, which primarily formed
under forest vegetation, manifest erodibility at the

. levels between 3 t/ha and 3.5 t/ha for medium

textured soils and from 2 t/ha to 2.5 t/ha for fine
textured soils. Chernozems, originally developed
under steppe vegetation, are characterized by
erodibility from 1.5 t/ha to 2 t/ha (medium textured
soil) and 1 t/ha to 1.5 t/ha (fine textured soil). These
values are about half compared with Podzoluvisols.
‘Greyzems, formed in a forest-steppe environment and
having mixed features of forest and steppe soils,
demonstrate a medium level of erodibility.
Consequently, the erodibility of medium textured
Greyzems varies from 2.5 t/ha to 3 t/ha and of fine
textured from 1.5 t/ha to 2 t/ha. We conclude that the
greater extent of water erosion and compaction of the
cultivated soils primarily formed under forest
. compared to soils developed under steppe vegetation
- can be explained by differences in their nature. A
more detailed explanation of the mechanisms causing
_ this difference can be found from soil physics and
© chemistry.

Itis Well known that soil erodibility depends highly on
. soil characteristics such as particle size distribution,

Proceedings IBFRA Assn 1997 meeting

structural stability, organic matter content, nature of
clay minerals, and chemical constituents, which
determine water stable structure [8]. Water-stable

_macro-aggregates (>0.25 mm) are formed by
" processes of adhesion of micro-aggregates (<0.25

mm) and mineral particles when the soil has a high
humus content, humic acids prevailing in the soil
organic composition, saturation of exchange complex
by calcium, etc. Forest soils have low humus content,
dominant fulvic acids in soil organic composition, and
unsaturated exchange complex by calcium. To
improve these conditions, usually large amounts of
organic fertilizers, liming, etc. have to be applied.
Macro-aggregates in forest soils are formed during
the winter season. When freezing, mineral soil
particles and micro-aggregates are compacted by
growing ice crystals. However, the adhesion of
macro-aggregates is provided by water films and
becomes unstable when additional water is supplied.
During water logging in the spring season, the macro-
aggregates are detached and the soil mass becomes
dispersed. This leads to a decreasing infiltration rate,
and an increase in both runoff and water erosion.

Figure 3 illustrates the composition of water-stable
aggregates in forest loamy Podzoluvisols and steppe
loamy Chernozems. The diagram shows that
Chernozems have much more water-stable macro-
aggregates as compared with Podzoluvisols. It is
important to note that the amount of micro-
aggregates is more than 5 times in Podzoluvisols as
compared with Chernozems. Figure 4 shows the
dependence of the infiltration rate on the composition
of micro-aggregates (silt fraction) and aggregates in
soils. As can be seen, the infiltration rate in
Chernozems containing less than 10% silt particles
can be expected at the level of 60 mm/hour. The
infiltration rate of Podzoluvisols containing 50% of
silt particles is estimated to be 0.6 mm/hour i.e., 100
times less. Thus it is absolutely clear that soil
erodibility of forest soils will be much more than for
soils formed under steppe grassland.

[
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Figure 1.--Soil compaction and erosion in soils of forest and grassland origin.
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CONCLUSIONS
it is estinlafed thai:

" e 93-million ha (about 9%) of the land of Russia’s
forest zone is affected by various types of
. degradation. More than 90% of the forest zone
- is still stable and performing a very important
. environmental role. Beyond purely economic
factors, more attention to the ecological functions
of forests is required when assessing the forest
‘resources.

e Land degradation data manifest such
- - geographically explicit data sets the negative
impacts of human-induced activities on land.
They allow to delineate areas, detect causes and
understand mechanisms of society-forest
-environmient conflicts. The information can help
to establish suitable and functional land-use
structures in various LU/LC patterns.

e Inappropriate technology and improper
management are major societal causes of land
degradation of the Russian forest zone.

" Improvements in both aspects could contribute
considerably to sustaining development of the
forest zone.

e  Natural factors (climate, relief, soils, permafrost,
etc.) are the main driving regularities of the
spatial distribution of the LU/LC patterns within
the forest zone, providing differentiation by types
and degree of human intervention across the

- country. Due to low organic content, prevalence
- of fulvic acids in humus composition, an
* - - exchange complex unsaturated by calcium, etc.,
 forest soils are vulnerable to intensive agricultural
" use. Lacking a water-stable structure, they are
strangely affected by compaction and water
erosion. This negative inspect of cultivation on
forestland could be partly avoided by maintaining
forests within cropping areas.
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PRINCIPLES OF NATURE USAGE IN BOREAL FOREST ZONE
. OF RUSSIA

Andrey F. Tchmyr!

ABSTRACT.--The landscape-geographic principle of

evaluating nature usage standards is different from the

principle for evaluating adopted sanitary-ecological

. norms. It allows monitoring of natural area
complexes with respect to ecology within a landscape
area and with consideration of the character of the
territory’s development, accounting for ecological
interests in the context of solving social problems of

 the citizehs. This approach is particularly important in
reserve and refuge establishment, national parks
planning and for other categories of specially
protected areas. The study of natural ecosystems
productivity and biodiversity, creation of cultural
landscapes and gene fund preserving in taiga
ecosystems is only possible at the level of natural area

_complex. '

INTRODUCTION

Russian boreal forests occupy 20% of the territory of
global forests. For their structure and organization,
such forests are the most stable self-controlling
-ecosystems with the largest stock of carbon pool in
the-Northern Hemisphere (Shubin 1994). However,
present local and regional influences on boreal
ecosystems, as well as technogenic stresses of global
importance, cause irreversible phenomena that can
affect considerably the global climate and living

. conditions. The essential influence is observed on
.most taiga forests of the developed European part of
Russia. The fact is that in the European part of
Russia for the last 130-150 years forests have not

. been used according to landscape principles. In this
zone, a social-economic principle of nature usage
prevailed, which seldom agreed with landscape
ecology principles. Considering the present condition
of taiga lands it is of vital necessity to develop
ecological standards based on the landscape-

_ geographic princi"plet

This paper addresses three aspects of the nature usage

problem in Russian taiga forests:

1. Development of a landscape-geographic
approach for development of nature usage
standards;

2. Methods of genetic stock and biodiversity
preservation in boreal forests;

3. Description of technogenic pressures in regional
development taking as an example the Leningrad
region.

METHODS

The problems of ecological standards for nature usage
gave rise to increasing interest of different specialists
in recent years (Isachenko, G.A. 1991, Isachenko,
A.G. 1993, Polyakova 1982, Alexandrova et al.
1988). A.G. Isachenko and G.A. Isachenko (1993)
point out that the present condition of ecological
standardization in Russia has been found
unsatisfactory and without scientific foundation by
practically all specialists.

There is no lack of different administrative regulations
limiting the impact of forestry activities on the
environment. Even 10 years ago, the USSR System
of Standards for nature protection included up to 60
state, 40 all-European (within the system of Economic
Assistance Council), and over 100 environmental
protection standards of different enterprises. These
were generally sanitary-hygiene standards for
acceptable concentration of pollutants (ACP),
industrial outbursts (AIO) and acceptable level of
physical impact on the environment (ALPI). '
Orientation to these separate standards provides
neither an opportunity to account for interaction of ¥
different pollutants nor their combined impact to the
environment. Furthermore as pointed out by A.G.
Isachenko (1993), sanitary-hygiene standards
calculated based on the needs of the human organism
are not acceptable for the whole biota. As far as biota
are concerned, ecology standards should mainly take
into account the weakest points of the system,

.lDr. Andrey F. Tchmyr (French transcription) Federal Forestry Service of Russia, Saint-Petersburg Forestry
Research Institute, 194021 Russia, Saint Petersburg, Institutski pr. 21. Tel: (812) 552-80-20/Fax: (812) 552-80-

- 42/E-Mail: serg@forest. spb.su
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considering pollutants' direct influence and indirect

- influence through trophic chains, water migration, soil

and air accumulation, etc.

It is difficult to deny that ecology standards should be
estimated from human needs, and should protect

.people from dangerous technogenic influence.

Finally, the problem should be solved by estimating
impacts of anthropogenic pressure on geosystems,
aiming to protect them from dangerous influences that
prevent their natural normal functioning and lead to
violation of the human life-support system. The

. geographic landscape can be considered as such a

system. Therefore, the problem of ecology standards

- takes on a geographic character, which suggests new

problems, such as what can be considered "standard"

+ for a geosystem, how it can be evaluated, and what

dimensions can be used.

If the focus is only on the spatial (territorial) aspect of
calculating standards, the necessary data will not be
possible to collect. For every natural land system
(NLS) the conventionally-radical condition can be

*considered normal, providing a stable dynamic

balance between variable landscape components

» (blota, soil cover) and site factors (substrate, relief,

hydrothermal conditions). In this case, without

* deteriorating influences on the geosystem, the NLS

can remain in conventionally-radical condition
forever. However, with the present condition of the

.environment, NLS can hardly be found because of the
- permanent or periodic influence of factors such as

climate change, tectonic phenomena, and strong
anthropogenic stresses (i.e., clear felling, following

-use as storage ponds). Under the influence of such
- factors, the condition of geosystems will definitely
* deviate from conventionally-radical for different

periods. The period of these temporal deviations

~depends on spatial influence (it should be considered

which components of the landscape were influenced

-and have been changed: at the level of facies, stand or
~ site). The higher the altitude of the landscape

50

component being influenced in the hierarchy, the
longer is the period of its original state reconstruction.
Therefore, clear felling at biogeocenosis (facies) and
stand levels with subsequent species change will take
different times.

RESULTS

Among many dynamic deviations, there is a deviation
that helps to restore the initial conventionally-radical
condition of the geosystem and a deviation that
completely changes its appearance and condition.

The first one can be called "normal", the second,
"regressionally-abnormal". Considering evaluation of
normal pressure on a geosystem it is necessary, in‘any
case, first of all to take into account the stability of its
present condition that to some degree has been
changed by anthropogenic influence. Further it is
important to decide whether it is necessary to
preserve this condition or to restore "original"
conditions or otherwise transform the system to a new
condition with given parameters. The last decision
can be fully realized by forming a cultural landscape
with given characteristics and stable conventionally-
radical condition. It is also important that every
ecology standard should be developed separately for
geosystems of different hierarchical levels (the scale
of ranks). For practical realization of such approach,
it is necessary to study the landscape structure of
taiga forests and map the landscapes.

In developing ecology standards for nature usage, a
problem of particular importance would be preserving
the north taiga genetic stock and biodiversity.
General methodological principles of database
formation for annual agricultural cultures are got
possible to use for forest ecosystems. Therefore, the
only way to preserve boreal forest genetic stocks is to
organize reserves, natural parks, refuges and other
types of specially protected areas. The history of
reserves in our country was not consistent and has
had dramatic events.

From the beginning, the network of forest reserves
has been formed spontaneously. Many of them were
established to preserve some rare or valuable animals
and later plants. In the initial period, this purposg was
justified, and even at present it is still important for
realization of the goals of reserve forestry. Howkver,
presently the reserves have started to be used for
many purposes. First of all, as mentioned above, they
are regarded as natural stores of genetic stock and
laboratories for: the study of biodiversity of particular
geosystems, inventory and development of
bioresource regeneration, protection of waters, etc.
One of the first-rank important functions of reserve
territories is to be a standard model of natural
complexes, not only in the manner of museum exhibits
of undisturbed nature, but also as natural laboratories
for scientific research. We can note with satisfaction

GTR-NC-209



that such work has started in Russia in spite of the
difficulties of researchers' life and work in our country
at present. This work has been carried out by a group
of scientists at the Karelian Research Center of the
Russian Academy of Science (Volkov, Gromtsev,
Erukov, Karavaev et al. 1995).

If a proper quantity of standard natural models
(examples) of geosystems could not be preserved, we
would miss forever a chance to deeply investigate
natural connections, processes and laws in their
multiple appearances on the Earth. Therefore, the
necessity of a landscape approach has become
evident. Furthermore, the first and essential condition

" to be observed should be that main sites to be

protected would be geosystems existing in a complete
natural unity. The second, but no less important,
problem in establishing landscape reserves is to make
them representative. Reserve representativeness is a
multi-meaning notion that includes definition of the
typical character of a particular reserve representing
one landscape type. It is also important to evaluate
optimum size and configuration of reserve area. It is
~ natural to expect that a larger area would be more
representative and would provide more reliable
conditions for maintaining a reserve in a natural
condition.

Two main criteria would be basic in defining optimum

reserve size. The first criterion is that the area of the

- reserve should encompass a definite landscape system.
In other words, it should include all morphological
components: facies, stands, and sites in their regular

.conjugated series typical for a given landscape. A full
landscape profile embracing single and subordinate
facies should be an essential requirement for

. establishing a reserve. The second consideration is

_ that best variant of reserve establishment is to unite a
group of conjugated landscapes. The biggest number
(19) of réserves is in east-European sub-taiga
.landscapes. However their total area is hardly more
than 0.5% of the whole territory, with an average area
of 24,000 ha per reserve.

Landscape study has revealed that hill area reserves in
the deserts and northern subtropics of Russia are in a
more favorable condition, although it is evident that
there are not enough landscapes embraced by
reserves. Even fewer reserves have been established
in the Arctic, forest tundra, north and south taiga, and
West Siberia. In some sense, this drawback can be
compensated for by national and natural parks. Their
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establishment, however, has not been consistent with
the landscape-ecology principle. Of 28 national parks

«under the Federal Forestry Service of Russia, only half

of them are well-organized and even they were
established according to the methods generally used
for state forest farms, which is not in accordance with
landscape-geographic principle.

In developing ecology standards of nature usage for )
European Russia, our biggest worry is two
components of the environment - "developed" and
"man-made". The outstanding USA ecologist E.
Odum (1986), analyzing nature usage models in the
USA, followed a traditional way of dividing
landscapes--accepted in landscape architecture--into
three environmental components: "natural",
"developed" and "man-made". In this classification
"natural" is forests,-meadows, bogs, and waters of
lakes and rivers, "developed" - agricultural landscapes
and agricultural lands, "man-made" - urbanized
environments dependent on the functioning of the
other two components of the life-support system.

Irrespective of the categories of environment usage
described by the American ecologist, we can consider
the Leningrad region area system represented by
landscapes of Russian south boreal forest zone.
Nowadays more than half of the Leningrad region
territory is covered with forests, 20% of the area is
occupied by agricultural lands, and 7% by industnial
enterprises, roads and urban territories (table 1, fig.1).
Comparing the nature use structure of Leningrad
region with the model suggested by E.Odum it seems
like there is nothing to worry about. However, areas
occupied by urban and industrial systems make up
about 8% of the region--without the St. Petersburg
area, which is 240,000 ha and causes a severe stress
on the region within a radius of 40 km - 60 km.
Without considering this technical "monster”, no
ecology standard can be effective. The region has
only 3.02% of specially protected area, which is twoy
times less than the all-Russia standards. At present,
the only regional reserve is "Vepsky Forest", which?
was established without respect to geographic
landscape. The region desperately needs to develop
ecology standards for nature usage as well as criteria
and indices for sustainable forest management. At the
same time, it is necessary to lessen the quantity of
factories and industrial enterprises in St. Petersburg.
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Table 1.--Leningrad Region Land Fund Categories of different uses (without the Saint-Petersburg area).

~ Land category Area, Percentage of
(103 ha) regional area, (%)
1. Lands of agricultural enterprises 1,679.80 20.00
2. Urban areas (towns, villages and settlements) 231.70 2.80
_ 3. Lands under industrial enterprises, roads, communications 406.90 4.80
- 4. Forest lands 4,716.30 56.20 :
5. Waters . 1,078.80 12.90
6. Stock lands 230.00 2.70
7. Lands used by other regions, etc. 6.50 0.10
- 8. Other lands 40.80 0.50
TOTAL 8,390.80 100.00
Forest
59.58%
Built Area
0.60%
Agricultural Lands
9.70%
Other Lands
1.90%
B S Roads
qsh Lands T 1.30%
1.60%
‘ Waters
15.09%
Parks ‘
0.04%
v
Disturbed Lands
0.40%

Figure 1.--Structure of Leningrad Region Land Fund (Note: Numbers do not add to 100% due to rounding errors.)
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'SOIL AND FOREST FORMING PROCESSES AND LAND USE IN BOREAL ZONE

A. Sapozhnikov'

ABSTRACT.-- Determination of actuality and
insufficiently studied aspects of forest utilazation
organization in the boreal zone. In this context the
term land use is understood as ecologically or
economically determined expediency (priority) of
concrete land site attribution to this or that type of
utilization (for example, forest, agrarian, built-up, etc),
which is determined in the first turn by ecological
conditions.

"ﬁie gldbal role of boreal zone forests, thanks to its

_extensive territory, lies in producing a volume of

phytomass that is able to influence substantially the
carbon stock of the planet. This global importance a
priori produces a negative attitude to any change of
production potential connected with disturbances of
the natural progress of forest and soil formation
processes. Even well-timed (for example, plantation)
forest regeneration is not able to compensate the lost
carbon storage ability of forested lands for many
decades.

Without commenting upon the theoretical aspects of
soil and forest forming process links, independent of
the rate (level) of forest exploitation or its
susceptability to other types of destruction (for

" example, pyrogenic), the forest cover is constantly

under the effect of dynamic processes - successional,
age, geomorphogenic, climatogenic, hydrogenic,

" pedocryogenic and so on. Correspondingly, the

transformation of the active biogenic part of the soil
cover is observed. All this is integrated in naturally or

-anthropogenically changed structures of forest lands

and, correspondingly, demands the introduction of
corrections into the structure and system of forest
(forest resource) land use.

Besides the global significance of the boreal forests,

there is always utilitarian need for them, reflecting the
regional and local (regions, inhabited localities) needs

- not only for the forest production, but also for land,
. including the necessity of the increase of land suitable

for agriculture. The possibility and permissibility of
this in rich forests regions earlier were introduced by

. L.V.Popov. In other words, the necessity of forest

conservation constantly collides with the consumptive
interests of people, thus invasion of human demands

_into the environment appears to be inevitable.
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Consequently, the challenge is in directing the nature

use system to overcome and soften inevitable
contradictions. This is possible with the realization of
strict regulation of nature use and full elimination of
the irreversible decomposition of forests and soils.

The extensive territory, occupied by the boreal belt, -
the diversity of forest vegetational conditions, and the
variety of assimilation levels and nature use traditions
suggest the potential complexity of approaches to
solving this problem in different boreal zone countries.
None the less, there are common problems that I
would like to comment upon.

The soil forming process is the aggregate of the
elementary processes of soil formation, spontaneously
connected with forest forming processes. Irreversible
transformations of fundamental trends occur with the
break of even one link in the complex chain of
interconnections. Anthropogenic impact on these
relations, as a rule, even with spot (one moment)
impact always appears to have multi-faceted spatial
and temporal impacts. Especially sensitive in this
aspect are the forest soils because their formation (soil
forming process) is closely connected with forest
forming process. That is practically any impact on the
forest leads to disturbance of the natural procession of
soil formation, which is observed during the change or
elimination of vegetational cover. It can occur with or
without the mechanical impacts on soils. The forest
ecotope destruction process and its consequent
development are fully simulated by the multiple
impacts of forest fires.

In the absence of essential mechanical destruction of
upper soil levels, post-anthropogenic soil formation in
cut and burned areas is closely connected with forest
cover successions. The following types of changes in
soil forming processes are possible with this: (l)
ecotope hydroregime change due to redistribution of
sediments and its elements - evaporation, v
transpiration, inner and surface flow redistribution; the
result is either bogging or increasing of drainage
regime and as consequence podzol formation; (2)
vegetation change is followed by turnover structure
change both in composition and mass of annual top
humus as well as in intensity of its fiirther
decomposition, which in the long run is reflected on
postpyrogenic (postanthropogenic) formation of
humus formation type; (3) under conditions of long-
term seasonal permafrost usually as a result of

'A. Sapozhmkov Far East Forestry Research Institute, 71, Volochaevskaya Street. 680020, Khabarovsk, Russia.
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cryoregime violation, stabilized by native vegetation,
the ecotopic position of edaphotope changes and
connected with it direction of soil formation goes to
bogging and peat accumulation; (4) as a result of
grass-bush layer conversion the processes of
soddiness, meadows appearing, peating, arborization,
ambustization and so on are likely to develop. Other
types of changes and prevailing of elementary
processes of soil forming are possible, but in all cases
the traumatism of soils indirected through vegetation
is accompanied by change of dominating (and
correspondingly, initiating this soil) elementary soil
process. It must be taken into account that in the
limits of one soil forming process several variants of
forming: process are possible.

Forest soils development as a result of their
~ exclusively mechanical damage or even destruction is
also connected with the process of forest regeneration
in damaged sites. But, besides this, a significant
restructaring of soil cover occurs with the formation
of more contrast boundaries between contours of
postanthropogenic (pyrogenic) origin and not
damaged ones. In the temporal aspect the dominants
change in soil forming process, connected with a more
dynamic forest forming process, is catastrophic only in
. the case of its irreversibility. Otherwise, these are
" inevitable fluctuations, connected with the
successional transformations of forest cover and
generally with the types of vegetational cover. The
period of fading of the stress changes in organogenic
soil horizons after clear cutting in cases of successful
intensive regeneration of cut areas depending on forest
" formation and concrete conditions of habitat are
fluctuate from 5 to 10 years.

It must be ascertained, that there is no general theory
of post anthropogenic forest soil formation, and a
formulation of its principles is impossible without

. taking into account the theory of successions and

- syngenesis of forest vegetation. In today’s stage,
characterized by increased, actually uncontrolled,
anthropogenic invasion into forest, the development of

. -such a theory becomes highly actual.

Main types of impact on the forest and soil forming
process under conditions of the Russian Far East
boreal zone are: forest fires, commercial forest
exploitation, open mining, agriculture. The forest fires

- . increase outside natural nature level as a result of

economic activity of man is attributed by us to
anthropogenic impact. Intended time limitless lands
expropriation for construction, communications and
so on is'not considered here. It is also possible not to
take into account mining because they are wittingly
catastrophic and for a long period destruct the usual
process af forest formation and convert soils into

" technozems. All types of the impact lead to the
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carbon emission increase and decrease of depositing
functions of forest ecosystems.

Besides anthropogenic transformations it is necessary
to take into account and global processes as well. So,
Plochl and Cramer (1995) on the basis of the analysis
cf simulation of the global warming consequences
showed that: (1) primary netto-productivity (PNP) of
the northern biomes can decrease; (2) but common
PNP of this or that region can increase due to the shift
to the north of taiga biome. .
Thus, under conditions of boreal zone we encounter
the determined rigidity of the environment, influencing
the organization and planning of rational land use. It
is necessary to establish the limit below which it is
inadmissible such an intervention in the boreal forests
environment, which is followed by the loss of land
suitability for afforestation for a long period. It is
possible to propose two evident signs, reflecting the
ecosystem condition under watershed assessment of
the territory: (1) the appearance in the land structure
the lands which are non-forest-producing and not
suitable for afforestation; (2) watershed afforestation
decrease up to the level of less than 60%.

In connection with high sensitivity of the forest cover
the problem land use organization is actual. It is
known, that the agrarian significance of lands here is
extremely low. Thus, it is extremely important here
the multifunctional land use, including agroforest use. -
That is we are talking about realization in the boreal
zone of agroforestry as it is understood by Kovdas
(1984) and King (1990). In the boreal zone the only
reserve of the agro fund lands increment is ploughing
up of the forest lands. Now the similar direction must
take into account the danger of erosion and
mountaneous rivers pollution.

Nevertheless, the receipt of additional production
without ploughing up of new lands and, moreover,
without their serious transformation is fully possible:
(1) by the way of more rational land use, including
forested lands; (2) by creation of protective forest
stripes system on farming lands; (3) by maximum full
use of forest food, technical and medicinal raw
materials; (4) by organization of regulated under
canopy of the cattle grazing; (5) by creation of
openings for the grazing; (6) by the use of openings,
open stands, clearings for getting fodder; (7) by use of
between-strip space in the forest plantings for getting
agroproduction; (8) by attraction of branch feed for
animal husbandry; (9) by regulated extraction of the
part of forest top humus and forest litter for utilization
as compost material; (10) by introduction of fruit
underbrush under the stand canopy; (11) by
development of beekeeping; (12) by organization of
cell fur farming; (13) by hunting trade and so on.



The concrete choice of economic activity is connected
with the necessity of forseeing (prognosis) of possible
consequences of land assimilation. In relation with
this the classification of lands is proposed according to
their stability (resistivity) to any external impacts:
STABLE - destruction is possible only as a result of
intended mechanical impact (for example,
mountainous mining); uncontrolled destructions
(erosion, windfall) are unlikely;

RELATIVELY STABLE - extraction of vegetational
resources or vegetational cover destruction is not
followed by irreversible consequences and is restored
up to original condition in a comparatively short
period (not more than 5 years);

MID-STABLE - lands are rapidly restored under any
types of nature use, but subjected to the impact of
calamities - windfall, entomologic pests, influence of
channel flows, floods and so on;

INSUFFICIENTLY STABLE - they are easily
subjected to postfire destructions or anthropogenic
vegetation changes; however, if the destruction of
soils do not occur, the restoration is observed not later
than 20 years;

LOW STABLE - together with destruction of
vegetational cover the local (mosaic) soil destruction
is registered due to which the return to original
condition is difficult to forecast;

UNSTABLE - any impact leads to irreversible
changes of the landscape; tundra permafrost
landscapes are the manifestations of this in a greater
extent.

_ The decrease of stability level is evident in the course
" of movement to the north - if in the forest zone all
classes of stability are possible, then in tundra-forest
and tundra zones there are only last three classes,

" which testifies their high sensitivity. It is observed
analogously in high zonality.

‘There are different approaches to the classification of
landscape stability depending on the taken signs for
the diagnostics. There. is a way, which is more
suitable for creating the Classificator of Landscape
Stability, necessary for rational selection of land use
type. The evaluation of landscape stability
(sensitivity) according to soil signs are widely known.
This is justified by sufficiently high level of soil

_* conservatism in comparison with the other active

. components of landscape. Really, if as a result of any
impact the vegetation suffers, but soil is maintained,
~then the primary landscape ecotopic signs are

- maintained; in case of soil destruction the irreversible
consequences are inevitable for vegetation with the
loss by biome of initial ecotopic signs.

. Correspondingly, the change of land use type is
inevitable. Thus, The Classificator, actuality of which
is mentioned above, must be based on thorough

' registration of soil and forest forming processes

interconnection, that is, it must answer the questions:
what are the consequences of vegetation destruction
for soils, and on the contrary, the role of soil
destruction in vegetation changes or destruction. It is
especially important on the sites, attributed to
‘ecological skeleton of the territory. Only in this case
the rational land use system organization is possible.

The situation analysis along the Far East transect (135
meridian) showed, that in boreal belt there is not very
large choice of land use systems. Mainly these are the
combinations of forest resources and limited agrarian
types. Promising is the development of agroforestry,
permitting to optimize the use of production potential
of boreal zone with maintaining the global ecological
role of the forests.
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SPECIES COMPOSITION AND RESTORATION OF FORESTS WITH DIFFERENT HISTORIES OF
ECONOMIC USE

V.N. Korotkov1

ABSTRACT.--History of forest tracts of the Natural
Historical Reserve "Gorki" (Moscow region, Russia)
is revealed in the maps from the 18" and 19"
centuries with use of a geographic information
systems. The analysis has shown significant
distinctions of floristic diversity of forest communities
formed on sites with different histories of human
impact. Long-term economic use of forests has
resulted in significant loss of taxonomic and structural
" diversity. In those forests that have lost the capability
for natural restoration, experiments on reconstruction
of gap-mosaics are conducted by combining gap

~ felling with regeneration cultures of species that

occupied dominant positions in preagricultural forests.

The purpose of this work is to describe and evaluate
the biodiversity and the successional state of forest
_ ecosystems that have different histories of economic
~ use but occur in similar edaphic conditions. The
current state of forest communities and secondary
succession processes were studied in “island”
-anthropogenic forest tracts of the Natural Historical
Reserve "Gorki". The territory is located on the
Moscow-Oka plain (in the south of the Moscow
- Region, Russia, geographical coordinates: 55°34° -
55°29’ North and 37°45° - 37°53° East) within the
limits of a polydominant spruce-broadleaved forest
.zone. The cover loam soils are on a carbonate
moraine, which acts as the substrate for soil
formation. The forests, are typical for the middle part
. -of European Russia.

At the moment, the “island” forest tracts are
predominantly composed of stands dominated by

_birch (62% of the forest area). Broad-leaved forests
with prevalence of oak and lime cover about 14% of
the forest area. Each of the forest tracts of the
reserve has a unique combination of various tree
species in communities that is related to the
peculiarities of past economic use of the land

_ (table 1).

HISTORY AND TREE SPECIES
COMPOSITION OF FORESTS

The history of forest tract formation was investigatecf
based on contemporary maps from the 18™ and 19%
centuries. The analysis of the history of economic use
enabled us to divide the variety of current forest
communities of the reserve "Gorki" into two groups:
(1) forests formed as a result of repeated clearcutting
on the lands and not disturbed by ploughing at least
during the last 200-300 years; (2) forests arising as a
result of regrowth on ploughed fields since the middle
of the 19™ century and then disturbed several times by
clear cutting.

The forestry characteristics of timber stands with
various histories of land use were analysed using a
complex forest management information system
(DBMS+GIS), created based on stand descriptions
made in 1991 (an attribute database) and on the forest
plans at a scale of 1:10,000 (a geographic information
system).

In the forests that were cut many times on persistently
non-arable areas, mixed timber stands prevail, with a
dominance of broad-leaved species (fig. 1) while the
area of pure timber stands is insignificant. The stands
with populations of oak (Quercus robur L.) from 2 up
to 6 units in the timber stand formula (20% to 60% of
total stem density), occupy the greatest area. Lime
(Tilia cordata Mill.) is rather common, and lime
stands of moderate relative density (up to 4 units—
40% of stems) with admixtures of other species
occupy the greatest area. The low relative density of
lime is accounted for by selective use of this species
for large-scale harvesting of bast over a long time iny
past centuries (Kurnaev 1980). At the moment, lime
is actively restoring its dominance owing to abundaft
seed renewal. A characteristic feature of these forests
is also admixtures of maple (Acer platanoides 1.),
which is completely absent in the forests on former
arable lands. Birch (Betula pendula Roth. & B.
pubescens Ehrh.) is also widely distributed.

However, the area under pure birch stands is
insignificant (8.3%), and typically the share of birch
reaches only two units (20%). Aspen (Populus

1'I"Iadi-mir N. Korotkov, All-Russian Research and Information Centre for Forest Resources,
. Novocheremuschkinskaya, 694, Moscow, 117418, Russia, e-mail: Korot.v@g23.relcom.ru.
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Table 1.--Spatial distribution of dominant trees in forests of the Natural Historical Reserve “Gorki”.

deinant Forest tracts
trees S’janovsky Korobovsky Bogdanovsky Kazansky Total
area(ha) % area(ha) % area(ha) % areatha) % area(ha) %
" Betula pendula 342 56.2 3214 48.5 6383 74.6 189.3 67.8 1,491 62
Po_pulqs tremula 23.2 3.8 11.7 1.8 55.8 6.5 6.3 2.3 97 4
- Alnus incana 11.7 1.9 0.2 0 23.3 2.7 0.5 0.2 35.7 1.5
" Quercus robur 61.6 10.1 126 19 23.5 2.7 - - 211.1 8.8 )
Tilia cordata 58.9 9.7 54.2 8.2 3.3! 0.4 3.3! 1.2 119.7 5
Pinus sylvestris' 59.9 9.8 827 125 461 54 50.7 182 2394 10
Picea abies' 4 07 04 01 52 06 156 56 252 1
‘ Larix'europea’ - 0.6 0.1 5.6 0.8 0.6 0.1 2.3 0.8 9.1 0.4
- Other species' - - 2.4 0.4 7 0.8 - - 9.4 0.4
" Stockedarea 5619 923 604.6 91.3 803.1 93.8 268 96.1 22376 93
Unstocked area 47.1 7.7 57.4 8.7 52.9 6.2 11 3.9 168.4 7
Total area 609 100 662 100 856 100 279 100 2,406 100
. forest plantation
Betula Quercus
100
10
X
v N
0.01
012345678910
Tilia Populus
(]
Picea v
100 100
10 103 o ______
X R VI ___
2R ZENREE | P
0.01 0.01 bttt
01234567 8910

Fig. 1.--Spatial and abundance distribution of tree species in timber stands over forests, which were cut many times
on durably not arable areas. X-axis - share of tree species in a woody layer (10=100% relative density); Y-axis

- area,%.
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tremula L.) and pine (Pinus sylvestris L.) occur rarely
in the stands; thus, the greatest number of
combinations is observed in stands with a share of
these species varying between one and two units.

The analysis of species composition for the first group
of stands has shown that repeated clearcutting
resulted in the maximum prevalence of two species:
birch and oak. The greatest variety of combinations
of relative species densities, as represented by the
timber stand formula, is formed only by these species.
Thus, most of the area is in mixed stands of a variety
of ,cor_nposit‘ions, rather than in monocultures.

~ In the forests growing on the former arable lands,
more than 80% of the area is occupied by birch
stands, with the share of this species being equal to 7-
10-units (fig. 2). Pure birch stands (species share of
10 units), occupy the greatest area (56.5%). The
most usual admixture in birch stands is aspen. Stands
with an aspen share of less than 2 units cover 50.9%
of this area. On more than 30% of the area, birch
stands include pine as an admixture.

. For the forests on former arable land the minor
presence of broad-leaved species other than birch and
aspen is peculiar. The greatest share in timber stand
composition corresponds to stands with an impurity
of oak trees in the canopy layer (no more than 1 unit).
Forests with an admixture of lime occupy an

.insignificant area; and among them stands with a
solitary admixture of lime prevail (11.6% of the area).
It is necessary to note that the stands dominated by
oak orlime in the canopy layer occupy a very small
area, and all of them are forest cultures.

- The forests growing on former arable land contain

" -about twice as much area of stands with coniferous

‘species, i.e., pine and spruce (Picea abies (L.) Karst.)

as forests on the areas that had not been used as

arable land. This is because forest cultures of

~ coniferous species were established mainly on arable
land. '

Analysis of the spatial distribution of stands with
broad-leaved species in the canopy layer, in relation to
the history of forest tract formation (fig. 3-4),

" confirms the inferences stated above and is of decisive
importance when forecasting development of forest
tracts in the near future.
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SUCCESSIONAL STATE AND BIODIVERSITY

The geobotanical description and demographic
analysis of tree and shrub species populations on 110
permanent and temporary sample quadrats of 0.04 to
1 ha, were used for the analysis of successional status
of forest communities.

To estimate successional state and biodiversity of ¢
stands, the following characteristics (Zaugolnova et
al. 1995) were used:

1. Degree of floristic diversity - a ratio between the
number of species in the existing flora and the
number of species of potential flora, expressed as
a percentage. The potential flora includes all
vascular plant species within the Russian non-
chernozem zone, of which the ecological
amplitudes of major environment factors are
related to the ranges of estimated biotopes on
ecological scales (D.N.Tsyganov 1983). This
parameter was calculated separately for each
sinusium. ‘

2. Number of species in a 100 m* sample.

3. Share of participation of Betula sp. and Populus
tremula (R-species) in the tree layer: the ratio

between the projected cover of R-species and the

total projected cover of all species within the JIree
canopy, expressed in percentage.

4. Degree of dominance: the ratio between
projected cover of the most abundant species and
total projected cover of species within a layer or
a sinusium, expressed in percentage. This
parameter was calculated separately for each
sinusium.

5. Share of populations with complete ontogenetic
spectra (all stages of development represented):
the percentage of species with complete
ontogenetic spectra relative to the total numbery
of species in the sinusium. This parameter was
calculated separately for sinusia of trees and
shrubs.

6. Share of nemoral species (shade-tolerant
understory species of broadleaf forests): the ratio
between total projected cover of nemoral species
and total projected cover of herbaceous species,
expressed in percentage.
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‘Fig. 2.--Spatial and abundance distribution of tree species in timber stands over former arable land. X-axis - share
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of tree species in a woody layer(10=100% relative density); Y-axis - area, %.
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Fig. 3.--Spatial distribution of forest contours with different abundance of Quercus robur in a woody layer in
Korobovsky forest tract.
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Fig. 4.--Spatial distribution of forest contours with different abundance of Tilia cordata in a woody layer in
Korobovsky forest.
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The estimation of ecological regimes on Tsyganov’s
(1983) ecological scales has not shown essential
distinctions. between the investigated forest ecotopes.

- All variety of forest communities in the reserve

“Gorki” occupying watershed sites, represent
demutation variants of one floristic association - Tilio-
Carpinetum geranietosum (Korotkov and Morozova

" 1988). The following demutation variants are

distinguished: (1) those occurring on forest areas of
long standing (broad-leaved forests with domination
of lime and/or oak; nemoral birch forests); (2) those

‘occurring on former arable land (birch forests rich in

herbs - natural overgrowth, nemoral pine & spruce

forests - forest cultures).

- Researchers have shown that the present-day
* distinctions of successional states of forests (tree

species composition, floristic diversity, ontogenic
structure of tree species population) under similar
ecotopic conditions are explained by different
histories of land use.

The largest changes in species composition occur in
the forests growing on arable areas. Mainly pure
birch stands are formed there with a scanty share of

" nemoral species (table 3). In the birch forests a
- renewal of typical forest species of trees and shrubs

‘takes place. The participation of nemoral species in

the herbaceous cover depends also on the distance to

.. broad-leaved stands, which serve as seed sources.

The woody and shrub species, which are capable of

vegetative regeneration, are retained after clearcutting

in forest communities on the lands not disturbed by
ploughing (table 2). The herbaceous cover is

retained, with dominance by nemoral species.

Predictions of development of the “island” forest
tracts are made based on demographic analysis of
woody and shrub species. It has been shown that the

- direction of forest secondary succession is determined

by opportunities of seed dispersal and seedling
establishment in those “island” forest tracts which
have been shielded from active economic use.

The longterm economic use of forests has resulted in
significant loss of taxonomic and structural diversity
(table 2 and table 3). Therefore, it was necessary to
develop special methods directed at restoration of
forest ecosystems.
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PRELIMINARY RESULTS OF
EXPERIMENTAL WORK ON RESTORATION
OF POLYDOMINANT UNEVEN-AGED
BROAD-LEAVED FORESTS

One of the ways to find a compromise between
economic needs and nature protection requirements is
to apply group-selective cutting aimed at imitating the
natural mosaic structure of uneven-aged forests .
(Methodical recommendations... 1989). Using group-
selective cutting with subsequent planting of oak, the
best results were obtained in secondary even-aged
birch forests (Bogdanovsky forest tract). In birch
forests, the density of tree and shrub regrowth has
increased more than 10 times in 5 years after cutting
of parent stands on plots of 1,200 m’ to 2,000 m’. At
present, oak dominates the young growth (9,800
individuals per ha); the height of 8 year-old oak trees
varies from 200cm to 320cm, the increase in height
being from 120cm to 140cm.

Oak planting was done by separate biogroups, with
each biogroup covering an area from 40 m’ to 750
m’. After 5 years, the tree crowns in the biogroups
were closed, and it was necessary to perform annual
weeding. The best results were observed when oak
was established from seed.

Work on restoration of populations of other broad--
leaved tree species (Tilia cordata, Acer platanoides,
Fraxinus excelsior) is under way. *

Application of the proposed cutting method does not
reduce the expense of the subsequent tending of
regrowth. At the same time, however, it creates
favorable conditions for the restoration of plant
populations in all sinusia. The number of species
sharply increases in the depleted even-aged stands (in
birch forests, from 35 - 40 to 50 - 60 species per 100
m?.), and the growth of species diversity is occurring
mainly due to natural species of light habitats.

]

CONCLUSION v

The analysis has shown significant distinctions in
floristic diversity of forest communities formed on
territories with different histories of human impact.
Longterm economic use of forests has resulted in
significant loss of taxonomic and structural diversity.
In those forests that have lost the capacity for natural
restoration, experiments on reconstruction of gap-
mosaics were conducted by combining gap felling
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Table 2.--Successional state of the biotopes formed on the historically non-arable forest areas as a result of

Degree of dominance in herb sinusium,%

repeated clearcutting.
Biotopes - Oak-forests Nemoral Birch Forests
Forest tracts Koro- S’janov- Koro- S’janov- Bogdano-
) bovsky sky bovsky sky vsky
Number of geobotanical. Descriptions 37 16 27 4 8
Total number of vascular plant species 89 84 78 69 57
TREE SYNUSIUM
Share of populations with complete ontogenetic spectra,% 333 25 30 18.2 10
Share of R-species in tree layer,% 24.2 28.3 82.5 92.7 73.8
Degree of floristic diversity,% 80 53.3 66.7 68.8 66.7 ‘
Total number of species of all geobotanical. descriptions 12 8 10 11 10
Degree of dominance in tree layer,% 46.5 475 64.9 439 55.3
Average (maximum) number of species per 100 m’ 2(5) 21(4) 214 254 2.5(4)
SHRUB SYNUSIUM
. Degree of floristic diversity,% 50 50 41.2 46.7 46.7
Total number of species of all geobotanical. descriptions 8 8 7 7 7
Average (maximum) number of species on 100 m’ 287 29() 309 59(7) 6.8 (7)
Share of population with complete ontogenetic spectra,% 50 50 571 71.4 71.4
Degree of dominance in shrub sinusium,% 82 384 - 849 42.5 30.3
HERB SINUSIUM
Degree of floristic diversity,% 443 46.8 413 39.5 34.5
Share of nemoral species,% 47.8 474 48.3 30 44.6
Total number of species of all geobot. descriptions 62 65 57 47 40
- Average (maximum) number of species per 100 m? 14.6 (24) 23.4 (33) 15.4 (25) 19.4 (24) 26.3(31)
i 145 384 124 425 118

Table 3.--Successional state of the biotopes formed on arable land.

- Biotopes
Forest tracts

Koro- S’janov- Bogda- Koro-

Pine Forests mlantatim; )
S’janov Bogda-

Herbage Birch Forest

bovsky sky novsky bovsky -sky novsky
" Number of geobotanic descriptions 35 5 9 6 2 2
Total number of species 112 70 85 66 49 66
TREE SYNUSIUM
. Share of populatlon with complete ontogenetic 16,7 33,3 20 10 10 0
- spectra,%
Share of R-species in tree layer,% 100 95.7 100 84.8 100 100
Degree of floristic diversity,% 80 60 66.7  62.5 62.5 68.8
" Total number of species of all geobotanic descriptions 12 9 10 10 10 11 ]
Degree of dominance in tree layer,% 66.4 53.1 67.7 67.3 68.7 56.2
SHRUB SYNUSIUM v
Degree of floristic diversity,% 56.3 50 41.2 56.3 62.5 56.3
.Total nuinber of species of all geobot. descriptions 9 8 7 9 10 9
) Share of populatlon with complete ontogenetic 66.7 62.5 429 66.7 70 55.6
spectra,%
Degree of dominance in shrub sinusium,% 36.1 45.2 87.5 40.5 28 37.5
HERB SINUSIUM
Degree of floristic diversity,% 55.1 433 41.5 31.1 24.1 28.4
Share of nemoral species,% 28.8 25.7 21.8 19.4 246 19.1
Total number of species of all geobotanic descriptions 81 52 63 42 27 40
Degree of dominance in herb sinusium,% 8.42 452 7.55 10.2 28 10.3

Proceedings IBFRA Assn 1997 meeting

63



with regeheration cultures of species that occupied
dominant positions in preagricultural forests.

LITERATURE CITED

Kurnaev, S.F. 1980. Shade broad-leaved forests of
_the Russian plain and the Urals. Moscow: Nauka.
2 312p.

Methodical recommendations on reproduction of
uneven-aged broad-leaved forests of the European
‘part of the USSR (on the basis of population
analysis). Moscow, 1989. 19 p.

Téygénov, D.N. ,1983; Phytoindication of ecological

‘regimes in the subzone of mixed coniferous-broad-
leaved forests. Moscow. 197 p.

Zaugolova L.B., Chanina L.G., Komarov A.S.,
Smirnova O.V. et al. 1995. Information-analitical
system for evaluation of successional state of
forest communities. Preprint. Pushchino, PRC
RAS. 50 p.

64

GTR-NC-209



~ FOREST DYNAMICS,
} STRUCTURE, AND
' LANDSCAPE PATTERNS

65



66



A DIGITAL LANDCOVER MAP OF THE FORMER SOVIET UNION BASED UPON A TIME SERIES
OF 15 KM RESOLUTION NOAA AVHRR DATA

T. A. Stone, R. A. Houghton, and P. Schlesinger!

ABSTRACT.--We have created a 15 km resolution
digital landcover map of the region of the former
Soviet Union based on a 10 year (1984-1993) time
series of NOAA AVHRR Global Vegetation Index
(GVI) data. We defined 60 phenology classes and
then labeled them using the Olson World Ecosystems
Map. We established 14 primary landcover types
including water. The results from this research were
compared with other, primarily Soviet or Russian,
landcover classifications of the FSU. We also
examined the classes in terms of the distribution of
average monthly surface temperatures.

INTRODUCTION

The current landcover of the region of the former

Soviet Union (FSU) is not well known by the

international scientific community. Estimates of the

area of forests and other landcovers vary widely.

The reasons for this include not only the “cold war,"
but also the sheer size and geographical complexity

~ of the region. Understanding the landcover and its
changes are fundamental to understanding the global
carbon cycle as the Former Soviet Union contains

" more forest (approximately 8 million km’in Russia
alone) than any other country, and more forest soil

. carbon than any other country (Dixon ef al. 1994).

"+ Also, the largest peatlands in the world are in

"~ Western Siberia, and probably more forest fires occur
in Russia each year than in any other country in the
world (Stocks 1991). Finally, the extraordinary

~amount of land at high latitudes also makes the FSU
the region where the first effects of expected global
warming are likely to occur, with some of the
greatest effects on forests (IPCC 1995).

Our objective was to create a 15-km resolution
" landcover map of the region of the former Soviet
Union. The new map was based on a 10 year time
series of National Oceanographic and Atmospheric
Administration (NOAA) Advanced Very High
Resolution Radiometer (AVHRR) Global Vegetation
Index (GVI) data.

DATA AND METHODS

The GVI data are a low-resolution equivalent to the
Normalized Difference Vegetation Index or NDVI
(Tucker et al. 1980, Holben et al. 1980) which is
created using satellite data from the visible red and
near-infrared portions of the spectrum. The visible
red part of the spectrum (where plants absorb and use
light for photosynthesis, where plants reflect light
due to leaf cell structure and water content), has
proven useful to understanding plant growth rates,
estimating net primary productivity (NPP), and
estimating green leaf biomass (Tucker ef al. 1985).
There is an extensive literature on the meaning and
use of the NDVI (Tucker et al. 1980, Goward et al.
1991, Prince and Goward 1995, Holben et al. 1980).

The signal in GVI data is dominated by the response
of vegetation to sunlight, temperature, and
precipitation. Essentially, a time series of the data
represents vegetation phenology unless clouds, low
sun angle, or other atmospheric effects contaminate
the data. Phenology, the study of the timing of ~
recurring biological events, in our case was meant to
include spring vegetation greenup, leaf out and
maturation, and fall senescence. Reed et al. (1994)
have provided a good overview of the cautions
necessary in this type of work. Several other authors
have reported using GVI data for creating large area
landcover type maps (Goward et al. 1985,
Townshend et al. 1987, Houghton et al. 1993, Stone
et al. 1994). Bradley et al. (1994) and Gaston et al.
(1997) have used similar data for their analysis of the
former Soviet Union. ’

We assembled a 10-year GVI time series data set v
covering 1984 to 1993 for the region of former
Soviet Union (FSU). Data from the NOAA First
Generation Weekly Composite products were re-
mapped from a Polar Stereographic to a Platte Carree
map projection using the algorithms in Kidwell
(1990). These data, with data from the NOAA
second-generation weekly composite product, were
read into a matrix of 25000 X 904 cells using both

: lWéods' Hole Research Center, PO Box 296, Woods Hole, MA 02543, USA.
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IDRISI and ERDAS software formats. A total of
1.02 GB of data were used.

~ The inverse of the standard GVI equation (p. 15,

Kidwell 1990) was used to convert the scaled NDVI
data values to the bright-land byte range. For
instance, the transformation converted an NDVI

- value of 0.0 to a new value of 100, creating a
" minimum and maximum range from 90 to 163.

Thus, a pixel with a value of 163 is equivalent to an
NDVI of 0.63.

‘The résulting data set had 48 to 53 weeks for each of
‘the 10 years from 1984 to 1993. The data in these

510 weeks were then averaged into 120 months (12

~ months™ for 10 years). The 120 monthly data were
- used to create a continuous FSU land surface, which

crossed the international dateline (E. and W.
longitude 180°) and had a size of 1,183 columns and
277 rows.

A 12 month dataset was created from the 10 year,
120 month dataset by averaging together, for
example, all of the Januarys to create a 10-year
January average. Then, Februarys and the following

~ months were averaged to create an image with 12
. bands. Averaging with maximum monthly GVI

values reduces the effects of inter-satellite mis-
calibration, sensor drift, orbital slippage, and noise in

.. the data. These degrading effects upon AVHRR data

have been thoroughly documented and are well
known (Goward et al. 1991, 1993; Tateishi and
Kajiwara 1991; Eastman and Fulk 1993). In general,
using a long time series and a long averaging period

reduces the amount of noise in the data.

" Water pixels were deleted with a mask created from a

;e‘-prbjected hydrographic dataset digitized from a
1:8,000,000 scale Russian base map (Main Geodesy
and Cartography Organization for Ministries of the

- USSR 1990). This hydrographic dataset, containing

coastljnes, islands, and major inland water bodies,
was selected because of its size and ease of use. A
comparison of coastlines between the Digital Chart

- of the World (DCW) by ESRI (1993) and the

1:8,000,000 scale map yielded an areal difference of
less than 0.1 (10%) of a GVI pixel.

As most of the degrading effects in the data were
related to low winter sun angles for this boreal
region, we chose to eliminate from the analysis

" December, January, and February. These months are

68

the times of extreme cold for the vast majority of the

region of the FSU, during which vegetation is
inactive.

Map Data

The following ancillary datasets were used either in
the evaluation of the map produced or as a guide |
during its creation.

The 1990 Soviet Landcover and Potential Agriculture
Map

The original version of this map (Institute of
Geography 1990) was at 1:4,000,000 scale, with 374
classes of vegetation. The four panels of the map
were digitized, merged, re-coded, and re-projected to
a latitude and lorigitude map projection. The
vegetation types were combined into 74 simpler
classes.

The 1990 Forest Cover Map of the Soviet Union

This map (Garsia 1990) of dominant or economic
forest types at 1:2,500,000 scale was partially
digitized here. The remaining portions of the map
were obtained from the World Conservation
Monitoring Center (WCMC). Much of the work in
digitizing was under the direction of Dr. Igor
Lysenko at the Russian Research Institute for Nature
Conservation, Moscow (Billington, pers. comm.
1996) and Moscow State University. We converted
the map to a latitude - longitude projection. It
consists of about 45 landcover classifications of
which 36 are forest types. The

remaining cover types include outcrops, tundra, open
land, sea, water, and unclassified non-forest lands.
The latter category is the largest single class,
covering about 56% of the entire map. See table 1.

The 1973 Forest Cover Map of the Soviet Union '

[
This map is from the 1973 Forest Atlas of the Soviet
Union (State Committee on Forests 1973) and is at
1:15,000,000 scale. It describes 17 forest cover
types. The cover types and areas of cover type are in
table 2. It has been used as the basis for a forest
carbon map of Russia (Schlesinger et al. 1997)
described elsewhere in this volume (Stone et al.
1998).
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Table 1.--Areas of the landcover types according to the USSR Forest Cover Map (Garsia 1990) are in the 2nd
column. As Arctic tundra is not distinguished in the map, lands above 60° N have been listed separately in the
3rd column. This helps in categorizing much of the “Open Lands” (Class 42) as northern open lands that are
likely to be tundra. Also, we can see that the majority of the spruce, burned forest, and larch are above 60° N
.and that many species do not occur at higher latitudes.

" Class # Area, km? AreaN.of 60° % Total % in N. Area Map Name
o N Lat. Area .
1 1,287,810 533,130 5.9 41.4 Scots Pine (Pinus syl.)
2 5,300 4,770 <0.1 90.0 Sparse Pine
-3 972,970 603,020 4.5 62.0 Spruce (Picea sib.)
4 2,410 600 <0.1 25.0 Sparse Spruce
5 121,390 9,180 0.6 7.6 Fir (Abies sib.)
6 1,000 - - - Sparse Fir
7 119,680 32,220 0.6 26.9 Spruce and Fir
. 8 140 - - - Sparse Spruce and Fir
9 - 3,456,400 1,960,400 16.0 56.7 Larch (Larix sp.)
. 10 . 88,050 55,260 0.4 62.8 Sparse Larch
11 404,960 133,870 1.9 33.1 Kedra (Pinus sib. & kor.)
12 1,310 990 <0.1 75.7 Sparse Kedra (Pine)
13 10,280 - 0.1 - Artcha (Mtn. Cedar, Juniper)
14 133,100 - 0.6 - Oak (Quercus sp.)
15 980 - <0.1 - Sparse Oak
16 40,130 - 0.2 - Beech (Fagus sp.)
: 18 11,880 - 0.1 - Hormnbeam (Caprinus sp.)
19 82,550 110 0.4 0.1 “Stony” birch (Betula ermanii)
20 4,100 - <0.1 - Sparse Stony Birch
22 1,081,500 318,610 5.0 29.5 Birch
23 1,420 50 <0.1 3.3 Sparse Birch .
25 141,000 13,680 0.7 9.7 Aspen (populus trem.)
26 120 - <0.1 - Sparse Aspen
27 15,490 - 0.1 - Linden (tilia )
28 62,620 10,910 0.3 17.4 Other
29 4,650 - <0.1 - Other w/dom. Maple (Acer)
-~ 30 500 - <0.1 - Other w/dom. Walnut (Juglans)
- 31 1,770 - <0.1 - Other w/dom. Pistachio (Pistace.)
32 22,750 10,500 0.1 46.1 “Emik” - Dwarf Arctic Birch
33 322,400 205,320 1.5 63.7 Cedar Elfin Wood (krumholz)
34 149,270 144,590 0.7 96.9 Dispersed Larch Wood
35 218,320 156,060 1.0 71.5 Burned Forest []
-36 27,080 17,190 0.1 63.5 Glades (cleared lands)
37 190,010 138,560 0.9 729 Tundra
- 38 267,400 50,650 1.2 18.9 Outcrops and Rocks
40 96,900 40,100 0.5 41.4 Tundra and Rocks
T 42 12,127,180 3,850,380 55.9 31.8 Open Lands
44 100 100 <0.1 100.0 Sea
.45 213,130 54,660 1.0 25.7 Water
"_Total 21,688,070 8,344,890 100.0 -
Forest 8,547,950 (Classes 1 to 34)
Non-Sparse 8,295,830
_ Forest
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Table 2.--Forest Cover based on the Atlas of Forests USSR (State Comm. On Forests 1973). Two methods of
examining the data are shown in this table. First, the forest types and percentages in the left half of the table
are from the summary page and pie chart in the Atlas. Second, the right half of the table shows the area
estimates and percentage of forest cover based on our digitization of the map. The percentages of forest types

shown by the two methods are in close agreement.

Class | From original map graphic From our digital version of the 1973 map
# ' % of forests # km’ % of area % of forests
1.] Scets Pine 16.30 Scots Pine 1 1,371,040 14.70 15.20 *

2 | Spruce 12.20 Spruce 2 974,840 10.50 10.80

3| Fir 1.80 Fir 3 134,070 1.40 1.50

" 4 | Spruce Fir - Spruce Fir 4 117,420 1.30 1.30

. 5] Larch 38.10 Larch 5 3,345,150 36.00 37.00

6 .| Kedra (Pine spp.) 5.60 Kedra 6 357,820 3.80 4.00

7 | Creeping Cedar 0.10 Creeping Cedar 7 23,130 0.30 0.30

- 8 | Krumholz 3.80 Krumbholz 8 296,090 3.20 3.30

-9 | Oak 1.40 Oak 9 181,540 2.00 2.00

10 | Beech 0.50 Beech 10 - 64,940 0.70 0.70

‘12 | Dwarf Birch - 0.80 Dwarf Birch 11 96,840 1.00 1.10

16 | Saxaul -- Saxaul 12 681,560 7.30 7.50

11 ] Birch 13.30 Birch 13 1,054,390 11.30 11.70

13 | Aspen 2.70 Aspen 14 115,590 1.20 1.30

Water 16 259,100 2.80 -

Sparse Scots. Pine 17 10,240 0.10 0.10

o ' Sparse Spruce 18 6,680 0.10 0.10

‘14 | Lime 0.40 Lime 31 15,820 0.10 0.20

15 | Other Softwoods 2.30 Other softwoods 33 102,720 1.10 1.10

17 | Sep. & sparse trees 0.70 Sparse Larch 39 102,430 1.10 1.10

" Total 100.00 Total Area 9,311,330 100.00

.
Total Forest 9,052,230
Non-Sparse Forest 8,932,880

. Olson et al. World Ecosystems

From the global daia set of Olson et al. (1983, 1984),

we extracted the region of the former Soviet Union

."that contains about 40 classes of land cover. See
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tablég 3 and 4.

Thirty Year Average Temperature Data

A continuous FSU temperature surface was extracted
from the Plate Carree projection matrix of Leemans
and Cramer (1991). The temperature data were
rounded to whole degrees Celsius. The original data
then were organized using geographic coordinates in

a global Plate Carree projection of 1/2-degree cells
yielding an array of 720 columns by 360 rows. Of
these data, an array of 720 columns by 259 rows was
extracted from the region of 55° to 75° North. These
extracted windows were resampled via a nearest-4
neighbor algorithm to an array consisting of 2,500
columns by 904 rows using IDRISI software to
match the original array structure of NOAA GVI
data. A Boolean mask was used to extract all former
USSR territories. The mask was created by
digitizing administrative boundaries from a 1:8
million-scale map of USSR Physical Geography.
This raster mask and the corresponding temperature
did not match exactly on the northern border, and left
residual flag values of -999 from the original data.
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Table 3.--Landcover types of the former Soviet Union from Olson et al. (1983,1985). The ten largest categories are
- in bold face.

Class | Cover Type ’ km’
20| Snowy, Rainy, Coastal Conifers (with alder etc.) 11,550
21| Main Boreal Conifers 3,281,160
22| Snowy, Non-Boreal Conifer Forest 758,550
23] Conifer/Deciduous, snow in winter 737,890
24] Semi-Evergreen Deciduous, little or no snow 10,030
25| Temperate Deciduous Forest, snow in winter 154,150
- 26] Temperate Deciduous Forest, little or no snow 80,180
30} Cool Farmland / Settlements (snowy) 1,270,630
31} Mild Hot Farmlands / Settlements 541,900
37] Warm Irrigated crops 109,530
38] Cool Irrigated crops 74,740
39] Cold Crops and pasture 82,960
40] Cool Snowy Grass Shrub 1,333,670
41| Mild/Warm/Hot Grass Shrub . 1,295,210
42] Cold steppe Meadow ’ 322,280
44] Mire (acid bog &/or groundwater-fed fen) cold peatland/sphag. 568,510
45| Marsh / Swamp (warm-hot) salt & fresh water, thicket, flooded 9,350
46] Mediterranean Evergreen Tree/Shrub (winter rain) 540
47| Other Dry or Highland Scrub/Tree 62,130
48| Eucalyptus or Acacia, Quebracho, Saxaul 6,310
- 50| Sand Desert, partly blowing 523,590
51] Other Desert and Semi-desert 447,740
52| Cool/cold Shrub Semidesert/Steppe (sagebrush.) 496,200
53| Tundra (polar, alpine) 3,083,370
55| Grass/Crop +<40% woods: cool-cold, persistent snows 531,270
56| Regrowing Woods + Crop/Grass 12,440 .
57|Regrowing Woods+Crop/Grass:cool-cold, persistent snows 967,770
58| Grass/Crop+<40% woods:warm,hot 78,340
60| Southern Dry Taiga (and other aspen/birch, etc.) 533,330
61] Siberian Larch Taiga, with other taiga-Main Boreal Conifers 308,830
62] Northern or Maritime taiga/tundra 2,586,910
- 63] Wooded tundra/margin (or mtn. Scrub, meadow) 703,010
. 65] NW quadrant near most land (mainland, large island) 16,630
66] NE quadrant near most land (peninsula, small islands) 12,980
67| SE quadrant near most land (or isthmus) 2,820
68| SW quadrant near most land 12,0200
69] Polar Desert (rock lichens) 103,530 ]
70] Glaciers (other polar and alpine) 11,020
71] Salt/soda flats (playas, lake flats, rarely wet) 24,740 v
Total 21,167,790
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Table 4.--Recombination of Table 3 (from Olson et al. 1983,1985) into simpler categories to allow comparison with

Table 6.
Generalized Landcover Types % of Area Area (kmz)
Mixed coniferous & deciduous forest 4.6 982,240
Main boreal coniferous forests 15.5 3,281,160
- Northern or maritime taiga forests 13.7 2,907,290 .
Snowy non-boreal coniferous forest 3.6 758,550
Southern dry taiga forests 25 533,330
. Forested Subtotal 40.0 8,462,560
" Cool to cold shrublands 5.0 1,064,710
. Cool snowy grasslands & crops 17.1 3,615,550
Mild to hot grasslands, farmlands, & shrublands 14.2 3,021,030
- Regrowing woodlands & croplands 5.0 1,058,550
: Shrublnds, Grassinds & Farminds Subtotal 414 8,759,840
Tundra 15.3 3,242,380
Wooded tundra margin 33 703,010
Tundra Subtotal 18.6 3,945,390
Total Area 100.0 21,167,790

We eliminated the temperature files for December,

~ January, and February to conform to the 9 months

- used in the 60-class phenology product. We summed

all of the months and divided by 9 to create a data set
with a 9-month temporal average for each pixel

location. We reclassified all no-data, and sea
.locations to 0. Then, we extracted the minimum,

modal, and maximum temperatures for each of the 60

phenological land cover classes. Nine monthly

-images yielding 18 files included a minimum value
file and a maximum value file by class for each

*. "month.
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- The Creation of GVI Data Phenology Classes

" Using an ISODATA algorithm (ERDAS 1994), we

clustered the 9-month GVI dataset into 60 classes
using a maximum of 100 iterations and a 95%
convergence threshold. From the clustered data, we
then extracted the mean NDVI for each month for
each of the 60 classes, and graphed the data against
time (fig. 1). The distribution of the 9 month means
were examined for the sum, standard deviation,
coefficient of variation, minimum, median, and
maximum values.

Clustering and classification of the GVI data did not
create unique landcover labels, but rather created a
series of classes based on phenology curves. The
next step, labeling of the curves was more
challenging than the numerical clustering of tpe data
and required the use of ancillary data sets described
above, expert opinion, and the development of a set
of decision rules. The need to use very large
ancillary data sets is common in work like this
because of differences among the classifications
(Nemani and Running 1997).

We labeled the 60-class map based on the Olson et
al. (1983, 1985) World Ecosystems Map. The area
covered by the 60-class map and the Olson ef al. map
were compared within the GIS. The label of the
Olson et al. class that covered the majority of the
phenology-based class was assigned to the phen®logy
class. For instance, if the phenology class was
composed of 60% spruce, 20% fir, and 10% tundra,
the class would be called spruce. The second and
third most important or sub-dominant Olson et al.
labels (fir and tundra, in this case) were defined and
used later in re-combinations of the classes.
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Temperature and GVI

Nemani and Running (1997) used seasonal NDVI

~ data from the NOAA AVHRR and compared it with

temperature data to develop a general model for
landcover vegetation. They hoped to develop
classification descriptions that allowed labeling of

 classes independently of the large volumes of
- ancillary data required in earlier research (Loveland

et al. 1991, Zhu 1994, Stone et al. 1994). Nemani
and Running (1997) divided landcover into four
broad types including (1) water limited (e.g., deserts
‘and shrublands), (2) energy limited (e.g., high
latitude and high altitude vegetation), (3)
‘atmospherically coupled (e.g., rough canopied

~ evergreen forests), and (4) atmospherically decoupled

- (e.g:, crops that are fertilized, irrigated, and have

smooth canopies). They also showed the seasonal
distribution of various landcover types in NDVI and
temperature space using data of various landcover
types of the USA.

We used the concepts of Nemani and Running (1997)
with the GVI data and the temperature data of the
USSR from Leemans and Cramer (1991). We

- defined the July modal temperature value for each

_class and have plotted it versus mean class NDVL

Each of the 9 months of temperature data was
imported into ERDAS Imagine NT. A 20 class
Isodata unsupervised clustering operation with a

" maximum of 20 iterations and a 95% convergence

threshold was run to create the 30-year temperature
file. The resulting file contained 21 temperature
zones. These were compared to the phenological
land cover classes using ERDAS Imagine NT to

derive a count by input class, where the largest value

" ineach listing is the majority class. As July is the

hottest month, generally, we defined the modal
temperature value for each class and plotted it versus

mean class NDVI (fig. 2).

RESULTS

We have made a 15 km resolution map the landcover
of the region of the former, Soviet Union based on a
10 year time series of GVI data (fig. 3). In general,
we found 6.8 million km’ of forested lands, 4.3
million km’ of mixed forests and steppes, 6.5 million
km’ of shrublands, grasslands and farmlands and
some 3.7 million km’ of tundra. The names of the 60

- classes have been assigned according to the World

Ecosystems Map of Olson e al. (1983, 1985).

. Secondary and tertiary labels have been assigned also
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as more than one Olson-type was usually included in
a phenology type. A simplification of the map based

. on the assigned primary Olson-type label reduced the

number of classes to 12. Areal estimates of all
landcovers of the FSU are shown in tables 5 and 6.

The addition of the temperature data to the GVI data
allowed comparisons with the conceptual model of
Nemani and Running (1997). Our effort has appliéd
their concepts (but not methodology) to the largely
boreal and forested realm of former USSR. The
Nemani and Running (1997) conceptual model fit
well with our landcover classification labels. Classes
with the lowest mean NDVI and highest July
temperatures appear in the water-limited region
according to the Nemani and Running (1997)
conceptual model. The geographic location of these
classes (nos. 1, 9; & 11) were in Uzbekistan,
Turkmentestan and Kazahkstan. Classes with very
low mean NDVI and low July temperature should
plot in the energy limited portion of the graph. Three
sample classes here (nos. 2, 3 and 5) are very high
latitude tundra or montane sites and include the
Taymyr Peninsula. Classes closest to the
atmospherically coupled portion of the graph include
those that cover Kamchatka and the extreme Russian
Far East near Magadan (nos. 31,42,36). These sites
are moist, forested and are analogous to the US
Pacific Northwest. Sites that are closest to the
atmospherically decoupled extremes include the
wheat belts of Ukraine, the northern steppes and
Samara. Although this was not meant to be a
rigorous evaluation of the Nemani Running work,
their conceptual model appears to work and be useful
in the largely boreal realm of the region of the FSU.

DISCUSSION

It is tempting but perhaps unwise to use the areal
estimates of landcover type from this research anl to
compare these results with other estimates of th
landcover or forest cover of the FSU. This result and
the Gaston et al. (1997) effort are phenology-based
maps. All other data sets were produced from
different starting points, with different data sets, and
with different goals. And, given the low resolution
of the GVI data, all pixels will be mixed pixels.
Also, very different landcovers may exhibit the same
phenological characteristics in the same region and,
thus, with this method would be labeled the same.
Finally, the size of the FSU can also mean that
regions several thousand miles apart with the same
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* Figure 3. Landcover classes of the former Soviet Union (FSU)
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Table 5.--Map from this work with labels based on Olson et al. (1983,1985). Values rounded to nearest 100 kn’.

Class

1,

510,800
225,200
289,500
312,800
314,700
278,800
208,700
063,100
314,300

341,600

133,600
239,900
326,800
645,100
343,300
384,400

151,900

144,600
259,000

323,200

270,400
421,900
270,400
389,400
248,200
385,800

. 277,100

295,300
378,400
216,100
132,100
200,200
290,700
323,200
367,600
143,600
285,100
438,200
330,800
184,900
211,600
197,900
298,500

324,100

464,000
374,800
437,300
449,700
409,700
481,100

- 520,900

470,400
497,200
298,400
581,200
605,800
590,600
849,200
461,800
284,900

Primary label Secondary Tertiary
Tundra, confused with desert  Other desert Sand desert
Tundra Polar desert Not present
Tundra Northern/maritime taiga Not present
Tundra Polar desert Wooded tundra
Tundra Wooded tundra Northern / maritime taiga
Tundra Wooded tundra -
Tundra Northern/maritime taiga Wooded tundra
Mild/hot warm grass/shrub Sand desert Other .
Tundra Wooded tundra Northern / maritime taiga
Tundra Northern/maritime taiga Main boreal forest
Mild/hot grass/shrublands Tundra Sand desert
Northern/mar. taiga Tundra Not present
Tundra Wooded tundra Northern / maritime taiga
Mild/hot warm grass/shrub Cool/cold shrublands Sand desert
Northern/maritime taiga Tundra Main boreal conifers
Northern/maritime taiga Tundra Main boreal conifers
Main boreal conifers Cool snowy grass/shrubs Conifers
Northern/maritime taiga Cool farmlands Cool snowy grasslands
Northern/maritime taiga Tundra . Wooded tundra
Tundra Northern/maritime taiga- Wooded tundra
Northern/maritime taiga Main boreal forest Tundra
Cool/cold shrublands Cool snowy grasslands ~ Mild hot warm grass/ shrub
Northern/maritime taiga Tundra Main boreal conifers
Northern/maritime taiga Tundra Main boreal forest
Cool/cold shrub Mild/hot shrublands Cool snowy grasslands
Northern/maritime taiga Main boreal conifers Tundra
Cool farmlands Cool snowy grasslands ~ Main boreal forest
Northern/maritime taiga Tundra Wooded tundra
Main boreal conifers Northern/maritime taiga Tundra
Northern/maritime taiga Main boreal conifers Tundra
Wooded tundra Tundra Main boreal conifers.
Main boreal conifers Tundra-taiga Tie
Northern/maritime taiga Main boreal conifers Cold steppe .
Cool snowy grasslands Cool/cold shrublands Cool
Main boreal conifers Northern/maritime taiga Tundra
Wooded tundra Cold steppe Tundra
Main boreal conifers Cool snowy grasslands  Cool farmlands
Main boreal conifers Cold steppe Northern/maritime taiga
Main boreal conifers Northern/maritime taiga Tundra
Mild/hot warm grass/shrub Mild/hot farmlands Cool croplands
Cool farmlands Cool snowy grasslands  Grasslands /croplands
Northern/mar. taiga Tundra Main boreal conifers
Main boreal conifers Snowy non-borealcon  So dry taiga
Main boreal conifers So dry taiga Tundra
Main boreal conifers Cool farms Siberian boreal taiga
Main boreal conifers Conif./decid. Forests Mires
Main boreal conifers Conif /decid. Forests ~ Mires '
Mild/hot farmlands Regrowing woods/crops  Conifers v
Snowy nonboreal conifers So dry taiga Tundra
Main boreal conifers Cold steppe Northern/maritime taiga
Cool farmlands Grassland / croplands Cool snowy grasslands
Regrow. Woodlands/crops So. dry taiga Cool snowy grasslands
So dry taiga Snowy nonboreal conif. Main boreal forest
Mild/hot farmlands Cool farms-regr wodilnds Tie
Main boreal conifers Sib. Larch taiga Snowy non-boreal conif. forest
Snowy nonboreal conif Main boreal conifer Southern dry taiga
Conif/decid forest Regrow wood/crops Cool snowy grasslands
Regrow woodlands/crops Cool farms Grass/croplands
Cool farm Regrw woods/crop Conif./decid. forest
Snowy nonboreal conifers Regrw woods/crop Conif./decid. forest

21,469,900 Total
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Table 6.--Simplified landcover types defined for the FSU based on this research. The 12 types listed here are the
major groupings of the 60 landcover types in the original classification (Table 5).

Landcover Types % Area Area (kmz)

Mixed coniferous & deciduous forests 2.8 590,600
Main boreal coniferous forests 15.3 3,292,910
Northern or maritime taiga forests 54 1,162,940
Snowy non-boreal coniferous forests 6.1 1,300,400
Southern dry taiga forests . 2.3 497,200

Forested Subtotal 319 6,844,050
Mixed main boreal forests & steppe/grasslands 8.5 1,820,300
Mixed northern or maritime taiga forests & steppe/grassland 11.8 2,524,130

Mixed Forest/Steppe Subtotal 20.3 4,344,430
Cool to cold shrublands 3.1 670,200
Cool snowy grasslands 1.5 323,200
‘Mild to hot grasslands, farmlands, & shrublands, 12.9 2,774,900
Regrowing woodlands & croplands 6.1 1,319,600
Cool farmlands & settlements 6.9 1,471,400

Shrublands, Grasslands, & Farmlands Subtotal 30.6 6,559,300
Tundra : 16.1 3,446,500
Wooded tundra margin 1.3 275,700

Tundra Subtotal 17.4 3,722,200

Total Area 21,469,900

phenological characteristics might be labeled the
same. The tremendous geographic extent of Russia
.. and the FSU is not considered in the classification
technique used. With this method, the spatial
proximity of pixels was not considered. Instead, the
month by month GVI values controlled the clustering
of data. This can lead to classification of sites widely
separated as the same landcover type simply because
their phenological curves are the same. Having the
“same phenology does not mean having the same
landcover. Also, small regions whose phenological
cycle are determined by irrigation or by river waters
may be out of phase with surrounding regions and are
‘more likely to be mislabeled. The simple addition of
temperature data assists in sorting out some of the
potential difficulties. This new map is suitable for
. stratifying the region of the FSU using either the 12
" or 60 classes version into regions which then could
" be sub-sampled by higher resolution satellite data
such as that from NOAA AVHRR LAC, LANDSAT
- MSS, T™ or SPOT.
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EFFECTS OF WITHIN-STAND HABITAT AND LANDSCAPE PATTERNS ON AVIAN DISTRIBUTION
AND ABUNDANCE IN NORTHERN MINNESOTA

Carol W. Pearson' and Gerald R. Niemi?

ABSTRACT. -- We studied 26 mature aspen
(populus tremuloides) stands to test whether both
within-stand habitat characteristics and landscape
patterns influenced breeding bird abundance in
contiguous forests of the northern U.S. Breeding
birds and habitats were sampled in 1991 and 1992.
Proportions of different forest types surrounding each
stand were ‘calculated for three buffers and two bands
of different radii from the sample stand boundaries
~ (100 m, 250 m, 500 m). Models based on multiple
regression analyses were calculated to predict the
relative abundance of seven bird species. Five
species, American Redstart (Setophaga ruticilla),
Black throated Green Warbler (Dendroica virens),
Magnolia Warbler (D. magnolia), Nashville Warbler
(Vermivora ruficapilla), and Blackburnian Warbler
(D. fusca), were correlated to varying degrees with at
- least one of the landscape-level variables. Two
species, Veery (Catharus fuscescens) and Ovenbird
. (Seirus aurocapillus), were correlated only with
habitat variables measured within the sample stands.
Species with the most general habitat associations
within these forests were least influenced by
landscapes, while species that were more specific
(e.g., the highly conifer dependent Blackburnian
Warbler) were most influenced by the surrounding
- landscape.

INTRODUCTION

- Over the past 20 years, a great deal of research effort
~* has been directed toward studying the effects of
 forest fragmentation on avian communities. Because
of the similaritiés between true oceanic islands and
_isolated forest fragments or "habitual islands," many
researchers have applied the theory of island
biogeography (MacArthur and Wilson 1967) to the
study of fragmented terrestrial habitats. Most of
these studies have focused on patch size and degree
of isolation to explain variations in the composition
of avian communities within forest fragments (Galli
~ et al. 1976, Whitcomb ef al. 1977, Whitcomb 1977,
Robbins 1979, Lynch and Whigham 1984, Blake and
Karr 1984, Haila 1986). The importance of

landscapes surrounding a forest stand have only
recently been considered (Ambuel and Temple 1983,
Wilcove 1985, Verner 1986, Addicott et al. 1987).
Two habitat islands of the same size, shape, quality, .
and degree of isolation may be subject to different
conditions depending on the landscape mosaic
surrounding them.

Current research suggests that vegetation patterns in
forest-dominated landscapes can effect the
composition of avian communities within individual
forest stands (Rosenberg and Raphael 1986, Urban et
al. 1987, Hansen et al. 1991, Hejl 1992, Pearson
1994). The objective of this study was to determine
the relative importance of vegetation patterns in the
landscape surrounding a forest stand to avian
abundance within the stand. To accomplish this
objective, the study focused on two questions: (1) do
correlations exist between the distribution or the
abundance of selected species and habitat variables
within the surrounding landscape; or (2) are the
number of birds recorded within a forest stand
correlated only with habitat variables within that
stand?

STUDY AREAS AND BIRD SPECIES
SELECTION

The study areas were 26 mature quaking aspen stands
located on the Superior and Chippewa National
Forests in northern Minnesota. The sample stands
were a subset of forest stands selected as part of a
National Forest Bird Monitoring Project (Hanowski
and Niemi 1994). Stands of only one forest type
were selected to reduce within-stand habitat
variability and, hence, to increase the possible
variation that could be attributed to differences in th
landscape surrounding the stands. For more detaily,
concerning study area selection and locations see
Pearson (1994).

Seven bird species were selected a priori for analysis
using the following criteria: (1) species that were
relatively abundant on the study sites, (2) species
with habitat associations along a deciduous to

1Carol W. Pearson, Natural Resources Research Institute, 5013 Miller Trunk Highway, Duluth, MN 55811,
Present address: Minnesota Department of Natural Resources, 500 Lafayette Road,

St. Paul, MN 55155-4025

2Gerald J. Niemi, Natural Resources Research Institute, 5013 Miller Trunk Highway, Duluth, MN 55811
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coniferous gradient, and (3) species classified as
neotropical migrants. Habitat associations for birds
of the region were identified using bird census data
collected for a National Forest Bird Monitoring

" Project (Hanowski and Niemi 1994) from 1991

through 1993. Based on these criteria the following
species were selected: Veery and American Redstart
(deciduous forest association); Black throated Green

"~ Warbler, Ovenbird, and Magnolia Warbler (mixed

forest association); and Nashville Warbler and
Blackburnian Warbler (coniferous forest association).

DATA COLLECTION

Three‘v replicate points (each 10 min in duration) were

~ censused witliin each stand during a 2 week period in
- June of 1991 and 1992 (Reynolds et al. 1980,

Hanowski and Niemi 1994). Five trained observers
(Pearson 1994) conducted the census which were
completed between 0.5 hours before and 4 hours after
sunrise. Censuses were conducted only during good
weather (i.e., wind<15 mph and no precipitation).

All birds heard or seen within 100 m of each census
point were recorded. The observers collected
information on habitat structure and plant species

.. composition at each census point after completing the

bird census. The within-stand habitat data were

~ averaged for the three points in each sample stand

over all observers who had sampled them (Pearson
1994).

*Aerial photo interpretation was used to analyze and

classify the forest types within a 500 m radius of each
sample stand. Types were classified to tree species

‘where possible, and four size (age) classes were
‘identified (Pearson 1994). The smallest area

~'delineated by the aerial photo interpretation was

about 0.1 ha. A Bausch & Lomb zoom transfer scope
was used to delineate the results of the aerial photo
interpretation on United States Geological Survey

(USGS) 7.5 min topographic maps (scale - 1:24,000)

- for purposes of georeferencing, and to eliminate

distortion in the arial photos caused by varying
topography (Alberts 1992).

~ GIS AND DATA ANALYSIS

The photo interpretation results were digitized from
the USGS topographic maps using PC ARC/INFO
[Version 3.4 (ESRI 1991)] to create a digital map of
the - landscape surrounding (and including) each

_ sample stand. The boundaries of the sample stands

were determined by locating the three census points

~ on the larger landscape maps and using GIS
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techniques to delineate the area within 100 m of the
census points (the radius within which birds were

. recorded). Buffers of three different radii (100 m,

250 m, and 500 m) from the sample stand boundaries
were then delineated. The areas, perimeters, and
frequencies of forest types were calculated for each
sample stand and for each of the three buffers for
each stand.

The landscape matrix data derived from the GIS
analysis were imported into Paradox (Version 3.0),
and combined with the within-stand habitat data.
Two new data sets were created by subtracting the
areas of the 250 m buffer from the areas of the 500 m
buffer, and by subtracting the areas of the 100 m
buffer from the areas of the 250 m buffer. These
areas, designated as the "250 m band" and the "500 m
band," represented the matrix habitat in a band
between 100 m and 250 m away from the sample
stand, and between 250 m and 500 m away from the
sample stand, respectively. Proportions of different
habitat types within the sample stands, buffers, and
bands were calculated by dividing by total area of
each.

All subsequent data analyses were completed using
SAS/PC, Release 6.04 (SAS 1988). The data set
described above contained more than 100
independent variables measured for each sample
stand. To reduce the number of variables, similar age
classes and habitat types were combined into roader
categories. For example, two age classes
representing regenerating forests<20 year old were
combined. Similarly, all mature upland deciduous
types were combined into one category. In this
manner, the landscape-level forest types were
reduced to 10 variables representing broader habitat
categories (Pearson 1994). At this point, with
landscape cover types and within-stand habitat
variables, 32 independent variables remained in the
data set. Two approaches were used to further reduce
the number of independent variables. First, simple
correlations between variables were examined, akd
one of each pair correlated (r>0.50) variables wgs
eliminated by flipping a coin. Secondly, the
proportion of total habitat represented by each of the
matrix habitat variables within the sample stands and
in each of the bands and buffers we examined.
Because some habitat types were present in small
proportions, a habitat variable was eliminated if
fewer than 10 stands had 10% of that habitat type.
After these procedures were completed 10
independent variables were retained for the multiple
regression analysis (table 1).
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Table 1.--Description of habitat variables retained as independent variables for multiple regression
analyses.”

Within-stand Variables

- cht = canopy height (in meters)
‘hee = percent high canopy cover code'
uc = percent understory (1m to 4m) cover code’
“ge - - = percent ground (up to 1m) cover code'
bals = - =frequency of balsam recorded at the census points
_ ' (summed for three points and averaged over two years)
bir = frequency of birch recorded at the census points
' (summed for three points and averaged over two years)
mixin = percent mature upland mixed forest (25 - 75% deciduous) within sample stands
Matrix Variables
mupdec . = percent mature upland deciduous forest - includes pole-sized and saw-sized
o classes of all upland deciduous forest types classified as > 75% deciduous
mupmix = percent mature upland mixed forest - includes pole-sized and saw-sized
. classes of all upland mixed forest types classified as 25 - 75% deciduous
. mupcon = percent mature upland conifer forest - includes pole-sized and saw-sized

classes of all upland conifer forest types classified as < 25% deciduous

* 1% cover codes: 0 = <10%, 1 = 10-40%, 2 = 40-70%, 3 = >70%
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Multiple regression analyses were completed

. separately for three buffers and two bands for each of

the seven species. Dependent variables consisted of
the census data collected for each species on the
sample stands. The census data were summed for the
three census points in each stand and averaged over
the two years of censusing. The independent

" variables consisted of seven within-stand habitat

variables and three matrix habitat variables (table 1).
Matrix habitat variables (which were proportions)
were arcsine transformed, and bird counts were
logarithmically transformed to stabilize the variance.
The SAS/PC "maxR" regression method (SAS 1988)
was used to select the best subsets of variables to

_ explain variation in numbers of birds recorded on the
'sample stands. Residuals were tested for normality

and residual-plots were examined to identify outliers
and non-linear trends. For a more detailed
description of methods, see Pearson (1994).

RESULTS

A total of 1,605 individuals of 66 species were
recorded on the 26 sample stands over the 2 years of
censusing (Pearson 1994). The most abundant

_ species recorded on the study sites was the Ovenbird,

which was present on all of the sites in both years.
The Veery and the Nashville Warbler were also very
common and occurred on most sites in both years.
The black-throated Breen Warbler, Magnolia

. Warbler, Blackburnian Warbler and American

Redstart were the least abundant of the species
chosen for analysis.

Table 2 lists the proportions of mature upland mixed

. forest within the sample stands and the mean values

for habitat structure and tree species recorded at the

" census point. Since both balsam (4bies balsamea)

and birch (Betula papyrifera) appear frequently in the
regression models presented below, an explanation of
the forest associations of these two tree species is

. important in interpreting the results. The frequencies

‘of both balsam and birch were negatively correlated

(r=-.061 and r=-.36, respectively) with the mean
percent deciduous code recorded at the census points.
This suggests that both of these tree species were
assigned with an increasing conifer component
within the stands selected for this study. Mature
upland forest types represented the largest proportion
of the landscape matrix surrounding the study sites.
Lowland habitat types (e.g., marsh, water, lowland
forest), agricultural, and urban areas were poorly

represented.
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Because the results were very similar in all bands and
buffers, only the "best" regression model for each
species is presented (table 3). The "best" model was
defined as a statistically significant model (P,0.015),
with the highest adjusted R? (adjusted for the number
of variables included) of the models tested, in which
all of the variables included in the model were also
significant (P<0.05). Comparisons of the results for
the different bands and buffers are shown in figure 1.

Two of the seven species, Veery and Ovenbird, were
not correlated with any of the matrix habitat
variables. Because these species apparently
responded only to within-stand habitat variables, the
results were identical for all the buffers and bands
(fig. 1 a, d). Significant negative correlations were
found between the abundance of the Veery and
percent high canopy cover within the forest stand.
Veery abundance was also significantly negatively
correlated with the frequency of balsam recorded
with the study sites. The model explained 52% of the
variation in Veery numbers recorded on the sample
stands (table 3). Ovenbirds were significantly
correlated with three within-stand habitat variables.
The species was positively correlated with percent
high canopy cover and percent ground cover, and
negatively correlated with percent understory cover.
The model including these three variables explained
46% of the total variation in Ovenbird abundance
(table 3).

A )
Five species (American Redstart, Black-throated
Green Warbler, Magnolia Warbler, Nashville
Warbler, and Blackburnian Warbler) were correlated
wih matrix habitat variables as well as within-stand
variables. The proportion of variation explained by
the matrix variables (partial correlation coefficient)
varied among the five species, and between the
different bands and buffers for individual species

(fig. 1).

In the 250 m band, the 250 m buffer, and the 50Q m
buffer, the abundance of American Redstarts wa
negatively correlated with the frequency of birch
(recorded within the stand), and with percent mature
upland mixed forest in the landscape surrounding the
stand. In the 100 m buffer and the 500 m band,
balsam was the only variable significantly correlated
(negatively) with Redstart abundance. Model R?
values ranged from 0.19 to 0.28, and the partial
correlation coefficients for percent mature upland
mixed forest ranged from 0.17 to 0.19 (fig. 1 b).

The Black-throated Green Warbler showed

significant positive correlations with canopy height in
the 100 m buffer, the 250 m band, and the 250 m

GTR-NC-209
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Figure 1.--Comparison of results between the different bands and buffers for seven individual species: a) Veery, b) v
American Redstart, ¢) Black-throated Green Warbler, d) Ovenbird, e) Magnolia Warbler, f) Nashville Warbler,
and g) Blackburnian Warbler. “Model R*" is the adjusted R’ value for the complete model. “Matrix R*" is the
proportion of total variation explained by landscape-level variables alone.
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buffer. It was significantly positively correlated with
birch in all bands-and buffers. There were significant
negative correlations with percent understory cover
in the 100 m and 250 m buffers, and in the 250 m

" band. In the 500 m band and the 500 m buffer, there

were significant positive correlations with percent
high canopy cover. Percent mature upland deciduous
forest in the surrounding landscape was negatively

~ correlated with the abundance of this species in the

100 m and 250 m buffers. In the remaining buffer
and bands, there were positive correlations with
percent mature upland conifer in the landscape

_ matrix. Model R? values ranged from 0.24 to 0.29,

and partial correlation coefficients for the matrix

.variables ranged from 0.07 to-0.18 (fig. 1c).

- The Magnolia Warbler was negatively correlated
- with percent high canopy cover in all the bands and

buffers. It was positively correlated with percent
understory cover and frequency of balsam recorded
within the stands, and with percent mature upland
conifer forest in the landscape matrix in all bands and
buffers. Model R? values ranged from 0.53 to 0.55,

_ and partial correlation coefficients for mature upland

conifer forest in the surrounding landscape ranged

_ from 0.06to 0.08 (fig le).

~In the 100 m buffer, the abundance of Nashville
‘Warblers was positively coirelated with the

frequency of balsam and birch recorded within the
stand. In the other buffers and in both bands, there

" - was a positive correlation with birch and with the

‘proportion of mature upland mixed forest in the

landscape matrix. Model R? values ranged from 0.33
to 0.42 and the landscape-level variable explained

from 0%-33% of the total variation in abundance for

this species (fig. 1f).

~ Significant positive correlations were found in all

bands and buffers for the Blackburnian Warbler with
balsam (within the stand) and percent mature upland

.conifer forest in the surrounding landscape. The

- models including these two variables explained form
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27%-50% of the variation in abundance of this
species within the sample stands (fig. 1g.). Partial R®
values for mature upland conifer forest in the
surrounding landscape ranged from 0.14-0.40 (fig.
1g.) In the 500 m band, a model which explained
50% of the variation included two landscape-level
variables, percent mature upland conifer, and percent
mature upland mixed forest. No within-stand habitat
variables were significant.

DISCUSSION

. Studies conducted in the eastern United States have

documented the detrimental effects of fragmentation
on area sensitive species, many of which are
neotropical migrants (Galli et al. 1976; Robbins
1979; Whitcomb et al. 1981; Blake and Karr 1984;
Robbins et al. 1989). In northeastern Minnesota,
however, isolated forest patches are rare, and the «
concept of fragmentation is not as clear. In this
region, most contemporary forest changes are created
by logging. Timber harvest has produced a regional
landscape mosaic of different forest types and ages.
The effects of these landscape patterns on avian
distribution and abundance have not been studied
previously. The results of the study presented here
offer some preliminary answers to the question of
how different habitat types in the landscape matrix
may affect avian:populations within individual forest
stands. Two of the species tested in this study, the
Ovenbird and the Veery, responded only to within-
stand habitat variables. The remaining five species-
American Redstart, Black-throated Green Warbler,
Magnolia Warbler, Nashville Warbler, and ’
Blackburnian Warbler - were correlated to varying
degrees with landscape-level variables. These are all
species that appear to exhibit more specific forest
type associations in this region that the Veery and the
Ovenbird.

Although the Veery is generally classified as §
deciduous-associated species, a review of the
literature suggests that it is found in a wide variety of
both deciduous and mixed forests. In the Michigan
Breeding Bird Atlas Habitat Survey, most Veeries
were found in moist forest types, generally northern
hardwoods, but often with a conifer component
(Brewer et al. 1991). On the Chippewa National
Forest in northern Minnesota, Veeries were most
abundant in mixed stands of mature balsam fir,
aspen, and paper birch. They were also recorded in
mature oak stands, jack pine saplings, and aspen
saplings (Hanowski and Niemi 1991). Probst et b
(1992) found the Veery to be common in both
intermediate and mature stages of aspen regeneration.
These results suggest that the Veery occurs in a wide
variety of forest types.

In the present study, Veery abundance was negatively
correlated with percent high canopy cover and with
the frequency of balsam recorded within the sample
stands. Percent high canopy cover explained 12% of
the total variation in Veery abundance in the sample
stands. Reduced high canopy cover suggests a
relatively open forest, and is usually correlated with
an increase in the density of understory cover.
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- Robbins et al. (1989) found a significant positive
correlation between Veery abundance and foliage
density from 0.3 m - 1 m tall. Balsam alone
explained 44% of the total variation in Veery
abundance. This result seems to suggest that the
Veery prefers deciduous habitats since the frequency
of balsam was negatively correlated with the percent
deciduous component in the sample stands (r=-0.61).
The Veery may be more abundant in deciduous
stands not because of a specific preference for

* deciduous trees, but because understory cover is

- denser (in general) in deciduous dominated stands.

With its ground-nesting and ground-foraging habits,

dense understory cover may be among the most

important habitat features for the Veery.

Another possible factor influencing Veery
distribution is competition with other thrushes.
Harrison (1975) suggests that competition between
the Hermit Thrush and the Veery is reduced by their
differing habitat preferences. According to Ehrlich et
al. (1988), the Veery expands its range of breeding
habitats where Hermit and Swainson's Thrushes are
absent. Since the Hermit Thrush and Swainson's
“Thrush are found primarily in coniferous forests in
this region and the Wood Thrush is relatively rare,
the Veery is the primary thrush in deciduous forest
stands.

The Ovenbird is associated with mature forests
throughout its range in eastern North America. Data
from the National Forest Bird Monitoring Program
(Hanowski and Niemi 1994) and the results of studies
in other regions, suggest that the Ovenbird, like the
Veery, is found in a wide range of forest types. In
northern Minnesota, the Ovenbird was found in
virtually all habitat types and ages (Hanowski and
Niemi 1991, Person et al. 1993). On the Chippewa
National Forest, this species was recorded in stands
~of jack pine red pine, white pine, maple and birch. In
general, Ovenbirds were more abundant in mature
forest stands (Hanowski and Niemi 1991).

In the present study, Ovenbird abundance was
positively correlated with percent high canopy cover
and percent ground cover. It was negatively
correlated with percent understory cover (1-4 m).
Several other studies have found positive correlations
between Ovenbird abundance and percent canopy
closure (Shugart and James 1975, Webb et al. 1977,
Kahl et al. 1985). Titterington et al. (1977), Lynch
and Whigham (1984) and Robbins et al. (1989) found
positive correlations between Ovenbird abundance
and tree density. In contrast, Anderson and Shugart
(1974) characterized Ovenbird habitat in Tennessee
as having open canopy and subcanopy layers, and
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dense understory. Martin (1960) also found Venbirds
in stands with dense understories in Ontario. Hann
(1937) recorded Ovenbirds in forests with open
understories in Michigan, and Titterington et al.
(1977) found a negative correlation between
Ovenbird abundance and shrub density on study plots
in Maine. Lynch and Whigham (1984), and Kahl et
al. (1985) reported positive correlations with percent
ground cover. The correlations found in the present *
study agree with the results reported in most previous
studies, but contradict the results of others. Because
of the lack of standardized methodology in relating
birds to their habitats and the likelihood of
geographic variation in habitat preferences, simple
explanations are difficult. In this region, however,
the Ovenbird is found in relatively mature forests
with a high degree of canopy closure, and the
surrounding landscape seems to make little difference
in influencing its relative abundance.

Although the Veery was classified in this study as a
deciduous-associated species and the Ovenbird as a
mixed-associated species, both species are found in a
wide variety of deciduous and mixed forests. In this
region, the Veery and the Ovenbird might be
described as "forest habitat generalists". This lack of
specific forest habitat associations may explain why
neither of these species was correlated with the
proportions of different forest types in the landscape
surrounding the sample stands.

.
A further explanation for the lack of correlations
between these species and the landscape-level
variables may be related to the extent of the forests
found in northern Minnesota. Several studies have
provided evidence suggesting that both the Veery and
the Ovenbird are sensitive species (Blake and Karr
1984, Robbins et al. 1989, Brewer et al. 1991). In a
study conducted in east-central Illinois, Blake and
Karr (1984) did not detect Ovenbirds in forest
"islands" of less than 24 ha, or Veeries in patches less
than 28 ha. According to Brewer et al. (1991), the '
Veery has declined in areas in Michigan where
urbanization and agriculture have reduced previouslyw
extensive forests to isolated patches. Robbins et al.
(1989) found significant correlations between the
area of forest tracts censused, and the occurrence of
both the Veery and the Ovenbird. These data suggest
that the area of a forest patch may be more important
to these species than the forest type or the habitat
structure within the stand. In the present study,
however, habitat structure within the stand was the
best predictor of abundance for both the Veery and
the Ovenbird. In contrast to the forest patches
censused in the studies cited above, none of the
sample stands in the present study was isolated from
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other mature forest stands. The minimum forest area
requirement of the Veery and the ovenbird was

probably satisfied in the sample stands chosen for the
present study, and consequently, the habitat structure

" within the stands was more important in influencing

their distribution and abundance. Lynch and
Whigham (1984) found similar results for a number
of species in their study of relatively non-isolated

_ forest patches in Maryland. They found that

significantly more species responded to floristic
qualities within the stands, than to the area of the
patches. They concluded "above some minimum

_patch size, correlations between local point density

and area of individual forest patches will tend to be

-outweighed by the effects of habitat quality" (Lynch

and Whigham 1984).

" The American Redstart has been reported to breed in

both deciduous and mixed forest types, as well as in
alder swamps and various early succession habitats.
In northeastern Minnesota, Redstarts were most
abundant in stands of mature paper birch and mature
oak (Hanowski and Niemi 1991). They were also
recorded in pole-sized jack pine, mature aspen,
mature elm-ash-red maple, and regenerating aspen
(Hanowski and Niemi 1991). Probst ef al. (1992)

- found the American Redstart most abundant in the
_ intermediate stages of aspen regeneration on the

Chippewa National Forest. In the present study, all
of the variables to which the American Redstart
responded represented an increasing conifer

‘component within the sample stands (balsam and
“birch) and in the landscape surrounding the stands

(mature upland mixed forest). Moreover, all of the
correlations were negative, suggesting that this

‘species prefer deciduous forest.

~ The regré_ssional models calculated for this species

were significant in all the bands and buffers (P,0.05),

‘however, they explained a relatively small proportion

of total variation (19%-28%). This suggests that one

-or more important variables may be missing from the

" models. For example, according to Sherry (1979),

the Redstart prefers habitats with open areas at mid-
height within the forest (i.e., open subcanopy) which
permit aerial pursuit of insects. In the present study,
percent subcanopy cover was not included in the final
regression analyses, and it may have been an
important variable in explaining the distribution of
redstarts. Bond (1957) found the highest density of
Redstarts in stands characterized by a diffuse canopy
with.70%-80% closure. There were fewer saplings in
these stands than in more mesic stands, but greater

- diversity of sapling species, and more sapling-like
- shrubs. Bond (1957) speculated that the more evenly
_ branched and foliaged saplings in these stands
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"would probably provide more of the upright crotches
generally required as nest sites by this species" which
is a sapling nester. In the present study, sapling
structure was not measured, and may have been
another important variable in explaining the
abundance of this species in the sample stands.

The Black-throated Green Warbler was positively
correlated with birch in all the bands and buffers, and
with mature upland conifer in all but the 100 m
buffer. In the 100 m buffer, it was negatively
correlated with mature upland deciduous forest.
These results suggest that the Black-throated Green
Warbler is relatively strongly associated with
conifers since all of these variables represent an
increasing conifer component both within the sample
stands and in the landscape surrounding them.
Descriptions of Black-throated Green Warbler habitat
from the literature support this conclusion.
According to Collins (1983), the Black-throated
Green Warbler is found primarily in mixed forests
including spruce-fir-deciduous, beach-maple-birch,
pine, spruce, cedar, and balsam fir. Robbins (1991)
identifies the breeding habitat in northern Wisconsin
as maple-hemlock-pine forest and conifer forest.
Green (1991) lists this species as preferring
contiguous coniferous forests in Minnesota.

Other correlations found for this species in the
present study were a negative correlation with
percent understory cover, and positive correlations
with both canopy height and percent high canopy
cover. These variables, together with those
mentioned above, describe mature forest with a
relatively dense canopy, and an increasing conifer
component. The Black-throated Green Warbler
seems to respond to specific within-stand habitat
variables, but is partly influenced by the extent of
mature coniferous forest surrounding the stand.

The Magnolia Warbler is strongly associated with the
intermediate stages of coniferous forest regeneration.
Although it is found in some black spruce bogs and
white cedar lowlands (Green and Niemi 1978, Ngemi
and Pfannmuller 1979), young conifer transition
communities with conifer trees from 5 m-10 m tall
are its primary breeding habitat (Green and Niemi
1978, Brewer et al. 1991). In the study presented
here, the Magnolia Warbler was negatively correlated
with percent high canopy cover, and positively
correlated with percent understory cover, balsam, and
percent mature upland conifer in the landscape
surrounding the sample stands. Correlations with
mature upland conifer were comparatively weak
(0.05<P<0.10) and this variable explained a relatively
small proportion of total variation (6% to 8%). This
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.. is not surprisihg since young conifers rather than
mature conifers are the primary breeding habitat of
the species in this region.

It-is likely that the Magnolia Warbler was responding
to the understory conifer component within the
sample stands which was not measured in this study,
but is probably correlated with the percentage of
mature upland conifer forest in the landscape
surrounding the stands. In a landscape where there is
" more mature upland conifer forest there will probably
. also be more young conifers. Percent high canopy
cover (negative correlation) and percent understory
cover (positive correlation) explained the largest
proportion of total variation in abundance of this
species (34% and 14%, respectively). These
variables describe open forests with relatively dense
understory development (mostly young balsam). The
Magnolia Warbler was positively correlated with
balsam in all the bands and buffers. Balsam alone
explained from 4% to 15% of total variation in
abundance of this species on the study sites.

All of the variables to which the Nasheville Warbler

.responded represented an increasing conifer

* component within the sample stands (balsam and
birch) and in the landscape surrounding the stands
(mature upland mixed forest). The Nashville
Warbler is found in a variety of forested habitats

" from black spruce/tamarack bogs and mature
deciduous forests to recently cut areas (Green and
Niermi 1978, Niemi and Pfannmuller 1979, Hanowski
and Niemi 1991). It is most abundant in conifer-
dominated habitat with suitable shrub cover (Green

" and Niemi 1978). In the present study, the proportion
of mature upland mixed forest in the landscape

" surrounding the stand explained the largest
proportion of total variation in abundance of this
“species within the sample stands (up to 33%). For
these stands, it appears that the regional conifer
component (représented by mixed forest in the
landscape matrix) influenced the presence of this

 species in aspen-dominated deciduous stands.

- Of the species analyzed in this study, the
Blackburnian Warbler responded most strongly to the
presence of mature upland conifer forest in the
landscape matrix. - The relative abundance of
‘Blackburnian Warblers was positively correlated in
all the buffers and bands with balsam recorded within
the stands, and with percentage of mature upland
conifer forest in the landscape surrounding the
sample stands (partial correlation coefficients 0.14-
0.42). These results suggest a strong association
between the Blackburnian Warbler and mature
upland conifer habitats. Descriptions of
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Blackburnian Warbler habitat in the literature
confirm this conclusion. According to de Kiriline
Lawrence (1953), its habitat requirements in Ontario
include mature stands of white pine, white and black
spruce, hemlock, and red pine in that order of
importance. In the Appalachians, the species will
inhabit pine-oak vegetation (Harrison 1975),
however, when it is found in mostly deciduous
forests, it is associated primarily with mature .
coniferous trees within these areas (Morse 1989). At
the Hubbard Brook forest in New Hampshire,
Holmes and Robinson (1981) report that
Blackburnian Warblers "only occur where there is at
least one large conifer or preferably a clump of
conifers (specifically spruce) which is used for
nesting and some feeding. In a study conducted in
Maine, Titterington et al. (1977) found the
Blackburnian Warbler most abundant on sites
characterized by a dense softwood overstory and
open forest floor (in other words, mature coniferous
forest). They found a significant positive correlation
between Blackburnian Warblers and softwood
(coniferous) trees with dbh greater than 20 cm
(Titterington et al. 1977). In New York, Webb et al.
(1977) found that the numbers of Blackburnian
Warblers recorded on logged plots were significantly
below the numbers recorded on unlogged control
plots. The Blackburnian Warbler responded equally
negatively to all levels of crown disturbance. Webb
et al. (1977) concluded that the Blackburnian
Warbler "must be considered an indicator of .
undisturbed forest conditions, because it gave a full
negative response even to light levels of logging."

These results suggest that the proportions of mixed
and conifer forests in the landscape surrounding a
forest stand are important in explaining the presence
of some conifer-associated species within primarily
deciduous forest stands. Bird populations often occur
in several habitat types on the same region (Pulliam
and Danielson 1991), however, there is evidence to
suggest that reproductive success can vary in
different habitats (Gates and Gysel 1978, Ambuel '
and Temple 1983, Brittingham and Temple 1983).
According to Pulliam and Danielson (1991),
"population size and growth rate may vary as
functions of the relative proportions of different
habitat types available." Pulliam (1988) suggests that
surplus individuals form highly productive "source"
habitats (i.e., habitats that produce a net increase in
population through successful reproduction) may
disperse into less productive "sink" habitats (i.c.,
habitats in which reproductive success is insufficient
to maintain a population). In such cases, he
concludes that "alterations in the availability of
source habitat may greatly affect the size of



populations in other nearby habitats" (Pulliam and

. Danielson 1991).

The result of the present study may be an indication
that the conifer forests in the landscape surrounding
the sample stands represent source habitats from

“which surplus individuals are immigrating into the

nearby deciduous stands. It is possible that
deciduous forest stands represent sink habitats for
conifer-dependent species, although this suggestion is
speculative, and requires further study. If conifer-
dependent species occur in deciduous stands as a

~ result of immigration from conifer forests in the

surrounding landscape, then the diversity of forest

_ birds within a stand is partly influenced by

‘landscape-level management. Diverse forest bird

populations would require the development or
maintenance of diverse forest mosaics at a landscape
level.

'individual tree species appeared frequently in the

regression models calculated for this study. The
frequency of balsam recorded in the sample stands
was correlated with the relative abundance of six of

-the seven species analyzed. Birch appeared in the

regression models for the American Redstart, the
Black-throated Green Warbler, and the Nashville
Warbler. In a study of tree species preferences of

~ foraging insectivorous birds in New Hampshire,

Holmes and Robinson (1981) found that the most
abundant bird species showed the least preference for

. specific trees, while those birds with the strongest
- preferences for particular tree species were the least

abundant in the forest. Common species were
relatively evenly dispersed throughout the forest, and

- used different tree species roughly in proportion to
- their availability (Holmes and Robinson 1981). In
- contrast, rarer species were widely scattered, and

often very localized in their distribution. Holmes and
Robinson (1981) suggest that for the rarer bird

" species, "their distribution and perhaps even their
~ abundances may be linked to the presence and
- distribution of particular tree species, or at least to

“trees with similar physical characteristics." Because

the presence of specific kinds of trees appeared to be
of major importance at least to some bird species,

‘Holmes and Robinson (1981) concluded that the

~ implications for forest management were significant.
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They cited the Blackburnian Warbler and the solitary

- Vireo as examples and suggested that "the removal of

coniferous trees from the Hubbard Brook forest

“would probably result in the elimination of [these

species] from the community" (Holmes and Robinson
1981). The results of the present study support

‘Holmes and Robinson's conclusions concerning the

importance of specific tree species to certain bird
species.

CONCLUSIONS

The results of the present study suggest that the
proportions of different forest types within a region
are relatively unimportant to species that have .«
generalized habitat needs (e.g., Veery and Ovenbird)
provided that some minimum requirement of forested
area is satisfied. When sufficient forest of (almost)
any type is present, habitat structure within the
individual forest stand is the best predictor of
abundance for these "forest habitat generalists."

In contrast to the above conclusion, the results of this
study provide strong evidence to indicate that the
proportions of different forest types in the regional
landscape mosaic are important in explaining the
distribution of some species that exhibit more
specific habitat associations with a particular forest
type, especially conifer-associated species. This
conclusion is supported by the presence of conifer-
dependent species like the Blackburnian Warbler in
primarily deciduous forest stands, and by their highly
significant correlation with mixed and conifer forests
in the landscape surrounding the stands.

Given the increasing demand for wood products,
timber harvest in Minnesota is unlikely to degrease in
the foreseeable future. How Minnesota's forests are
managed will have important consequences for the
future of avian biodiversity in the state (Pfannmuller
et al. 1993). A relatively large proportion of the
original conifer component of Minnesota's forests
was lost during the late 1800's and early 1900's as a
result of logging and the fires which often followed
logging (Mladenoff and Pastor 1993). The results of
the study presented here demonstrate the need to
develop silvicultural methods to maintain and
possibly increase the conifer component of forests in
northern Minnesota. Balsam recorded within thi
sample stands was positively correlated with the
relative abundance of both Magnolia and
Blackburnian Warblers. Thus the maintenance of
balsam or other conifer trees as components within
deciduous stands appears to be an important factor in
enhancing avian diversity within these stands.
Natural aspen stands are often of mixed composition,
including other hardwoods and conifers (Graham et
al. 1963). In many cases, species such as balsam
have been eliminated in clear-cuts with short
rotations (Mladenoff and Pastor 1993). Even-aged
aspen stands often differ most from natural stands by
a lack of dominant conifers (Mladenoff and Pastor
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1993). The use of partial cutting with an extended
rotation and a two-phase cutting cycle would
encourage the retention of a conifer component
within these stands (Mladenoff and Pastor 1993).
Moreover, the retention of conifer stands within the
landscape would enhance the diversity of wildlife
populations that depend on conifer habitats and also
influence-species diversity within deciduous stands in
these landscapes. '
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SURVEY OF WOODLAND KEY HABITATS

WOODLAND KEY HABITATS IDENTIFIED IN
THE SWEDISH FORESTS

~ A survey is being made of the entire Swedish forest
- landscape in searching for areas with high nature

values. These areas are called Woodland Key
Habitats and yield new knowledge on the status of
the Swedish forest. The results of the survey will

-provide the basis for ensuring that Sweden achieves

the goal of environmentally adapted forestry, where

“conservation of biodiversity is of great importance.

The survey is.financed mainly by the state. In

" addition to locating tens of thousands of key habitats

- many of which were totally unknown earlier - the
work has led to a significant raising of competence
levels both of employees and forest owners within
Swedish forestry, particularly in the areas of
conservation biology, landscape ecology and
recognition of species.

FORESTRY POLICY

~ Swedish forestry policy changed markedly in 1993.

The new policy approved by parliament consists of
two forestry policy goals; a production goal and an

" - environmental goal. Both are of equal importance

‘and should be given equal weight in forestry. No

contradiction in the two goals is implied and they are,
in fact, compatible with one another. The
environmental goal, for example, states that

‘biodiversity shall be secured and that endangered

- species and ecosystems must be conserved. The

forestry policy is aligned towards maintaining
multiple-use -aspects of the Swedish forest.
Consideration must always be paid to nature in all

.'stands irrespective of the silvicultural measures being

taken.- Silviculture and consideration to nature
should, however, be adapted to circumstances found
in the different stands, meaning that nature
conservation is significantly more far-reaching in

. some cases than in others.

The ambition is that Swedish forestry policy will be
achieved chiefly on a voluntary basis by the forestry
sector itself. This assumes that forest owners and the
whole forest industry will raise their levels of

Mikael Norén'

competence, implement ecologically-adapted forestry
methods, and that they are prepared to accept
responsibility, e.g., by voluntarily setting aside stands
for free growth. Society’s main task is to disseminate
knowledge to the forest owners and to ensure that *
they comply with legislation.

Achievement of forestry policy goals requires
knowledge of conditions prevailing in the forests,
e.g., the nature values of the forest landscapes.
Knowledge of valuable forest landscape areas has
earlier been inadequate. The survey of Woodland
Key Habitats has provided an unexpectedly rich
knowledge of the nature values of the forest.

WHAT IS A WOODLAND KEY HABITAT?

The term Woodland Key Habitat indicates a quality
in the forest landscape in terms of the high natural
values of an area. The definition of a Woodland Key
Habitat is an area where one or more red-listed
species occur, or the very nature of the forest itself
should indicate a strong likelihood of finding red-
listed species. Species are grouped on the red list as
either being Critically Endangered, Endangered,
Vulnerable, at Lower Risk. The Swedish red list is
compiled by the Swedish Threatened Species Unit at
the Swedish University of Agricultural Sciences and
is finally approved by the Swedish Environmental
Protection Agency. It is not economically possible to
search for species whilst making the survey. The
emphasis is rather on defining and describing the
valuable habitats.

A Key Habitat can theoretically be of any size, with
quality being the decisive factor in setting the limgts.
A Key Habitat may be anything from a single ancient
oak tree in the south, to a larger area of several v
hundred hectares of old coniferous forest in the
north. The term ‘Key Habitat’, as used in the survey,
lacks legal status and consequently, there is no
automatic legal protection against felling in
Woodland Key Habitats.

! Swedish National Board of Forestry, 551 83 Jonkoping, Sweden
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THE SURVEY

Surveys are being carried out throughout the whole
of the forestry sector. The Swedish Forestry
Administration has been commissioned by the
government to conduct inventories of Woodland Key
Habitats on small-scale forestry areas, which
correspond to about half the forest area. All of the
County Forestry Boards throughout the country are
working on systematic surveys. Surveys
commissioned by the state were started in 1993 and
should be completed by 1998, at a cost of about US$
13 million. The remaining areas are surveyed and
paid for by the responsibility of the companies

- themselves. This division of responsibility has been
achieved on a voluntary basis. As a result, there is no
legal obligation that requires the forestry sector to
carry out inventories of Key Habitats. The Swedish
Forestry Administration is responsible for training,
education and support as well as follow-up of this
part of the survey work. Surveys of Key Habitats in

. areas with large-scale forestry are expected to be
completed by 2003.

" The compilers often have higher education in forestry
and are especially trained in knowledge of different
species and the recognition of habitats for this
assignment.

The survey is conducted in two stages. First, the
"compilers search source material in different archives
for possible Key Habitats. These are then assessed in
~ the field and sites with sufficiently high nature values
are defined and described as Woodland Key Habitats.
. Main emphasis is placed on the survey work done
on-site. Important components in the preparation

. stage include, forestry classification material, forestry
plans, maps, infrared-air photographs, and knowledge
that can be obtained from landowners or voluntary
nature conservation societies. After the preparation

- work has been carefully completed, about 5% of the
whole forest land area is visited on-site.

Searching for Key Habitats is very much a question
of detective work. Most of the Key Habitats are
unknown. They are often relatively small and off the
-beaten track in the forest. Fallen tree trunks, high
stumps, stumps of broad-leaved trees, old trees, rocks
and rock faces, and water courses, are all examples of
structures that are decisive for assessing whether or
not red-listed species can be expected or not in the
habitat. Several species that indicate high nature
values are used in the project. The existence of
_indicator species tells us a lot about the habitat.
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Presence of these species indicates that the
environment may be suitable for red-listed species.

Other important grounds for assessment of possible
habitats are the history of the forest, its age, and the
degree of influence, plus the presence of certain types
of tree. An important question is whether or not
there has been unbroken forest continuity on the site,
if it has been forestland since time immemorial or
not. In general, forests of great age and with long
forest continuity have higher nature values.

During the survey, information is registered in a
database with details of the location of the Key
Habitat, the soil type, the habitat’s tree varieties, the
forest structure in detail, indicator species and red-
listed species.

WHAT ARE THE WOODLAND KEY
HABITATS?

The method chosen in Sweden is principally adapted
to the managed forest landscape. Key Habitats are
often found as fragments or ‘island’ habitats, that
often differ greatly from the surrounding landscape.
They may be remains of the natural landscape or of
old forest stands, or forest stands with long forest
continuity. Many environments with long forest
continuity are to be found in agricultural landscapes
created by man in the transitional areas between
forests and farmland. Physical factors such as air
humidity conditions, may also be fundamental in Key
Habitat quality.

THE RESULTS

So far, the results show that the Woodland Key
Habitats account for less than 1% of the total area of
productive forestland. The final result of the survey #
may show a total number of 60,000-80,000 Key
Habitats spread throughout the country’s 23 million
hectares of productive forestland. They appear
unevenly in the landscape. In certain districts large
areas of forest are of Key Habitat quality, while other
sections of the landscape more or less completely
lack Key Habitats. Generally speaking, Key Habitats
are larger in the north of Sweden than in the south.
Habitats in the north also increase in size from east to
west. The number of key habitats per 1,000 ha varies
significantly and is greatest in parts of southern
Sweden.
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THE ROLE OF THE LANDOWNERS

The landowner is informed as quickly as possible
when a Woodland Key Habitat is discovered, and

* given advice on how the nature values of the Key

Habitat may be conserved. Naturally, the intention is
that nature values of the key habitat shall remain in

~ the future. The interest and wishes of the landowner
. to-conserve the natural values are of fundamental

importance.

Voluntary efforts are important for the conservation

-of Key Habitats. A number of Key Habitats may fall

within the scope of legislation on nature conservation

“according to the Forestry Act. In some cases,

decisions in accordance with the Nature Conservation

* Act'may be applicable. If habitat protection involves

a significant deterioration in the on-going use of the
land, the landowner has the right to compensation.

Many Key Habitats have to be left totally untouched
in order to keep their values. In some cases, buffer
zones may be needed, e.g., felling in an adjacent
stand. In some Key Habitats, it may be possible to
extract timber. Occasionally, appropriate

. management inputs may be necessary in order to
retain certain habitat characteristics or species on-

site.

KEY HABITATS AND THE FUTURE

The Woodland Key Habitats can be seen as core
areas for biodiversity. They account for the major

share of biodiversity, in relation to their
“comparatively small areas. The results of the survey

- will play a major role in many ways, not least in

forestry planning of both real estate and in a

‘landscape perspective. The new knowledge provided

by the survey will be an important tool in our efforts

_"to achieve environmentally adapted forestry for many
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FOREST ECOSYSTEM RESEARCH NETWORK OF SITES (FERNS)

D.A. Maclsaac' and J. Wood?

" ABSTRACT.--The Canadian Forest Service

(CFS) has organized a national network of

research sites, named the Forest Ecosystem

Research Network of Sites (FERNS). These

~ sites are focused on the study of sustainable
forest management practices and ecosystem
processes at the stand level. This network
promotes this research nationally and

_internationally, improves linkages among sites,
preserves the long-term research investments

. already made on these sites and provides a forum
for information exchange and data sharing.

. While the CFS coordinates and promotes
- FERNS, the network consists of local

autonomous partners nationwide who benefit

from the FERNS affiliation through increased

visibility for their sites.

INTRODUCTION

- Forests cover almost one-half of the land mass of
~ Canada and 10% of the global forest cover is
located within our borders. As a result, Canada
finds itself at the center of the growing
international debate on the environment. Science
‘has a critical and increasing role to play in this
“debate. As a nation, Canada is being evaluated
internationally against complex criteria such as
effects of forestry practices on ecosystem
‘productivity, ecosystem processes and long term
~biological diversity. Because of the complexity
_ of these issues, as well as the inherent
complexity of forest ecosystems themselves,
‘multidisciplinary and multi-partner approaches
to forest ecosystem management research have
‘become the norm in the 1990's.

Across Canada, long-term multi-disciplinary
forest management research sites and studies are
already in place, but the linkages between the
individual sites has not yet been made. The
network of sites, named the Forest Ecosystem
Research network of Sites (FERNS), is the

framework for a national suite of research sites
that are focused on the development of
innovative forest management practices and
understanding of ecosystem processes at the
stand level.

The overall goal or mission of FERNS is to
provide and promote a network of sites,
representative of major Canadian forest
ecosystems, for long-term multi-disciplinary
research on forest management practices.
FERNS has three specific objectives: promote
forest management practices research nationally
and internationally, improve linkages among
sites, and preserve the long term research
investments already made on these sites.

FERNS promotes Canadian forest management
practices research as well as the individual
research sites both nationally and internationally,
using traditional print media as well as the latest
electronic technology. Individual FERN Sites
are examples of high quality forestry practices
research.

FERNS provides researchers and students with a
set of well-characterized and liked sites across
Canada on which to work. By providing
opportunities for comparative and collaborative
research, FERNS also fosters partnerships
between governments, universities and industry,
and serves as a national communication tool
between researchers and with forest managers.
The network also links researchers working at
the various sites as well as providing a forum for
information exchange and data sharing. In this
regard, FERNS is fostering a sense of
community among forest ecosystem
management researchers in Canada. In addition,
at the national and international levels, the
network is linking forest managers to
researchers.

FERNS is helping to protect the investment
made in the installation of long-term stand

"'D.A. Maclsaac, Natural Resources Canada, Canadian Forest Service, Northern Forestry Centre,
5320-122 Street, Edmonton, AB, Canada T6H 3S5 Phone: (780) 435-7332 FAX (780) 435-7359. E-Mail:

dmacisaa@nrcan.gc.ca.

: %] Wood, Natural Resources Canada, Canadian Forest Service, Pacific Forestry Centre, 506 West
' Burnside Road, Victoria, B.C., Canada V8Z IMS5 Phone: (250) 363-6008 FAX (250) 363-0775. E-Mail:

. jwood@pfc. forestry.ca.
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manipulation studies, the gathering of extensive
biophysical databases, and the conduct of site-
specific studies. Although FERNS does not
provide funds, the association of each site to the
network will enhance its visibility and its ability

_ to attract funding from agencies or from
- industrial partners.

- A new global scientific culture is emerging in

which archiving and inter-connectivity of data
sets is-becoming increasingly important.
Researchers are now being encouraged to make

their data available for wider distribution once

the scientific paper has been published. In the

- future, FERNS may be able to play an important

data management role by providing a means to

" synthesize and integrate the scientific

information across a number of sites.

CHARACTERISTICS AND CRITERIA

Each FERN Site possesses a number of
characteristic features. For example, the
research conducted on FERN Sites:

e Addresses forest harvesting options and

ecosystem functioning aimed at sustainable
forest management;
e s multidisciplinary and multi-partnered; and
e Is sound ongoing research.

FERN Sites must be:

e  Well documented with good historical stand
and site information;
Accessible;
Located in a forest that is representative of
one of the major forested ecozones in
Canada; and

e  Protected for long-term research values.

In addition, FERN Sites must include areas of
mature forest where natural successional stages
can be observed and/or investigated.

. CANADIAN FOREST SERVICE ROLE

The Canadia_n Forest Service (CFS) is the largest
national forest science organization in Canada
and has a mandate to address both national and

‘international issues affecting forests and forestry
‘practices. There is a need to bring together key

research activities and to provide a framework
for a more integrated Canada-wide approach to
forest ecosystem management research among

CFS researchers and partners in industry,
provinces and universities.

The CFS will contribute to the coordination and
promotion of FERNS, but it must be recognized
that the network will consist of a collection of
local partners across the country that have come
together freely to achieve things which exceed
what any one of them, individually, could
achieve. As such, each site will continue to
operate autonomously. Where a benefit can be
recognized, however, sites may act together as a
network. Partnerships and links between
FERNS and national and international programs
will be encouraged.

ESTABLISHED FERN SITES

The attached map (fig. 1) indicated established
FERN Sites across Canada as of August 1997,
with the numbers below corresponding to the
numbers on the map.

Pacific Maritime Ecozone

1. Montane Alternative Silvicultural Systems
(Vancouver Island, British Columbia)

Contact:

Dr. Al Mitchell, Pacific Forestry Centre,
Canadian Forest Service, Victoria, B.C.

Phone: (250) 363-0600 .
E-mail: amitchell@cfs.nrcan.gc.ca.

Salal Cedar Hemlock Integrated Research
Program (SCHIRP) (Vancouver Island, British
Columbia)

Contact:

Dr. Cindy E. Prescott, Project Leader

Faculty of Forestry, University of British
Columbia, Vancouver, B.C.

Phone: (604) 822-4700

E-mail: cpres@unixg.ubc.ca

Website: '
http://www.forestry.ubc.ca/schirp/homepage.
html

Bill Beese, MacMillan Bloedel Ltd., Nanaimo,
B.C.

Phone (250) 755-3422

E-mail: w.j.beese@mbitd.com.

Website:

‘http://www.pfc.cfs.nrcan.gc.ca/practices.mass

Montane Cordillera Ecozone
2. Sicamous Creek Silvicultrual Systems Project
(southern interior, British Columbia)
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Contact:

Alan Vyse, BC Ministry of Forests, Kamloops,

B.C.

Phone (250) 828-4183

E-mail: avyse@gemsl.gov.bc.ca
Website:

. http://www hre.for. gov. bc.ca/grops/kamloops/sic

rule.html

3. Lodgépole Pine Management Study (southern

interior, British Columbia)

Contact:

Roger Whitehead, Pacific Forestty Centre,
Canadian Forest Service, Victoria, B.C.
Phane: (250) 363-0600

" E-mail: rwhitehead@pfc.cfs.nrcan.gc.ca

Dr. Les Safranyik, Pacific Forestry Centre
Canadian Forest Service, Victoria, B.C.

- Phone (250) 363-0600
" E-Mail: Isafranyik@pfc.cfs.nrcan.gc.ca

Website: http://nrcan.gc.ca/cfs.proj/sci-
tech/arena/styr_e.html

Taiga Plains Ecozone

_4.. Muskeg River Silvicultural Study (Liard

Valley, Northwest Territories)

Contact:

Derek Sidders, Northern Forestry Centre,
Canadian Forest Service, Edmonton, AB
Phone: (403) 435-7355

E-mail: dsidders@nrcan.gc.ca.

Boreal Plains Ecozone
5. Hotchkiss River Mixedwood Timber

- Harvesting Study (northwestern Alberta)

- ‘Contact:

- Dan Maclsaac, Northern Forestry Centre,
Canadian Forest Service, Edmonton, AB

Phone: (403) 435-7332

. E-mail: dmacisaac@nrcan.gc.ca.

Boreal Shield Ecozone
6. Black Sturgeon Boreal Mixedwood Project

.(north-central Ontario)

Contact:.

“Al'Cameron, Great Lakes Forestry Centre,

Canadian Forest Service, Sault Ste. Marie, ON
Phone: (705) 949-9461
E-mail: acam@nrcan.gc.ca

"~ Website:
pfe.cfs.ncrcan.ge.ca/practices/ferns/hotchkiss.ht

m

7. Turkey Lakes Silvicultural Study
(northeastern Ontario)

Contact: Dr. Al Cameron, Great Lakes Forestry

Centre, Canadian Forest Service, Sault Ste.
Marie, ON

Phone: (705) 949-9461

E-mail: alcam@.nrcan.gc.ca

8. Scott and Swan Lake Forest Research
Reserve

(central Ontario)

Contact:

Dr. Bill Cole, Ontario Forest Research Institute,
Ontario Ministry of Natural Resources, Sault Ste.

Marie, ON
Phone: (705) 946-2981 Ext. 113
E-mail: coleb@gov.on.ca.

9. White Pine Silvicultural Study (central
Ontario)

Contact: :

Steve D'Eon, Petawawa Research Forest,
Canadian Forest Service, Chalk River, ON
Phone: (613) 589-3009

E-mail: sdeon@intranet.ca.

10. Lac Duparquet Research and Teaching
Forest (northwestern Quebec)

Contact: Dr. Yves Bergeron, Université du
Québec a Montreal, PQ

Phone: (514) 987-3000 Ext. 4872

E-mail: bergeron.yves@uquam.ca

Website: www.pfc.cfs.ncrcan.gc.ca/practices

11. Montmorency Experimental Forest (St.
Lawrence Region, Quebec)

Contact:

Dr. Louis Belanger, Laval Univeristy, St. Foy
PQ

Phone: (418) 656-2131 Ext. 6110

E-mail: louis.belanger@sbf.ulaval.ca.

Dr. Brian Harvey, Université du Québec en
Abitibi-Témiscamingue, PQ

Phone (819) 762-0971 ext. 2361

E-Mail: brian.harvey@uquat.uquebec.ca
Web site: http://web2.uqat.uquebec.ca/ferld/

12. Glide Lake (western Newfoundland)
Contact: Dr. Doyle Wells, Atlantic Region,
Canadian Forest Service, Corner Brook, NF

.. Phone: (709) 686-5038

E-mail: dwells@nrcan.gc.ca.

Atlantic Maritime Ecozone
13. Acadia Experimental forest (south-central
New Brunswick)

Contact: Edwin Swift, Atlantic Forestry Centre,

GTR-NC-209



Canadian Forest Service, Fredericton, NB
Phone: (506) 452-3175
E-mail: eswift@nrcan.gc.ca

14. Fallingsnow Ecosystem Project (north-
central Ontario)

Contact:

F.W. Bell, Project Co-ordinator

~ Phone: (705) 946-2981 x225

E-mail: bellw@gov.on.ca

R.A. Lautenschlager, Co-ordinator
Phone: (705) 946-2981 x228
" E-mail: lautenr@gov.on.ca

"16. The Hayward Brook Project (southeastern
. New Brunswick)

. Contact: Dr. Gerry Parker, Canadian Wildlife

Service, Sackville. NB

Phone: (506) 364-5045

Website:

http://www.pfc.cfs.nrcan. ge.ca/practices/ferns/
acadia/acadia.htm

~ 16. The Date Creek Silvicultural Systems
Research Project (north-central B.C.)
-~ Contacts: Dave Coates, Project Leader
"~ B.C. Forest Service, Smithers, B.C.
" Phone: (250) 847-7436
'E-Mail: Dave.Coates@gems7.gov.bc.ca

http.//www.pfc.cfs.nrcan. gc.ca/practices/FERNS/
.date/date.htm

Phil LePage, Research Silviculturalist,

B.C. Forest Service, Smithers, B.C.

Phone (250) 847-7437

E-Mail: Phil.LePage@gems8.gov.bc.ca
-Website: '

" http://www.pfc.cfs.nrcan. gc.ca/practices/FERNS/
date/date.htm

17. Fallingsnow Ecosystem Project (north
- central Ontario)

Contacts: F.W. Bell, Project Coordinator
Phone: (705) 946-2981- x225

E-mail:
_ R.A. Lautenschlager, Co-ordinator

_ Phone; (705) 946-2981 x228
E-mail: lautenr@gov.on.ca
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CURRENT STATUS

There is solid and growing support for FERNS
from research partners both inside and outside of
the CFS. Since an initial set of FERNS sites was
announced early in 1997, there have been several
new additions to the Network.

In August 1997, an Internet web site was
launched to profile FERNS. This web site is
accessible through the Canadian Forest Service,
Pacific Forestry Centre home page at
http://www.pfc.forestry.ca or
http://www.pfc.cfs.nrcan.gc.ca.. This internet
site includes information on individual FERN
sites, as well as linkages to collaborators.

TO OBTAIN MORE INFORMATION

For further information about FERNS contact
Chris Lee, FERNS Coordinator, Canadian Forest
Service, Pacific Forestry Center, Victoria, British
Columbia, Canada. Phone: (250) 363-0600. E-
mail: clee@pfc.forestry.ca. To obtain
information on an individual site, the specific
contact person listed in this document can be
contacted.

For assistance in accessing the FERNS web site
contact Chris Lee (contact information listed
above) or Rod Maides, Communications,
Canadian Forest Service, Pacific Forestry Centre,
Victoria, British Columbia, Canada. Phone
(250) 363-0737. E-Mail:
rmaides@pfc.forestry.ca.

A ]
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* SIMULATION OF HETEROGENEOUS UNEVEN-AGED STANDS DYNAMICS UNDER HUMAN-
' INDUCED DISTURBANCE

S.I. Chumachenko' V.V. Syssouev, M.M. Palyonova, M.A. Bredikhin, V.N.Korotkov?

ABSTRACT. -- In the framework of a complex
infoﬁngtion system (DBMS, GIS, MODEL) for a
forest management unit (FMU) a simulation model
was developed, which describes the growth dynamics
of heterogeneous uneven-aged stands as a function of
their spatial and ontogenetic structure. It can be used
for forecasting stand growth both in natural and
artificial forests in stable and disturbed habitats. The
input and output data are represented in the form of
standard inventory descriptions and forest plans. A
series of simulation calculations under human-
induced disturbance was carried out using as
examples forests in a FMU in the Moscow Region.

Complex investigations carried out in recent years
(Smirnova 1994, Kirikov 1979), showed that forests
in the central part of European Russia developed
essentially under human-induced disturbance and at
‘present there are no undisturbed woods in the zone of
coniferous-broad-leaved and deciduous forests. Now
among the old forests one can see the results of
various anthropogenic impacts such as burning,

_ . felling, and uprooting. Better understanding of the
"processes that brought contemporary forests to such a
state, facilitates simulation of different patterns of

- their transformation. The methods of mathematical

" modeling allow us to solve the problems of stand

transformation taking into account the historic land

-~ exploitation of the territory. The quality of these

" methods enables us to make long-term forecasts (one

" cutting cycle and more), and, therefore, to elucidate
the results of anthropogenic impacts that occurred far

~ in the past when compared to the duration of
development of tree edaphicators.

This paper describes simulation of the impact of
historical land exploitation on the growth of forest

- coenoses under different silvicultural treatments.

- The problem was solved within the framework of the
program complex DBMS-GIS-MODEL, in which

DBMS and GIS accumulate and process the attribute
and spatial information for the forest object, and
MODEL develops the forest dynamics forecasting.
The most important feature of this model is the of
strata position and influences between strata.

-

MODEL DESCRIPTION

The per-stratum data bank and cartographic bank of
plans and cartographic materials of the forest
planning and inventory works are used as initial
information for the forecast module of the model.
For individual forest management units these data
exist in the form of information systems (DBMS or
GIS). As a result of the model processes similar
information is obtained from the different databases.
To take into account bioecological processes in real
forest communities, a large number of reference data
bases is used within the simulation. The main ones
are listed below.

1. Bioecological characteristics of species
development. The information, compiled ih
these data bases, was assembled as a result of
literature analysis and long-term natural research
studies (Smirnova et al. 1990, Smirnova 1994).
Also the accumulated experience of mixed
uneven-aged stands simulation is taken into
account (Chumachenko 1993). For the model
development reference bases are created for
species main bioecological parameters separately
for each stage of tree development of each
species. These reference bases were compiled
proceeding from the concept of discrete
description of ontogenesis (Cenopopulation...y
1988). The application of this concept for the
simulation of complicated stands gives more
authentic results than with fixed biological
parameters for the whole period of ontogenesis.
These reference bases are listed below:

1 Sergey I. Chumachenko. Moscow State Forest University, | Institutskaya, 1, Mytischi, 141001, Russia, e-

mail: chumachn@cc.mgul.ac.ru.

} 2 Vigdislav V. Syssouev, Maria M. Palyonova, Mikhail A. Bredikhin, Vladimir N.Korotkov All-Russian
Research and Information Centre for Forest Resources, Novocheremushkinskaya, 69, Moscow, 117418, Russia, e-

mail: romanova@sci.lpi.msk.su.
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~ 2. Crown biometrics characteristics. The crown
form is approximated by a combination of
elementary bodies of rotation: cone and
cylinder. One model peculiarity is that it takes

- into account the internal crown space (shadow
cone), in which there are no photosynthetic
elements (Nosova et al. 1995). The comparison
of stand development at different densities has

" shown, that growth in height depends on light
availability at the active growth zone and not at
the top of a tree. The active growth zone is a
part of the tree crown, where the large share of
its green biomass is concentrated. in the
reference base this zone is given by the position
.of the.shadow cone in the tree crown. Besides
these ones are used the following reference

. bases: '

3. Demand for light (shade tolerance) (Alekseev
1975, Tsel'niker 1978).

4. Crown transmittance of light. (Alekseev
1975).

5. Distance of seed dispersal (Udra 1990).

6. Sprouting ability (Udra 1990, Smirnova et al.
1990).

7. Yield tables (YT) (Kozlovsky and Pavlov
- . 1967); local yield tables or those obtained on the
bases of inventory descriptions are preferrable
(Bredikhin 1985).

The first stage of initial data transformation - the
construction of a planar uniform grid - is carried out
by means of GIS (fig. 1). The square dimension is
determined by the geographical latitude of the district
_ and by the height of the top stand story. So, for
example, for Moscow latitude and stand height 30 m
. the area is about 270 m®. As a result the complicated
. configuration of each stratum in the plan is
approximated by a set of elements, having properties
of the stratum, to which they belong. Further the
element is divided vertically into cells 2 - 2.5 m tall.
The cell (from the point of view of simulation) is an
indivisible minimum unit of the three-dimension
space. Such representation of the simulated space
permits. us to take into account both self shadowing,
and shadowing from adjacent elements during the
daily solar movement.

To calculate light availability astronomical data about
solar radiation at given latitudes of the district are

Proceedings’ IBFRA Assn 1997 meeting

used, the light intensity during daylight being taken
into account. The differentiation of light flow is
determined not only by azimuth, but also by height of
the sun above the horizon and quantitative relation
between direct and scattered radiation. Data about
average long-term quantity of sunny (cloudy) days in
the region during the vegetative period; about
conditions of clouds and dust in the daytime; and
about weakening of natural light by general air
pollution were also used.

There are two different approaches to calculate light
regime under the canopy layer. At the basis of the
first one is the fact that in practically every forest
there are patches of sunlight. The frequency of their
appearance and duration vary, depending upon stand
density and species composition (Tsel’niker 1978).
Thus, at the basis of the approach proposed by T.
Nilson et al. (1977) to the description of radiation
weakening under heterogeneous plant cover there is a
calculation made by means of random value that
defines whether the direction of a light beam through
the crown. '

The second approach is based on the idea of a
“muddy” layer, i. e. solar radiation passing through
an absorbing layer is partially weakened. In
numerous works (Botkin et al. 1972, Shugart et al.
1974, Karmanova and Abramov 1990), in which the
problems of light intensity influence on tree growths
are considered, different modifications of Monsi-
Saeki’s relation are used to connect the light flow
with leaf surface area (Monsi and Saeki 1953).
When calculating shade density, notwithstanding the
chosen methods, the following approaches to
modeling stand canopy spatial heterogeneity are
used: accounting for only horizontal and vertical
heterogeneity of stand canopy (Botkin et al. 1972,
Shugart et al. 1974, Leemans and Prentice 1989) or
partial accounting for volume heterogeneity
(Korzukhin and Ter-Mikhaelyan 1982, Pacala S.W.

et al. 1995). v
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Figure I -- Spatial data preparation.
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In the proposed model each cell is represented by a
semiopaque volume, therefore it is better to use the
idea of a “muddy” layer (volume), where a part of
the light is absorbed passing through it, according to
Monsi-Saeki’s relation.

From the point of view of block “Light” work the
state of a cell is defined by the following parameters
for each species: their quantity, average height,

. crown length, its form and penetrability. For each
cell the shares of species and tree age present are
calculated, thus are formed the set of “muddy” layers
(fig. 2).

‘In the model sets of point light sources are situated at
fixed places of the firmament, which have
precalculated values of solar radiation. When
calculating the cell light availability an account is
taken not only of the adjacent cells, but also of other
near-by ones through which the light is passing at a
definite angle at a certain moment in the day-time.
Thus, to calculate the light regime for the lower
canopy 14 elements are used, and 15 if self-

.shadowing is to be taken into account, for a total of

“ more than 160 cells.

The simulation model of multispecies uneven-aged
stand dynamics consists, of several target blocks (fig.
© 2). The “Light” block begins each step of the
simulation and determines the light availability in
each cell of the modeled space (fig. 2). The
calculating algorithm of light availability is described
thoroughly by Chumachenko (1993).

. Using data about growth of individual species in the
stand, the "Growth" block calculates for each element
.the current increment of the species by diameter and
height, taking into account the element position and
its light maintenance. It is assumed in the model, that
the main factor affecting the tree growth under the

- forest canopy is the light availability. Other
important factors (such as available moisture and soil
fertility) are modeled as rather stable integrated
(average for 10 year) characteristics of the element
and are taken into account when species biological
quality are determined for each stratum. The
-methods of defining biological site classes for stands,
typical in various growing conditions, are still
developed insufficiently. In the present version of
the model the table of greatest possible site classes
for the prevailing species is built by an expert in
interactive mode on the basis of initial inventory data
and relief characteristics, by taking into account
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available moisture and soil active nutrients, with the
use of the following main assumptions.

The dependence of bioproductive process on habitat
conditions may be presented by a bell-form
distribution -- schematically this dependence can be
described by a system of second-power equations of
three variables, namely moisture amount in air
drainage zone; sum of temperatures; and a
hydrothermic factor that describes the relation
between heat and moisture (Pusatchenko 1987). For
each kind of plant these functions have
approximately the same form, but differ by
appropriate constants.

The "Thinning" block includes two main options of
behavior of the model: endogenic thinning, as a
consequence of intra- and interspecific competitive
relations, and thinning as a result of exogenous
factors. The endogenic thinning is simulated by three
consecutive operations. First, the model searches and
excludes from the element those species which do not
reach the habitus typical for a given species at a
given age (for the lowest of site classes available).
The model also excludes species that have reached
the maximum age, according to YT data. Second,
because of light being the main limiting factor in the
model, for each species in the given stratum element
a factor of increment loss during one step is
calculated. The factor in the model is defined as as
ratio of the real increment to that from YT. The
dying off criterion is the calculated factor being
reduced below the given level (in the present version
of the model -- 10 %).

Third, to maintain tree density below critical values
(according to biological parameters), the "Thinning"
block executes the recalculation of tree number
within an element. In each story the zone of best
competition for space -- a cell with maximum crown
cover, and accessible area for crown growth -- is [}
determined. The redistribution of area in story is
executed at the expense of intercrown clearance and
begins with shade-tolerant species. In such way,
supersede more intolerant, changing the proportion
of areas occupied by each species.

Thinning as a result of exogenic factors includes
anthropogenic, technogenic, and other external
effects on the simulated species. The conditions of
additional thinning can be incorporated at any step,
and they are selective ones. In the last version of the
model they are taken out of the model into the block
“Target blocks and statistics”. After simulation of
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thinning, light availability of each cell is recalculated
with simultaneous changes in crown height for some
species in the element.

In the block “Reproduction” the quantitative
valuation of young growth appearing is made. The
intensity of germ motion occurrence depends on the
degree of remoteness of the element from seed trees
of the given species and the light conditions of their
development. The opportunity of coppice young
growth in the element is also simulated. In view of
various speed of growth and ontogenesis duration,
and different YTs for coppice and seedling stands,
the calculations for them are carried out separately.

After processing of each step of the model, the
element contains characteristics for species and age
structure of the stand and its biometrics parameters:
species, stem quantity, age and age condition,
average height of tree and average crown height,
average stem diameter, crown canopy and crown
form, achieved (calculated) site class. Besides these
are calculated stock and stand density. These data
are basic for the work of various applied blocks,
external to the main model. By means of the rules

- given in the model the block "Target blocks and
statistics" carries out samples, performs statistical
processing, executes the assembly of elements into
inventory strata and prepares the information for
representation to DBMS and GIS.

The submitted imitation model is an open one, i.e., it
permits to add various target blocks. Such blocks
(e.g., stimulating final felling of various
‘configurations, cleaning cutting, etc.) can be attached
_ at any step of the model work. The model permits
simulation of the effect of various catastrophic
factors (fires, blowdowns, etc.) and forest
management influence (final felling, cleaning cutting,
forest regeneration measures, etc.).

SAMPLE OBJECT

For checking the model work the forest range of
Korobovsky forest district was chosen This is part of
the Natural-historic reserve forest-park “Gorky”.

- The territory is located on the Moscow-Oka plain (in
‘the south of the Moscow Region) within the spruce-
broad-leaved forest zone. The landscape structure of
the territory is characteristic of the moraine-

~ fluvioglacial plain: flat interfluves, covered with
loam soils, divided by river and stream valleys, built
by deluvial and alluvial deposits. Thus, there are two
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main groups of habitats: flat and gently sloping hilly
plains and those of ravine and fluvial valley slopes.
The morphology of the landscape is complicated by
lfong economic use that causes the original plant
structure, including the woody one.

The sample object area is about 600 ha. Forests,
typical for the middle part of European Russia, are
growing there. On the basis of ancient maps (XVIII -
XIX cc) the history of forest range formation has  «
been followed. The central part of the forest range
(55% of its area) is covered by broad-leaved forests
with prevalence of lime and oak of 70-100 years old,
that have appeared at durable forest lands as a result
of repeated felling. These lands have not been
ploughed during at least the last 200-300 years. At
the periphery of the forest range, there are birch
forests of 60-80 years old (45% of the area), that
have arisen on arable land since the middle of the
XIX century and undergone several harvest cycles.

SIMULATION RESULTS

In this examle stand dynamics were simulated under
two kinds of external forestry effects: (1) final
felling only, when the stand reaches its maturity age
and (2) combined cleaning cutting and final felling.
As a result of the model process per-stratum data
bases are obtained of the sample forest range for 10
steps of simulation (100 years) according to the two
options of external effects.

Stand Stock Dynamics for the Territory
as a Whole

In the first case of simulation (simulation of clear
final felling), the dynamics of standing crop changes
was closely connected with the dynamics of birch
stand timber volume. In consequence of this felling,
at the 8th step of the simulation a sharp increase'of
birch stock occurred. The share of valuable

species -- spruce and seedling oak -- under suck a
regime of management remains at a very low level.

The second simulation differs, because in this
scenario the simulation of cleaning cutting is added.
The main difference of this variant from the previous
one is the smooth increase in the share of valuable
species (spruce and seedling oak) in the stand
structure. It should be noted, that when executing
cleaning cutting the birch and aspen stocks are at a
lower level, than in the first case. Besides that, the
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regular execution of cleaning cutting ensures a durable forest lands the share of valuable and other
" constant volume of cut wood of not less than 50 species is 59% by stock, while on arable lands it is
thousand cubic m for each step of the simulation. only 3%. The stocks of soft-wooded broad-leaved
species on these lands are correspondingly 41% and
: 97% (fig. 3).
Stand Stock Dynamics for Territories with
Different Exploitation History

In -connéc_tion with the different history of present .

forest territory use we have already a different
" composition (by stock) at the zero step. So, on

1 .- 41% 2.

97%

19%
3%0%
B / \ c 5 \ c
83% 91% 98%
47%
6% 7% o% 8% 1% 2% 0%

B8 5oft-wooded broadleaved | hardwood other species

Figure. 3. -- Stand species composition (by stock) on durable forest land (1), on arable land (2):
A - zero step of simulation ’
B - 8-th step (with cleaning cutting and final felling)
C - 8-th step (only final felling)
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Figure 4. -- Stand age structure (by area) on durable forest land (1), on arable land (2),the axes |
of x - age class, the axes of y - percent of area

A - zero step of simulation

B - 8-th step (with cleaning cutting and final felling)

C - 8-th step (only final felling)

Such a distiriction in initial simulation conditions
influences the final results. Under equal scenarios of

- forest management, different results have been
obtained for territories with different pre-history. So,
on durable forest lands the share of valuable and
other species make up 48% under final felling and
cleaning cutting, and only 9% when cleaning cutting
are absent. Just as on arable lands those shares make
up 17% and 2%.

The simulation confirmed the observations from
forestry data, that to obtain a greater share of
valuable species, where there are none, it is necessary
to plant forest cultures, especially on arable lands.
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Forest Age Structure

For the present stand age structure (fig. 4) a sharg
domination of 70-80 year old stands is typical that is
due to the final cutting at the beginning of the
century. For regular forest the area distribution by
age classes is even. From the figures it is seen that
the model well describes the goal-oriented human
impact by means of cleaning cutting that leads to the
improvement of the age structure of the valuable
species. However, at first such treatments must be
applied on arable lands (fig. 4).
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CONCLUSION

The exploitation history of modern forest lands is
essential for understanding the species composition
of contemporary forest ranges and their age structure.
Therefore, for rational forestry management all
silvicultural treatment plans have to take into account
the land exploitation history. The suggested
mathematical model of heterogeneous uneven-aged

* stand dynamics may be used for elaborating impacts

- of human disturbance (in the framework of
silvicultural treatments) and for forecasting stand
growth both in nature and artificial forests in stable
.and disturbed habitats.
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THE ]NFLUENCE OF INSECTS ON BOREAL ECOSYSTEMS UNDER GLOBAL CLIMATE CHANGE

A.S.Isaev', T.M.Ovchinnikova’ , E.N.Pal'nikova’, V.G.Soukhovolsky*, O.V.Tarasova’

ABSTRACT.--To model climate change impact on the
population dynamics of forest insects it is proposed to

consider the forest/insect system on different time scales.

For every.subsystem (forest and pest separately) it is
possible to-consider two characteristic time scales: large
" and small. Three possible models with different time
~ scales were used for analysis of climate change impacts
on the population of pine looper (Bupalus piniarius L.)
that is a dangerous pest for the boreal forest of North
Eurasia.

INTRODUCTION

The predicted global climate changes may results not
only in changes in forest distribution over the Earth's
surface but in changes of the character of forest-pest
interactions. Forest-pest interactions and not the direct
‘impact of climate may determine the future vegetation if
pest outbreaks cause strong damage and elimination of
forest stands. So it is important to study the possible
climate change impact on the population dynamics of

* forest pests.:

We want to analyze the different time scales in the
forest-pest system. For every subsystem ( forest and
pest separately) it is possible to consider two
_ characteristic time scales: large t*) and small . The
_ characteristic time is correlated with the period of
subsystem life that is 1-2 year for insects and several
Jhundreds of years for forest stand. For insects ;"
corresponds to 10-100 generations, t coxresponds to
. one generation. For forest stands time t" and tree time
t> may be determined analogously. The four possible
: vanants of interactions of trand t; are given in table 1.

In this work the proposed approach is used to
analyze climate change impacts on the population
of pine looper (Bupalus piniarius L.) that is
dangerous pest for the boreal forest of North

Eurasia. Models representing the four variants
illustrated in table 1 are discussed below.

SIMULATION MODEL OF PINE LOOPER
(BUPALUS PINIARIUS L.) DYNAMICS
WITH ACCOUNT FOR CLIMATE
CHANGE. t® - ¢

For every stage of insect population the abundance of
the current and the next stages are connected by the
equation:

NGj) = T RxGijk,))*NG-1)

where N(i,j) is the number of j- th stage in the i-th year.
The value of 0 < f{x(i,j,k)) < 1 is the proportion of
survival of insects of the j-th stage in the i-th year after
the action of k-th ecological factor. We assume that the
mortality factors occur one by one (Pal'nikova et al.
1995).

One of the most important factors for decreasing the
pine looper population is the weather. The key
parameters are: the temperatures of May, July, .
September, October and December; the precipitation of
May, June, July, September and December. We used
also the hydrothermal coefficient (HTC) for each month,
determined as a ratio of the monthly average
precipitation to the monthly average temperature.

A Monte-Carlo procedure was used for weather
simulations. A set of climate parameters for every
year with given average and dispersion is a Monte-
Carlo output. 100 different scenarios SC(i,j) with i-th
average and j-th dispersion are presented in table 2.
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Table 1.—Different possible models of the climate change impact on forest-pest system.

Pest Forest
Small t; Large t;
ti(S) - tf(S) ti(S) -t f(L)
‘Small t; “Models of tree response to leaf Simulation models of population dynamics,
damage by insects the search for analogues data in the past
_— £ ¢ (O @
__Larget Unreal Biogeographical analysis

_The values i,j correlate with different climatic zones in

the Krasnoyarsk region: North (1,2), Low Angara (3,4),
~ Central part near Krasnoyarsk (5,6), South (7- 10). Two

- locations - have been used in our model: Krasnoturansk
(South of Krasnoyarsk region) and Motygino (Low
Angara). In Krasnoturansk the pine looper has in regular
outbreaks in the pine forests. In Motygino there have
been no outbreaks in over a large forest area according
to long time investigations.

Typical outputs of the model for Krasnoturansk and
Motygino are shown in fig.1. In Krasnoturansk quite

- regular peaks in the insect density occur with an average
. period of about 10 years; this model output with
experimental observations of cyclic outbreaks of pine
looper in the South of Siberia. For Motygino the
average and maximum values of the insect density over a

" large time period are rather low and the cyclic

oscillations are absent.

‘To reveal the periodicity in the population dynamics we
‘have used a Fourier spectral analysis of the time series.
-In fig. 2 the spectral density of the scenario SC(10,10)

" with maximal temperature and dispersion is given. The
clearly defined peak shows a periodic increase of
‘population dénsity with a period of 10 years, the large
‘amplitude of the peak confirms that it describes the

- outbreaks. In fig. 3 the spectral density of the scenario
SC(1,1) with minimal temperature and dispersion is
given. The low value of spectral density in comparison
with SC(10,10) and the smearing of the peak indicate the
absence of regular oscillations of population density with
small deviations from average number. It is explained by
the colder and wetter climate.

A very important characteristic of the population
dynamics and the insect effect on forests is the ratio of
the number of years above the critical density of

- population in the outbreak regime to the total time

" interval under investigation. This ratio is not large for
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the populations with rare occasional outbreaks. On the
contrary, this ratio is large for the populations with
regular outbreaks. It is clear from fig. 4 that the warmer
climates with higher scenario numbers experience more
frequent outbreaks.

The difference of climate in the south of the Krasnoyarsk
region and the region of the city of Krasnoyarsk is clearly
shown by the HTC for May (2.8 for south and 4.5 for
Krasnoyarsk). Under the warming in May of2° C -3° C
and the 20%-30% decrease in precipitation that is
proposed by some scenarios of global climatic change,
the central part of Krasnoyarsk region may become more
susceptible to outbreaks of pests of the Central Siberia
forest and the outbreak areas will increase. For the pine
looper the border of this area may reach 56°-57° north
latitude. *

The dispersion dependence is more complicated. For
SC(7-10,j) the increasing dispersion of climate
parameters decreases the number of outbreak years while
for SC(2-4,j) increasing increases the number of
outbreak years. Scenarios SC(5-6,j) correspond to the
intermediate dynamics without dependence on the
dispersion. We conclude that for warmer climates the
increasing dispersion results in stabilization of population
dynamics and for colder climates it has a destabilizat'ion
role.

v

BIOGEOGRAPHICAL ANALYSIS OF THE
PINE LOOPER POPULATION t,V - ¢

An increasing area of insect habitat is one of the effects
of the climate change on the nsect population. So it is
important to analyze the connection of local environment
and the population numbers. The data on the population
dynamics of philophagous insects Krasnoturansk (South
of Krasnoyarsk region) in the period 1979-1994 have
been analyzed by a multidimensional statistical method.
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Table 2.--Climatic data for model scenarios, average (a), dispersion (b).

N Temperature (C° ) Precipitation (mm) HTC
scenario  July _October December June July December May July September
S a) average parameters
10 20 3 -12.2 20.1 33.1 7.4 27 2.7 2.7
-9 . 19.6 24 -13.5 222 36.6 9 3 3 3
8 19.2 1.8 -14.9 245 404 11 33 33 33
7 - 18.8 1.2 -16.4 27.1 447 13.5 3.7 3.7 3.7
6 18.4 0.6 .-18.2 30 494 16.4 41 4.1 4.1
-5 18 0 -20.1 33.1 546 20.1 45 45 4.5
4 . 176 -0.6 -22.2 36.6 60.3 24.5 5 5 5
3 17.2 -1.2 -24.5 40.4 66.7 30 55 55 5.5
2 16.8- -1.8 -27.1 447 737 36.6 6 6 6
1 16.4 -2.4 -30 494 815 447 6.7 6.7 6.7
11" 194 2.7 -16.4 47 494 10 :2.8 29 3.6
122 18.2 -1.4 -20.9 32.1 494 32.1 5.5 5 6.1
_ b) dispersion of logorithms of parameters
1 1.5 3 0.01 0.2 0.6 0.1 02 0.2 0.2
2 1.6 34 0.06 0.25 0.55 0.15 0.25 0.25 0.25
-3 1.7 3.8 0.11 0.3 0.5 0.2 03 03 0.3
4 " 1.8 42 0.16 0.35 045 0.25 0.35 0.35 0.35
5 1.9 4.6 0.21 04 04 0.3 04 04 0.4
6 2 5 0.26 045 0.35 0.35 045 045 0.45
7 2.1 54 0.31 0.5 0.3 04 05 05 0.5
8 2.2 5.8 0.36 0.55 0.25 045 0.55 0.55 0.55
9 23 6.2 0.41 0.6 02 0.5 0.6 0.6 0.6
© 10 24 6.6 0.46 0.65 0.15 0.55 0.65 0.65 0.65
11 2 34 0.27 046 0.56 0.54 0.6 0.55 0.59
122 1.7 5.3 0.06 0.21 0.26 0.16 0.54 0.25 0.27
1 _ Krasnoturansk
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Figure 1.--Typical outputs of the pine looper model for two climatic scenarios: Krasnoturansk (thin line), and

Motygino _(thick line).
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Figure 4.--The ratio of number of years with population of pine looper pupae above the critical density 15 p/m’ as
a fraction of scenario dispersion number. Parameters at the right indicate scenario average number.
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Table 3.--Parameters of habitat in Krasnoturansk pine forest.

N Parameter : Number of habitat
, of habitat I I I v \Y%
1 Maximum temperature of June 19 34 35 40 57
2. Maximum temperature of July 25 30 42 44 52
3 Maximum temperature of August 20 29 34 50 55
- 4 Maximum temperature of September 16 18 22 26 45 .
© 5 Relative humidity, % 84 79 68 66 66
6 Absolute humidity of soil, mm 124 13 5 4 3
7  Maximum daily difference of temperaturesl 17 17 25 27 28
8 Altitude above the sea level, m 330 380 450 350 430
9 Exposition” 2 1 2 3 3
10 ~Steepness of slope3 1 2 1 2 3
’ Stand parameters:
11 Average diameter, cm 21 25 18 22 23
12 Height, m 20 20 17 18 19
13 Stocking 0.8 0.8 0:9 0.7 0.8
! Taken on soil surface. -

21- north slope, 2 - flat surface, 3 - south slope.
31- slope <5°, 2 - slope 5°-10°, 3 - slope 30°-40°

The experimental areas in the Krasnoturansk forest have
been chosen in 5 different landscapes (I - bottom, II -
gently sloping, III - narrow watersheds, IV - dunes, V -

" tops and steep slopes of hills).

The group of pine pests include: pine looper (Bupalus
piniarius L)., Semiothisa liturata CL, Dendrolimus pini

.. L., Gilpinia virens K1 and Hyloicus morio Rotsch. et

.Gord. A number of landscapes, climatic and inventory
parameters have been studied (table 3) by the principle
component method (Isaev et al. 1997).

‘The first principal component accounts for 59.3% of
- the total dispersion of the habitats, the second

~ component accounts for 22.7%. So the two first
principle components take more than 80% of total
dispersion. The correlation of the first principal
_components for every landscape with the multiyear

* values of the abundance of Bupalus piniarius L.,
Dendrolimus pini L., is shown in fig. 5.

The analysis of the contributions of different climatic
parameters from table 3 to the 1st and 2nd principal
components has revealed that in response to some
microclimatic changes in different landscapes due to
global climate change the redistribution of the pine
looper to more uniform population density across
various landscapes is possible. The increase of
summer-autumn average temperature and decrease

" of precipitation is expected to result in increasing
area of pine looper outbreaks. For example, a
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warming in summer-autumn months of 2 on average
will increase the present optimal area for the pine
looper from 660 ha up to 1,200 ha.

CLIMATIC CHANGE IN THE SOUTH OF
KRASNOYARSK REGION AND ITS EFFECT
ON PINE LOOPER OUTBREAK. t® =~ ¢

Anthropogeneous factors have induced some local
climate changes that influence insect populations.
The study of such territories can give information on
climate change impact on population dynamics
(Pal'nikova et al. 1996). One such territory is the
Minusinsk valley in the South of Krasnoyarsk region
where a large water reservoir of the 300 km length
was established in 1964. The climate change due to
the reservoir is the following: the average
temperature and precipitation in period 1965-1988 &
the same as in 1937-1965 years while the v
characteristics of associations between temperature
and precipitation have changed greatly (fig.6). The
percent of years with both dry and warm Augusts
decreased from 44% in 1937-1964 years down to
13% after 1965, the percent of dry and warm
Septembers decreased from 37% to 21% in the same
time.

A dry and warm August-September period is one of

the key factors associated with the pine looper
outbreaks. After 1937 four large outbreaks of the
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pine looper have been observed in that area: in 1944,
1954, 1962 and 1974. Since 1974, pine looper
outbreaks have not been observed. It is quite
reasonable to associate this fact with the local
climate changes that reduced the number of years,
which were appropriate for the outbreaks.

‘THE MODEL OF LEAF RESPONSE ON THE
DAMAGE BY INSECTS ¢ - ¢

It is known that fast changes in chemical composition of
leaves occur in the process of interactions between trees
and insects. These fast changes in leaves affect the
nsects' activity and decrease insect survival probability.
Mathematically it is the case, when characteristic time
periods of leaf state and insect state changes are equal
and both small.

‘A model has been proposed to describe “leaf-insect”
interactions, where the effect of leaf antibiosis is taken
into account (Tarasova & Soukhovolsky 1996). It is
assumed in the model, that the leaf may have two states:

state s1, when its possible for insects to consume the
leaf, and state s2, when, after increases in the levels of
secondary compounds in the leaf, insects do not
consume the leaf

The flow of insect, which attacks the leaf, has the

_ intensity 4 and we assume that two or more insects do
not attack one leaf simultaneously. We assume that the
probability of insect attack at time moment t does not
depend on past history of interaction. In this condition
the distribution of attack number during time intervals (0,
t) is described by a Poisson equation.

After insects successful attack and the same quantity of
leaf biomass withdrawal the process of reparation in the
leaf begins and for a certain time 7 the insect does not
attack the leaf. The value of the mean reparation

" intensity 4 = 1/z distributed according to the equation:

(1) flu) = *exp(-uT)

Let p1(t) = the probability of leaf state s1 in time

moment t, and p2(t) = the probability of leaf state s2 in
time moment t. 'If we study a steady state “leaf-insect”

~ system, it is possible to find the values of p1 and p2 using

the Kolmogorov balance equation:

Q) pl=pl(Atp); p2=A (Atn)
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Really p1 and p2 are the parts of times, then the leaf have
every of the states s1 and s2.

It’s possible to calculate the number of leaves damage
during time t:

(3) N = Aut/(A + p)

If 4 — 0, and the reparation time 7 — oo , the leaf after
first insect attack has the state s2, when it is impossible
for insects to consume the leaf tissue. If the process of
leaf reparation is very fast, then# — o0 and N = 4t, i.e.,
the leaf damage number is proportional to the number of
attacks during time period t. In this case the leaf'is not
resistant to insect attacks.

In this model it is possible to simulate the influence of
climate changes on the character of “leaf-insect”
interactions by changing the model parameters 4 and u
in dependence of environment temperature T changes.
Various trajectories of leaf damage number N(t) will
exist depending on values of d4/dT and the sign of
du/dT (fig.7). '

I. dA/dT >0, du/dT > 0. In this case according (3)
dN/dT > 0 and with the temperature increasing
the leaf damage number will be increase (fig.7,
curve 1).

II. dA/dT <0, du/dT <0. In this case according (3)
dN/dT < 0 and with the temperature increasing
the leaf damage number will be decrease (fig.7,
curve 2).

M. du/dT <0, dA/dT > 0.

IV.du/dT > 0, dA/dT < 0.

In these cases in dependence of values 4, u, dA/dT and
du/dT various behaviour of N(T) curve is possible, for
example, N(T) curve will have maximum or minimum
(fig.7, curves 3, 4).

The analysis of ““leaf-insect” interaction reparationgnodel
shows that in dependence of values of model parameters,
dA/dT and du/dT sign it’s possible both the incredbing of
leaf damage by insect and the decreasing of insect
attacks intensity.

More detailed information on physiological processes in
leaves and insects during temperature changes is
necessary for precise estimation of the “tree-insect”
interaction. But the model shows that increasing tree
damage level and insect outbreaks are potentially
possible during global climate changes. This work is
supported by Russian Foundation for Basic Research,
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Figin‘e 7.--Dependence on temperature of intensity of the leaf damage by insects. See text for description of
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NOAA/AVHRR DATA IN DETECTION OF INSECTS INDUCED CATASTROPHIC CHANGES IN
: : SIBERIAN TAIGA

V. I. Kharuk', A.S. Isaev?, Yu P. Kondakov', A. G. Kozhuhovskayal, and
E.V. Fedotova'

ABSTRACT .--In 1992-1996 ~0.7 million ha of Abies
. sibirica, Pinus sibirica, and Picea obovata stands
- along the Yenisey meridian were affected by
Dendrolimus sibiricus. Historical aspect and causes
of pest outbreaks were analyzed. Temporal (1995-
1996) scenes of NOAA/AVHRR images were used
for analysis of outbreak dynamics. Damaged stands
were detected, and heavy (50%-75%) and very heavy
(>75%) levels of defoliation were classified.
Summer/winter images were used for delineation of
*the northern border of the outbreak region.
Application of AVHRR images for GIS generation,
insect “food base” estimation, and mapping potential
risk of outbreaks is discussed.

INTRODUCTION

The Yenisey river meridian (~90° E) forests are the
habitat of many insect species, periodic outbreaks of
" which caused decrease of the growth increment,
forest decline, and mortality over vast areas. Pests
are among the primary factors determining forest

- succession in Siberia. Table 1 lists the main

‘Lepidoptera species which produce outbreaks in
Siberian forests. The reported damage varies from
5,000 to more than 1 million ha. In table 1 the values
of pest danger were categorized as high (I), medium
‘(1) and low (III). Pest danger depends on the size of
_ affected territories, level of defoliation, and tree
species. Pests that damage evergreen conifers are
considered very harmful (grade I), as the latter are
highly sensitive to defoliation and are the source of
~valuable wood. Low-harm pests feed on broad leaf
species-and larch; which can survive after 2-3
consequent years of complete defoliation. Exceptions
are the field protection forest strips because of their
importance and because they are often growing in
extreme conditions.

The primary enemy of Siberian forests is Dendrolimus
sibiricus, or Siberian silkworm (table 1). This pest
affects stands of fir (dbies sibirica), Siberian pine *
(Pinus sibirica) (the preferred species) and larch
(Larix sibirica).

At the peak of an outbreak, spruce (Picea obovata)
also could be damaged. A large-scale outbreak of
Siberian silkworm was observed in the south of the
Yenisey meridian (Niznee Priangar’e) in 1992-1997.
The total outbreak area was about 700,000 ha and
includes about 300,000 ha of 50%-100% defoliated
stands. The mosaic of damaged stands is of
geographic scale and lies between 57° and 59 °
parallels and the 93 ° and 98 ° meridians. The
catastrophic scale of this outbreak needs adequate
methods of detection and control. The purpose of
this paper is the analysis of potential applications of
broad-view satellite images for pest monitoring.

STUDY SITE AND METHODS

Historical data (1920-1995) of Siberian silkworm
outbreaks were used for classifying the potential level
of damage for the Yenisey meridian forests. During
the latest Dendrolimus sibiricus outbreak the main
damaged stands were concentrated in the region of
Niznee Priangar’e, between the Yenisey and the
Angara rivers (fig. 1). Relief of the territory is a plato
with low hills. Soils are mainly podzol. Climate is
continental. Annual precipitation is 400 mm-450 mm.
Mean annual temperature is +2.6 ° Celsius with
absolute minimum -54 ° (December) and maximum
+36° (July). Vegetative period is about 100 days
Forest covers 95% of the territory. Dominant species
is Siberian fir (4bies sibirica); other species are g
represented by Siberian pine (Pinus sibirica), spruce
(Picea obovata), pine (Pinus silvestris), larch (Larix
sibirica), aspen (Populus tremula), birch (Betula
verrucosa). Stands are of 3-4 site index with wood
stock 200 m*-230m’ and mean age 135 years. Time

Y V.I. Kharuk, Yu P. Kondakov, A. G. Kozhuhovskay, and E. v. Fedotova, Forest Institute, Academgorodok,

Krasnoyarsk, Russia, 660036. E-mail: ifor@krsk.infotel.ru.
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series (1995-1996) of NOAA/AVHRR images on this
area were used for analysis. On-the-ground
resolution (pixel) of the images is about 1.1 km.
Image processing was done by IDRISI software.
Data from all AVHRR channels (0.58-0.68; 0.725-
1.1; 3.55-3.93 um, and thermal IR channel) and their
combinations were analyzed. Supervised
classification was based on Russian Federal Forest
Service inventory maps. Ground truth data were

_ obtained by standard technique and represent the
following grades of defoliation: (A) two grades
(50%-75%, and >75%) for the whole territory; (B)

classification were obtained using NDVI (difference
between second and first channels divided by its sum).
The precision of classification was estimated by two
methods. (1) Test sites were occasionally four grades
(0%-25%, 25%-50%, 50%-75%, and >75%) for the
selected part of it. The best results of distributed over
inventory map and classified image. The percentage
of omitted damaged sites and incorrectly included
undamaged sites on the image were calculated. (2) *
Kappa statistic was calculated (Monserud and
Leemans 1992).

- Table 1.--Lepidoptera species which cause outbreaks in the Yenisey meridian forests.

Max. Danger level
: . Main outbreak '
 Insect species food territory, Forest zones
species thousand
Hectares South Mid Mountain Forest/
, taigan  taiga  forest steppe
1. . Dendrolimus sibiricus* fir, pine, > 1,000 I I I
‘ C larch,
S spruce
2. Lymantria dispar* larch, 300 II I
' ' broadleaf
© 3. Orgyia antiqua larch, birch 40 I
4, Dasychira abietis spruce, fir, 1,000 III III III .
S pine, larch
5. - Leucoma salicis* aspen, 100 111 III I II
willow
.6 Lymantria monacha* pine, spruce 5 II
7. - - Ectropis bistortata* spruce 400 II I
8 Bupalus piniarius* pine 50 I I
9. . Semiothisa signaria* spruce, fir 10 111 II
10.  Simiothisa continuaria larch 5 I I
11. - Erranis jacobsoni* larch 50 I I
12. . Biston betularius birch 50 I
13, Phalera bucephala birch 50 111 11 I '
14.  Clostera anastomosis* aspen, 10 III I
. willow v
15. - Zeiraphera rufimitrana fir 100 11 111
16.  Coleophera dahurica larch 100 I I
17. . Zeiraphera griseana larch >1,000 111 111 I
* Species which cause forest mortality.
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RESULTS

" Along the Yenisey meridian Dendrolimus sibiricus
outbreaks were observed from the south border of the
Krasnoyarsk region (~52°) till ~57° on the East side

~ of the Yenisey meridian and to 62° on the west side.

. The analysis of ecology, landscapes, and history of
outbreaks allows to delineate nine main regions of
Dendrolimus sibiricus outbreaks (table 2, figure 1).

The regions were ranged according to the following
-criteria:

‘1. The frequency of pest outbreaks. It varies within
~ range from 2 to 10 per century. Frequency range
-10-8 is grade I, range 7-5 is grade II, and range
4-2 is grade III.
2. - The size of the territory (S). It was classified as
* small (grade III, S <10 thousand ha), big (grade
II, 100>S>10 ha), and very big (grade I, S>100
thousand ha).
3. The “food species.” Value of fir for Dendrolimus
~ sibiricus was assumed as I, Siberian pine as II,
and larch as IIL

The total sum of these criteria was calculated and

" used for the ranking the regions. Values 3-4
correspond to the highest level of danger (I), 5-6 to
the medium (II), and 7-9 to the lowest (III). Table 2

-+ was used for generation of sketch-map of the level of

ppest outbreak danger in the Yenisey meridian forests
(fig. 2).

The latest (1992-1997) Dendrolimus sibiricus

outbreak falls mainly into region 2 (table 2). AVHRR

- 'images were applied for analysis of this phenomena.
It has shown that (fig. 1):

1. The damaged territories could be detected.
2. At least two gradations of damage could be
 _classified. The dynamics of outbreak during 1995
(the year of the most intensive damage) is
- presented on figure 1. Within the window on this
figure the statistic of damage size was calculated
. (table 3). This table reflects dramatical changes
in the size of the affected area. For example,
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very heavily damaged area (level of defoliation is
>75%) increased from 884 pixels at the beginning
of June 1995 to 3,053 pixels in the middle of
August. Omission, inclusion, and summary
errors were 7%, 10%, and 17%, respectively.

The classification procedure for figure 1 was made on
the basis of a forest inventory map with two grades of
defoliation: heavy (50%-75%) and very heavy  *
(>75%). As was shown above, two gradations could
be satisfactorily detected using AVHRR data. Next
task was the following: if less defoliated stands could
be detected? This problem was analyzed using a map
(fig. 3A) with four levels of defoliation: slight (0%-
25%), moderate (25%-50%), heavy (50%-75%) and
very heavy (>75%). Processed image (fig. 3B)
represents all levels of defoliation. There is some
visual similarity between on-ground (fig. 3A) and
remotely obtained data (fig. 3B). On the other hand
only very heavy levels of damage have satisfactory
kappa statistics (kappa = 0.35). Poor statistics for
heavy level may be explained by time shift between
satellite (16 August 1995) and on-ground (1 August
1995) data obtained; during this period the level of
defoliation could increase. Moreover, the date of the
map generation evidently does not correspond to the
dates of on-ground measurements, since the latter was
the durable process. All this led us to conclude that
the lowest detectable level of defoliation is about
25%-50%, although it must be proved in future
investigations. *

Regular application of remote sensing for pest
monitoring is based on summer images only, though
winter images have some potential advantages (e.g.,
lack of errors caused by broad-leaf species and grass
communities). To estimate the value of winter
images, the February 1997 image was used for
analysis; it includes the same territory as on figure 1.
Figure 4 represents the result of its classification.
Damaged stands are clearly detectable on the snow
background, and three levels of the damage are '
classified. The precision of classification was nog
evaluated. Visual comparison with a summer image
(fig. 1C) shows a similarity between them.

GTR-NC-209



Table 2.--Dendrolimus sibiricum outbreaks in the forests of the Yenisey meridian.

Regions Forest types ~ Heights above  Main species Territory of  Frequency of  Level of
. sea level, m outbreaks
West Siberian plain region
1. Chulim-Ket _south taiga 150-200 fir, Siberian pine I 10 I
§ ___Mid Siberian_Plato region
2, Priangar  south taiga 170-350 Fir I 9 I
~ 3.Priyenisey . mountain taiga 200-450 Fir I 7 I
4. Kan-Birusa  subtaiga- 200-350 Larch I 6 111
’ foreststeppe
S Altai-Sayan mountain_region
5. Kan-Agul subtaiga- 350-500 Larch I 7 I
I ' foreststeppe
. - black taiga 450-800 fir, pine II 9 II
6. Kuznetz- subtaiga- 500-900 Larch I 10 II
Alatau foreststeppe
7. Sisim-Tuba ~ black taiga 500-800 Fir II 4 1I
8. West Sayan  black taiga 350-900 Siberian pine 11 3 III
Fir
-9.Usa subtaiga- 700-1,200 Larch 11 7 111
foreststeppe

I vorv heavily damaged stands

background

heavily damaged stands

f‘igure‘ 1. The dynamics of the Dendrolimus sibiricus outbreak.
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Table 3.--The dynamics of the damage within the window on figure 1.

: Area in pixels
Date 7 June 1995 30 June 1995 16 August 1995
Very heavily damage 884 1,261 3,053
Heavily damage 3,255 3,255 3,963
Background 23,734 23,180 20,362
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