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PREFACE
This volume contains papers submitted for three meetings on "Forest Management
Planning and Managerial Economics” at the 19th World Congress of the Internationai Union
of Forestry Research Organizations, held on August 7, 1990. Papers are in the order that
they appeared on the program. All material is reproduced in the camera-ready form
submitted by authors who are solely responsible for the contents. Presentations published

in the Divsion 4 Congress Proceedings are not reproduced here.

I am grateful for organizational assistance from Division 4 Coordinator Fred Kaiser,
Subject Group S4.04 Leader Othmar Griess, and our Canadian hosts. The greatest thanks

go to the authors of these fine papers for making our meetings such a success.

W. David Klemperer
Program Chairman
Blacksburg, Virginia
January 1991
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CAN NATIONAL FOREST PLANNING
BE CONSISTENT WITH LEOPOLD'S LAND ETHIC?

ALAN G. MCQUILLAN

Associate Professor, Scheol of Forestry
University of Montana, Missoula, Montana, U.S.A.

SUMMARY

Forest planning in the U.S. is grounded In the utilitarian ethic of Forest Service
founder Gifford Pinchot.  Aldo Leopold's Land Ethic is much more absolutist than
Pinchot's puritanical utilitarianism, and emphasises the importance of beautyin the
forest. Both of these approaches have strong poiitical support. Jerry Franklin's notion
of New Forestry provides a management option intermediate between intensive
forestry and wilderness that appears to have been adopted as officiai Forest Service

policy in the Pacific West and could potentially satisfy the Leopoldians. This has come
about in conjunction with the controversy over the threatened spotted ow!, but
represents, a more general realization that, today, the public cares for the overall
integrity and aesthetic appearance of the forest. In particular the public has decided
that it deplores the demise of big trees and old growth forests. Yet, just 10 or 15 years
ago professional foresters viewed all old trees as something to be gotten out of the
way, to make room for a productive forest where all the trees were to be under the age
of culmination of mean annual increment. New Forestry provides a means for
protecting both spotted owls and huge trees, but an implication is the adoption of
rotation ages perhaps five times those needed for maximum wood production. This
fengthening of rotation age inevitably means reduced cuts which, in turn, means lost
jobs in dependent communities. The situation is similar to Britain in the 1960s, when
changing economic and environmental conditions necessitated the closure of coal
mining communities. The solution at that time was to build new towns complete with
new industry. Since a long-established role of government is to provide infrastructure,
an effort of similar magnitude is called for in the present situation.

Keywords: Old growth, rotation age, new forestry, community stability,

INTRODUCTION

Since | first wrote the title and abstract for this talk last fall, { published in
Western Wildiands an article with a very similar title. This paper was reprinted in the
Journal of Forestry (McQuillan 1990). Rather than simply repeat what was said in that



articie, | will use it as a jumping off peint today. In that piece, | pointed out that the
current approach to planning for the nationai forests in the United States as practiced
by the Forest Service is an approach designed to rationally maximize the net public
benefits received from the forests, which is an approach grounded salidly within the
utilitarian ethic. This is hardly surprising given the history of both the United States and
the agency itself. The Forest Service is still very much the brainchild of its founder,
Gifford Pinchot, who was a staunch utilitarian, following closely in the footsteps of the
father of utilitarian philosophy, Jeremy Bentham,

Utilitarianism is a severe outiook on the world, always afraid of famine and
scarcity, little concerned with joy and beauty -- things considered superficial or
sometimes even sinful by puritan forefathers. It is also a reductionist philosophy
willing to make tradecffs and strike compromises in pursuit of the aggregate goal of
maximizing a “social welfare functicn," however defined.

By contrast, the Land Ethic espoused by a brilliant writer and part founder of the
science of ecology, Alde Leopold, is much more absolutist and much less
compromising than Pinchot's utilitarianism. Leopoid's view is closer to that of the
remantics such as John Muir. Leopold's land ethic, which has a strong following and
has even been proposed for adoption by the Society of American Foresters (Coufal
18989), states in its essence that an action is right when it tends to enhance the stability,

integrity, and beauty of the forest (or biotic community) and wrong otherwise (Leopcid
- 19686).

in my eartier paper | delved into the implications of the words stability and
integrity, but, today, | want to concentrate on the third leg of Leopold's triad, beauty.
Beauty is the subject that represents the greatest gulf between utilitarianism and the
Land Ethic. Utilitarianism has traditionally left very little room for the consideration of
- beauty, while it is a central focus of the Land Ethic. | suggested that since the two
ethics are so fundamentally different, they couid not be accommoedated on the same
ground at the same time. And, further, since there are no rational means for deciding
between the two, and since both approaches have strong bases of support in the U.S,,
the best hope for a resolution of conflict lies, | suggested, in a shamelessly politicai

division of national forest land between the two camps. | still believe that is true and |
do not believe that would be such a bad thing.

NEW FORESTRY

A major event that has also occurred since | wrote the title for this talk almost a
year ago is that Forest Service ecologist, Dr. Jerry Frankiin's notion of New Forestry
{Frankfin 19889) has achieved a large foliowing in the west and appears to have been
adopted as official policy in the New Perspectives program of the Forest Service

according to several presentations | heard at this year's meeting of Western Forest
Economists.

This embracing of Franklin's New Forestry has come about in conjunction with
the controversy over the northern spotted ow! -- a species that apparently depends for
its survival on the continued existence of large areas of contiguous old growth forest.



This controversy centers on Oregon, Washington, and northern California, but has
gamned attention in the national press -- Time Magazine, Wall Street Journal, and the
Washington Postamong others. As you know, the old growth forests of western North
America are characterized by the presence of huge trees -- diameters of six, eight, ten
feet (2 to 3 m) and larger are quite common in many places,

Now, althougn there exist fundamentally different philcsophies of forest
management within the U.S., a synthesis of national opinion nonetheless arises in one
way or another and it is this possibility of an arising synthesis that | wish to address
today. There has been a lot of change in what the U.S. public says it wants from its
publicly owned forests in the past thirty years. In 1960, as evidenced by the Muitiple-
Use Sustained-Yield Act (16 U.S.C. 528), the public was mostly concerned with what it
could get out of its forests in the way of goods and services. it viewed the forests, in
true utilitarian fashion, as a factory for the production of benefits -- a diverse factory to

be sure, producing flows of recreation, wildlife and water as well as timber and forage
-- but a factory nonetheless.

Today, the public has realized that it is concerned with more than just what it
gets out of the forest, it is also concerned with what the forest like: it cares for the
overall integrity and appearance of the forest. This concern for aesthetics is not
traditionally central to the utilitarian ethic, but it is central to Leopold's Land Ethic and it
Is & concern -- not new, but freshly acknowledged -- that has not yet been (and
perhaps cannot be) adequately incorporated into our rational, reductionist approaches
to forest planning. Today, the public deplores an ugly and wounded-looking
landscape, and it resists all attempts at rationalization by a defensive forestry
profession. Furthermore, the public has decided that it depiores the demise of big
trees and of old growth forests in the Pacific West, one of the few temperate areas
where they remain standing.

As recently as ten or fifteen years ago, most professional foresters viewed old
growth as something to be gotten out of the way. The future forest was to be a
productive one (in the sense of net growth) where aii the trees were to be under the
age of cuimination of mean annual increment, or CMAI In the Pacific West, the public
has slowly become aware that traditional forestry with its acceptance of growth-
maximizing rotation ages impfies the inevitable demise of big trees. Managing forests
for maximum average net growth and cutting the trees when they reach CMAI means
cutting trees that are generally twelve to fifteen inches (30 to 40 cm) and seldom more
than twenty or twenty-four inches (50 to 80 cm) in diameter at breast height. Quite
recently, the public has stated loud and clear that it does not want its future forests to
be the timbered equivalents of feed lots for the production of veal. Even outside of
designated Wilderness areas, the public wants a significant portion of its publicly
owned forests to contain a proportion of huge trees. It has also found ecological

justification for this aesthetic desire in the writings and positions of ecologists such as
Dr. Jerry Franklin (Frankiin 1989).

Since there is no legisiative mandate for the management of big trees (the
closest the National Forest Management Act of 1976 came was in addressing species
diversity}, their supporters have taken the expedient route of declaring an inhabitant of
large areas of big trees, the spotted owl, to be a threatened species in order to avail
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themselves of the protectionist provisions of the Threatened and Endangered Species
Act of 1973 (16 U S.C. 1531, amended 1978). This listing is based on recent research
by Jack Ward Thomas and an interagency committee (Interagency Scientific
Committee 1990). However, before the Forest Service chose it for use in the planning
process as an indicator species for the health of old growth forests, no one showed
very much concern for the northern spotted owl. And, the strategy could still backfire: if
timber industry-sponsored researchers, for example, were to show that the owt
survived quite happily in second growth forests, the public concern for the continued
existence of biologically mature forests would in no way be aileviated. As Neil
Sampson has said, "Many of the natural resource issues that divide Americans most
bitterly are publicly argued on grounds that camouflage the real value differences
involved." (Society of American Foresters 1990).

Spotted owls found surviving in young second growth forests would not
eliminate the public desire to maintain the integrity of large areas of old growth forest
for essentially aesthetic reasons. Supporters of this view find themselves, | believe,
forced 1o argue their case in terms of instrumental values (for example, the potential
yet-io-be-discovered genetic value of rare species) because arguments of an aesthetic
nature have not yet achieved a sufficiently high legitimacy in our still-utilitarian-

dominated national psyche.

Although | have not abandened my position that a political compromise is
necessary because | see no other way to ailocate land between mutually exclusive
philosophies or value systems in the area of tand use, today | would expect to see this
be a three way division. Between intensive timber management and wilderness on
the extremes, New Forestry emerges as an intermediate choice. Unlike some
advocates | have heard, | am not ready to acknowledge that New Forestry, the latest in
an expanding range of management options, should be applied on every acre of
national forest fand. | believe that many of the more productive lands are suitable and
still desirable for intensive timber crop production to meet commodity needs; so, an
important role for intensive forest management yet remains. | aiso believe that New
Forestry, which implies accessible forests with timber harvest activities virtuaily

everywhere, is no substitute for another acknowledged need -- a national Wilderness
system.

Furthermore, it is not desirable for a large agency such as the Forest Service to
do a sudden about-face and rush headlong in a new direction without adequate
testing of new and incompletely-defined technology. (This was the mistake made with
the blanket adoption of the computer model FORPLAN for planning on each and every
national forest without adequate prior testing). Sudden and radical blanket changes in
policy are not prudent because they tend toward system instability and further erode
public trust. However, | think there is a clear national consensus that in the Pacific
West (where we still have the option available) the U.S. public wants to maintain

significant areas of big trees, and New Forestry appears tc be a means for achieving
this desire.



POLICY IMPLICATIONS

Now, what are the implications of allocating a significant number of thousands
of acres to New Forestry? As all forest managers know, the maximum average rate of
wood production is achieved when the rotation age is set at cuimination of mean
annual increment, CMAIL. And, this applies whether we are dealing with even-aged or
individual tree selection systems of timber management. The National Forest
Management Act of 1976 mandates that trees not generally be cut before reaching
CMAI and, whether we use cubic or board foot measure, this translates in the Pacific
West to about 50 to 100 year rotation lengths. We are not talking about reproducing
big trees here; we are talking about maximizing the wood producing potential of the
forest, as Franklin himself acknowledges.

To maintain old growth forests, we have to start talking about retaining trees
until they are 300, 400, 500 years old and even older; 200 years would be a minimum.
Herein, | believe, lies a fundamental difference in operating assumptions that
separates the industrial foresters from the environmentalists and creates seemingly
irreconcilable conflicts of perception, as seen for example in the Audobon Society fim
"Ancient Forests -- Rage over Trees.” The two sides cannot reach agreement over the
very basic question: Are we overcutting the forests? A primary reason for this lack of
agreement lies, it seems to me, in different operating assumptions assumed by the
opposing parties. If we continue 1o accept rotation ages set equal to CMAI, then, on
public lands in the West, we are probably not overcutting most places most of the time.
But, if we wish to maintain large areas of old growth, a concept not even broadly
considered when current planning methodologies were formulated ten or fifteen years
ago, then we probably have been overcutting. This is overcutting, not due to
malfeasance or incompetence, but due simply to the fact that forest managers and
pianners have always been taught that something close to CMAI was the right rotation
age for managed trees.

Very simply, if we wish to maintain old growth outside of wilderness areas, we
will have to adopt rotation ages of perhaps five times those we need for maximum
wood production. And, it we are to have trees around that are three hundred years old
in perpetuity, it is logically necessary that we also have trees around that are 250, 200
and 150 years old -- all of them well beyond Mason Gaffney's age of economic
maturity! {Gaffney 1957).

This iengthening of rotation age inevitably means reduced annual cuts or
allowable sale guantities under sustained yield management principles. And here lies
the hard truth: reduced cutting levels inevitably mean lost jobs, Just how many is
subject tc debate, but the figure | hear most often in relation to Oregon and
Washington is on the order of 25,000 directly-related jobs. Whether we should tamper
with an already fragile imbalance of trade, and further violate our professed national
belief in the doctrine of free trade by banning the export of unprocessed logs from all
types of land in order to support a faltering timber economy is aiso subiect to debate.
Economic change is as inevitable as night and day. if the U.S. economy is to compete
successfully in an international market, it cannot forever ignore the dictates of
economic efficiency. Yet, personally, | see no reason why the desire of the public at



large to maintain significant areas of old growth forest on what is, after all, its own land,
should be sacrificed in order to avoid disruption of a number of small timber
dependent communities.

A theme that pervades Leopold's work is the need for a holistic approach to
prablem-solving. Here the views of Lecpoldians converge with those of systems
science and behavicral science as espoused by authors such as C. West Churchman
(Churchman 1979). A truly holistic approach to forest planning mandates "an
approach that treats people as if people really mattered." (Simmons, quoted in Society
of American Foresters 1890). A national decision to reduce harvest levels and
lengthen rotation ages on some public lands in the Pacific West in order to maintain in
perpetuity what the public perceives as "real" forests is legitimate and acceptable.
However, 25,000 lost jobs in timber dependent communities in my mind represents an
unacceptable level of human suffering -- suffering that social workers know will be
translated into shattered egos, increased alcoholism, beaten wives and abused
children, not to mention the lost economic potential of workers to the nation.

I am reminded cf Britain in the 1960s. When that nation decided that it was no
longer in its best interests to support coal mining activities in small inefficient coal
mines at a loss to the Treasury, and that it was no longer in its best interests to rely so
heavily on coal as a source of fuel when it created so much air pollution, the Nationai
Coal Board was faced with closing hundreds of collieries, many of them in small cne-
hundred percent coal mining communities that had developed very strong, close
social ties to the resource. The nation did not abandon these miners to
unemployment; nor did it shy away from inevitable social change that was seen to be
- in the larger national interest. Instead, the government built brand new communities --
new towns -- complete with industry and jobs, housing, shopping, entertainment,
transportation and communication facilities. This was a much greater undertaking
than providing a few night courses in truck driving. This was a major relocation effort,
and it was not without its own set of social problems. But, for all its problems, it was
much moere humane and productive than the alternatives of either turning thousands of
miners out into the street, or perpetuating an industrial situation no longer in the
national interest. | suggest that an effort of similar magnitude might be called for in the
case of timber dependent communities in the western U.S. The recipe might be
different in design, but the effort should be no less sincere.

This cannot be construed as a form of welfare. It is a legitimate and long-
established central role of government to provide infrastructure. So, when certain
econemies are dependent on government activity and for whatever reason, the
government decides that a significant change in policy and attendant activities is
called for, then it is the job of government to provide new infrastructure as appropriate.
In this way, the hardship on dependent timber communities would not be entirely
eliminated, but it could be much reduced. |f the public at large wish to retain old
growth timber, as well they shouid, then they should not expect a few loggers and miil
workers to bear the brunt of the social cost.

fronically enough, this kind of hotistic forest planning would not be at odds with
the writings of Forest Service founder Gifford Pinchot. At the end of the letter that he
wrote to himself on his inauguration, February 1, 1905 {for signing by his new boss,



Secretary of Agriculture James Wilson) are the instructions: "Sudden changes in
industrial conditions will be avoided by gradual adjustment after due notice . . . " (U.S.
Forest Service 1978). In sum, these words imply, first, that government must permit
structural change to occur when it is in the larger public interest, and, they further imply
that socially conscious forest planning must take peopie into account and plan for
change in a way that minimizes the suffering of those whose livelihood is to be

adversely affected.
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T HE POLITICAL ECONOMY
¢ F TIMBER PRCDUCTTION
O N THE NATIONAL FORESTS
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Dennis L. Schweltzer and Hanna J. Cortner

Assistant Director, Land Management Planning
USDA Forest Service, Washington, D.C. U.S.A

Professor, School of Renewable Natural Resources
University of Arizona, Tucson, AZ U.S.A.

SUMMARY

Political pressures exist to increase the economic
efficiency of timber management and production on the National
Forests in the United States. There is growing belief both
ocutside and within the Forest Service that current levels of
timber production, and most particularly uneconomic timber
production, should be reduced. Many argue that eliminating
uneconomic timber management programs will both save money and
reduce environmental degradation. This paper traces the
political and technical evolution of the focus on economic
efficiency in timber producticn and explores economic and
institutional factors that are shaping the current policy debate.

Keywords: below cost, economic efficiency, timber sales,
National Forests, forest policy

INTRODUCTION

Each year, private companies bid for the right to harvest
timber on all 123 National Forests in the United States. The
volume of timber sold totals about 50,000,000 cubic meters and
accounts for 20-25 percent of the nation's wood production.
Unfortunately, many individual Forests are unable to recover the
costs of producing the timber; they lose money and are called
"below cost Forests." Timber production on National Forests that

lose money has become a focus of political debate in the United
States. ‘
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The purpecse of this paper is to examine the issue of below
cost timber sales (and below cost Forests) by tracing its
historical antecedents and exploring economic and institutional
factors that are shaping the current policy debate. The
historical overview demonstrates that concern with making money
through public timber production has been a long-term issue in
American forestry. It is the specific interest groups involved

and the public policy objectives they are trying to achieve that
are new.

HISTORICAL EVOLUTION OF THE BELOW COST ISSUER:
THE HERITAGE OF PINCHOT

When Gifford Pinchot was receiving his forestry education
abroad during the late 1880s, one of his German mentors remarked
that a system for managing forests to ensure continuous
production would not be established in the United States until
some experiment would "prove for America what is so well
established in Europe, that forest management will pay" (Pinchot
1947, p. 15). When he returned tc the United States and was
hired to manage the forests of the Vanderbilt estate in North
Carolina, Pinchot's central objective was to demonstrate that
forest management could pay the owner while improving the land.
The working plan he prepared in 1892 prohibited any improvement
cuttings that would cost meore than they would bring in (Pinchot

oA TN
LT} .

Pinchot carried his goal of making forestry pay into his job
as the first Chief of the US Forest Service (which had been
created in 1905). But in spite of all he could do, he was
unsuccessful. During the early years of the agency, the gap
between receipts and expenditures remained (Wolf 1989). Before
Pinchot left the Forest Service in 1910 he adopted a new
approach. He argued that "the National Forests exist not for the
sake of revenue to the Government, but for the sake of the
welfare of the public" (Steen 1976, p. 91).

The next two Chiefs of the Forest Service, Henry Graves and
William Greeley, were also beset with concerns about the ability
of the National Forests to pay their way. Largely responding to
Congressional concerns over how the Forest Service was spending
its appropriations and Congressional expectations that the Forest
Service would become self-sustaining, Chief Graves in 1914
classified National Forests according to how many were self
supporting, how many would always lose money, and how many could
be brcught inte the profit column in one, two, and 25 years.
After going through this exercise, he predicted that within three
years the agency would return more to the treasury than it
received (Steen 1976; Wolf 1989). Graves' solution to achieving
a profitable program of timber production led to more timber
sales and larger sale volumes (Clary 1986; Wolf 1989).
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During the administration of Greeley (1920-1928), the agency
began to look more closely at the economic values of uses of the
National Forests other than timber production. It began to
assign dollar values to recreation activities and wilderness
resources. Eventually the agency announced that recreation and
wilderness uses were more than paying the costs of supervision
(Steen 1976). This focus on dollars was felt by some to have
influenced the design of the recreation program. For example,
although many felt it was contrary to the public interest to
permit privately-owned summer homes to remain on the National
Forests, it was reported that they were permitted to remain
because fees paid by their owners provided a steady stream of
revenue to the agency (Steen 1976).

The fees charged to ranchers who graze their livestock on
the National Forests have been contentious since the Forests were
established in 1891. 1In 1911 the government's right to levy
grazing fees had been upheld by the US Supreme Court. In setting
those fees, however, the Forest Service used a different method
than that used for timber.

Before any bids were accepted for a timber sale, the Forest
Service set an "appraised price." No lower bids would be
accepted. These appraised prices were based, directly or
indirectly, on current market conditions. However, fees for
grazing on privately-owned lands. Pinchot justified this
difference asserting that owners of small herds of stock could
not survive competitive markets (Steen 1976). From time to time
the agency proposed higher grazing fees. For example, a 1920
agency study proposed that the agency "charge for National Forest
ranges what they are actually worth." But stockmen have always
been able to develop enough political support to resist such
increases. To this day, grazing fees are substantially less than
market rates and the grazing program continues to lose money.

Stimulated by World War I, timber production on the National
Forests continued to increase, until it peaked in 1926. Also
during the twenties and thirties, one of the central tenants of
American forestry--sustained yield--changed from a biophysical
concept to a sociceconomic concept. Rather than managing the
National Forests to provide a continuous flow of raw wood,
management would be focused on ensuring the continued viability
of the industries that produced end products from the wood and
the vitality of communities containing wood processing plants.
This change was recognized in law in the Sustained-Yield Forest
Management Act of 1944. Two types of sustained yield units were
established in accordance with the Act. Lands from one National
FPorest in the state of Washington were combined with lands owned
by a private company and managed as one unit by that company. In
contrast, in Arizona, California, New Mexico, Oregon, and
Washington, timber harvested from certain National Forest lands
were sold only to selected sawmills (Schallau and Alston 1987).
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To achieve this new social goal of protecting timber
companies, the Congress and the agency explicitly chose to
underwrite monopoly situations for favored companies (Clary
1987). Supporters argued that eliminating competition and
receiving lower prices for federal timber were more than offset
by keeping mills open, aveiding social turmoil and unemployment,
and the costs of welfare payments (Steen 1976). Nonetheless, it
was an ironic choice; one of the principal driving forces behind
the conservation policies of Pinchot and the conservation
movement of the early 1900s had been to prevent monopolies from
controlling natural resources.

Spurred on by a postwar housing boom, harvests from the
National Forests began to play a more important role in the
nation's overall timber supply picture. During the early 1950s,
an official of the Forest Service wrote that revenues from timber
sales had increased rapidly enough to provide a budget surplus.
While the report included some questionable accounting practices,
the article promised further increases in revenue from additicnal
timber sales (Steen 1976). During Congressional deliberations
over the Multiple-Use Sustained-Yield Act of 1960 the timber
industry even argued that federal timber profitability should be
the primary goal of the National Forests (Wolf 1989). If the cut
were to be upped, however, it would have to be accompanied by an

aggressive program of road building to provide access {Steen
1976, Clary 1986).

But by the late 1960s, it was recognized that then-cur
levels of timber harvest in the Pacific Northwest, the most
productive forests in the nation, could not be sustained
indefinitely under then-current timber management practices and
environmental protection laws. At the same time, the agency
recognized that shortening rotations, intensifying management,
and accelerating road building in attempts to maintain harvest
levels could have a variety of undesirable effects on the
environment (USDA Forest Service 1969). The stage was set for a
clash between desires to sustain high levels of timber harvest

and the public's increasing concern for the environment (Reich
1962) .

rarr
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ECONOMICS IN THE ENVIRONMENTAL ERA

As the debates over timber harvest methods heated up in the
late 1960s and early-to-mid 1970s, the issue of running the
agency as a business and the unpleasantness of having
expenditures that exceeded receipts again faced the Forest
Service. This time, however, the debate was cast in
environmental as well as economic terms. A wide array of
interests would seek to define the issue and propose solutions.
There would be those who believed that econonmics argued for
reduced timber harvests, and those who believed that economics
argued for increased timber harvests.



University economists were among the first to criticize the
Forest Service for not paying encugh attention to efficiency in
management and for conducting an uneconomic timber program. For
example, after a nationwide review of the economic
characteristics of the National Forests, Clawson (1976) concluded
that "a great national asset is poorly managed and unproductive."
He observed that this was at least partly due to the attitudes of
publicly-employed foresters:

"They have emphasized ecological considerations, multiple
use, sustained yield, even flow, communlty stablllty, and
other concepts which....had little precise meaning to others
or in practice" (p.766).

It is not necessary to accept or reject Clawson's conclusion
of generally wasteful management to note that the ecological
considerations and other "concepts" he mentions all limit the
economic efficiency and profitability of timber sales. For
example, Schuster and Niccolucci (1989) found that past receipts
from timber sales in the Northern Rockies would have been 50
percent greater if non-timber resources had been ignored. This
finding at least partly supports an argument repeated by Chiefs
of the Forest Service for many years, at least since 1912: 1if
the Forest Service stopped all non timber-related activities,
+hen the National Forests could eagily show a net profit (Steen

1976) .

Economists may regret that economic efficiency does not play
a more prominent role in timber productlon decisions. However,
it was precisely because of criticisms charging that opting for
the cheapest way of harvesting timber resulted in environmentally
damaging clearcuts that the National Forest Management Act (NFMA)
was passed in 1976. NFMA and the detailed requlations or "rules"
for its lmplementatlon recognized that economic efficiency would
be constrained in various ways. NFMA directs that plans to guide
management must "...insure consideration of the economic and
environmental aspects of possible schemes of management," but
that "...the harvesting system to be used is not selected
primarily because it will give the greatest dollar return" (NFMA,
Sec. 6 g3 (A) and (E, iv)). The regulations introduce a new term
of "cost efficiency." By definition, cost efficiency recognizes
that "some outputs, including environmental, economic or social
impacts, are not assigned monetary values but are achieved at
specified levels in the least cost manner" (36 CFR 219.3)

While NFMA and its implementing regulations constrain
actions to maximize economic efficiency, they are ais¢ notable
for their emphasis on rational analysis, and particularly on
economic efficiency analysis. This emphasis, no doubt, partly
was in response to past criticisms offered by Clawson and other
economists. Probably more important, however, was the election
of a business-oriented president in 1980, Ronald Reagan. He
appointed a lawyer from the Louisiana-Pacific Timber Company as
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the political head (called Assistant Secretary) of the Forest
Service. The Assistant Secretary immediately announced that
timber harvest levels on the National Forests should increase
greatly. ©Cne action he toock to bring this about was to direct
the Forest Service to pay more attention to economics. He
revised the regulations guiding forest planning in part by
greatly expanding the role of econonmic analysis. Numerous
economic analyses were to be conducted and the results were to be
used in making decisions. And the analyses were to be made
public. He firmly believed timber harvest levels would increase.

He was wrong. On the most productive Forests, environmental
constraints led to few increases in production and numerous
decreases. On many of the less productive Forests, the economic
analyses showed then-current timber harvest levels were losing
money. And since the information was made public, those who
opposed timber harvesting and those who opposed losing money

joined forces to attempt to bring about reductions in harvest
levels.

While the Reagan Administration relied upon economic
analysis to provide a rational basis to increase harvest levels
on the National Forests, others proposed more radical changes.
During the early 1980s, for example, "privatization" also gained
currency as a policy concept. Some economists argued that public
iands ought to be put into private ownership to reduce the
national debt and eliminate the costs of federal management
{Short 1%8%). 50 long as lands were Kept in public ownership,
privatizers called for user fees to reflect the actual cost of
all goods and services provided by public lands--including
recreation. One economist claimed that if user fees were
increased by 2000%, the National Parks could become self
sufficient (Short 1989). Another economist argued that the
Forest Service be turned into a quasi-public corporation, its
Congressional appropriations be altogether eliminated, and all
its management activities be funded on a fee basis from all users
{O'Toole 1983).

Nonetheless, privatizers have had difficulty building the
necessary political support base. Environmentalists fear the
adverse ecological consequences of private development. More
surprising, however, not one commodity group has supported the
privatizers. Ranchers, for example, fear they will not be able
to afford to pay the prevailing rates to graze cattle on private
lands. And the timber industry has been silent on the whole
subject. As a result, even the pro-development, anti-government
Reagan Administration backed away from the privatization argument
during its eight years in office (Short 1989).

It was, however, expressions of dismay by environmental
interest groups during the 1980s that elevated the issue of the
economic efficiency of timber production on the National Forests
to a major public policy debate, and sparked Congressicnal
interest in the issue. The studies that gained the most
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attention were those conducted by the Natural Resources Defense
Council. Comparing timber receipts with timber management costs,
the Council examined individual sales as well as the entire
Forest Service program. It also coined the term below cost
timber sales to characterize what it saw as economically and
environmentally undesirable timber practices. Related studies of
below cost sales were made by Resources for the Future, a not-
for-profit research foundation, and the Wilderness Society. Two
agencies of the US Congress, the Congressional Research Service
and the General Accounting Office, also made studies, and
congress held hearings. Basically all of the studies came to the
same conclusion: many timber sales were losing the US taxpayer
money (0'Toole 1988; Wolf 1989). A Forest Service study of four
National Forests also found that less than desireable management
activities were necessarily reducing the profitability of timber
production (USDA Forest Service 1986}.

The Forest Service responded with the rationale Gifford
Pinchot had come to embrace: that "maximizing profit is not the
primary objective of National Forest management and that public
forests are managed for numerous values other than the money they
can produce" (quoted in O'Toole 1988, p. 32). By the mid-to-late
19805, however, arguments that uneconomic timber programs are in
the national interest because they are used to improve wildlife
habitat, or to further the health and productivity of forests, or
to support rural employment and community stability had lost
credibility and acceptability. There simply was no convincing
evidence that commercial timber production makes significant
contributions to improving most non-timber values, and it became
unpopular to argue that taxpayers should continue to subsidize
companies and communities when the federal debt was at record
levels. To a skeptical public and environmental community, such
arguments had simply become an excuse to rationalize the agency's
bias towards timber production.

As the decade of the 1990s begins, it is clear that the
pendulum has swung to the environmental side. Witness the growth
in environmental group membership and in the field of
environmental law. In 1975 there were 200 environmental groups
with a total membership of 4 million:; today there are 350
environmental groups with over 12 million members, In 1971, at
the start of the environmental era, the Environmental Law
Reporter carried 33 pages of environmental law, today it carries
over 3,500; the number of environmental law attorneys has grown
from a few hundred to over 20,000 (Gilbert 1990).

From the environmentalists'! perspective modern economics is
far different than it was in Pinchot's day. Today,
environmentalists and preservationists argue that the economic
values received from recreation and tourism exceed those from
logging. The *"greatest economic as well as ecological benefits
can be derived by managing National Forests primarily for
multiple uses other than timber" (Foreword by G. Frampton in
Pinchot 1947, p. xxi).
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Even voices within the agency have begun to question whether
too much emphasis is being put on commodity production to the
detriment of other resource responsibilities. In 1989 a new
organization was formed by employees ({Association of Forest
Service Employees for Environmental Ethics) to press for greater
agency sensitivity to ecological concerns. At the same time,
Forest Supervisors from areas of the country where timber
production is most important wrote three separate letters (later
made public) to the Chief of the Forest Service to express their
concerns that past and present forest practices were not meeting
the gquality standards of land management expected by the public
and agency employees. They asked for more "bhalance," that is,
for greater attention to the protection and develcpment of non-
timber resources.

The issue of below cost sales has also been recently
addressed by Congress and the judiciary. While the President's
political appointee was arguing for higher timber harvest levels,
many in the Congress were not convinced. Congress was far more
sympathetic to those who argued that harvest levels should be
reduced, at least in part, because money was being wasted.
Congress addressed the issue in several hearings. Arguments to
maintain harvest levels as a source of employment in rural areas,
regardless of cost, were made repeatedly. Because of the
political power of this argument, and because of the general

complexity of the issues surrounding below cost sales (Schuster
and Jones 1985), there was no consensus. However, the Foreast
Service was directed to correct one deficiency: it was directed
to design a new accounting system to report all costs and
benaefits of the timber sale program. This system, TSPIRS (Timber
Sale Program Information Reporting System), is the first attempt
in the federal government at cost accounting of a revenue-
producing program (Schuster and Jones 1989). TSPIRS generally
follows the accounting principles of annual corporate reports.

The first "official"™ TSPIRS report was released for 1989,
It shows cash receipts for the right to harvest timber were about
twice the costs of timber production (ignoring the cost to the
federal government of "payments to states" or revenue sharing).
However, more than half of the National Forests lost money on
their timber programs. Critics claim TSPIRS still underestimates
costs and that the entire timber program costs exceed receipts
fe.g., Wolf 1989). The agency and others judge TSPIRS to be
adequate (e.g., US General Accounting Office 1990).

Under instructions from the President's office, the Forest
Service has proposed an experiment focused on below cost sales to
the Congress. Money-losing timber sales are to be cancelled on
nine below cost National Forests. To the extent feasible,
replacement timber that could earn a profit will be substituted.
Because there will not be enough profitable timber, overall
harvest levels will have to be reduced. This poses three
problems:
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-=-{1) The timber industry may not have enough timber to
process in their mills. No specific offsetting actions to
benefit the industry have been proposed.

--{(2} Employment in the timber industry may decrease. To
mitigate such impacts, it is proposed that additional monies be
spent developing recreational opportunities on the nine Forests.
The hope is that additional recreationists will be attracted who
will spend money for food and lodging and so forth in the nearby
towns, thus stimulating employment in the recreation industry.

--(3} Revenue sharing of timber receipts would decrease.
It is proposed that certain fees for recreational use of the
Forests be increased, thus providing a basis for sharing revenues
with the states.

At this time, it is unknown whether the Congress will agree that

the experiment in replacing some timber production with increased
recreation activities should be implemented.

Those opposed to currently planned levels of timber harvest
have also taken their case to court, arguing that not enough
attention has been paid to economic factors and to alternatives
that call for relatively low timber harvest levels. A federal
judge agreed this was true on the Rio Grande National Forest in
Colorado. He found, in part, that the agency had focused almost
entirely on sustaining a money-losing timber program and had not
seriously considered lower levels of timber production. He
directed that the agency study at least one alternative
representing a profitable (and much lower) timber program. This
is the first time the ijudiciary has ever stated that the Forest
Service has an obligation to even consider a money-making timber
production program.

CHANGING ISSUES, CHANGING STAKES

As the previous discussion demonstrates, concern about the
economic returns of National Forest management have been
expressed by a variety of interests throughout the agency's
eighty-five year history. However, during that time economic
arguments have been used differently by different interests.

In the early years of the Forest Service it was the agency that
was most concerned with demonstrating that forestry could pay.
During the last quarter of a century, it has largely been
external interests that have advanced arguments that decisions
concerning the National Forests should pay greater attention to
economic efficiency criteria.

However, the debate is not really about economic efficiency
per se. Ecoconomic efficiency has been a surrogate issue for
alternative visions of a desired end state. Various interests
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embrace or reject economic arguments in particular circumstances

depending on whether or not the numbers and results will be in
theiyr favor.

For much of the history of the conservation and
environmental movement, environmentalists worked to limit the
application of economic criteria to resource decisions. They
insisted values other than economics must be given full weight
when decisions are made. One of the leading intellects in the
history of natural resources, Aldo Leopold, for example,

explicitly rejected public lands policy based on economics alone
(Leopold 1966) .,

These arguments have been influential. Concern that the
basis for federal development decisions had to be broadened
beyond technical and economic criteria directly contributed to
passage of the National Environmental Policy Act in 1969 and its
requirements that federal agencies publicly disclose the negative
environmental effects likely to result from their actions. And,
the National Forest Management Act prohibited selecting a

particular timber harvesting system solely because it was most
efficient.

It is only recently that environmentalists have come to
embrace economic efficiency criteria. Timber sales are being
held up to strict economic tests in an effort to reduce
harvesting and to preserve virgin lands from development. A

premise of this approach ig that in tomorrow's public market,
non-commodity resources will be assigned higher economic wvalues
than traditional commodity resources, that is, there won't be

harvesting on those lands in the future, either.

There are, however, dangers to a firm advocacy of an
economic test for making natural resource management decisions.
If today's below cost timber sales became tomorrow's profit-
making timber sales (which has already happened to some extent as
markets have improved), would environmental groups reverse
themselves and support increased timber harvests? There is
considerable evidence to the contrary. 1In the Northwest area of
the country where timber harvesting produces considerable
revenue, environmental groups are vigorously fighting plans to

continue cutting old growth forests that are the habitat for the
northern spotted owl.

According to the TSPIRS report, a relatively few Forests
account for most of the revenues earned by timber sales.
Seventeen of these highly productive National Forests are located
in the West Coast states of Washington, Oregon and California.
These Forests earned $611,000,000 U.S. from timber sales last
year. In total, the other 106 Forests earned only about
$130,000,000, However, the 17 Forests also contain northern
spotted owls, which has been formally listed as a threatened
species under the Endangered Species Act. Because of the
environmental and public pressures to preserve habitat for this
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bird in the same stands that are most valuable as a source of
commercial timber, timber harvest levels are expected to decline
by perhaps one half on these productive Forests. Nowhere in the
United States is the clash between environmental values and the
values assoclated with development activities drawn more sharply.

It is likely that the public debate over the economic
efficiency of grazing on the National Forests will soon
intensify. If timber production should pay for itself, why
shouldn't forage be sold at its market worth and the agency's
range program make money? It is not clear, however, how far
concerns over economic efficiency will extend. What about the
other goods and services for which the National Forests are
managed: vrecreation, wildlife, water, wilderness? Should
recreational activities that bring in significant receipts
receive higher priority than others? One Pill introduced into
Congress this year by a member from the Northwest would require
that the dollar costs of each noncommodity to be produced--

including the opportunity costs of not producing commodities--be
made public.

As it did during the late 1950s and again during the Reagan
Administration, industry is more likely to pay attention to
profits and economic efficiency when they believe the numbers and
results will be in their favor. They are likely to be less
inclined to take such positions if it would result in reduced
sales, which would be the result if a profitability test were
currently applied (Wolf 1989). Faced with criticism that some
timber harvesting both destroys scarce old-growth habitat and
loses money, the industry has instead been just as likely to
argue--as the Forest Service frequently argues--that other
societal goals justify maintaining existing levels of timber
harvests. 1In a report released last May, the industry states:

Unfortunately, the valuation methods used in the 1990 RPA
Program focuses solely on "does it pay?" This approach
rejects out of hand the possibility that many individuals,
classes of citizens, or communities may be treated
unfairly....not considered are the ramifications of not
cffering the timber sale such as a displaced work force, the
social costs of retraining the work force, and loss of

receipts to local communities (National Forest Products
Association 1990).

In the last few years, the timber industry has increased its
claims that equity and the undesirable consequences of too little
timber harvesting should lead to increased levels of harvesting.

There have been numerous alternative views about the
legitimate role of the government in forestry. Markets exist
within societies and it is the political process that determines
which activities are legitimately performed by government and its
agencies and which by markets (Alston 1983) The one thing that
society has not done throughout American history is to assert
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that government programs have to pay for themselves. In fact,
many natural resource programs were introduced because they were
seen as necessary to promote certain social and economic
interests. Federal water development programs, for example, were
an integral part of the nation's economic development plan,
particularly in the West. Federally subsidized power pro;ects
both provided cheap power and harnessed rivers for agriculture.
Government actions have been seen as necessary when private
sector actions will not give the desired result.

Governments build and maintain the social order in part by
directly providing goods and services. But governments also need
to maintain the political order. As political scientist Bruce
Shepard has pointed out in commenting on the below cost timber
sales issue, "furnlshlng goods and services to people below cost
is an old recipe for maintaining political will and for
stimulating bureaucratic growth" (Shepard 1990).

While government programs are still not expected to pay for
themselves, the trend in the United States is to scale back on
the size of the federal obligation. For example, in the area of
water resources development, the federal government is moving
away from fully-funded resource develocpment programs; local
beneficiaries are now expected to assume more of the costs. The
political tendency to provide federal subsidies for social and
political purposes is conflicting with the need to reduce the
national debt The federal government's growzng unw1¢11ngness to
maintain timber harvests to assure the economic vitality of
communities that grew around and are maintained largely by timber
harvesting from National Forests may be a similar trend in the
forest policy area.

CONCLUSIONS

One of the criticisms Marion Clawson made in 1976 was that
Naticonal Forests are wasteful in their use of capital because
they hold timber inventories beyond accepted standards of
economlcally optimum rotations. Stated Clawson: "One can readily
imagine the reaction if every citizen of the United States was
asked to contribute $3 annually toward the maintenance of an
excess inventory of old trees that he might never see" (Clawson
1876 pp.764-765). Today, Clawson might receive a different
reaction than the one he anticipated in 1976. This is especially
so0 given the intensity of the debate about saving old- growth
National Forests, which is cover news for national magazines,
feature stories on the nightly network news, and a cornerstone of
fund raising efforts for environmental groups.

The current debate about below cost timber sales is, in
part, a continuation of long-existing concerns about the wise use
of tax dollars on the National Forests. But in larger part, the
current debate over the economic performance of timber production



20

reflects a more fundamental struggle over land use. Politically,
the United States is trying to decide how much timber harvesting
on the National Forests is in the public interest, based on the
values held today by its citizens. Concern over the economic
efficiency of timber production has manifested itself in various
ways over time., How the concept is advanced, by whom, and for
what, is being fashioned by dynamics in the political arena more
than in the marketplace.
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[NTROOUCTION
the study on forest management and yield reguiation of uneven-aged forgst
can both explore the relation betwveen the {nternal siructurs of uneven- agea
forest and the purpose of ils management, thus bri ging its productive
potential into full play, and provide the optimum managezent gca! and th

optimum regulation way for the actual forest.

The present international study on uneven-aged forest is still at an iso
lated stage of rescarch on its individeal factors, in spite of the intreduction
of system theory into forest yield regulation for 20 years, an integral gana-
Jement system of uneven-aged forest and the method of solving yield regutaticn
have not yel been worked out.

Although some experts in forestry and ecology through research affirmed
scicction cutting system far exceeded clear cutting in both hencfit and
protection of ferest resources, the study on sclection forest in China still
remains a gap. Because strategy departments have not completely undsrsigod
(e internal machanisa of the r:duct:cn of forest rescurces, they did not pay
encugh atltention to it. For exampls, in Heilongjiang Province where nearly
¢ac haif of tlaber of Chaina is produced, tased 6n siatistics, beocause of
Clear cutling, reforestation could not be conducted, or confuctod untiscly,
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inciuding man-aade or natural reasons, 851,880 ha of forest land area gwnod
by the Forost Indusirial Interprise Heolongg lang Province docreased withip
12 years (1976-19801, approvisately equal to three larser Forest intercriss
I othings go on |ike this, hov many decades can thc 48 Forest intoror e
survive?
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from osysicmatic vigupoing, URGYIn-222C forost is a coaplex slneyston
gencrated frem soisoticn culling syston. Boih the a3e sirdciure and the
process of forest growth of Hhitven-aged forest zre aore compiex than tnoes
of oven-azed forest, BOSU LY existing in the form of BiRed forsot, nonarti-
cuiar, il is a sustaineg-yinlg Grking ynit itsasirf

decause the pasilicn, stage of gro«th and the anility cf goapetiticn of
each tree in uneven-aged forest are randeoa in Ceriain period of growiy, it
w2y grov 10 greater diameter grade or remain in the initia! diameter grage,

or «ither and die, or be cut. In addition, some {ngrovth trees enter into
sysieg (n the end of groving period. For this reason, probability vas adopted
i3 reflect the state of one tree in the future moment, aad on the basis orf
ingrovth equation, the probability value of the the lovest dianeter grade of
sysism was corrected, ’

Taking the natural dynamics of the number of trees in a stand in one
groving period as the hasic constraint, and accerding !o the cut not exceeding
gro¥th, cutting percent and diameter grade, ecology and regeneration-degands
as a series of constraints, ve set up 4 optimum management models respectively,
f.e., of maximum tota] yield, maximua total money profit, maximua net profit,
and opltimum smulti-goal, and the 4 aodels formed an integral thesretical systen,
thus providing the colimum management Strategy, inciuding the cycie length of
selection cutting, optimum residaul nusder of trees and their distribution in
the stand and optimua yield, for different stand conditions and Bmanagesent
fevels and demands, and also providing optimur chjective function and circum-
stance anaiysis for regeneration conditions.

Because the actual uneven-aged forest falls far short of the reguirements
optimue management models either in diameter distribution and the cycle
th ¢of selection cutting or in the composition of tree species, especialily
Hameter distributicn, the main chjective of our Feguiation lies in the
est transition from irraticnal diageter distribution to optimum state,
¢ promise of making producticn hear the ieast losses. Although this
the aim of forest yield regulation ati along, internationally, it
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has not become quantitative yet, only expounded theoretlically, but not imple-
gented in practice. Through a great dea! of analysis and study, it is con-
sidered that this problem can be sclved by means of optimal control theory.

The nuaber distribution of actual uneven-aged forest can be {aken as intial
stale, the diameter distribution c¢f requirement in the wmodeis of optimization
management as final state, the yield of different regulation siages as decision
variables. Thus, the problem of yield regulation of uneven-aged forest can he
cons dered as that of discrele-tize optiaum control, of which the initial

state is unfixed, vhereas the final state is fixed. Different regulation
instalaents in the regulation period are the time point of decision-gaking ,
and the changing lavw of the actual forest number is systematic state transition
equation. From this , the lzngth of instalments can be changed, and the
regulation effects analysed, thus sszlecting corresponding cptimal regulation
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Wiy, Bocause the (nitiatb diameter distributicn ¢f stand has different poss. -
Bilities, the oplimal yiold regulation way can he found for different initial
state stands, through optimal regulation mode!. Delailed analysis and appii-
cation of this method have heen appraised and published.

Owing to the limited space ¢f the article, the selection and maich,
agalysis and sroci of the aodel can nol 20 into details. The skill 1o solvn

such an encrmeous optimal control model by computer can peither te expoundes
in detail,

Therefore, ve give, respectively, a brief account of our rescgarch resiiig
of the sprucc & fir forzsts in the Northeast forest region, the spruce ferest
in the central-cast of Tianshanp Mountains in Xinjlang Proviooe and the Tir

orast in Gansu Province for the reference of different regions in management,

RESEARCH RESULTS IN DIFFERENT REGICNS

By the ahove-mentioned method, research vas conducted op the panagement
and vield regulation ¢of the spryce apd fir forests in the Northeast '”rpst

region, the spruce forest in the central-east ¢of the Tianshan Hountaing an?
the fir forest in Tache in Gansu Province. The rosearch provided optima’
selection cutting cycle and stand structure for differant objactives and for
different types of uneven-aged ferests, paving the optimum way for actual
forest regulation.

Host of the uneven-aged forests in the northeast forast resion grov on
the gent*e siope watershed 588-1,408n above sez lcvel. Their dominance is
sprﬁce (Picea keraiensis and P. Jozocnsis), with cther accompanying specias

such as conifer and broadleaf trees. Here we chose natural mixed foros:
Gf gidimum site ciass with predominant fir (Abies nephrolepis; as this type's
typical representative for our research. The Northeast fir forest is an

abbreviation for this type of fir in the following paragraphs. The rapre-
sentative type of uneven-aged forest in the alpine belt of ocur country is

the pure conifer forest with the predosinant Tianshan spruce(Picea schren-
kiana var. tlanshanica) distributed in Tianshan forest region in Xingliang
Proviace, and the conifer mlxed fores! with the composition of ¥injiang

River fir (Abies faxoniana) and Bashan Yountains fir (A. fargessi) in Tache
valley in Gansu Province. ¥e made research on the spruce forest growing on the
northern slope of Tianshan Mountains and the fir forest of Tache in Gansu,

all selecting the stand of medinus site class.

Host original data of research are derived from the materials of {ixed
sample plots through continuous inventory of resources in different regions.
At the sage time, some additlional temporary saampie plots are alsc established,
inciuding 51 plots in the northeast forest region (among thewm are 36 fixed
sample piots), 52 plots in Xinjiang forest region, 3@ plots in Gansu. The
diameter grades of either f{ixed saapie plots or temporary plots are regularized
by a space of 4.8cm, with the lowest diameter of 6.008c¢w, the areas of sample
piots varying from .88 to ©.12 ha, at the intervals of 5 to 1% years, and
the diameter grades varying from 1@ to lf.

Based on the above-mentlioned materials of the sagple plots of the three
regions, after sorting out the materials, different concrete measures and vays
were achieved for the management and regulatlon of the uneven-aged forests in
the three regions. All the calcuiations vere completed with the medigun typed
computer M-340s at ' the Computer Centre of Beijing Forestry Univarsity
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On the basis of ingroWih mcdol fermula (V= 3 IR -, e
PO, Y, the gnprovwin madola of the 3 Toavons ars obts oned as
foligws:

bo The Northoast i foresis

?'. i
[0=183.03386-9. 6032621 (X5, t=H, 11+Q. 152405 ¢ LURHL O
(43,672 (23 (9.028)4=
R=9.6432 (n=11)
2. The spruce forest in Xinjians
1] ty
R SN AR IR F G S I T S BN T U B SETOWNE, v 0
[ r=}
E=l.TzZ0l in=12
J. The Tir fgorest in Gansu:
1t O e F- qn'- ¢ ' ry o
Pl=G4,3007%-4, 2783373 1 (X1, t-Hi,11+2,293 X, t-E
[ (;,
=l 80087 o=l
ehfolanl
TUr o Uhe suaber of narsvih o in one groving neriod;
Bi: the average area ¢f a2 trea in it} diameter grade;
X1t the nuaber of iivinz troes i.th digmotor grado beforo oitting;
RHit the nusber of cut 2y snd of groYing pericd;
ar the number of cuty
R: correlation coeffecient;

All the three zcdels appear marked !incar cross-correlaticon throush
cross-correlaticn test., Likswise, g§rovwing transfer matrix and constant vector
C , after correction in different regions, can be obtained, and also, the
mortality matrix of different regions.

Judged by the nature of transfer matrix afior correction, it is ngt
astringent. Consequently, ¥e can infer that uneven—-aged forcest itself is not
in the stablestate without any man-made interfercnce, and this also shovs that
the present forw is only a certain stage of natural succession, non-climax
comaunily. Man-made management cont{rol must he carried out s¢ that the
uneven-aged forest may remain in the optimal state of management.

O. Optima! Kanagement Strategy

The management factors of uneven-aged forest [nfluence one another,
“hile the optimal management mcdel is estab!ished on the a seicclion cutting
cycle can take arbitrary aultiple in growing period. But considering the
check cycie of China’s fores! rescurces and ranagement actyal coaditions, ve
chose S-year muitiple as selection cutting cycle. 0Owing to the difference
of resources, econcmic conditions and the present situation of management in
different region, we made definite analysis of optiaum management strategy for
different selection cutting cycles, and, through the compariscn of chjective
function value of different selection cutting cycles, determined the corres-
ronding oplimum selecticn cutting cycle and optimum stand structure of
different regions and different management goals. They are related
respectively as fallovs:

|.The manzgement strategy of az

The production of tigher is and

A4
A

. B3
- 2
5



of forest resources @anagenrcnt at presont as well as in SCIC 1
Y

futur=. The folioving formula is consiterad as tha ohiect|

HaMax Vi ¢

whero: =
Hi maxioun v 203033
Vi: the average volune of a troe boih diameter graded
Xi: the nuzber of Yiving trec t.th diamerer 2029t 10 begining of a cultin

cycle;
Hi: the numser of cuyt in a cutting cycle

Sc.ution of optizal management mode!s, Oving 1o the 'imted gpzce ¢f the
articie, cnly the fir forest of tho NGrtheast foreat Tezior is otakon as an
ex2aplic to explain Lhe methed of soiving and determinng the Splinal aznozz-
went sirategy. Only the results are Listad 28 fol'ous:

Table 1. Optimum Stand Structyrs of Maximum Total Yie:d

i ! Selgction Culting Cyoio fyr .o X
| Diamcter frafe }——wh————~w——-~r———w-~w~——~~—a———w-——wﬂ————~—4
! {cn) Poog : 2 S R A
i T e p—— %—wm+—w*%“w—*m“~+~w—*w~~ﬂ
] g bless gt gaz A oot icl.o

! 12 ©O722.3 488.4 L1963 1 iz7.3 Ll 33.5

! i4 Do6ISILI38L S L a1 eig gy a ,
i 0 RS e S A AR R I 9.0 1 T3z 0 T
| 24 [ | 283.5 | 123,35 | ga.gs | 70,82 ! &2.28

i 28 } Po82.4 1119, ! T5.8 0 e7.1 0 eae ;
i iz ! [ {12 1 38,2 ¢ 76.8 | &..2 [oas5.8
! 36 w | I 33.1 | s4.8 41,7 1 3.2 !
i 49 | ! EooSibo] 2800 ) 2607 | 27.4 5
| 44 i g 2 U - A A T A A SO
| 48 I I [ | 3.5 ] 18.8 | 26.5 |
et S +“——+m~"+~%~+——%+w——+~—“%
| Total Area(mn2/ha) | 33.890 | 38.951 ] 35.4235 ] 32,8611 31.751 ] i.162 1
F Total Number{n/ha) | 2638.5 | 1939.3 | 1138.41 B18.4 ] 708.5] 643.3]
| Total Yolume(g*3) | 228.94 [ 294.92 | 294,31 | 286,70 | 282.78 | 281.221
| Yearly Browth{ar3) | 11.783 | 10.314 | 6.868 1 5.918 3.9591 3.281]
[ Yearly grovth rate| 6.15 | 4.23] 2.82] 2,121 1.70]  1.41]
L F

mmmmmmmmm _L,.___...__J.,___m_....Lm..____*...m__.__,L__,m__J._.........._._..J

In Table 1, the optimal @anagement strategy is listed when the selection
cutting cycles are 5, 10, 15, 20, 25 and 22 years. The table shovws that the
@axiaue annual average yield is when the selection cutting cycle is S years.
It 1s also proved that if the selection cutting cycie is continuously short-
ened, the annual average yieid can he evep greater, for the sherter is ge-
fection cutting cycie,the more timely elipinates @utual competiticn among
trees, so that the retaining trees can fully grov, thus raising the level
of annual average yvield. If only considering the vield of tiaher, § years
can be chosen as cutting cycle, But in practice, the shoter the cutting cycle,
the higher the cutting cost, and the more intensive required,

The Table 1 shows that when cutting cyclie changes from 5 years to 10
years, the annuai average yield drops only by 1,469(8A3), while if the
Culling cycle is 15 years, the annual average yield will drop from 11.783
(mr3) to 6.868(a23); therefore, we consider it more Suilablc to chcose
1& years as the citiing cycle in the local region. In this way, both the
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fy, we prefer to adopt the managemwent strategy of 19 vears’ cutting
Here we can also consider the optimal management strategy of producing
The production of timber of either big-diameter,
or medimum-diameter and small-diameter can only be solved by adding one

cutting costs can be reduced, and the annval maximum yield considered .

Consequent

cycle,
different timber species.
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constraint.

The management stratedy of the maximum total yield in different regions
can be obtained froa the original materials ¢f different regions{ses Table

hi

Table 3. The Stand Structure of the Maxiaua
Total Yicid [n Different Begions
> | Cptima! Cutting Cycie in Differeont Region|
| Frm e —— e o e e T — 8
| Diameter Grade | Northeast | Spruce For. | Fir-Forest i
! (ca) PFir-Forest | in Gansu [ in Xinjtang |
; e e e 1
| E » i 12 § 15 |
e — e . 1
g ; 42,4 1 034,88 275.0 f
i 12 ; 8.5 ! 655.3 | 157.7 |
] 15 ! 24304 ! £72.3 ; 131.6 !
! 20 i 9.8 | 48201 124.4 |
| 24 f 8.0 | 213.5 36,8 ]
% 22 i 8.4 | 112.2 g
| 22 % 1.2 ] 1 9.6 !
i 3 ! | | 37.9 !
! 43 ; 5 f 13,2 :
j id ! ! ! 2.7 f
j 48 | | | ;
o e e e 1
| Toral areala~Z/hal | 38.951 b48.77 | 30.254 !
e T e 4
| Total Sumber(n/hed | 193%.2 Io2029.9 | 193z2.5 !
i T————— A e e e e e e e 4
| Total Yotume{ar3/ha) | 294,90 | 319.88 ! 248.97 1
b o e — e e T 4
| Yearly Yield{mA3/yr) | 12.314 | T.663 | 6.636 |
e e e B IS S I, J

Tabie 3 shovs that the optimai structure of stand in the 3 regions
is different, and so is cutting cycle, and that the yield of fir forest is
by far greater than those in Xinjiang and Gansu Provinces. In the optimal
structure of stand, the big -diameter trees are dominant in Gansu fir forest,
vhiie in Xinjiang spruce forest, the smail-diametler trees are dominant, and
the fir forest in the Northeast {s coamparatively moderate. Tahle 4 shows
that the cutting percent of Gansu fir forest is the greatest, up to 48.0%,
and that of Xinjiang spruce forest, the samaillest, only 24.4%, whereas the fir
forest in the Northeast accounts for 34.9%; and that the number of trees in
residual stand and the level of grovwing stock degree are also very different.
It is obvious that the uneven-aged stands, though vith the same managemsnt
goals, are of marked difference in management strategy.

Z. The mnanagement strategy at the maximum present net vorth of the total
profit:

Owing 1o this goal relating discount rate and simple interest of the
present credit in China, there is no standard vaiue of discount rate., ¥e can
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Table 4.Tha Management Strategy of The Maximum Total Yield

2 S i A e =1
] I Northeagt | Spruce-Forest | Fir-Forest |
| ¢ Fir-Forost i n Xiagiang | inoGansu |
I Dianeter Grads i (C=1a) | {(C=1@) ! (C=13) !
E (ca) e e A
| I Res. | Cut 1 Res. | Cut | Res. | Cut |
! PStand [ Stand fSiand | Stand | Tiond 4 Stand
i T e s S s
| 8 {548.2 [ 100s6.8 | Pora T | |
| 12 | 428.4 | I 655,2 | 1 157.5 | |
! 16 [ 348.4 | [ 370.2 1 1 120.5 | [
! 20 | 295.8 | I 423,11 11243 | l
! 24 b73.6 | 1330101 PII3s b ousE i
| 28 ) bogns ! I3i.4 1 g0.8 !
! a2 ! S S t [ P !
l 36 i E i 5 ‘s [ 37.9 |
i 40 ! | I | ] io13.8 |
I 44 { E | I I P27
E 48 ‘ | i l | ; I
oo e — ——— Tt e b
| Total Area(@~2/hal | 26,9521 11,9901 39.111 | 9.£359 ] 13,272 ) 12,931
[ Total Nugberdnsna) | 1712.8 | 26&.7( 2715.8 ) 212.5) 885,81 1358.2
| Total Stock{m~3) 1 191.76 1 103,14 238.251 76.63 1 149.41° 99.5231
| Yeariy Yield(m*3: | 10,314 bo7.663 ) | 6,636 ]
b i i e e o samas e e e e e e e L o o o —n |
only assuse scac disceunt levels, and the oplimum mapageacnt sirategy of
different discount rates can be ¢intained by the follovwing formile:

VHere:
T: the maxiwum present net worth;
Pi:the average price of one tree LUh dimeter grade;
r: the discount rate;
k: the multiple of growing period@g ;
8 : the length of grovwing period.
But hecause China has not carried cut the system of fores: value, this
goal makes no sense to China's forest wanagement for the time being.

3.The Management Strategy of the Maximum Forest Net Profit:
Taking the following formula:

n PiXi-SD)
E=Nax T — o — - o0 e ()
= ks

¥here:

E: maximua forest nel profit;

FC: Fixed costs,
as the objective function, the optimum management sirategy can be deterained at
the given cost level. Formula (4) shows that only one cost differs between
forest net profit and total profit. Here, we calculated the net profit,
taking as a unit the cost invested per ha within one cutting cycle. Suppose
the fixed cost FC=0, the nel profit will hecome total profit, that is, when
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and maximym net prefil changes Its lenzth of cutting cycle with the amcunt ¢of

Fixed cost., So tong as the value of FC is given,

the optimua chjective valin

of the net profil deterg.ned ¢n the basis of the maximum total profit can

be obtalned.

Table 5 The Managzement Strategy of Kaximum Net Profit

T e e e e e T T 1
; | Northeat | Spruce-forest | Fir-Forest ]
| I Fir-Forest | in Xinjiang | in Gansu !
! Looc=1® | (=1 | (C=15) i
| Draanter Gradelca) b———7———F— e
: [ Res. | Cut | Res. | Cut | Res. | Cut 1
! I Stand | Zizad | Stand | Stand | Stand | Stand |
b————————— s e e e e e e
7 g [5i2.2 ! | 85¢.7 | [ 197.7 ! !
i 12 [ 488.4 | { 552.1 ] P 115,23 {
f i85  348.6 ] | 488.7 | | 95.9 | |
a e 1 295.8 | 336.4 | bo9e.7 | 2
! o4 bo75.6 1122010 P 166, P 706 !
: a3 : i82.4 | I 35, | 113.5 | E
| 37 ! Pt [58.1 |
| 26 f ' | : ! [ 3.7 1
] £ f : z s | 231
! 44 i ' ' i ! 3.9
: 48 ! : | i : | i
b — T T TN
| Total Number{n/ha) [ {Ti2.5] 226.7]2221.9] 282.11 741.8] 95,7/
[ Total Arealsr3/ha) | 26.952 ) | 30.754 | 1 21,9231 !
! Total Stock{mr3) 190,831 18.314 | 182.40 1 78,207 ] 178.32 ] 98.07! |
i Total Profitivueny | 12814 i 26352 1 | 21965 | i
| vearly net Profit | | 1822.7 | 774,048 L 10866.8 |
! {yuan) | i l | l [ i
o SN NP SUNUU SURRIN S ISR

In Table &, is given the management strategy of the maximum net profit
at different fixed cost levels in different regiens.

The table shows that the Northeast fir forest
jiang spruce forest FC=2128.28{(yuan} and fansu fir

FC=2786,40(yuan}, Xin~-
forest FC=35962.40(yuan’.

In the tahie ve can ses that the range of timber prices and porduction
cost, and site copditions have a direct influence on the amount of net profit.

¥hen FC changes, we can cnly obtain the total prof

it value in the length of

{fferent cutting cyclies to get the opltimug vaiue of net profit and

correspond ing sanagement strategy.

In addition to the above-mentioned three objective funclions,vwe detersined
the optimum managesent strategy by taking the saxinug forest price as a goal,
and obtained the optimum culting cycie of Gansu Fir forest still being 15
years. The structure of stand approximates to maximue volume yleid. Both the
range of interest rate and fiuctuations in standing tiaber iead to the change
of managesent strategy. ¥hichever of the goals may be taken as the pursuing
aim of concrete stand should depend on the relation btween supply and demand,
the biological characteristics of species as well as economic conditions.

Once the management goal s determined,the above-gmentioned correspending
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oplimua managemcnt strategy can be chosen.
To. THe OPUiaua Regulation Stirateogy

¥hen the struycture of optiaua stand of d’ffe.ent ganagement gsals is
obtained, this stand structurs ¢an be taken as optimug state. The stand of
different initial structures is adjusted to the idea! state by regulating
medeis, (aat {s, the transition from the unreasonable state of actual uneven-
aged forest to the optimum state is made as soon as possible, under given
constraints. Here only the yield regulaticn process of the Northeast fir
forest and Gansu fir forest is listed(see Table ). In the table the initial
state is Xi= 281.9,299.9,139.@,85.8,57.8;37.@,21.@,17.@,14.8,7.@)AT. The
cptimua reguiation charnel of the Northeast fir forest, seec Tahie 7.

Table 6. Yieid Regulaticn Tablz of Uneven-ized F;"?ﬂ'

T T T T e e e e T T e — T T T T e e e T T T T T T e e e = s
| lastaliment(yr} i ith [ 2 ! Jth ! ER g
ettt T e e e e e e e ] Fing

| Diameter Jrace ! Trees | Cut [ Trees | Cut | Trees | Cut ! Trees | Cuat |

[ (23! ; Numoor | Nuader | Number | Nuaser | Nuaber | Nuaber | Numger | Nypser Stasas

! | X1 ! 41 ! o = DOR S A § X&e b H4 ]
l__....____...,._...h_h_h____.__—.m_.__.-m.w._ﬂ_.._____..“_.._..__.._._.__._.A.w_-'___..__..,_;_w»_.._ _____
! 3 PZ81LD I 326.5 [ 335,55 BT 1 Rl LT

| ia P 2ge.3 | PiTeLn | 185,23 ! 157.8 VETLE

! 15 [HRRL; D, B S S Ju R T S O S R SO S O

! 23 | 85.¢ | T ji3e.8 ! A S S e

! 24 | 57.4 | Pag.t P 132,32 3.3 | T

! 28 P 37.3 ] 345 53 i 52,1 | 95,1 | 7.8 ’213.3 [ 3.4

! 3z | 21.3 ¢ [og.7 ! 1 28,2 1 Z6.2 1 4308 f ) 9.5

i 35 Po1T.e | LST ] 6.6} 1608 | 16.3 ) (6.5 ] 18.3 ! 2.zl

] kY] | 142 1 4.3 | 7.0 fooT.8 7 3.9 0 &.3 1.3 | 1.8 !

| 44 Pore L 7.8 1.7 ! 1.7 | 1.3 1.3 ’ a.a i : :
[ 48 l ! i l % | E ! : :
b ——— e e L
| Tota! Areats~2) | 28.12] &.55) 22.941 7.92]| 256, 2] 9.28 ) 2727 oz.@l ezt
| Tota!l Numberi(n) | 858.@ | 71.3 }977.7 | 93.4 1 1240.3 1 156.9 | 1835.3] 173.5 (22,3 !
| Tota!l Stock(a 3] 168,111 60.28 ] 180.66 1 63. 82 | 209.83 | 1.69 | 219.69 | 70.24] 149.44
L e e e s e e e B NS NSRS EU SYR S SO SN & —_i £ ——

In the table, X! is initial state. In Tahle & and Table 7 we can see that
the regulation stage lengths and the concrete cutting plan established by
different initial states and goals differ greatly. 1t is the same that the
maximum total yield in regulation stage is taken as the goal, and aithough the
nuaber of reguiation stages is the same, the number of years is different, for
example, Gansu fir stand is of 4 reguiation instalments, && years altogether,
“hiie the Northeast fir stand is also of 4 instalments, 40 years altogether.
Even with the same goal, and with different initial stand states, the optlmum
regulation channels are different. But vhatever the stand initial states may
be, finaily, they will tend to the optimum stand structure by zeans of
regulation.

In addition, regulation plan can also be changed in the light of concrete
conditions. Suppose in a certain forest region, where the present economy is
in difficult conditions, and more tisber meeds to be cut, the method of
veighted aulti-goals can be used not only to ensure the present task of tlimber
production, but also, fianily, for the stand t¢ reach the optiaum struclure
state. This is of gr2azter significance to the present econcmic crisis of the
forest regions of China.
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CONCLUSION
The research on the management and yield regulaticn of uneven-aged stand
oy Lha tacery of oplimizatich and optimum ccoatrol proves that the introract ion
of coiimiZation teshnigues o the uneven-az.o! <iand miinagement, tho niro-
auetion of acdern contred tanory to yieid resguiation, and decision-making vion
S0 NCip of computer are an offoctive metic! 1o Seek he opt imum manpagemen:
g reguiaticn plan of unuven-aged forost.

Through the analysis and application of models, we have come to the
conclusion as follows:

LBy the siagulaticn of rnoven-aged stand growih otyannics, ¥ held that to
study on the model of forestry managament, gudels cliose to reality should pe
adopied, that too auch time shovld not he sSpent o0 the high precision of noiols
nat the gethod, siaple, direct and 2asy 1o be reatlized, shouid he zoi:z
U possible use of, on the preomise cof cosuring the required degrce of
4. We pade z compariscn hetwesn the |inear mods! and non-linear gode!
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3. The theory of the iﬁirOCUCtiQQ of optimization and optimue control into
uneven-aged stand (s almost a gap in China. The Lheory proves, after all, both
in theory and in practice, tc be a nev effective method, that will come into
use,

4. Through the analysis of the application of model, we made the manage-
ment sugzestions for the three regions as follows:

(1}. Taking the maximum volume yield as the goal In the fir forest of the
Northeast fir forest reglon, we should adopt 19 years as the cutting cycie.
The structure of stand, see Table 3 and Table 4. !f the maximum net profit is
taken as the gcal, the cutting cycle should also be adopted as 1@ years, The
cptizun stand strycture, see Table 5.

(2). Taking the zaximum volume yield as the goal in the spruce forest of
Xinjiang forest region, vwe should adopt 1% years as the cutting cycie. Stand
structlure, see Table 3 and Table 4. If the maximuz net proflit is taken as the
goal, the cutting cycle should be adopied as 30 years, The stand structure of
®anagemen! strategy, see Table 5,

(3). Taking the maxisum volume yield as the goal in Gansu fir forest, we
should adopt the cutting cycle as 15 years. The stand structure, see Table 3
and Tabie 4, If the highest net profit or the maximun forest value is taken
as the gcal, the cutting cycle should be adcpted as 15 yegars. Maragcment
strategy, see Table 5.
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(4), The oplimum reguiaticn strategy of the forests of differcat types
can be changed according to the concrete conditions and concrote demands of
manasoeent.  Uader noraal condiloong, in tho forest regions ¢f Gansu aad the
Sertheast, Uhe plan of Tanle & and Tablz 7 should be adopted.

L. Yu Zhengzheng, Zhou Zehzi, 1922, Initial Stidy on Y.2'd Regylation hy
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Applying Matrix Model and Ulinear Progranming, Ferestrt Sciencs, (3):082
290,

J. Zhong Yuelun, Yu Zhengzhong, 1987, inalysis of the Dyramics of Unoven-izod
Forest Growth, Journal of Beijing Forestry Universiiy, 72r: 148-182.

3. Xic Xucshu, 1986 Opuisum Control---Theory & Application, Jinghus Univers
firess.
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COURCE ALLOCATION CONCEPTS FOR MULTI-PURPOSE MAAGEMENT IN
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Momcyama, Fushimi, Xyctwo, Japan
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' Introduction

Until now the principles guiding the management of Japanese
national foresus has been pased on a sustainable timber yield, taking
only volume yield intc account. But the situation surrounding national
forests has drastically changed over the last decade. It has become
increasing important o understand and predict the reaction of the
public to forest management activities. The public has gained an
interest in forestry and people sometimes insist on the delay or
cancellation cf forest plans and projects when they are apprehensive of
the ecological, visual and social welfare affects of s

activities.

ueh fm"ﬂ"ﬂc?r}r

YiTo o

This paper is devoted to the research and development process in
forested land managemen? when the decision is to allocate each stand for
different purpcses. The primary aim of the approach is to adjust the
level of timber yield in relation to other purposes to which the forest
may be put; watershed protection, soil erosion control, recreational use
and environmental conservation.

2. Forest Poliey in the Past

Japan was a tinter exporting country until 1920, Then, as a
result of the Tokyc earthquake in 1923, Japan began to import timber
from North America, several years later the Government placed a
duty on imported timber because of oversupply 1in the timber market
{Hands, 1988). After that the Japanese timber market was almost
totaliy supplied by domestic timber. However, the domestic timber

supply was not sufficient to satisfy the growth in the timber market

ter World War II. Therefore, in 1959, the Government decided to open
the timber market to foreign countries. As shown in Figure 1,
domestic suppliers have seen their share of the market decline since
1960, Imported timber szccounted for a little more than 70Z of the
market in 1989.

36
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Fig. 1 Timber Supply Trends by Year
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There are a number of laws concerning forest policy. The Forest
Law, the most fundamental part of forest policy, was initislly enacted
in 1897, However, 1in 1951 the ¢ld law was abolished and the current
law enacted. This is still in force after seversl revisions. The
law is the basis of the policies concerning forest resources and it
provides for such features as the formulation of forest plaus, Ll
establishment of protection forests and the use of forest land

The Forestry Basic Law emphasizes the econcmical role of forest

resources and was enacted in 1964. It provides for the development of
forestry, the intensive utilization of forest land for forestry, the
improvement of tiwmber productivity, the ercouragement of technical

progress in forest technclogy and the stabilization of supply and
demandg.

These laws are all sirongly oriented towards timber production.

In accordance with these laws, the Government's forest policy since
World War II has been one of continuously pursuing high productivity in
Japan's timber resources. Specifically, low productivity natural
forests have been converted to fast growing man-made forests with the
aid of subsidies. About 10 miilion hectares of man-made forests have
been established, These forest resources will be  physically
sufficlent to supply domestic timber demand in the near future. But

these laws have not been able to respond recent publiec demands for
different types of forest use.

3. Recent Public Needs with regard to Forest Resources

A survey, consisting of a questionnaire which was answered by
2,358 people, was carried out by the Prime Minister's Office in 1939,
Its aim was to ascertain the public's regquirements with regard to forest
resources. The results show that the public expects more non-timber
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Table-1 Image of the ideal forest use
Erosion control 62.1%
Water resource conservation 53.8%
Wildlife habltat area L1.3%
Purifying the atmosphere 36.17
Timber produchiocn 27.5%
Field education 16.8%
Recreational use 15.27%
Minor forest products 11.3%
Others ' 14.8%

Figures do not sum to 100% because of
multipie answers.

production from forests than timber production - see Table 1. In an
earlier guestionnaire, carried out in 1984, 19.4% of those answering
expected forests to produce timber. In the rescen®t survey, however,

the proportiocn of those answering who expected forests' main aim to be
production of timber had fallen to 11.3%.

Table -~ 2 On the management of forests

1.0ught to manage forests for erosion control, 79,37
protection from natural haszard etc. taking
no account of economical efficiency.

2.0ught to manage forests considering economic 10.6%
efficiency and in recognition of timber
resources
3.0thers 0.2%
4.Don't know 9.8%2

On the other hand, the majority of those answering wanted forests
to serve a more envircnmental role, providing such services as erosion
control, water rescurce conservation, provision of wildlife habitat,
etc. Because of the recent stagnation of timber prices in Japan,
many forests have not been well managed. Thus, as Table 2 shows, -~ the
public feels that forests must be managed from the social welfare point
of view rather than for timber production. The results of the
questionnaire imply that the forests should be managed for thelr non-
timber value supported by the non-timber sector.

Another question concerned the financing of forest management.
The resulis are shown in Table 3. Half of the respondents considered
that the Government should provide subsidies for forest management.
The public requires the Government aggressively to support forest
management geared towards non-timber values by Iincentives progranms.
These results are manifestations ¢of the public's recognition of the cost
involved in producing non-timber services from forests.
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Cenerally, natural forests have a higher potential for the
gensration cf non-timber effects than do man-made ones. Nowadays the
proportion of man-made forests to total forest land in Japan is 40.47 in
Japan. Thus, the majority of respondents to the questionnaire do
net want an expansion of the areas of man-made forests - see Table b

The Covernment has invested a huge amount of money in the expansion
of man-made forests in order to improve forest productivity.
Nevertheless, the public's requirements from the forest resource have
drastically changed.

Table 3 Who should bear the expense of
forest management ?

1. A subsidies by the national 47.8%
and local governments

2. Beneficiaries pay their share 18.17
¢f forest management costs

3. Donation by the public 14.5%
4. Forest owners 11.0%
5. COthers 0.27
6. Don't know 8.47

Table 4 The proporition of natural and
man-made forests

1. Cught to increase natural forests 33.87
2. Maintain the status quo 28.2%
3. Cught to increase man-made forests 31.0%
4. Don't know 717
FAS Man-made Forest's Potential for Timber Production

The forest resources have been investigated from the point of view
of timber. A preliminary analysis of the timber supply potential from
man-made forests has been implemented using linear programming. The
optimal solution under the sustainable yield constraint shows that map-
made forests will be able to provide more than 40 million n3, which
is sufficient for the softwood timber market. The calculated figures
significantly exceed the timber supply projections ecalculated in the
official long-term forest plan in Japan - see Figure 2. The difference
between the LP solution and the timber supply projection is caused by
the poor productivity of logging and afforestation in Japan compared to
other ccuntries. Man-pade forests can not economically provide timber
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to the market at the present 1ow timber price. So there is a surplus
of man-made forests compared to the size of the domestic softwood timber
demand in the recent timber supply and dewand conditions.

Fig. 2 Potential and projected timber supply
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5. New Forest Planning Systenm

The environment potential of forests can be captured through
appropriate silvicultural intervention. But the present forest
planning system is strongly oriented towards timber production. So the
appropriate operational scheme for the non-timber use of forests is not
clear to either the public or tc foresters. Ls described sarlier,
the public demand has changed from timber t¢ non-timber uses for
forests. Also, the timber supply situation indicates that whole areas
of productive feorests are not required for timber production. It is
sufficient to use only scme parts of the man-made forests for timber
use. The forest planning system will be changed in two points;

1) the integrating of the private forest plan
and the national forest plan,

2) the assigning of a single use for each stand
instead of wultiple uses,

5.1 Integrating the Private and National Foregt Plan

If forest plans are set separately for the national forest sector
and the private forest sector in a given area, it is difficult to
provide sufficient non-timber effects for the publie. This is because
non-timber effects often cross the boundaries between national and
private forests. Thus, the new Forest Planning System establishes a
higher level plan, the large Regional Watershed and Forest Plan, which
integrates the private forest plan and national forest plan. In the
new Forest Planning Systenm, ail forests are considered to contribute
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to watershed resgource protection. In order toc assist watershed
managenment, the forest planning units are set to coincide with the
watershed management units. The cutiine of the new Forest Planning
System is shown on Fig. 3.

Fig. 3 The new forest planning system

Large Regional Watershed and Forest Plan
Forest land use in integrated private and national forest
Long-ters timber supply

Regional Private Forest Plan
Private forest land use plan
Long-ters timber supply plan

Regional National Forest Plan
National forest land use plan
Long-ters timber supply plan

District National Forest Plan
Forest operation plan according to forest use

Short-ters tisber supply plan

5.2 Assigning a Single Use for Each Stand Instead of Multiple Uges

Generally, forests has been managed to provide multiple uses and
sustained yield. But many foresters have recently recognized the
difficulties associated with multi-purpose forest management. If both
timber and non-timber uses are expected from a given stand, the
timber use is apt ftoc become the primary purpose. This is because the
primary indicator of the forest plan is timber supply. There are many
discussions on more promising technigques which can enable the
guaranteeing of the utilization of the forest for non-timber purposes.
Specifically, the new Forest Planning System avoids assigning multiple
uses to a given stand except in areas of watershed conservation.
According to this plan, the careful planning of management programs and
activities will be carried out in order to assure the sufficient
utilization of the non-timber value of the forest. Thus, the concept
of the new Forest Planning System is one of single use rather than
multiple use at the stand level.

The concrete forest resource allocation procedure is shown in
Figure 4.
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y Fig. 4 The forest resource allocation procedure in single [orest use
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6, Discussicon

In viaw of the inherent complexity of the forest use, comprising
both timber and nen-tisher sectors, planning for their efficient use
and effesctive management has become an increasingly difficult task.
Bspecially, in order tc decide on the appropriate non-timber use of
forest land the planner must assess the human needs for goods and
services as well as the productivity of the forest land. Therefcre,
the decision maker has to collect a broad range of information covering
not only the nature of the forest resources but alsc human activities

which relate to the non-timber uses of the forest. But there is, as
vet, no experisnce in the forest sector of including such social-
environmental information in the forest resources database. Moreover,

some forest uses are freguently in conflict and there is nc common
measure that can be used to evaluate all of theam satisfactorily.
Economic value can be attached to timber outputs, but there is
presently no sound way of evaluating economic costs of the social
welfare effects of the feorest.

Therefore the New Forest Planning System has at present two main
tasks to complete;

(1) to establish a new database corresponding to non-timber
forest uses and valid for both private and national
forests,

(2} to develop the appropriate trade-off analysis criteria
j% PRpTOp Y
between conflicting forest uses.

Now the research inte these ftc¢ D' cs 1s being rushed through as the
« 4+l 2 o

orest planning will be used from 1991.
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SUSTAINARBLE MANAGEMENT OF MALAYSIAN

FORESTS

Yusuf Hadi

Associate Professor
Department of Forest Management
Universiti Pertanian Malaysia
43400 Serdang Malaysia

SUMMARY

A spreadsheet model was developed to determine the cutting limits
and cutting cycles for Malaysian forests managed under the Selective
Management System (SMS). Cutting limits are determined such that (a)
sufficient volumes are harvested to attract harvesting enterpreneurs,
(b} adequate residual trees are left to form the next crop, and {(c)
the sercentage of Dipterocarp species in the residual stand is at
least the same as that in the ariginal stand. The medel simulates a
harvest of the forest and project the residual stand by applying tree
growth and mortality, at 10-year intervals. Subsequent harvests are
simulated when the stands are ready for rsharvest. The results
indicate that the major forest classes can be managed on a sustained
basis at cutting cycles ranging fram 30 to 50 years. The model
provides a useful framework for the analysis of the sustainability of
forest management in Malaysia. The estimates of future yields should
improve the forecast of future timber production from the forests and
facilitate timber management planning.

Reywords: stand table projection, forest management

INTRODUCTION

The Selective Management System (SMS) to manage the forests of
Peninsular Malaysia was introduced and implemented in the 1970's
(Forsstry Department Peninsular Malaysia 1972; Mok 1977; Griffin and
Caprata 1977; FAQ 1978; Thang 1985; Yusuf, Ashari, Shukri and Xamis
1986). It involves the selection of a management regime for a
particular forest being planned for harvest. The management regime
consists of cutting limits and cutting cycles, in addition to the
sequence of silvicultural operations prescribed for the forest.

Cutting limits are determined using mamual calculation (Forestry
Department Peninsular Malaysia 1985) or a FORTRAN programme (Thang,
Yong and Hasarnuddin 1988). A simpler version of the procedure, also
written written in FORTRAN, was developed by Mohd Ridza (1988) as part
of a BS thesis at Universiti Pertanian Malaysia. The simpler version

&4
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was rewritten as a LOTUS spreadsheet model by Mohd Ridza and Yusuf
19881,

Cutting cycles are currently estimated on the basis of the size
and projected growth rates of the frees in the residual stands. The
guicelines for the determination of SMS cutting limits give possible
cutting limits for three forest classes. In an average to good
forest, the 30-45 an dbh trees in the residual stands would require
between 25 and 30 years to grow sufficient timber volume in
merchantable tree sizes, In a marginal forest, the available
regeneration are gmaller, mostly in the 15-30 am dbh class, and would
require a longer cutting cycle of about 42 years., A poor forest would
rot have advanced regeneration and has to rely on small seedlings, and
would therefore require cutting cycles of longer than 42 years as in
the Malavan Uniform System (MUS), which has been employed successfully
in maraging the lowland forests. The above cutting cycles imply a dbh
growth rates of about 0.8 cm/yr.

Cutting cycle lengths could be determined more efficiently using
a stand projection model. Such a model, based on LOTUS spreadsheet,
was develcoed oy Abdul Rahman {1989) as part of a MS thesis at
Universiti Pertanian Malaysia. Abdul Rahman's (1989) model was, in
turn, based on earlier models by Kofod (1982) and Korsgaard (1984,
1988).

This paper described a model to plan the management of Malaysian
forests on a sustainable basis., The model is a combinaticn of the
models by Mohd Ridza and Yusuf (1988) and Abdul Rahman (1989). It
enables the determimation of both the cutting limits and cutting
cycles,

METHOD
Model Structure

The model consists of two LOTUS spreadsheets, cne to determine
cutting limits and the other to project the residual stand and
determine cutting cycle. The former is adapted from the model
developed by Mohd Ridza and Yusuf (1988) and the latter from the model
by Abdul Rahman (198%9). & flow chart of the model is shown in Figure
1.

The model accepts the structure (stand table) of an initial
stand. It then 'normalizes’ the stand to fit the structure where de
1
Ligourt theory of normal uneven-aged forest could be applied . The
model simulates the first harvest by 'removing', fram the stand table,
trees equal to and greater than the cutting limits. The minimum dbh

7

The theory states that, in a normal uneven-aged forest, the ratioc of
the number of stems in two successive dbh classes tends to be
constant, This ratio is used to estimate the ingrowth and the rumber
of stems in the smaliest dbh class.



Enter initial stand table
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Consider next projection pericd
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limits are determined bv simulating the variocus possible altermative
cutting limits and selecting the cutting limits which satisfy the
following three ariteria:

{a) the harvest volume must be greater than an 'eccnomic cut' of
about 30 cu. m/ha.

(b) At least 32 stems/ha must be left in the residual stand.
The trees are usually in the diameter class 30-45 ¢m, but
other trees are also considered. A tree with doh greater
than 45 cm are considered as equivalent to three treses in
the 20-45 ¢m &oh c¢lass, and a tree smaller than 30 an in d&h
is considersd as egquivalent to only 1/3 of tree in the 30-45
an dbh class.

{c) The percentage of Dipterocarps in the residual stands must
be at least aqual to that in the pre-felled forest,

If there are more than one cutting limits satisfying the above
criteria, the one which produce the hichest harvest volume is
selected. This cutting limit should yield the greatest value o
society because other criteria pertaining to the adequacy of
regeneration for future crop ard species cooposition of the residual
forests have already been taken care of.

The model projects the residual stand and determines its
structure at intervals of 10 years. Beginning with the first
projection period, it applies mortality rates to calculate the mumber
of stems swviving at the erd of the period. The model distributes the
surviving trees to their respective dbh classes at the end of
projection period based on the growth rates of the trees. The model
calculates a growth index for each dbh class, indicating the
percentage of ftrees moving to the various classes at the end of tha
orojection period. The index is caculated as

I = {annual growth rate)*{pericd length)/dbh class interval.

The decimal part of the index indicates the percentage of the
trees to move., The number before the decimal point determines the
destination of those trees; trees grow to one class greater than the
digit. The remaining percentage goes to the class preceeding the
destination of the above trees, For example, a growth index of 0.90
for the 15-20 an dbh class means that 90 percent of the surviving
trees grow up to the next (20-25 am) dbh class, The ramaining 10
percent remains in the same class at the end of the projection period,
Similarly, an index of 1.03 for the 20-25 cm dbh class indicates that
3 percent of the trees grow through two classes to the 30-35 cm dbh
class while the remaining 97 percent grow to the next class.

The model estimates the number of stems in the smallest class
which include ingrowth, stems growing into the smallest dbh classes,
in additicn to slow—growing stems that remain in that class., The
model estimates the stocking in the smallest class by multiplying the
stocking in the second smallest class by de Liquort Q-value. QO-value
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is the proportion of trees in adiacent dbh classes in a normalised
stand. Ingrowth can be estimated as the difference between the
stocking in the smallest class and the trees remaining in the class at
the end of the projection period. The estimation of ingrowth
completes the structure of the final stand for the first projection
period.

The final stand from the first projection pericd becomes the
starting stand in the second period, andd the process is repeated for
every period, except when the trees are reharvested. Two criteria are
used to cdetermine when the forest could be reharvested:

{a) sufficient volume of trees in merchantable size (dbh) are
available for harvest, and

(b} leaving the trees for ancther period of years will rnot
produce acceptable increase in volume.

After the stand is harvested, the residual stand becomes the starting
point for the next projection. The time pericd from the start of the
projection to the harvest is then the cutting cycle.

Data Collection

Stocking cata of the initial stands were cbhtained from a forest
inventory conducted for Peninsular Malaysia conducted in 1981-1982
(FOrestry Department Peninsular Malaysia 1987). The data are for four
major forest classes: Superior, Good, Moderate and Poor forests.

The second set of input data consists of average dbh increments
for the varicus dbh classes. The growth rate assumed in the model is
the average rates reported for Gurnung Tebu Forest Reserve in the state
of Tersenggarmu (Tang 1976; Tang and Wan Razali 198%1; Thang and Yong
1988) (Table 1). The model further assumes that these average growth
rates apply to the Good Forest. The Superior Forest is assumed to
grow 10 percent higher and the Moderate and Poor Forest 10 ard 20
percent lower than these rates, respectively. The actual differences
in growth rates between the forest classes are not known; this 10
percent differentiation is an attempt to simulate the relative growth
rates of the forest classes.

Annual mortality rates of 3, 2 and 1 percent for the first,
secord and subsequent decades after harvest were assumed. The
initial, high rate is due to the damage caused during harvesting
operation. When the trees recover fram the shock of canopy exposure
and harvesting damage, mortality is assumed to decrease and eventually
stabilizes at one percent. Thang and Yong (1988) cited mortality rate
of 4.9 percent for all trees 10 om and above fram research by Tang
(1976) and Tang and Wan Razali (1981). They alsc cited lower
mortality rate of 0.9 percent for trees above 30 cm dbh in continuous
inventory plots and experimental and/or silvicultural treatment blocks
in harvested forests, reported by FAO (1987).
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Table 1, Diameter increment assumed in the model

Diameter Class (am) Diameter Increment (am/yr)
1020 0.41
20-30 0.47
20-40 0.51
40-50 0.61
56560 .83
£0-70 0.60
70+ 0.77

MODEL APPLICATION

Applving the model to the four forest classes indicates that
sufficient volumes are available for reharvests in the near future
(Table 2). The Superior fcrests, aftar being harvested witha cutting
limit of 45 cn Jbh, ares able to vield 50.5, 60.3 and 59.3 cu. m/ha at
30, 80 and 90 years after the first harvest, The good forests, with
the same cutting limit and cutting cycle, are expected to produce
40.4, 50.1, ard 48.1 cu, m/ha. The harvests from the moderate forests
could be about 44.5 and 61.8 cu. m at 40 ard 20 years after the
initial harvest. The Poor forests would aonly be able to be harvested
once more in the $C0-year period; a volume of 32.4 cu. m/ha is expected
fo be harvestad at 50 years after the initial harvest,

Table 2. Harvest volumes for the various forest classes

Forest Classes

Supericr Good Moderate Poor
Year

{cu. m/ha)

0 108.3 88.1 65.8 37.4
10

20

30 50.5 40.4

40 44,5

30 32.4
60 60.3 501

70

80 €1.8

90 59,3 48.1
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DISCUSSION

A model such as this could be used to analyse the sustainmability
of forest management in Malaysia and other forests in the tropical
region, Data are not yet available in sufficient detail for the
development of more sophisticated growth models. Additional data
could be incorporated into the model as they are available, and
detailed models could be developed when there are sufficient data.

The results above are preliminary and should be reassessed when
more reliable data, especially on growth and mortality, are available,
Such data are crucial in the ongoing debate an the merits and demerits
of the Selective Management System., The Forestry Department
Peninsular Malaysia lists advantages of the SMS as follows: (a) it is

lexible to manage highly variarle forests and changing socic-econamic
conditions, (b) its is based on the inherent characteristics of the
forest and pravailing socio—economic coendition, (¢) it permits the
attaimment of the goals of economic cut, sustainability of the forest,
and minimum development costs (Thang 1987). The International
Institute for Envircrmment and Development (1588) described SMS as “the
most encouraging and complete theoretical system for operaticnal
management in the rz=cion" (p. 17). It provides for stand modelling
based cn adequate inventory, and varicus kinds of silvicultural
operations can be applied.

Same critics raised doubts about the system., Wyatt-Smith (1987),
for example, pointed to the problem of harvesting damage in a
polycyclic silvicultural system with short cutting cycles. Although
thers will be sufficient timber volume of preferred species in the
second harvest, he expects the third harvest to consist of less
desirable species and smaller stems. Tang {1987) questions the
ability of the advanced growth in the residual stand to produce a rew
timber crop in a 30-year cutting cycle. He estimated the average dbh
increment over the 30-year period to be about 0.5 cn/year. while
agreeing that the cutting cycle may range from 20 to 60 years, he
suggested that longer cycles of 50 to 60 years should be adopted, to
enable the advanced growth consisting of the generally slower growing
non~dipterocarp to produce a new crop.

A stand projection model is the best way to resolve the validity
ar otherwise of these doubts about the Selective Management System,
Additional information fram studies carried out in the last several
years, especially on growth, mortality and harvesting damage could be
incorparated to project the residual forests and monitor the structure
of the stards at variocus intervals in the future.

QRCLUSTION

A spreadsheet model to determine cutting limits and cutting cycle
for a forest planned for harvest has been developed. It could
complement the computer programme currently employed by the Forestry
Department Peninsular Malaysia, which only determines cutting limits.
The model would also be useful as a framework to analyse the
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develomment of residual forests after being harvested under the
Selective Management System. With additional, detailed data en growth
and mortality, it would be able to indicate the direction in which the
Selective management System need to be refined to be more effective
and 2fficient in management of the Malaysian forests on a sustainable
basis,
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SUMMARY

An optimal management strategy was developed for a
hypothetical even-aged 240-acre forest of scarlet (Quercus
coccinea Muechh.) and black oak (Quercus_velutina Lam.). Lumber
Yield data collected from long~term thinning research plots
composed of even-aged stands were assimilated with other
information and used in conjunction with a system of models to
develop management strategies. Linear programming was used to
explore the interactive effects of various management strategies
comprised of different frequencies and intensities of thinning
upon development of four hypothetical forest stands over a 33—
vear period. The linear model selected the stands for harvest,
the acres to be treated, and identified the management regime
each stand should receive over time in order to maximize net
present worth.

Key Words: Quercus coccinea, hardwood management, linear
programming

INTRODUCTION

Linear programming was utilized to develop optimum
strategies for the management of scarlet (Quercus coccinea
Muechh.) and black cak {Quercus velutina Lam.) stands in the
Missouri Ozarks. Four hypothetical stands were modeled with the
objective of maximizing net present worth in a 240-acre forest
over a 33-year period. All stands were 30-years old, initially,
and comprised of small trees (mean dbh 4.7 inches) primarily
scarlet and black oak, southern red oak (Quercus falcata Michx.),
white oak (Quercus alba L.), post ocak (Quercus stellata
Wangenh.), and mixed hickories (Carya spp.). The stands were
categorized as fully stocked with a basal area of 62.0 ft? and
516 trees per acre. The management model was constrained by
stand size and volume requirements over time. The linear model
selected the stands for harvest, acres to be treated, and
specific management regime each should receive in order to
maximize net present worth.,
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MANAGEMENT REGIME DEVELOPMENT

Forty-three individual stand management regimes were
developed for determining an optimum approach to the management
of the hypothetical forest. Each stand was represented by a tree
list developed from a set of research treatment plots established
in southeastern Missocuri in 1953 to evaluate the long-term
effects of different crop tree thinning and pruning treatments on
the quality of scarlet and black oak stands (Dwyer 1988). Five
treatments were applied to the research plots and also were
applied to the hypothetical stands at age 30. In all treatments
except the heavy 50 thin, where 50 crop trees were selected, 100
crop trees were chosen to form the nucleus of the final stand at
harvest. Treatments included a control, a light thin (12 sq. ft.
basal area per acre removed), mederate thin (17 sq. ft. basal
area per acre removed), heavy 100 (38 sqg. ft. of basal area per
acre removed), and heavy 50 (20 sq. ft. of basal area per acre
removed).

A random sample of crop trees from each replicated 1l-acre
experimental plot was harvested, measured, cut into log lengths,
graded, and sawn in a circular sawmill in July 1985. This
produced a sample size of 162 crop trees - 90 scarlet ocak and 72
- black cak. At each step in the production process the individual
- board cut from a log was coded to a particular log in a tree and
the experimental plot from which it came. An individual-tree
growth and yield model -- TWIGS (Shifley 1987) -- was used to
project the growth and yield of black and scarlet oak stands over
time, and to explore the consequences of various intermediate
thinning treatments on stand productivity. The resultant yield
information was used in conjunction with linear programming in
development of optimum timber management strategies.

Assunptions

Since the original research project lacked intermediate
treatnents following the initial treatment at age 30, several key
decisions regarding future management of the stand were made.

The rotation length for each stand was chosen to be 63 years
based upon Mark Twain National Forest data and an economic study
of the feasibility of thinning 22~ and 40-year old black and
scarlet oak stands in the Missouri Ozarks by Dubois (1984)}. The
study showed that thinning to reduce stand densities to 70 and 80
percent stocking on l0-year intervals to a rotation age of 60
years on site 70 land produced stands with the largest net
present worths using a real discount rate of 7.125 percent. The
quantity of basal area harvested was determined from stocking
charts developed by Rogers (1980).

In the interest of maintaining the stand beyond the final
harvest, at age 60 a group selection harvest system was adopted
that calls for the creation of small openings very similar to a
shelterwood cut in all thinning regimes for the stand (Johnson,
et al. 1986). A brush control treatment would be applied
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following the harvest at age 60, with artificial regeneration to
supplement natural regeneration if needed, and removal of the
overstory at age 63.

TWIGS Model

Five alternative treatments were formulated for each stand.
Subsequent management treatments stemming from treatment at age
30 resulted in the 43 management regimes. Following the initial
thinning at age 30, 10-year increments of stand growth were
estimated using TWIGS, and the data on stand table projection and
volume yield for each thinning regime were recorded. These data
were later used to calculate logging costs using equations
developed by Brock, et al. (1986) and Miller and Sarles (1986),

A grade for each harvested tree was determined by using egquations
developed by Dale and Brisbin (1985) to predict tree grade
distribution by diameter class for each alternative management
decision. Tree grade, dbh, and merchantable height were input to
a program which utilized multiple linear regression techniques to
predict the lumber tally volume and value by selected lumber
grade groups for each tree (Yaussy Brisbin 1983).

Stumpage Valuation

Market prices were taken as the average prices of 4/4 (four-
guarter or l-inch) rough, air-dried, and graded lumber over the
period from January, 1982, through August, 1987, f.o.b. mills in
the Johnston City, Tennessee area as reported in the Hardwood
Market Report (Lemsky 1987). Red oak prices were used for
scarlet, black, and northern red oak; white oak prices were used
for post oak. Stumpage prices in the Ozarks for cordwood range
from $3.00 to $6.00 per cord: the higher price was used in this
analysis and was held constant for all management regimes. For
analytical purposes, the first thin conducted at age 30 was non-
commercial and reflected the actual costs of thinning the
original research plots in 1954. All of the subsequent thins
were commercial. An annual inflation rate of 8 percent (Durham
1982) was assumed for the non-commercial thinning costs to
reflect current value. Producer net stumpage values and
associated production costs were calculated for each management
regime at each thinning decision.

In addition to production costs, to calculate the value of
the standing timber, a return to the mill operator and logger for
profit and risk was included. It was assumed that the percentage
of margin was 15 percent for the mill operator and 9 to 12
percent for the logger which included a range to reflect the size
of the trees in the stand.

Operator net revenue represents the return to the logger and
mill operator for profit and risk. After production costs and
operator net revenue are subtracted from the gross lumber revenue
the residual value represents the net return to the timber grover
for the standing timber. The total net stumpage revenue for all
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43 management regimes which were analyzed ranged from a high of
$1,207.58 per acre to a low of $845.28 per acre.

Economic Analysis

Producer net stumpage revenue generated from each management
alternative at the different stages along with those costs
directly attributable to the thinning alternatives were utilized
to determine the net present worth (NPW) of the stream of cash
revenues generated from each management alternative. Costs
include precommercial thinning, harvesting, manufacturing, and
transportation. Land and other annual fixed expenses were
excluded from the economic analysis in order to maintain the
thinning alternative as a separate investment. The analysis was
conducted using a real discount rate of 4.62 percent. The use of
a real interest rate produces a NPW which is exclusive of the
effects of inflation. The beginning of cash flows for the
investment analysis was time zero. This corresponded with a
beginning stand age of 30, and terminated at time 33 which
corresponded to stand age 63. All costs incurred prior to age 30
were excluded from the analysis.

LINEAR PROGRAMMING APPLICATION
Cbjective Function

The objective of the harvest scheduling analysis was to
maximize the total NPW from the management of the four timber
stands over a 33~year planning horizon. The decision variable
Xtk denotes the total volume per acre available from stand s, in
time period t, from management treatment k. The volumes
generated from each thinning regime were multiplied by the
stumpage price P, in time period t. Revenue was then discounted
to the present using interest rate i (4.62%), and precommercial
thinning costs (Ceay) subtracted to determine NPW. The linear
programming notation for the objective function is:

4 5 43 X, ., X P, ox A,
Max 2, = £ & Z - Cyy (6)
s=1 t=1 k=1

(1 + 1)t

where: Z is the maximum NPW from management of all the
stands over the planning horizon.

Constraints

The first set of constraints in the harvest model deals with
the physical size of the resource. Since an even-aged
silvicultural system was used in this analysis, one decision
involves the area to be thinned or harvested. More precisely,
the variable A ,, represents the area (in acres) to be cut from
stand s, in time period t, using management treatment k, where s,
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t, and k are integer subscripts:

nunber of acres to be harvested

stand area, 55, 75, 65, and 45 acres

age at harvest - 30, 40, 50, 60, and 63 years
type of management regime ~ 43 available

5,1,k

ot
I |

There are four hypothetical stands in the forest comprising
a total of 240 acres. These stands represent four hypothetically
manageable units which illustrate the modelling approach. The

area managed in each stand type cannot exceed the area available
for that type; i.e.:

Ay, = 55 acres for stand type 1
ALt# < 75 acres for stand type 2

A; v« S 65 acres for stand type 3

(.5 o B w o B o
A1 At oM /i

A, x S 45 acres for stand type 4

The upper bound for the right-hand side in the model
represents the acreage available in each stand type. Therefore,
the first set of constraints states that the area cut from each
stand throughout the planning horizon must be equal to or less
than the area available in each stand. The second set of

e
constraints applies to the forest-wide harvesting goal per
period.

The decision variable X ¢k denotes the volume per acre
available from stand s, in time period t, from management

treatment k. Thus the harvest flow constraint can be represented
as:

§ E A ik X1k 2 8,635 cubic feet at age 30

g E Aazm X&Z* 2 27,350 cubic feet at age 40
g § Ay s X535« 2 51,625 cubic feet at age 50
g E Ak 5,4,k 2 220,395 cubic feet at age 60
g E Aasx X5« 2 140,130 cubic feet at age 63

The basis for the harvest levels {except for the non-
commercial harvest at age 30) represents the merchantable volume
available for harvest with a landowner goal of increasing
periodic revenue over time for the purposes of retjirement and,
appreciation of land and estate. For this constraint, the lower
bound on the right-hand side of the model is represented by the
minimum amount cof volume required from each time period t. Not
all management regimes were considered at each time period, for
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example, 19 management regimes did not include a thin at age 30,
d
Sclution

The linear programming solution for the harvest scheduling
model was a NPW of $72,558.64. This value represents the highest
return from the management of the four stands over the planning
horizon given the constraints, The solution of the harvest model
is shown in Table 1. The negative NPW at age 30 for stand A
reflects a non-commercial thin which was conducted on 32 acres in
that stand.

The tabulation below shows the non-zero dual prices for the
row formulation of the problem set:

Stand Stand Adge Dual Price ($ per acre)
A 60 350.27
B 40 11.00
B 50 14.00
B 60 307.00
C 50 47.00
C 60 274.00

The higher prices at age 60 would be reflective of the
higher quality and quantity of timber which, if available, would
increase the objective function value. Moreover, the higher
quality is a direct result of a significant increase in the
production of hardwood grades No. 1 and No. 2 common lumber
{Dwyer and Lowell 1988) because of the specific management regime
which was adopted.

CONCLUSIONS

Two sets of conclusions may be drawn from this study - one
set relating to timber management, which is not fully addressed
in this paper and another set relating to the optimization
problem which is the primary theme of the paper.

From a management standpoint, it was found that thinning
significantly increased the size of scarlet ocak crop trees.
Thinning was responsible for a significant increase in the
production of higher quality lumber; crop trees in a thinned
stand were over twice as valuable after treatment as crop trees
not in a thinned stand.

Relative to development of the optimization problem it was
demonstrated how a system of models could be linked to provide
production data, costs and revenues associated with specific
management strategies. The information developed from this
linkage was then used to develop a management plan comprised of
various timber management strategies that maximized net present
worth to the forest under different resource constraints,
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ECONOMIC FROBLEMS OF FORESTRY

IN HUNGARY

Béla Keresztesi
Research Professor
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Budapest

Nowadays the faults of the recent past and their
correction possibilities are the main topic of everyday
talks in Hungary. The nation and all sectors of the economy,
however, need by zll means long-term programmes which could
mobilize the whole society. Our great national green

programme can be considered as such.

This programme consists of two separate afforestation
projects. One of them accépted already by the government
sets out the afforestation of 150 thousand hectares in the
years between 1991 and Zcco. The other one is a long-term
plan proposed jointly by the Ministry of Agriculture and

Food and the Hungarian Academy of Sciences; it suggests



another 700 thousand hectares of new forests to be established
on lands not suitable for agriculture.

Qur great naticnal green programme jJoins well to the
great international movement which considers the protection
and development of the environment as the most important
task all over the world that must not be deferred any longer.
In this respect forestry, the protection of the existing
forests and the establishment of new forests, plays a
prominent role. It's worth refering tc M.PAVAN's statement
(Italian professor of forestry, member of the Roman Club)
saying. Ruthless explcoitation of forests 1s a very convenient
management practice. It resulis, however, in ihe degradation
of the soil of exploited forests that has to be reclaimed
and reforested. It is therefore recommendable toc agree on
global scale on & reasonable forest ratio that has to be
preserved. If mankind does really care for its future, then
a global action plan should be formulated for the re-
habilitation and preservation of the environment and
utilize the ecological basis so as to make it possible for
mankind teo live on our globe for ever.

In the establishment of new forests, 1f I may say,
Hungary stands on the first place on a globsl scale. Since
the First Werld War we have established the largest area
of new forests in relation to the forest area that existed

then. At the end of the First world War our forest ares
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was 1.1 million ha. It amounted to 1.7 millienm ha by now

and through the implementation of the great green programme
it may be increased to 2.5 million ha by 2650. The extension
of our forests within the present boundaries of the country
might have been the same as that during the reign of our
king Joseph II. when our forests had heen mapped far the
first time.

At that time the natural environmeni had been relatively
favourable as far as the forests and waters are concerned.
Lateron, however, extensive forest exploitations following
the emancipation of serfs and the great water-regulation
and flood-control projects caused rapid and mostly adverse
changes in the envircnment. The originally natural regions
of the country had besn converted into cultural ones at
that time.

The implementation of {he great national green
programme will result in an incresse in the forest area
to 2.5 million ha. This tfogether with the area of orchards
and vineyards (186 thousand ha) gives a total of 2.7 million
ha, which had been the forest area of the country at the
time of Joseph II. Thnus, when new forests aré established
purposefully so as the natural environment be also improved
by them, then the relstively favourable ecolegical conditions
that prevalled two hundred yesrs ago could be mastly

reconstructed.
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in Hungary, trees and forests being able to absord
carbondloxyd might be of crucial importance for the efforts
to abate thee greenhouse effect. As a result of the green-
house effect the frequency and strength of droughts is
increasing, certain maize growing regions might get into
the absolute irrigation zone. This may affect also poplar,
willow and black locust varieties grown in an intensive
way.

It is the basic objective to improve the balance of
the emission and absorption of carbondioxyd.

More than half of the new forest establishments (475
thousand ha) will be made with native caks and cther
deciduous species. The naturelike forests of the past
domestic regions are attempted to be recenstructed by
this way. At the same time special-purpose forests will
also be established: 50 thousand ha for producing veneer
logs of hard broadleaved and poplar species; léo ithnousand
hectares of high-yield coniferous plantations to replace
imported sawn softwood; 65 thousand hectares of fodder
forests to produce fodder for domestic snimals and big
game; 60 thousand ha of plack locust forests of late-
flowering varieties for increasing the commercial honey
production; 4o thousend ha of energy forests to supply,
primarily, the village population with fuelwsod. All these

make a total of 335 thousand ha new forests.
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fhus, the implementation of the great naticnal green
programme 1s of historical importance in view of the
improvement of the environmenti; at the same time it is an
approach to make the country self-sufficient in wood
products by export earnings compensating for the costs of
imports. In addition, it facilitates the aliernative use
of the lands of cooperative and state farms and private
farmers unsuitable for efficient agricultural cultivation
by establishing forests aon them that eguals to 8 really
up-to-date conversion of the production structure.

In conseguence of the change in the political system
and the development of a socizgl market econcmy it has fo
be reckoned with a radical change in the ownership structure
and the size of land properties of the Hungarian agri-
culture. Afforestation might Se an essential opportunity
for the development of countryside. It can alsc be assumed
that the estaclishment of new forests made by private
farmers can be less expensive than Dy agriculiursl cooper-
atives and state farms. In addition, employment of the
agrarian populstion might Decaome mare important than the
use of high-productivity machines applied by now.

This éo-year programme requlires 57 billion Hungarian
forints worth financial support by the government, calculated
on the basis of the present cosis of afforestation. This

is a rather small amount of maoney compared with the costs
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of the Bos-Nagymarcs power plant project. The establishment
of naturelike new forests serving the improvement of the
environment should be financed entirely by the State. For
establishing plantationlike new forests competing with
agriculture domestic and foreign entrepreneurs® funds
should be used. The idea of establishing a National
Afforestation Fund, mainly from the duties to be levied on
timber imports, has alsc been raised.

It's ancther great task to get the population's
sympathy for this programme. In this respect the statement
made in 1927 by Kdroly KAAN, who initiated the afforestation
programme of ithe Great HMungarian Plain in the 19%7cs, deserves
special attention. It says: "It is necessary that every
Hungarlan citizen be aware of the great importance of this
1ssue tnat will 1ncrease the sirength of the nation and
the national economy as well. The government, in turn,
sfter cvercoming the legal difficulties and launching
adeguate grant aid should encourage and suppart the
population in implementing this well intentioned programme.

In the last ten years the Forest Service induced the
forest and wood-working enterprises to concentrate wood
cuttings in the best stands and develop wood-processing
plants the most to obtain high annual profit. Consequently,

silviculture became a neglected, seccendary activity. It is



of high importance to make a stop to this exploitation type
management and restore the sppreciation of silviculture
without any delay. This is an indispensible precondition

of the great green programme to be realized.

Faorestry research being responsibie for the future of
forestry should deal with the achievements and researchs,
by which the longterm interests of the nation would be
benefitted and the increase in the forest resovrces and
their multiple-use could be supported.

The great green programme is not only a matter of
forestry and agriculture but it is for the whole nation.
It results not only in the expansion of the forest ares

. L e T e TP ey L
L

and the wood raw material resources, out it

1

bhy

Srms,
improves and enriches the environment with trees, the

most specific components of the natural landscape. It is
not only an economic objective, butl 11 is the pregramme of
those who believe in future, it is the programme of the

youth and hooe.



ESTIMATING TIMBER VALUE

GROWTH RATES IN NEW ENGLAND

David A. Gansner, Stanford L. Arner, and Thomas W. Birch
Forest Resource Analysts

USDA Forest Service
Northeastern Forest Experiment Staticn
Radnor, PA

SUMMARY

Analysis of remeasured plot data show that between the last two forest
inventories of New England, compound rates of value change in timber stands
averaged 4.2 percent and ranged from -26 to +43 percent. Faced with this kind
of wvariation, resource planners and managers can use help in determining
financial rates of return for the region's woodlands. Multivariable analyses
of several tree and stand characteristics produced guides that use tree
species, size, merchantability class, and stand density as key variables for
estimating change in timber value.

Keywords: Compound interes

rest,
softwood forests

INTRODUCTION

Many things affect changes in timber value--tree species, size, and
gquality; stand density and site productivity; markets and accessibility;
insects and disease; even weather. 5o rates of growth in the value of
standing timber can vary greatly from stand to stand and from tree to tree.
For example, a recent study shows that compound annual rates of change in
value for forest stands sampled in Maine between 1971 and 1982 ranged from -12
to +43 percent. (Gansner et al., in press) With this kind of variation,
forest managers can use all the help they can get in determining financial
rates of return for their woodlot. To help meet this need, we analyzed recent
forest-inventory measurements in New England to quantify changes in tree and
timber stand value there. Qur ultimate goal is to provide practical guides
for estimating timber value growth rates in the region.

APPROACH
Data

The USDA Forest Service updates statewide timber resource information
approximately every 10 years. Part of the updating process includes

68
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remeasuring a network of permanent forest-inventory plots in each state.

Plots (0.1 to 0.2 acre) that were previously measured in New England during
the early 1970's were remeasured from 1982 through 1985 (Powell and Dickson
1984 Frieswyk and Malley 198%; Dickson and McAfee 1988). Data from mcre than
1100 of these plots were used to analyze value growth. We included only those
plots that remained relatively undisturbed, i.e., had less than 15 percent of
their original basal area removed between inventories. These plots accounted
for more than three-fourths of the total area sampled. The analysis
incorporated more than 27,000 trees that were alive and 5.0 inches or larger
in d.b.h. (diameter at breast height measured 4-1/2 feet above the ground) at
the time of the initial inventory, plus another 20,000 trees that grew to 5.0+
inches between inventories.

Anelysis

Rates of change in stand and tree value were based on measured changes in
tree diameter, merchantable height, and quality. Compound annual rates of
value change (r) were obtained using the expression:

r = (Vn/Vo) /P - 1

Wnere n is the number of years between measurements, Vn is the value of a
stand or tree after n years, and Vo is its initial value.

Bollar values for hardwocod sawtimber trees were based on tree-value
conversion standards ({DeBald and Dale, in preparation). These standards
represent consistent regicnal measures of a standing tree's net value
{marginal value product or shsdow price) in the production of 4/4-inch lumber,
allowing for the cost of conversion. They account for s tree's speciss,
diameter, merchantable height, and tree grade (based on butt-log grade
measures). For example, a 1l6-inch diameter red ocak with a grade 2 butt log
and merchantable height of two logs was valued at $29. For trees other than
hardwood sawtimber, merchantable height, d.b.h., anrd cull estimates were
converted to net volumes (Scott 1981) and assigned value based on recent local
stumpage price reports. For example, white pine sawtimber stumpage averages
about $70 per thousand board feet, and spruce and fir pulpwood averages about
$10 per cord.

The same dcllar-value standards were applied to both initial and current
measurements to evaluate stand and tree development, thereby eliminating
valuation items that were irrelevent to biological change. This ignores
unpredictable effects of inflation and changes in timber prices and markets,
but does account for the value of biological change in tree diameter,
merchantable height, and tree grade. The few trees that were harvested
between inventories were assigned the same value for both occasions.

The combined influence of tree and stand characteristics on rates of
change in timber value was studied by Automatic Interaction Detection (AID)
(Songuist et al. 1973). More than 40 variables thought to be related to value
change were anlayzed. These variables incorporate measures of species
compesition, tree size, stocking, site productivity, physiography, timber
volume, tree quality, and timber value. The AID technique searched these
characteristics of the trees and timber stands for the best predictors of
value change. Starting with the entire sample in one group, the stands and
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trees were partitioned through successive two-way splits into series of
subgroups, The splits occur so that at each step, the chosen predictor
variable forms two new groups that cause the greatest reduction of variance in
the dependent variable {value change). The result is a best set of
predictors selected by the AID algorithm, and presented as a branching diagram
that details the rate of value change configuration for individual stands and

treeg as they responded to timber stand dynamics between the New England
forest surveys.

RATES OF VALUE CHANGE
Trees

Between the last two forest inventories of New HEngland, the annual rate
of change for all trees in our sample averaged 3.2 percent. Multivariable
analysis of several tree and stand characteristics identified four that are
gsignificantly related to change in tree value: tree species, size,
merchantability class, and stand density.

Species.-~-Compound rates of value change for individual timber speciesg
ranged from 5.8 to 0.5 percent {Fig. 1). White ash, red oak, and white pine,
known for their vigorous growth, had the highest rates. At the other end of
the scale are beech, fir, and white oak, which have suffered through outbreaks
of Nectria complex, spruce budworm, and gypsy moth, respectively.
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Figure 1: Compound rates of value change for individual tree species in New
Engiand,
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Diameter.--Value change rates increase through the 8- to 10-inch diameter
classes before declining in the larger diameters. The high average rates for
8- to 10-inch trees are due in large part to their growth into higher valued
sawtimber-size material:

Diameter class Rate of
(inches) value change

{percent)
<8 3.5
8-10 4.0
12-14 3.5
16-18 2.7
20 + 1.0
All trees 3.2

The base or initial value of trees is important to the relative
differences in their rate of change in value. Consider, for example:

Initial End Rate of
value value Value No. of value change
(VO) (Vn) change years {percent)
———————— (dollarg)~==-=-~=--

1.00 2.00 1.00 10 7.2
5.00 6.00 1.00 10 1.8

In both examples, value increased by $1. But the smaller initial value in
the first example (31 versus 3$5) yields a much greater rate of value change
over the 10 years.

Tree class.--Tree class reflects tree quality .and quality correlates
directly with rate of wvalue change. Becsause of higher mortality rates and
declines in quality, nongrowing-stock trees recorded negative rates of change.

Tree class Rate of
value change
(percent)
Growing-stock 3.3
Rough -1.6
Rotten -2.4
All trees 3.2

Growing stock trees are those of commercial species that are merchantable
for sawlogs now or in the future. Rough trees are unmerchantable for sawlogs
because of roughness, poor form, or unacceptable species., Rotten trees are
unmerchantable for sawlogs because of rot.
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Stocking.~-As undisturbed forests mature, they tend to form more densely
stocked, slower growing timber stands that also contribute to a slowdown in
rates of value change for individual trees. Value growth rates for trees in
stands with fewer than 60 square feet of basal area are more than double those
for trees in stands with more than 140 square feet:

Basal area/acre Rate of
{square feet) value change
{percent)
<60 B4
60-99 3.6
100-139 2.9
140 + 1.6
All trees 3.2

Timber Stands

Compound annual rates of value change for sample plots representing
timberland in New England ranged from -26 to +43 percent and averaged 4.2
percent--thus reflecting the great amount of variability in value change for
forest stands in the region. Note that the average rate of change for all
stands is greater than that for all trees (3.2 percent). Ingrowth accounts for
the difference. Rates of change in stand value include trees that grew into
merchantable size (5.0 inches or larger) between inventories, but change in
tree value was based only on trees that were already merchantable size at the
time of the initial inventory.

About 8 percent of the forest had enough mortality and degrade to register
negative rates of growth {(Fig. 2). These stands evidence the detrimental
effects of spruce budworm, gypsy moth, and other destructive agents at work
during the 1970's and the early 80's. But most of the other woodland fared
relatively well. One-fourth of all stands recorded rate increases of 6 percent
or more; one-eighth of them earned better than 8 percent. Such rates are
impressive when you consider they are for forest land that had virtually no
human disturbance or improvement cutting between inventories.

100
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Figure 2: Cempound rate of change in value for New England timber stands.
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GUIDES FQR ESTIMATING VALUE GROWTH

The AID technique produced some fairly simple guides for estimating value
change for trees and timber stands in New England. Analysis of the rate of
value change in individual trees generated 17 c¢lassification groups and the
average rate of value change for each group (Fig. 3). Each tree is a member of
one of the groups. Only four of the many tree and timber stand characteristics
analyzed as predictor variables were retained in this value growth rate
classification system: tree class, species, diameter, and stocking. Their
inclusion makes good intuitive sense. White pine growing-stock trees less than
9 inches in diameter and growing in stands with fewer than 80 square feet of
basal area per acre (Group 16) have the highest rate of value change, 19.2
percent, compared to 3.2 percent for the total sample. On the other hand, sas
testimony to high mortality rates and declines in guality, rotten trees have
the lowest rate of value change, -2.4 percent (Group 7).

CROVANG STOCK
r=33

AL TREES
™32 TRET CLASS
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Figure 3: Guide for estimating rate of value change for individual trees. Any
tree can be assigned to a value-change group on the basis of the characteris-
tics of that tree. The average rate of value change (r) is shown for each
group. Decimal fractions on each lirne connecting groups indicate the portion
of the New England sample in that group.
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A similar analysis of sample plots generated 27 value change
classification groups for timber stands (Fig. 4). Rates of change for the 27
groups range from 2.1 to 15.1 percent. Stands in the group with the highest
average rate have less than 10 square feet of basal area per acre in softwocd
species, less than 20 square feet per acre of total basal area, and tree of
average basal area less than 6 inches in diameter. These conditionsg identify
them as members of group 15. Stands like this accounted for 2 percent of our
sample. At the other end of the scale are stands in Group 16, where rates of
value change average only 2.1 percent. Stands in this group represent
one-fifth of New England's timberland.
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Figure 4: Guide for estimating rates of value change for New England timber
stands. A stand is assigned tc a value-change group on the basis of character-
istics of the stand. The average rate of value change (r) is shown for each
group. Decimal fracticons on each line connecting groups indicate the portion
of the New England sample in that group.

These estimates provide useful baseline indexes for comparing the economic
potential of trees and timber stands and prospective stand management options.
Further analyses will focus on rates of value growth in other areas of the
Northeast. Our prime purpose is to gain a better understanding of the
relationship between timber stand characteristics and value change so as to
develeop improved methods for predicting rates of value growth.
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SUMMARY

The Faustmarn formula has been used since 1849 to calculate the value of
forestry land. It was developed in a stacic financial environment, however.
ard is no longer suitable for land wvaluation in today’s dynamic financial
environment. This formula is adiusted to provide for the wvariable behaviour
of different prices, as well as for tree specles such as Ffucalyptus grandls
for which coppice regeneratien is occasionally used.

Keywords: Faustmann, land expectation wvalue, iInflatien, vreal grice

changes, coppice regeneration.

INTRODUCTION

Traditionally the maximum price to be paid for bare forestry land was
determined by calculating the so-called Land Expectation Value (LEV) with the

Faustmann formula (CGregory 1972). In a Faustmann calculaticn all the items in
the cash flow of a forestry project, except the coest of land, are compounded
to the end of the rotation. The net value of this terminal amount is then

discounted to the present time as if che forestry project will be repeated
infinitely. This net present value then forms the LEV and gives an indication
of the maximum price payable for the land. In its simplest form the
traditional Faustmann formula can be written as:

n
z  p, 1+ DTF
rev - =0 R (Uys 1988) (1)
(1+ D7 -1 i
where
P. = mnet cash flow in year ¢ {land cost and general annual cost
excluded);
E = general annual cost;
n = ryotation age;
i = discount rate.
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The purpese of this paper is (a) toe adjust equation (1Y to accommodate
real or relative price changes and (b) rvo further adjust it ro suis forescrv
projects Lovelving copploe regeneratlion.

ASSUMPTIONS IN THE FAUSTMANN FORMULA

The wutlilicy of anv financial criterion depends on how realisgcically its
implicit assumptions tie in with the problem to be analysed. The traditional
Faustmann formulation implies the following assumptions {Leuschner 1984

. The land value is5 zero;

¢ thare are no forest stands or other crops on the land;

. tne land will be used infinitelv for forestrv,

J and the cash flow of the forestry proiect will be repeated

unaltered in each of the successive rotations.

The first three assumptions do not restrict the use of rhis formula for
land valuation purposes.

The last assumptien is inaccectable and leads to the Faustmann formula
in its original form losing its usefulness. According to the Forestry Pr
Index (FPI) double digit inflation has been experienced in the RSA since 1973,
with the exception of a {ew vyears (Central Staristical Services 19
General inflation causes a continuous rise in forest induszryv prices. Iz is

therefore unrealistic to assume that prices remain coenscant,

Real or relative price changes also make the assumption of identical
cash flows in each successive rotation unrealistic. Inflation is measured by
the changes in general price indices, such as the Consumer Price Index (CPI),
the Production Price Index (PPI) or general indices for a specific induscry
such as the Forestry Price Index (FPI). General price indices represent the
welghted mean of prices of a large number of goods and services. Changes in a
general price index therefore do not accurately reflect changes in the prices
of specific goods and services (Leuschner 1984). It is theoretically possible
for the rate at which the price of each item in the cash flow of a ferestry
project changes to differ from the rate of change in a general price index.
The nominal rate at which the price of a single item changes is therefore a
combined rate composed of a general Inflation rate and a real racte of change.
According to Davis and Johnson (1987) the following multiplicative
relationship exists between the three rates mentioned:

(L +h)y={1L+0 + £ (2

where

h = nominal rate of price change;
= real rate of price change;
= inflation rate according to a general price index.
The last two columns of Table 1 show the results of an analysis of the

behaviour of prices of individual items in the cash flow of a Fucalyorus
project. The FPI according to Central Statistical Services (1929) was used as
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ator, The prices of the {tems were obtained from the cost monitoring
system of the South African Timber Growers' Assoclation (SATGA) and represent
the average prices for Eucalyprus projects in Natal (Rusk 1978 and Rusk et al
198

o
Tm
T bh
% e

Table 1. Real price changes of individual items 1in the cash flow of =
Eucalypcus project.

Frice
Item Nominal Real
1976 1988 Change Change
(%) (%)
Forestry Price Index 63,8 250 9 13,48 = General
forestry inflation
(R/ha) (R/ha)
Land preparation, planting
blanking and fertilising 138,84 730,71 13.356 0,07
Clearing trash and brushwood |
and coppice reduction 21,58 163,46 13,38 4,32
Weading 16,84 82,67 14,18 0,62
Brashing 7,74 22,86 9,48 -3,52
Protection and maintenance 13,13 78,77 16,10 2,31
Administration 29,41 141,17 13,88 0,42
{(R/ton) | (R/ton)

Harvesting 2,58 10,72 12,60 0,78
Transport 2,22 10,67 13,98 0,44
Pulpwocd delivered at mill 11,81 59,51 14,43 0,84
Mining timber delivered
at mill 10,52 50,53 13,87 0,43

A third factor which makes the assumption of identical cash flows in
each successive rotation unrealistic in certain cases is the use of coppice
regeneration for tree species such as Eucalyprus grandis, for instance. In
the RSA a seedling rotation is usually succeeded by two or more coppice
rotations (Schénau and Stubbings 1987). The activities involved in coppice
rotations differ from those in seedling rotations, which means that identical
cash flows are not repeated in each rotatiomn,

ADJUSTMENT OF THE FAUSTMANN FORMULA

Adjustment for Inflation

and Real Price Changes

In its traditional form the Faustmann formula consists of two formulas
for compound interest, namely:



. Present vaiue of a pevperual periodic annuity:
Vo w4 ln {Leuschner 1984} (3)
(L + i)y - 1
. and present value of a perpetual annual annuity:
A .
VO = —— ({Leuschner 1984) (4

i
whare

V_ = present value;
A = periodic or annual annuity,

I

#

discount rate;

n

i

number of vears between annulty pavments {rotation).

Equation (3) is used in the Faustmann formula to discount te the presentc
jitems which occur once only or intermittently during a retation and which have
alraady been compounded to the end of the retation. Equation (4) is used to
discount to the present general annual cost which occurs continuously in a
rotstion.

Equations (3) and (4) do not provide for the effect of price changes and
have been adjusted as follows to take price changes into account (Flick 1976}:

» Present value of a perpetual periecdic annuity:
n
(1 + k)

VO=A n I n (5}
(1+ DT 1+ 0% - 1+

provided that (1 + h) < (1 + 1) (1 + £},

. and present value of a perpetual annual annuicy:
v o= 4 (1 + h) (6)
(L + 1)y (L + Fy - (L + h)

pravided that (1 + &) < (1 + 1) (1 + £),

where

i = real (inflation-free) cost of capital;
h = expected nominal annual rate at which A changes;
f = expected annual general inflation rate.

Other symbols have the same meaning as in equation (4).

Equations (53) and (6) can be simplified by substituting (1 + R)
according to equation (2) for (1 + r) (1 + f). In such instances the general
inflation factor (1 + f) appears in the numeraters and denominators of
equation (5) and (6) and cancels out to yield real term formulations.



Equation {(3) becomes:

(1 + 35

o+ 0" et

V. o= A
o

,-
o
e

provided that r < i,
and equation (6) becomes:

v oaa LD
o (i - r}

(8)

provided that r < I,

where the symbols have the same meaning as defined earlier.

In this form equation (8) can be used to discount general annual cost in
a Faustmann caleulation. Eguation (7}, howewver, can only be used to discount
a single cash flow item which occurs in year n, that is, at rotation age.

This equation therefore needs further adjustment for use In a Faustmann
calculatvion.

Adjusting for real price changes

An intermediate cash flow icem which occurs in year ¢ must not change at
a real rate (r) over n years (the entire rotation) but only over r years. The
term (1 + r) in the numerater of equation (7) must therefore be ralsed to the
power ¢ and not to the power n.

Adjusting for the time value of money

In the numerator of eguation (7) compounding deces not invelve the real
cost of capital since the single item (A) already represents a terminal value
in year n. However, items which occur in year t must be compounded with the
real cost of capital from the vear of occurrence (r} to rotation age (n). 4an
additional term, (1 + i)™ %, which fulfils this compounding function must
rherefore be added te the numerator of eguation (7).

With these adjustments equation (7) changes into:
nom (L+ "+ nF

VO = o o Pt' P = (%
e=0  j=1 (1 + 1) - (L

provided that rj < i,

where

v = present value;

P_, = j-th cash flow item in year ¢, expressed in today’'s prices;
r. = real rate of change of cash flow item j;

i = real (inflation-free) cost of capital;

n = rotation age;

m = number of cash flow items in year ¢.






A complete Faustmann formulation can now be obtained by subtracting
equation (&) from equation (9). This yields an LEV equation which provides
for price changes of individual {tems in an infinite series of rotations:

n (L+ r° (L+ F [ (1 +r )
LEV = | = P, . Jn =] - |E —— (10)
£=0 j=L o+ o™ e £ ) (i -r)

[

=

provided that rj < Loand r, <1

where
LEY = Land Expectation Value;
ch = j-th cash flow item in year t, expressed in teoday’'s prices
(land cost and general annual cost excluded);
£ = general annual cost, expressed in today’'s prices;
ro, = real rate of change of general annual cost.
Cther svmbels have the same meaning as in equation (%).
Adiustcment for Coppiece Regeneracion

Equation (10) is suitable for forestry projects where pine specles are
planted and each rotation is established anew with seedlings. In such cases
the same activities are repeated in every rotation. However, before equation
(10) can be used for projects involving coppice regeneration, it needs further
adjustments. In such projects a rotation as well as a cycle can be
identified. For the purpose of this paper rotation is defined as the planned
period between regeneraticn and clearfelling. Cycle is defined as the planned
period which elapses between establishment with seedlings and clearfelling of
the last coppice rotation, that is, befors establishment with seedlings starts
anew. A cycle therefore invelves a number of rotatioms and can typically
consist of one seedling rotation followed by two coppice rotations. The
existence of a rotation as well as a cycle necessitates a distinction between
two types of cash flow items besides general annual cost:

. Items which occur at the same age in each rotation within a
cyele; and

* irems which do not occur in every rotation within a cyecle,
as well as those occurring in all the rotatiocns within the
cycle but not at the same age in each rotation.

The first term of equation (10) can be used to discount the first group
of items since they are repeated in every rotation within a cycle. The second
term of equation (10) is likewise suitable for the discounting of general
annual cost, In order to discount the second group, however, another term
must be added to equation (10). The most convenient way to deal with this
group of items is to compound each from its year of occurrence to the end of
the cycle. These terminal values are then discounted to the start of the
cycle as if the cycle will be repeated infinitely. With the additional term
fulfilling this function, equation (10) now changes into:
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provided that r, < [ and r, < i,

-

where
Do, = j-th cash flow item which occurs in year ¢ of each rotation
- within the cycle, expressed in today’s prices (land cost and
general annual cost excluded};
Sg; = j-th cash flow item which occurs in year ¢ of the cycle and
- which 1s not repeated at the same age in each rotacion.
enprzssed In today’'s prices (land cost and general annual
cost excluded):
k = number of rotations within gach cvcle.

Other symbols have the same meaning as in equation (10).

AN EXAMPLE

The following example is hypothetical in the sense that it does nort
apply to a specific stand but is typical in that the cost of activities and
the prices of roundwood were obtained from the cost monitoring system of the
South African Timber Growers’ Association {see Rusk et al. 1989).

Basic Informaticn

Speciles: Fucalyptus grandis

Region: Natal

Product mix: 65 % Mining timber, 30 % pulpwood and 5 % waste

Rotation: 11 vears

Cycle: 33 years (one seedling rotation of 11 years followed
by two coppice rotations of 1l years each)

MAL: 25 m’/ha

Financial Environment

Expected average rate of general inflation (f) = l4% per annunm
Nominal cost of capital (k) = 20% per annum
Real cost of capital (i) = {(1 + k)/(1 + £) - 1]100 3,26% per annum
Real price changes {(as in Table 1)

i
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Cash f1low for on e y ¢ le in today s
ices

c
(L 988 pr

Age Activity Amount (R/ha?
Seedling rotation:
0 Land preparation, planting
blanking and fercilising (710,333
0,5 Weeding {82,67)
1 Weeding (82,87)
4 Brashing (22,90)
11 Chainsaw felling, manual debarking,
tractor and trailer extraction (2 382,60
11 Transport to mill (2 074,33)
11 Sales: Pulpwood (delivered mill) 3 653,83
Mining timber (delivered mill) 6 724,58
annually Proteczion and maintenance (78,77
annually Administration (141,17)
Two copplice rorfations:
O Clearing trash and brushweod (29,06)
0.3 weeding (82,67
1 Copplce reduction (67,207
2 Coppice reduction (67,20)
4 Brashing (22,96)
11 Chainsaw felling, manual debarking,
tractor and trailer extraction (2 382,60)
11 Transpert to mill (2 074,333
11 Sales: Pulpweood (delivered mill) 3 653,93
Mining timber (delivered mill) 6 724,58
Annually Protectlon and maintenance (78,77)
Annually Administration (141,17)

Results

(ay LEV caleulated with equation 1 {that iz, with the traditional Faustmann
formula which ignores real price changes and does not take inte account
the differences between the activities in coppice rotations and those in
seedling rotations) = Rl 575,17/ha;

(b} LEV calculated with equation 10 (real price changes are taken into
account but the activities in a coppice rotation are assumed o be
identical to those in a seedling rotation) = R2 562,20/ha;

{e) LEV calculated with equation 11 {real price changes and rhe differences
between coppice and seedling rotations are taken into account)
= R2 362,20/ha.

DISCUSSION

The Land Expectation Values obtained with equations (1), (10) and (11)
differ considerably. The results obtained with equations (1) and (10) are
wrong because the implicit assumptions in these two equations do not apply to
the problem being analysed. The incorrect LEV (R1 575,17/ha) calculated with
equation (1) c¢an prevent the acceptance of a profitable project because tco
low a purchase price for land was calculated. The incorrect LEV as calculated



with equation (10}, on the other hand, can result in too high a price being
paid for land. This would change a potentially profitable project inte a non-
profitablie one. The most realistic results in land valuation for Eucalvprus
grandis pulpweood and mining timber projects in the RSA will be obtained with
equation (11).
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ASSESSING FORESTRY INVESTMENT POTENTIAL:
A CASE STUDY ON THE ISLAND OF ARRAN

DOUGLAS C. MACMILLAN

MACAULAY LAND USE RESEARCH INSTITUTE, ABERDEEN, SCOTLAND

SUMMARY

Since the fiscal changes announced in the 1988 Budget private investment in
forestry has declined dramatically. The objective of this paper is to review the
facters influencing forestry investment in Scotiand and to describe a methodoiogy
which identifies the economic potential for commercial forestry with reference to a
case study on the Isiand of Arran. On land where new planting was possible, the
real Internal Rate of Return to capital ({RR) from forestry investment was
calculated and a thecretical land price for forestry investors derived, based ¢n

timber revenues, establishment costs and the physical capability of the fand to
preduce a tree crop. The assessment of the likelihood of afforestation actually
occurring, tased on an analysis of factors likely to influence the supply and
demand of suitable forestry 'and, formed the second part of the study. Four
categories of forestry land were identified ranging from very poor {IRR <3%) to
good (IRR >8%;), with only the better quality sites (IRR 6-9%, IRR >9%; likely to be
attractive to forestry investors. Supply of suitable land is influenced by farm
viability, fandowners objectives and wildlife and archaeclogical designations.
Future forestry investment demand for land is uncertain due to changes in the
financial supper for forestry.

Keywords: econcmics; investment appraisal



INTRODUCTION

Since the end of the First Werld War and the creation of the Forestry Commission
(FC) in 1819 by the government there has been a vigorous programme of
reafforestation in the UK. Total afforested area has increased from 1.21 m ha in
1918 (Edlin 1968) to 2.14 m ha by 1889 (FC 1989) with the majerity of new
planting carried out by the FC. In the 1980's most new planting was concentrated
primarily in Scotland and averaged approximately 25 000 ha per year with the
private sector contributing the greater prepertion of the total {Figure 1). The
stimulus for increased private investment activity was primarily fiscal concessions
to high income individuals who were able to offset taxable income from other
sources against costs associated with forestry planting {Lynch 1983) and planting
grants administered by the FC. In 1987 the governments target rate for new
planting was increased from 30 000 ‘o0 33 000 ha per year.

In the Budget of 1988 the fiscal advantages of forestry were removed
mainly as a response to pelitical concern over environmental protests about the
afforestation of areas of high conservation value in the hilis and uplands.
Government support for further afforestation was however maintained, with the
introduction of the Woodland Grant Scheme which replaced both the Forestry
Grant Scheme and Broadleaved Wocdiand Grant Scheme and incorporated
substantially improved planting grant payments. To help reduce agricultural
proeduction, especially of cereals, new planting of up to 36 000 ha over a 3 year
period on better quality land was also being encouraged through planting grants
and annual payments in the Farm Woodland Scheme.

Despite this commitment to further new planting by the Government,
confidence in ferestry investment has been shaken and with the FC restricting its
new planting programme to arcund 5000 ha per year rales of new planting are
expected 10 decline dramatically over the next few years to less than halif of the
average rate of the last decade. Considerable uncertainty therefore prevails in all
sectors cf the forest industry cver future planting rates and new investment in
downstream processing couid be threatened.

The attractiveness of any investment in forestry is determined by a wide
range of factors which can include the general location and amenity of the land
and its wildlife or sporting potential. In the context of commercial forestry schemes
the decision to invest is underpinned by the likely financial return on capital
invested. The returns available from a forestry crop are determined in part by its
physical performance in terms of growth rate, windthrow risk and ease of
establishment and by economic factors such as establishment and harvesting
costs, purchase price of the land, timber values and planting grants.
Environmental and agricultural constraints on land use change to forestry can
have a major impact on forestry investment Opportunities by restricting the area of

land available for afforestation and by preventing or delaying planting grant
approval by the FC.

The purpose of this paper is to review the major physical, economic and
environmental factors which influence torestry potential in Scotland, and to
describe a methodology for assessing the prospects for forestry investment with
reference to a case study on the island of Arran.



FACTORS INFLUENCING FORESTRY INVESTMENT

Fhysical Potential

The growth rate of the timber crop has the greatest single influence on physical
forestry performance. The major environmental factors influencing tree growth in
Scetland are tepographic exposure, temperature, soil type and rainfall. In the UK
the classification of growth rate is based upon the estimation of yield class
(Roilinson 1986) which can be defined as the maximum average annual rate of
voiume increment for the crop expressed in m3ha'yr (Edwards and Christie
1981}, The risk of windblow in a forest crop can severely reduce financial returns
oy curtailing thinning programmes and forcing premature clearfell. Crops
exposed to strong winds and pianted on poorly drained soils such as peat are
maost at risk. Ease of establishment influences both the costs incurred in the
investment and the initial growth rate of the crop. Establishment difficulties
inciude vegetation control, particularly of heather, infertile soils requiring
fertilisation and browsing damage by red deer.

Financial Appraisal

The real Internal Rate of Return (IRR) for a forestry investment is defined as the
real interest rate which equates the Net Present Value of the cost (establishment,
land, management and maintenance) and the revenue (grants and timber)
streams. The most significant components of the cost stream are establishment
operations (ploughing, planting, fencing, etc.) and land price. The price of land is
dependant on its value for alternative uses, which in Scoctland is normally
agriculture. Planting grants and timber represent the two major sources of
revenue associated with a forestry investment. Under the Woodiand Grant
Scheme conifer planting over 10 hectares receives a grant of £615 per hectare
payable in three instalments during the first 10 years. Annual payments for the
first 20 years are also made in the case of the Farm Woodland Scheme (FWS) for
conifer crops. Planting under the FWS restricts the total area that can be planted
to only 40 ha and the scheme has a correspondingly limited application to large
scale afforestation. Revenue from timber, which is a function of timber volume
and price, can be obtained from thinnings and at clearfell. in forestry investment
appraisal, estimates of future timber volume are based on predicted yield class
{Edwards and Christie 1981) and timber price estimates based on the Forestry
Commission's long run price model for standing sales. Conventionally, timber

price is assumed to remain constant in real terms over the rotation period (Busby
and Grayson 1981),
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Land Availability and Planting Grant Approval

New forestry planting does not require planning permission but the FC can, by
withholding grant payment from the forestry applicant, deter planting or ensure
modifications to plantation design on environmental or agricuitural grounds.
Forestry planting without planting grants is pessible on land where there are no
legal constraints such as apply to Sites of Special Scientific Interest {(SSSI's) and
crofting areas but returns to capital are censiderably reduced and it is estimated
that over the past decade only 1% of total planting has been carried out without
grant aid (FC 1989). The FC carries out direct consultation on individual planting
grant applications with various relevant interests. These include: the Department
ot Agriculture and Fisheries for Scotland (DAFS) where new planting is proposed
cn prime quality agricuitural ground (Land Capability for Agriculture (LCA) Class
1, 2 and 3.1) or on land of importance to the local agricultural economy; local
planning authorities in areas of particular sensitivity in respect of conservation
and water catchment intarest; The Nature Conservancy Council (NCC) in respect
of applications falling within a National Nature Reserve (NNR) or SSSI; The
Scottish Develcpment Department (SDD) on all sites of scheduled Ancient
Monuments; and The Countryside Commission for Scotland in respect of
landscape and amenity considerations.

Investment Demand

The viability of a forestry investment depends con the ability of the potential
investor to bid a higher orice for the tand than other competing users such as
agriculture or sport. For forestry a theoretical bid price for iand (Expectation Land
Value) can be determined from the discounted cash flow at a specified rate of
return (Busby and Grayson 1981). Knowledge of investment demand is required
to identify what this rate of return might be. The highly taxed individuals
prominent in new afforestation prior to 1988 will no longer find forestry attractive
{Crabtree and Macmiilan 1989) and there is little experience of the post-1888
investment situation to identify potential forestry investors. Any planting that has
been carried cut since the budget changes in 1988 has been small scale or carry
over from planting schemes approved before 1888 and sti| eligibie for tax relief.
The largest group of potential investors are, however, likely to be untaxed
institutions and in particular pension funds. In the past, these have been active in
new planting to a limited extent but could be atiracted to forestry if returns were
sufficiently favourable. To be considered an attractive investment forestry is
normally required to exhibit a premium over index-linked government stocks
because of its less favourable risk and liquidity characteristics. The return from
long-term index linked securities in 1989 was 3.6% (CSO 1989) and therefore a
return of around 6% would seem necessary to attract new forestry investment
(Crabtree et al. 1380).



THE POTENTIAL FOR NEW PLANTING ON ARRAN

Arran is an island located off the south-west coast of Scetland cevering an area

of approximately 425 km2. It is a particularly useful location for a forestry
investment appraisal study since it combines a favourable environment for tree
growth with a complex range of factors likely to influence the transfer of land to
forestry. The island has seen considerable planting activity primarily by the FC
and almost one quarter of the island is now affcrested or has been approved for
planting. The most extensive forestry planting is found in the south of the island
on what was previously hill sheep ground.

The assessment of further planting opportunities on Arran was based on a
three stage approach:

(1) Define the available area for afforestation based on known land use
constraints

(2} Assessment of the physical and economic potential of new planting

(3} A review cof the factors most likely to influence new investment.

Availabla Area

Only 28% of the istand is considered to be available for further planting due to
environmental and agricultural designations or because it is aiready afforested
(Figure 2). Tourism is the most impaortant industry to the economy of Arran (CDD
1988) and its popularity is based primarily on scenic quality and opportunities for
hiking and cycling. The northern haif of the island, which is dominated by high
mountain ranges, is also highly valued for conservation and is protected from
afforestation by a series of conservation designations {Arran has 1 NNR and 8
SSSis). Quality agricultural land on Arran is rare but the best of it (LCA Class 3
and 4), scattered around the coastal communities, is considerad worth protecting
to maintain the dairy industry and safeguard the future of the island's Ccreamery
{CDD 1988).

Forestry Potential

The forestry potential of land still available for afforestation was determined using
physical data assembled within a 1 km point database. These points were used
as the input data to a forestry investment model (Macmillan and Chalmers 1990)
which identifies the preferred species, yield class, windthrow hazard class (Miller
1983) and the maximum IRR. Guidelines for yield class prediction were based on
Worrell (1987) adiusted for local conditions. Timber prices were cobtained from
the Forestry Commission Average Timber Price size curve for Scotiand (87/88)
and establishment costs based on private forestry figures for 1987/88.

Four categories of forestry performance were recognised; Good {IRR>8%),
Moderate (IRR 8-9%), Poor (IRR 3-6%) and Very Poor (IRR < 3%). The individual
performance at each location is shown in Figure 3. These categories were then



mapped based on a series of decision rules derived from the forestry
performance/site relationship at each location using the 1:250 000 sail unit as the
basic mapping unit. The mapped units are shown in Figure 4,

The general pattern of fcrestry performance exhibited in the study area is
typical of western Scotland. In the more sheltered lower slopes and river valleys
higher temperatures and greater topographic sheiter resuit in high rates of
predicted growth, lower establishment cost and more stable crops. As aititude
increases however, forest potential diminishes due to greater exposure, lower
temperatures and more infertile scils. There is also a general trend of improved
forestry performance from west to east due to diminishing exposure 10 salt-laden
westerly winds. For most site conditions Sitka spruce was the most suitable
species.

On Good forestry land yield class will often exceed 18 m3halyr' and
windthrow risk will be low. Cavering roughly 7% of the study area, this fand is
mainly located on the bottom and lower slopes of well shaitered valleys on the
eastern side of the island, such as Benlister Glen and the hillsides between Glen
Cley and Glen Shurig. Moderate forestry land includes sites capable of an

average yield class between 16-18 m*ha''yr' and covers appreximately 28% of
the area. Poor forestry land has an average yield class of between 12 and 14

m3ha-lyr'. Windthrow risk is high and short rotation, no-thin harvesting
schedules would prevail. Land in this category includes peat or peaty soils on the
mere exposed siopes and hilis at elevations in excess of 250 m where Sitka

spruce is often grown in mixture with lodgepole pine to overcome nutritional

difficulties during establishment. Very Pcor forestry land occurs on land capable

of sustaining only low rates of growth (yield class less than 10 m3ha-tyr!) or
which is technically unafforestabie due to rockiness or hagged peat. This land
generally occurs at the highest elevations within the study area.

Other facters - often site specific and not identified by the data in the
investment model - have also to be taken intoc account when considering
investment potential. For example the strip of land along the nerth east coast has
Good ferestry potential but is unlikely to be attractive to any investor due to poor
access (no road) and operational difficulties on ploughing steep siopes adjacent
to the sea. The narrow coastal strips along the east coast are also less attractive
due to their awkward shape and terrain and the presence of large areas of
natural scrubland.

Investment Potential

Poor and Very Poor land categories could not be purchased at any price for
forestry on the basis of a 6% return since the Expectation Land Value (ELV) is
negative. The average ELV for Moderate land is £260 per hectare and for Good
forestry land £1400 per hectare. Most of the land within these categories is hill
land and land price at the time of the study was around £75-200 per hectare
depending on quality and maintenance. Land price is therefore uniikely to inhibit
investment on better forestry land.
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There is however no clear evidence of a reemergent demand for pianting
land on Arran by the private sector. In addition, the FC which was responsible for
the majority of new planting on Arran in the past is now less active due to a
cutback in their national planting target to around 5000 ha per year. The FC cwns
substantial areas of unpianted ground within the study area but this is generally
of Poor or Very Pcor performance and unlikely to be planted particularly since
environmental issuss relating to water quality and conservation would have to be
addressed. Land acquisition for new planting on a smali scale may however
continue particularly if the property directly adjoins existing FC plantations.

Land use change to forestry will not necessarily occur even should a
forestry investment give a satisfactory return to capital. Agricultural tenancy or
partnersnip agreements and naticnal or European Economic Community (EEC)
agricultural programmes, for example, can present difficuities for land transfer to
iorestry as can envircnmental concerns and personal preference of the seller.
Thirteen of the major landowners and farmers within the study area were
interviewed to obtain information on land tenure, land ownership and the
likelinood of land sale to forestry interests. The majority of the study area is
tenanted to two principal landowners. Tenancy agreements prohibit afforestation
by the tenant but permit the landlord to resume land subject to a set of tegal
procedures and financial compensation. Nearly ali of the study area is also in the
Scettish Islands Agriculture Deveiopment Programme (ADP). The programme,
which is part EEC financed, aims to improve the agriculture of islands subject to
structural or infrastructural handicap. It provides grant aid for farm development,
environmental measures and livesiock improvement. Its effect will likely be more
long term however, since many farmers are using the finance available to
improve the infrastructure of their farms to allow expansion of output after 1993,
(intensification being prohibited during the life of the ADP). Resumption of
tenanted land within the ADP by the owner for afforestation will therefore be less
likely since the scheme will lead to fixed capital improvements and higher
incomes and would necessarily involve the landlord in higher levels of
compensation and the loss of increased rental income. Agricultural incomes are
in many cases also supported by diversification into non-farming activities such
as holiday accommodation and off-farm jobs and it is unlikely that the financial
situation of mest farmers will deteriorate sufficiently in the near future to cause a
significant area of land to come on the market.

Land transfer to forestry in some locations within the study area is further
complicated by an intensive distribution of archaeological sites including
standing stones and burial chambers {(cists). Grant approval would necessarily
involve the prospective seller of the land in protracted negotiation to safeguard

the archaeciogical sites and in all likelihood the loss of substantial plantable
area,



DISCUSSICON

Since the budget changes of 1988 investment activity in forestry has lost
momentum anc it seems unlikely that, regardiess of the economic advantages of
forestry in many areas over other land use activities, much new planting will
occur on Arran or in the rest of Scotland in the near future. Government support
for the industry is still streng however and should investment demand increase
there are substantial areas of tand with forestry potential. It is difficult to predict
what the trigger for renewed investment activity might be but institutional
investors such as pension funds may revive their interest if land price falls; the
land itself seen as a good investment. A fall in agricuttural land price may occur
due to changes in support levels for hill ewes but the specific effects of
adjustment of agricultural policy in the hilis and uplands are difficult to predict. It is
questionable whether raising grant support for forestry by the government is a
feasible route to encourage external private investment since grant support
already covers more than 50% of the total cost of estabiishment. Further
increases would reduce the contribution of private capital to a relatively small
proportion of the total cost and this could lead o considerable public concern
over the use of public funds for private profit. The reduced net outlay of capital
would also encourage institutional clients to invest in fairly large scale
afforestation projects to ensure a satisfactorily large expenditure to optimise fund
management efficiency (Taylor 1989). Large scale afforestation is however
difficult in many areas of Scetland due to environmental and agricultural
restrictions. Increased grants would, on the other hand, increase new planting
among farmers and traditional estates with spare land available.

The decision to make an investment in forestry is often based on a compiex
range of factors which can be unrelated to crop performance and are often site
specific in nature. The objectives of landowners, for example, are central to the
question of future availability of land for forestry. The aceurate prediction of where
new forestry planting may occur in the future at regional or national levels is
therefore complex. The approach to modelling forestry investment potential
adopted in this paper gees a considerable way toward identifying where new
planting might occur based on praedicted crop performance and financial yield.
Areas unlikely to be afforested on the basis of very low IRR or land use
constraints can also be identified. The investment model can be applied at local,
regional and national levels utilising physical information held within the
Macaulay Institute's Land Use database and has obvious value to policy makers
interested in forestry potential.
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THE DYNAMIC TRANSITION MODEL

A tool for forestry planning and valuation

Hans A, Jobstl

Professor of forast economics
Universitédt fir Bodenkuttur
Gregor Mendei-Strafie 33, A - 1180 Vienna

INTRCDUCTION

In economics models are of major theoretical and practical importance. They constitute the
preliminary stage of theory formulation, serve as useful clarifying instruments and are an es-
sential tool for establishing forecasts and assessments. In practical decision-making, the main
purpose of models is to analyse and evaluate alternatives by means of anticipatory determina-
tion of possible consequences. Beside this, they are of major significance in teaching {thinking
in terms of systems and interrelations).

Thinking of forest management from a business point of view, a model which includes the
forest assets could be based on the following conception of a forest enterprise: factors of pro-
duction, such as a forest (land and stands), labour and know how are invested, combined and
transformed into products and services with the help of nature (see Table 1), The resultant out-

put is either scld on the market or consumed by society free of charge (infrastructural functi-
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Table 1: Transformation processes in a forest enterprise (JGbstl, 1873)
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ons} (external output), or reinvested as long-lived assets, such as growing stock, seif-
constructed tuildings and roads, which in turn become an input for the following period (internal
output). Time is the most important dimension. All things have {o be seen in the course of time.
The time continuum can be divided into segments {periods: a year, a decade). Plans, reports
on execution of activities, physical and financial statements of account and - at certain dates -
inventories are prepared for these time segments: as business management plans mostly for
one year, in forest management as medium-term and long-term plans mostly for a period of ten
years. They are both closely interconnected like communicating vessels.

Forestry activities are goal-oriented. We may distinquish between forest state objectives
and output objectives (the business management cbjectives in the narrower sense). The ob-
jectives are muttiple and interlinking with regard to content and time. Qutput objectives have an
impact on forest state objectives and vice versa. This is true for the short-, medium- and long-
term perspective. Timber production involves a long time span between input and cutput. Tra-
ditional accounting methods take into account forest-related changes and actual-state parame-
ters very inadequately.

The future performance {increment, yields, etc.) of a forest estate will mainly be determi-
ned by the forest structure as a key characteristic (age-class distribution, volume of timber gro-
wing, species, site class, degree of growing stock, state of health etc.) and by the future mana-
gement activities.

Because of the long time span between input and resultant output any evaluation of a fo-
rest enterprise and of silvicultural measures and strategies must be seen in a long-term per-
spective. Input/output reiations have to be considered explicitly.

ACTUAL STATE - TRANSITION - TARGET STATE

Table 2 outlines the actual state of a management unit, a distant target state and, in bet-
ween, the transition period with its periodical results (output objectives). Analogously, one may
define interim forest state targets for the end of each time segment. The ACTUAL state is de-
termined by forest inventories, the TARGET is predetermined by establishing objectives and
plans; QUTPUT resuits of the transition period must be ensured.

TRANSITION PERIOD -t

Time Segments t

e 06050 e e o @t
- | 1 |

| i | Lo
ACTUAL INPUT /J OUTPuUT TARGET
state Jrjecuves per Time Segment {Balance of Raceipts and Expenditure; state
retative lhare in Ovarall Financial Excess; Volume of Timber Felieq)
BEAL Agditional Constraints {Ugper Limit of Pegeneration Feliing, DESIRED
specific stimsrum of Infrastructural Benefits), Lower Limit of Structure of
Management Unit Average Age and the Asset Value of the Forest Management Unit

Table 2: Scheme of a sustained yield model in forest management (J&bst! 1973)



This table dlustrates a conceptual framework for developing the "forest estate” system over
time. Instruments for its quantified computation (in a model) are LP-models and simulation.
The so called "utiization plan” is of focal importance. Taken in the widest sense, it embraces
the advance and final fellings in the course of time and all other production measures and is
reflected in parameters such as size of area to be treated, volume of timber harvested, labour
and machines requirement, returns, expenditure, ang profit contribution.

MODELS AND CALCULATION EXPERIMENTS

Chbjectives are the guidelines which provide orientation. The means (strategies, measures)
to arrive at this aim  are t0 be scught. Conceptually, we are dealing with a question of "What
happens, if..." (IF-THEN). There are basicaily two types of questions to be distinquished:

1.) given: actuai state plus strategies/measures (IF)
wanted:  target state plus external output (THEN)

2.) givem: actual state plus target state (iF)
wanted:  the means {measures and external output) to arrive at the aim (THEN]).

The target state can be studied statically in its structure and future output by means of the
normal forest model or its modified forms, which have been adapted to reality. This study will
provide information cn average values of growing stock, annual increment, feilings (yields),
contribution margins, and net income per hectare. These parameters are measures for the su-
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Figure 1:  Normal forest management class (Rotation period = 110 years)
Results of 2 variants: (with and without game damage)

1N

Parameters {values per hectare)  with DAMAGE [W]| wo. DAMAGE [R]
GROWING STOCK cum u.b. 245 257
INCREMENT / year cum u.b. 7.0 7.1
Final felling volume / year cum u.b. 48 7.7
Advance felting volume / year cum u.b. 2.4 2.4
TOTAL FELLING VOLUME / year cum u.b. 7,0 7.1
Eontibition margin acvance oot year A3 # o8 >45
TOTAL CONTRIBUTICN MARGIN / year AS 3.131 3.669
NET INCOME / year AS 1.131 1.8689
VALUE {stumpage vaiue) AS 89.000 104.000
PRESENT VALUE of net returns (4%) AS 28.275 41,725
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Table 3: Resufts of two simulation variants created by Forest Management Class Simulation
FOBS! (with continuing game damage {W) and after reduction (R}), Jobstl 1978, 1987



Figure 2: Transition modef - Results of 2 variants (Transition period = 120 y.)

..E‘.\.\“ e v

.".
,Q_\;;. rme—m A -
i H S S
FE- Ay .
N
i N
VS S RO

Variants
Parameters (values in AS per hectare)  with DAMAGE {W]| wo. DAMAGE [R]
AVERAGE TRANSITION years  1- 40 3347 | 3.337
FINANCIAL PERIOD (M years 1-120 3.227 3.448
CONTRIBUTHON
MARGIN (FCM) after T (1=120; normal forest 3.13% 3.65%
: 1
PRESENT VALUE | ty i Interest rate (IA) 4% 83.874 B4.684
OF FUTURE FCM i(time preference) 2% 164,300 171.200
| {dynamic sum i |
. according ' typg  |interestrate (IR) 4% 78.275 91.725
io Krieger) i i (time preference) 2% 156.550 183.450
- COEFFICIENT of economic 2interest rate {/H) 4%, 3.358 3.387
. performance capacity {time preference) 2% 3.286 3.424
: |

in practice we are not managing a normal forest, but a real one, which is subjected to dy-
namic change (¢f. Gerold, Kiraly, Kouba, Kurth, Mdhring, Suzuki). Seen in terms of business
management, we are therefore primarily interested in the fransition period and its output. The
transition phase from ACTUAL to TARGET is to be analysed over time (dynamically). It is cha-
racterized by an originai state and different transitional situations (states, events, interferences)
and the changes thereby effected. The results allow for a deduction of objectives and mana-
gement patterns over time.

The results of both analyses together determine the output of a specific management unit.
The actual value of a management unit must be derived from the future results during the peri-
od of transition on the one hand and from the normal forest model on the other. Depending on
the course of the graphs of the relevant parameters and on the given time preferences (rate of
interest) different forest values will resuft (see Fig.2).

Totaloutput O =

tot

O(N) + O

QM) sustxined cutput after end of simulation (derived fom normal forest moced)

O(T)...output o ransition penod (denved rom dynamic ranstion meded}

By means of a simulation model one may determine the values of the relevant {physical
and monetary, actual-state and output} parameters in the transition period (Tabie 3). Their de-
velopment curves over time are taken as the basis of valuation and assessment of alternatives.
From the output parameters which have been evaluated in monetary terms [atiributing moneta-
ry values (value ratios) to physical state and output variables is necessary in order to render
different timber species, grades and qualities, costs etc. comparable and thereby addable] one
may calculate net present values by way of discounting (interest rate as a measure of time pre-
ference). This discounted value represents the present worth of forest returns {assuming, of



course, stability of price and costs over time). The curves of "financial contribution margin" and
its discounted value show remarkable differences (see Tables 3, 4).

Table 4 gives examples for question type 2: different ways (represented by three different
felling rate formulas) to attain a predetermined target. Note: Although the total results in the
overall transition period are aimost equal, the felling strategy variant No. 3 reaches onily 77% of
the discounted present value of forest return of variant No 1.

By using a computer models can be calculated in several variations. 1t is, for instance, pos-
sible to account for uncertainties and risks such as calamities, timber price variations, forest
damage ... in the simulations. Calamity variables can be estimated on the basis of historical da-
ta, risks can be deiineated by calculating optimistic, probable and pessimistic variants.
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1000 AS/ha AS/halyear
100 45 PR
& Var 1

5 Ve 1
[

LU

' . P e

o Var 2 '._‘,f"/ L.t
a8 - W
aoia- Pl

s//

768F var 3

| . .
70 -
Q W WK e 0 S0 T0 8¢ 0 WO W 120

Time from Pregsent (years} 10-year Periods

Table 4: Comparison of three simulation variants created by FOBSI (different felfing rate strategies,
identical actual and target state)

USEFULNESS OF THE MODEL
There is a wide range of applications for the resuits and the model, i.e.:

1. Forest valuation: Valuation of the actual forest state on the basis of future output
(returns) (= discounting of the financial yield series plus additional evaluation of other target
components against their long-term development).

2. Evaluation of plans as a basis for decisions: Design of alternative utilization plans
and their evaluation as a basis of medium and long-term pianning; analysis of long-term strate-
gies; examination of plans as to sustained yleld; complex reguiation to ensure sustained yield,
taking account of a variety of factors. Other management functions (purchase, funding} and fo-
rest social benefits can be - at least partly - included and evaluated, and accounted for as con-
straints {e.g. species distribution).

3. Identification and specification of objectives: Apart from evaluating plans and long-
term strategies (e.g. game and peeling), identification and specification of objectives is facilita-



ted. Developments and correfations {cause-effect) are clearly depicted, which paves the way
for a decision as to which aims and results to strive for (sustained financial yield, supply, reser-
ves, growing stock atc.).

4. Tralning of foresters in better understanding of the forest enterprise (thinking In
terms of systems and long-term cause-effect relationships): Models of this kind illustrate
the relationship of forest management and business management in an enterprise and their re-
fation 10 other management functions: e.g. the effects of different felling rate formulas (as fel-
ling strategies) on growing stock, incrcement, harvest, forest value; the probiems of short-term
budget-oriented thinking (implementation or omission of cultivation and tending measures; fo-
rest damage; over-cutting and under-cutting) and their long-term economic effects. Such illu-
strations promote long-term thinking in terms of sustained yield which is geared to the needs of
a forest enterprise.

5. Advancement of the theory of management class and normal forest: This advance-
ment is the result of the elaboration of individual "normal” management class modeis (with a
positive skew) which are closer 1o reality {the target forest is an improved version of a normai
forest model) and of the dynamic transiticn model. The latter illustrates transitions from the real
to the target forest, the time dimension of all forest management actions and resulis, as well as
the opportunities and probiems to be expected for the individual enterprise.

6. Medlum-term performance analysis of the forest enterprise: Determination of
forest-state changes over the medium term by means of two forest state inventories; assess-
ment of physical and manetary performance capacity. Comparison of target and actuai forest
state, identification of deviations and analysis of causes.

CONCLUSION

The presented dynamic transition model most clearly illustrates the relation of forest ma-
nagement planning, which is usually directed to physical parameters, and forest business ma-
nagement, whose criteria of evaluation are based on economic rationality and financial targets.
This model is of equal importance for both discipiines. Business management considerations
which fail to include the resuitant changes in the structure of a forest do not make sense and
will lead to misdirected judgements. The model helps to overcome the problem of inadequate
accounting for the most impontant forest asset, i.e. forest stands, in bookkeeping. However, fo-
rest management can be only part of medium- and long-term economic planning in forestry.
This ranking of subjects is not a question of delimiting disciplines and their representatives, it
i5 a question of holistic thinking and global approaches from a system-oriented point of view.
As subjects, both disciplines are equally legitimate and important; in practice, however, they
must not be dealt with or impiemented to independently of each other.

ABSTRACT

Forest management and business management perspectives meet in particular in medium
ang long-term targetting, planning and performance evaluation. Specifying objectives and en-



suring a sustained yieid require a prospective analysis of possible future developments of
an enterprise (long-term simulation of operations). Static and dynamic sustained-yield models
for management classes are the key element.

The actual forest state is compared or conceptually reiated to the normal forest modet or
its sub-forms, which have been adapted to reality {positively skewed age-ciass distribution, va-
rying stocking density, different species distribution and yield classes). By means of normal fo-
rest model calculations it is possible to analyse management alternatives (rotation cycies, culti-
vation measures, thinning intensities, game densities etc.), to establish yield forecasts and to
perform evaluations. The transition phase from the current state to the normal or target forest
state is to be illustrated and calcuiated in a second modei - the dynamic transition model.
(Note: It is appropriate to attribute monetary values to physical actual-state or output parame-
ters, in order to correctly depict the economically relevant relationships between different ob-
jects relative to the objectives.) The resuits derived from the transition pericd are both the basis
and measure for pian evaluations and management (class) valuations. Taken together, the
"normal" and the "transition” model supply data for strategic decision-making (ptan alternatives
and forecasts of their impact) and evaluation (management, fcrest estates,etc.). In this paper
the basic ideas underlying the concept of the transition model, the possibilities of formulation
and impiementation are presented, and illustrated by examples.
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SIMULATION MODEL OF ALLOWABLE CUT ESTIMATION
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Summary

In Crechoslovakia the cutting inder for the maragement clags
is computed as the sum of products of individual velumes of age
classes and corresponding cutting percentage which are tabelated
according to duration of regeneration period.

The development of the age structure can be expressed as a
stochastic process using Markov:s chain charactericed by a tran—
cition matriux,

The result of thig solution is the simulation meodoel of ths
cutting intensity in the ace degr=e according to the probability
thegry, zo as to reach the stationsry wector "a' representling a

normal proportion of age degree in the shortsst posgible time.

1

Faywords: Yisld regulation, index of vield rea., allowable cut.
Froblem and aim of work

The yield indexes are of grezt importance for the #egulaticm
oT the allowable cut because they matsrialize data on the yield
possibilities of forestzs fTrom the viewpcint of permanence and
evenness of vields. The inderes of final cutting are of decisive
importance for the natural reproduction of the forest resource.

Most of the present indexes of the allowable cut follow from
the clascsical theory of a normal forest which assumes a trouble-
~free development of standz and their populations. In reality the
planned activity of forestry is interrupted by natural and anmtro-

pogene  factors which influence negatively the forest functions
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which results e.g. 1n zsalvage cuttinge. Therefore, 1t is reaso-
nahle to consider the vield indexes derived in  accordance with
the calculus of probability.

The aim of the work is to investigate and evaluate the met-
hod of regulation of the allowable cut inm the Crechoslovakia ba-—
sed on the volume inderes and ithe method of regulating the allo-
wable cut according to the calculus of probability.

Basic material and selected procesczing methods

The selected euperimental object was the School Forest En-

terprise of the Umiversity of Forestry and Woond Technology in

Ivolen, the category of commercial forszsts with the total aresa of

The =valuation of individusal methods aims at two main congi-
tions which are tec be fulfilled by the methods of the regulation
o the allowable cut:

- maximum wtilization of the garowking stock 1In maturs stands,
- long—-term evenness of vields.
Hethod of regulation of allowable —ut In the (zechoslovakia

In the Czechozlovakilia the areal framework of vield regula-
tion iz the forecst esstate in which the index of vield regulation
is enlved according o manasement classes and the evenness of of
vigelds within the framework Df the forest categories (Commercial,
protection and special-purpose Torests).

The index of vield regulation for the management class re-—
presents the sum of multiples of the arowing stock of separate
age degrees and the corresponding vield percentage in dependence

on the length of the regeneration period and of the rotation

U = Vi o« c5i . 100-1 (1)
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whers U - index of final cutting
V, - growing stock of separate age degrees
z; — vield percentage of the corresponding age degree

The indewves of vield regulation Ui, Uz, Uz are calculated
for the three following decades from the growing stocks Vi, Vaz
and Vz. The expected growing stocks for the Ind and Zrd decadss
are ralculated for the Sth and clder age degrees according to the
formula

Yigy = V,-C + 1 or Vigr = (Vi=Cr ok (2
where bk — coefficient of the expected growing stock.

The formulas for balanmcing the allowable cut

Cy = v.lUy + v=Us + vzlz + voEe

Ep = {Ugy + Us + Uzy = 5 (7))

vhere £33, Ez, £z - allowable cut of the ls<, ¥nd and 3rd decads,
Vi, Ve, vz — welights of indexes of yvield regulaticon for the
let, 2nd and Zrd decade
v — weight of the allowable cut of the last decade.

Hethod of regulation of allowable cut based

o
3

the calzulus

r+

of probability

The caleulus of probablility applied to the problism of a nor-
mal forest has been most wiﬁely elaborated abkreoad by Suzuki, T
{1983 and the given literatures), in Czechoslovakia by Kouba, J.
{1983 and the given literature).

Eecauvse the age structure of the managsment claszs is depen—
dent on planned and incidental (salvage) fimal cutting, its deve-

lopment &as an  incidental process may be esupressed by means of

Markovis chain characterized by the matrix of fransitiom probabi-



1ug

ity F.
Normal representation of age degres, i=z line vector with
elements a:, a4z, +.«.« &n
a = lim pfi®) Pt = aFf (4}
t Ty o
The decade allowable cut per ! ha is calculated according to
the Tormula:
Ey = pitor , PW-1 , PT11) {3
ard the normal one according to the formula:
Enh = a . Vgg . FT 1D (&)

Normal clearing to the formula:

Gﬂ = gPtit} = a4 {71
where Vas ~ diagenal matris with elements of the vector VY
PTiiy - first colour of matrix P

T

-
1E

[HH

cluticn of tasks may pe carried cut based on data which
are found 1n the elaboration of forest management plans lares.
growing stock according  to age degrees) and  from the evidence
(realized planned and incidental cuttings), or by the adjustment
of these data in dependence on s3e.

Sumarisation of the obtained reaulté

a) The method of regulation of the allowable cut accordimeg

4

ta volume indexes determimed by the utiliration per cents aims at

i

the maximal utili:aﬁimn of the growing stock of mature stands, at
simultaneous ensuring of the continuous development of cuttings.,
Therefore, the allowable cut derived in accordance with wvolume
inderes for individual management classes 1s balanced for the
three following decades within the framework of the category of

the forest and compared with the mean annual increment at the age
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of rotation (FRF) and the area of & normal clearing (Byl. Graphi-
cal 1llustration of values of indexes of vield regulation U;, vo-
lume allowable cuts Evi, as well as their comparison with final
mean annual increment (FRF)Y and 1/20 volumes of last 3 age deares
(1720 V) 1 in Fig,. 1.

The indexes of vield regulation Ui, Uz, Uz show a areat
fluctuation 1in the following decades resuiting from the age
structure of the considered management class. On the other hand,
the differesnces of the balanced volume and areal allowabhle f;nai
cuts £+, Ez, Bz are acceptable from the viewpnint of the halance

of cuttings in the future pericods.

A adequate balance of cuttings is considered to be  the

‘-f-;,-. memememe .—;—t — et

ferences Exceeging 10 % in comparison

44

Taermdsrndd oo -
PRETE N AR LS RS S

£
with the preceding period.

£y Tue to fthe effect of injuricus agents & certain part of

the pre-mature stands of separate age degrees decreases, +h

11

0

being sxpreszed by the area percentage or oy growing stock. ThHe-—
refore, the planned and realiced area of final cutting, as well
as the part of the areas of incidemntal final cutiing during +the
gecennium are transferred into tohe first age degree. The proba-

le cshare of theze incidental cuttings may be differertiated ba-

[E]]

zed on experience and from eviderpcs.

An dmpertant results is the calculation of vector "a" which
represents normal relative representation of age degrees and its
first member may be considered as the cbiesctive index of a normal
clearing.

The results of the calculation of the allowable final cut

within the three folliowing decades show that the differences bet-
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ween separate decades are very large and thatthey exceed the gi-
ven limit 10 per cent of the deviations of the allowable rcut
during separate decades.

z) The elimination of differenrces of indexes of allowable
final cut during the feollowing periods is possible sither by
their balancing for severasl decades which is dome  in the method
used in the C5FR or by the correcticon of the area of the regene-
rated stands by a quantity dependent on the age structure of the
management class. Surh a guantity 1s  the staticnary vector “av,
its element as being the obljective inde:x of a normal clesaring
which 1s dependent not only on the plammed fTinal cutting in matu—
re stands but also on the =salvage final cutiing from the younagesr
age dedrees.

The practical use of the normal clearing calculated in
accordance with the calculus of probability Zomsists in the fack

tial vector of aresl recresentsation of fourest

WS

that in the in

;

trees according to age degrees the vield sharess aro determined =

it

means of utilization per cents, the =um of vield shares bsin

[ia ]

compared with the element of vector ai. Two Cases may occur:

f

if the element a: is zmaller than the sum of 21! vield shares,
these are graduzlly summed up from the oldest age degree to Lhe
younger ones up to the age dégree in  which thes sum {including
yield shares of premsature stands) eucesds the value ag: the
difference 1s fransferred into the following decade: b i1t the
element a; is larger trhan  the sum of all vyiz=ld ¢hares, this
difference is completed from the ause degree which hasz *he highest

representation in the regenerated stands: the regidue is trans—

ferred into the further decade. OGraphical illustration of the
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course of  the decennial fimal cutting according to the calculus
of probability without and with the correction by the element of
vector ai is given in fFig. 2.

Discussion

The method of regulation of the allowable cut based on volu-
me indexes utilizes in a maximum way the growing stock of mature
forests by means of the utilization per cent. The solution is ba-
sed on the distribution of growing stacks according to age. 0On
the other hand, the balancing of indeves for throe decades ensu-
res the requiremsnt of an  adequate balance. & shortage is the
small welght being attributed to imductive allowable cut and 1its
=yrnchronization with the deductive method,

The method of yield regulation based on the calculus of sro-
bability makes possible the comples solution of the yield regula—
tion, as welil as the calculation of further guantities on mathe—
maticsl basis. In comparison with +he preceding methods it takes
into consideration the influerce of rcalamities in younger age de-
grees on the area of the first age degree. Thiz method solves the
long—term balance but in +the far future (ssveral production pe-—
riods) . The proposal for inmtroducing an obisctive Galancing guan—
tity dependent on  the age structure of the management claes was
investigated. Such a gquantity is  fthe ctatiomary vector Yan whose
first meaber &y i the limiting index of the area of planned and

incidental regeneration of forests. Moreover, ocwing to the zgs

Hil

unavenness ot the management classes  and complexes of stanmds and
to the possible losses of stand production in the lazt age de-
grees the deviation from this index 45 to 10 per cent may be con-

csidered as reazonable.
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OPTIMAL CONTROL THEORY APPLIED TO JOINT PRODUCTION
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SUMMARY

Renewable natural resource systems ofien represent examples of joint production.
Optimal control theory (OCT) is employed using the linear variational method to derive the
general solution to a two-output joint production problem with the objective of maximizing
revenue. The general solution is applied to a timber-forage production problem. The
results indicate that OCT can successfully solve such problems. The functional forms of the
solution provide insight into how changes in parameters will influence the optimal joint
production systerm,

Keywords: optimal control, linear variational method, renewable resources, joint
production, timber-forage.

INTRODUCTION

Forest systems almost always generate muitiple renewable outputs. Generally, this
joint production involves competitive tradeoffs between the outputs. In a dynamic context,
there are an infinitive number of joint production possibilities. Searching for optimum
dynamic production systems has been the topic of numerous mathematical modeling efforis.

Several modeling techniques have been applied to dynamic renewable resource joint
production problems. Multi-period linear or nonlinear programming are two of the most
common approaches applied in forestry (Johnson and Scheurman 1979, Haight 1983) and
to agriculture problems (Hazel and Norton 1986). Dynamic programming has been used
extensively (Burt 1982, Brodie and Kao 1979). Optimal control theory (OCT) would appear
to also have potential for application but has primarily been applied only to single resource
problems such as timber (Sethi and Thompson 1981, Clark and Dupree 1979, Rapera 1980,
Cawrse et al. 1984, Haight et al. 1985), fisheries (Clark and Monroe 1975}, and water vield
{Fontane et al. 1981).
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Fhe purpose of this study 15 to investigate the application of OCT to a two-output
joint production renewable resource problem.

GENERAL OCT FORMULATION AND SOLUTION TO A TWO
OUTPUT JOINT PRODUCTION PROBLEM

Formulation

Optimization of renewable resource joint production problems using economic
criteria may involve either maximizing profits or revenues (Beattie and Taylor 1985). In the
continuous (vs. discrete) formulation for a biologically constrained revenue maximization
problem the general formulation is

T

7= [ {pyhy(0) + pohy(®)yede - b )
to

dy,/dt = £;(ypyat) - By (D) )

dy,/dt = f5(yyat) - by(t) (3)

0 < hy < hymax, § < hy < hymax (4)

y1lty) = A, yi(T) = B, yxltg) = a,y(T) = b (%)

where,

Yida - size/amount of renewable resource

e - discount factor with i the discount rate

hy .k, - rate of harvest of y,.y,

Py,p, - revenues for hyhy

b - fixed production costs

f,f, - the growth function for y; and y, that indicates they are a function of
their own size, the size of the other resource and time

ty - beginning of planning horizon

t; - time to begin harvesting a resource

1, - time to stop harvesting a resource

T - end of planning horizon.

The objective function is the time integral of the revenues from the harvest of the
renewable resources less fixed production costs. The time values to ty, t, (t, < ty, t, < T)
and T are to be defined by the analyses. The rate of change (state) of the two renewable
resources is determined by their growth and harvest rate. Equations 4 limits the size of the
harvests of each resource and equations 5 indicate boundary conditions.



Solution

Several OCT techniques may be used to solve such problems including the Lagrange-
Hamiltonian approach (Bryson and Ho 1975), calculus of variations (Gelfand and Fomin
1963) or the linear variational approach (Clark 1976). Clark (1970} suggests, for various
reasons, the linear variational approach (LVA) be applied to these type problems. In linear
problems such as these, the first variation does not explicitly include the control variable(s).

The control is determined instead by solving the problem for the optimal path of the output
cailed the singular path,

Using LVA the singular path for the joint products is determined by first solving for

the control variables h(t) and h,(t) in equations 2 and 3 and substituting these functions
into 1 giving

J =f {p(f;(yynt)-dy,/dt) + Pz(fz(YpYz’t)'dYQ/dt)}e_i{dt - b.
t
Q

Then Eulers equation (Phaffenberger and Walker 1976), F, ET Fy y/dt = = ( where
F is the integral, can be used to determine the singular paths. EuIers equatzon for y; is

e Upof, /3y, + pydfy/dy, - ipy] = O

and with respect 10 y,,

e'it[Plafgf@z + pyof, /3y, - ipy) = 0.

Equating and solving these two equations for y; and for y, give the two resource’s
singular paths, y;* and y,*.

Once the resource is on the singular path (l.e.y; = y;* ory, = y,*), then the control
or harvest is at the rate which keeps the output on the singular path or

hy(t) = f;(ypypt) - dyy/dt

In application if y; or y, are not on the singular paths, then the fastest trajectory to
the singular path is the optimal control. This is called the bang-bang singular policy (Clark
1976) and is expressed through the admissibility constraints (4). This policy in terms of hy(t)
and h,(t) is represented by

0 whenever y, < y,*
hy*(t) =
h;max whenever y; > y;*



and
6 whenever ys < v,*
ho* (1) =[
hymax whenever y, > y,*.

For example, if y, is below its singular path, then the optimal policy is to let the
resource grow until it reaches the singular path. The time that it reaches the singular path
or the time to begin harvesting (t; here) is determined by finding the first time where y, =
y,*. The same would apply to determine the time to begin harvest for y,. If the resource
level is above the singular path, the harvest is at largest level possible to bring the resource
1o the singular path in the fastest manner.

Through the harvest or control each resource is moved to the singular path. The
time when the resource’s singular path is reached depends on the actual resource condition.
Bath resources may not reach their respective singular paths at the same time.

The time for the end of the planning horizon, T, may be fixed or be free to take on
different values (Pitchford and Turnovsky 1977). Where the renewable resource is not
continuously being renewed {e.g. even-aged timber stands), the T may be viewed as the time
for renewal or rotation age. As such it is free to take on different values and be part of

determining the optimum. In any case, in OCT it is calculated after the singular path is
identified.

Joint Production Theory
In static joint production theory, the optimal combination of products is where the
siope of the isorevenue function is equal to the slope of the production possibilities function
(Carlson 1939). The same condition applies here in a dynamic sense. That is, at each point

in time the isorevenue and production function slopes must be equal.

In the two-output general formulation here this relationship of isorevenue slope to
production possibilities function slope is expressed by

P{/pP; = dhl/dh2

(3fy/dyy - Ifa/3y, - 1)(36,/3y, - Oy /dy, - 1) (6)

or

Il

P1/P2

The right hand side of equation 6 is the rate of product transformation or rate at
which the two products may be substituted for one another. The rate of change of each
resource (i.e. dh;, dh,) is a function of its own change, the change in the other resource and
discount rate.

Equation 6 describes the necessary conditions for optimal two-output joint production
as they exist through time. As the investment is changed (increased), this function can be
used to derive the ‘expansion path’ for the two products in a dynamic sense.



APPLICATION - TIMBER-FORAGLE JOINT PRODUCITION

Formulation

The simultaneous production of timber and forage represents a common example of
joint production of renewable resources. In this application, the objective is to maximize
the discounted revenue from timber and forage over an infinite series of rotations. Thus,
Faustmann’s (1849) formula’s discount factor (1-e™) is used in the general formulation. The
control variable is harvest via thinning. The time for clearcutting timber, T, is also a
variable. Forage production is considered a function of timber volume, but timber volume
is not considered to be influenced by forage.

In a manner similar to Clark (1976) and Cawrse et al. (1984), the logistic equation
is used to model timber growth. A quadratic function suggested by Jameson (1967)
{negative slope portion only) is used to model the relationship between forage production
and timber volume /basal area.

The data used to fit the equations and estimate revenues was taken from Riitters et
al. (1982) study of ponderosa pine-forage production. In this case, cattle consumed the
forage and weight gain by cattle is used to derive a forage value. Their study involved using
dynamic programming to determine the optimal joint production strategy. Thus, by using
their data a comparison can be made between the OCT results and their work.

The OCT structure for this particular problem is

T . .
f {p;hy(t) + pz.yz}e'“dt + p3y1(T)e"T -b
0

J = et (7)
1 . e-lT

dy;/dt = ry(1 - V;/k)at hy(1) (8)

y» = A-By; + C)'1 (9)

0 < hy(t) < hymax (10)

y1(0) = 0,y,(0) = 0 (11)

where y; - amount of timber (/A
y, - amount of forage 1bs/A
dy, - timber growth per acre using the logistic equation less harvest
dt rate via thinnings
y, - forage per acre as a function of amount of timber
Py P, - revenues per unit of timber (thin) and forage utilized respectively
p3 revenue per unit of timber (clearcut)
hy(t) - harvest rate of timber via thinning
1-eil - perpetual series discount factor where 1 is the discount rate



r.kas - coefficients in the logistic equation for timber
AB,C - coefficients of the quadatric equation for forage
Others - as defined in the general formulation.

Solution

Using Eulers equation the singular path for timber is

Y|* T oo (12)

and the singular path for forage is

yz* = A - Bylx ’+' ('/\},ltz.

The optimal time to begin thinning is found explicitly by equating y;* to y;. The
optimal harvest rate h;* (t) is determined by equating dy,/dt = dy,*/dt along the optimal
path. The optimal values for t,, time to stop thinning, and T, time to clearcut cannot be
derived explicitly and must be found numerically via simulation. For brevity, the simulation
15 not shown here. The details of this phase of the solution are given in Steinkamp (1990).

In essence, it involves solving the integral for different values of t, and T using Simpsons
rule,

Figure 1, shows the singular paths for timber and forage joint production. Table 1,
management scheme 1, list the times, production, and economic values associated with
jointly producing timber and forage. Here, it is interesting to note that joint production
occurs until year 38 (Figure 1) at which time timber volume becomes so large that forage
production is minimal and cattle grazing stops. Soon thereafter, year (stand age) 46, iy,
thinning begins and continues until year 74, t,. At that time thinning stops and the stand
is allowed to grow unitil year 88, T, when it is clearcut. In this example thinning is
discontinued 14 years before the clearcut because it is assumed there is greater revenues
per unit volume clearcut than for thinned timber. If this was not the case, the clearcut
wouid immediately follow the last thinning.

Would the situation be different without joint production? Management scheme 2,
Table 1 shows the results if timber alone is the output. The optimal times for harvest are
different and the revenues are reduced. If forage alone is produced (management scheme
3), total revenues are also reduced. Thus joint production is the preferable to producing
either product alone.
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Table 1. OCT and Dynamic Programming (Riitters 1982) Solutions

HKanagoement Time Yo {ime Yo Time Yo Susnmat i on Summat i on Clearcut Porpetuat
Schome Bogin Stop Clearcut of af Forage Rcmaval Series
Thirning Thinning T Thinmning Utilized (LY /A Discounted
t t (rr)} R als {lbs/A) Revenue
1 2 cmay
(re) L Lrry - . (ft lA. e $/A
1 Timber 46 T4 a8 2838 18274 1723 954
Farage
Joing

Production

2 Timber Onty 49 &9 81 2668 -- 2290 599
Production

2 Forage Only -- - LR - 470 - 540
Production lbs/A/yr

4  Ritters et 36 70"/ 99 1474 14705 1611 847
al. (1982}
Timber -
Forage
Jeint
Production

5 Ritters et 30 901/ 110 2718 -- 1100 5é&2
at. (1982}
Timber Only
Production

1/Thinnings occur at discrete intervals, every 20 years.

Certain of the OCT joint production results (Table I, Management Scheme 1) are
similar to Riitters et al. (1982) dynamic programming (DP) solution (Table 1, management
scheme 4). Both approaches indicate about the same timber rotation age, T and time to
stop thinning, t,. Both approaches indicate a similar percentage drop in revenues if timber
alone is produced. However, the optimal strategy for producing timber alone is different.
The OCT solution shortens the rotation, decreases the thin volume and increases the
clearcut volume, The DP strategy indicates the opposite should occur in each case. It's not
clear what would cause these differences. It may be related to statistical variance in fitting
the OCT growth/state equations or the continuous versus discrete treatment of the problem.

Sensitivity Analysis

The equation for the timber singular path (12) provides some insights into how the
solution would change given sensitivity testing of the problem. The signs of the parameters
and their magnitude indicate how, in general, the overall solution will change given a
specific change in that parameter.

For example, the negative sign on p,, revenue from forage means the singular path
will always shift downward when forage is included with timber in joint production. Since
B is greater than 2C, the numerator in equation 12 is reduced more than the denominator
with an increase in p,. Thus, increasing the forage revenue, p,, will cause continuing shifts
downward in the singular path resulting in earlier times to begin thinning and shorter
rotations. With continuing increases in p,, eventually thinning will not be done at all and
clearcuts alone becomes the best alternative.



FORACE (1h=/:

IS 34

IERR ] F—

2544 =

FE R R e R

[54¢+ s

Te3e o

VOLUME (cuit/ac)

TIMBER

Ste —

1) =5} Lo T
Figure 1. Singular paths and associated times for timber and forage joint production (Table
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The -ip; component of equation 12 indicates that increases in the discount rate will
shift the singular path downward, This results in earlier times to begin thinning and shorter
rotations. Eventually the rate may become so high that timber production is eliminated, and
in this case, production of forage alone becomes the best alternative.

Changes in py, dy;*/dp;, is dependent on parameters of the timber growth function
and the discount rate. Thus, the change in the singular path with respect to a change in
timber price, p,, will vary as a function of time.

If one assumes smaller revenues from thins vs clearcuts, the period for thinnings
becomes shorter. Eventually, if differences in revenue become great (e.g., thin revenues are
one-half of clearcut revenues), thinnings are eliminated altogether.

Equation 12 can be used to derive numerical results from specific parameter changes.
Numerical results for such changes are shown by Steinkamp (1990).



CONCLUSIONS

OCT can be applied to joint production renewable resource problems o derive
optimal harvest schedules. The general formulation was successfully applied to & timber-
forage production problem. Similar problems, such as timber-water joint production might
be modeled in a like manner.

The results indicate that continuous OCT can provide functional forms which help
explain how changes in specific parameters directly affect the problem’s solution and how
the solution relates to joint production theory. The results also indicates a high degree of

mathematical rigor is required, as opposed to LP or DP, making its application more
difficult.

OCT would appear to have potential to solve dynamic joint production resource
problems. Further research is needed in terms of problems that involve more complex
interactions to determine its more widespread applicability.
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ERROR SOURCES AND PROPAGATTION
I N DECTITSION SUPPORT SYSTEMS
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SUMMARY

The next generation of management tools for natural resources promises
to integrate spatial relationships from geographic information systems,
projections of future conditions by simulation models, and management advice
from expert systems and/or optimization algovithms inte interactive, visually
oriented, computer-based decision support systems. The impressive graphics
and convenience of these systems mav lead to overconfidence in their
predictions. A simple decision support system is presented to illiustrate
error sources and possible error propagation techniques. Using representative
values for initial errors, substantial amounts of uncertainty occur in timber
yield estimates and in estimates of total area. When applied to fuzzy linear
programaing optimization, the overall effect is to considerably decrease the
region of feasible solutions.

Keywords: Decision support system, propagation of error, growth and
yield simulation, expert systems, geographic information systems, fuzzy linear
programming, Bayesian statistics,

INTRODUCTION

Decision support systems integrate computer-based management tools,
ircluding simulation models, artificial intelligence, geographic information
systems, and optimization algorithms. Instead of the resource manager
accessing these management tools individualiy, a well designed graphically
based access program provides convenient and simplified use (Buhyoff et al.
1988). A decision support system may thereby eliminate much of the need to
master each of these tools individually. As a result, however, the user may
net be fully aware of the individual estimation processes and accompanying
sources of error inm the final product,

The purpose of this paper is to explore these sources of error, propose
methods for their integration, and trace their propagation through a simple
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decision support system.
four types of management tools mentioned above:

126

The system contains representative elements from the

a Bayesian belief network

from the area of expert systems in artificial intelligence, a computer growth
and yield simulation model, area estimates from geographic information
acquisition, and optimization using "fuzzy" linear programming.

Ceographic information systems provide the spatial linkages for
attributes within decision support systems, but can introduce substantial

errors into area-based analyses.

integration of the resulting errors has not previously been attempted.

While predictive uncertainty has been
estimated in exXpert systems and in deterministic simulation models,

Since

the cumulative uncertainty from these procedures affects optimality in linear
programming algorithms, an approach based on fuzzy set theory has been used,
The propagated error levels in the current analysis are not worst- or best-
case scenarios, but have been selected to be representative of error levels

that might reasonably be expected.
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Figure 1. Schematic diagram of decision Figure 2. Approximation of

support system components and error
paths.

Bayesian belief network
probabilities by the beta
probabilicy distribution function.

METHODS

Figure 1 shows a schematic representation of the decision support system
in the current analysis. The Bayesian belief network provides estimates of
discrete probabilities of three levels of aspen regeneration density (Haas
1990). The mean of this probability distribution is used as the initial
density value in the aspen growth and yield simulation model (Mowrer 1986).
The corresponding variance is used to Initialize the error associated with
stem density. Errors are propagated through the simulation model using the
technique developed by Mowrer and Frayer (1986). The resulting errors in
yield are incorporated into an algorithm for fuzzy linear programming (Mendoza
and Bare 1989). Representative errors in area estimates from geographic
information systems were obtained from Walsh et al. (1987) and Green (1990).
These error estimates are then used in the fuzzy linear programming algorithm
to estimate upper and lower limits of fuzzy constraints. Wilson's timber-



recreation model (Kent 1989) i{s used to visualize the effect of constraint
uncertainties on a two-variable fuzzy linear programming optimization.

Bayesian belief network

The Bayesian belief network is an artificial intelligence technique that
incorporates "expert" knowledge into a network of Bayesian conditional
probabilities. The belief network approach has been used to estimate the
amount of aspen regeneration for different site and management regimes (Haas
1990). While uncertainty calculation has been a component of expert systems
since their inception, these have generally been of an ad hoc nature and not
statistically rigorous. Ng and Abramson {(1990) and Shafer and Pearl (19%0)
provide excellent overviews of uncertainty management methods in expert
systems.

As with most expert system approaches, Bayesian helief networks
represent the generic knowledge of one or more domain experts., Unlike the
majority of uncertainty approaches, however, each proposition in the network
is assigned a measure of belief consistent with the axioms of probabilicy
theory (Pearl 1986). These are propagated through a network of discrete
conditional Bayesian probabilities. For aspen regeneration, Haas (1990)
related the conditional probabilities te forest stand characteristics:
physiographic variables (temperature range, soil moisture, and soil type),
non-tree community variables (ungulate density and understory type}, and tree

community variables (crown cover of aspen and of competing species}. Basged on

this approach, probabilities have been approximated for three levels of aspen

regeneration density for the current study: 2500, 7500, and 12500 stems per
hectare.

In order to obtain an estimate of the mean and variance assoclated with
this distribution of probabilities, a beta distribution was fitted across the
three probability classes (Figure 2). The beta distribution was selected
because it is bounded and unimodal. Fully realizing the implications of
ignoring higher order moments, the mean and variance from the beta
distribution were used to approximate the normal distribution parameters and
thereby provide an error estimate for propagation though the computer
simulation model.

Growth and yield simulation

The simulation model {(Mowrer 1986) provides a sequence of periodic
growth and vield projections using linear and non-linear regression
estimators. Total stems per unit area are apportioned intc one-inch diameter
classes using the normal probability distribution function. Heights and
volumes from these classes are then aggregated to provide whole-stand
estimates. Error propagation equations have been embedded in the calculation
sequence of the model (Mowrer and Frayer 1986, Mowrer 1989, Mowrer 1990).
First-order Taylor series variance estimation equations integrate errors in
predictor variables with fixed contributions from estimated regressor
coefficients. This sequence of error propagation equations provides estimates



of the variances associated with each variable concurrent to each predictive
step within the growth and yield simulation.

To start the error propagation procedure, errors in the variables
necessary to initialize simulation model predictions must be ohtained from
external measurements. Since various sets of variables are interlinked within
the sequence of simulation model calculations, these initial errors propagate
throughout the sequence and are reflected to some degree in the propagated
variance for subsequent variables. In addition, each time a variable is
estimated (to project 1l0-year growth estimates, for example) the estimation
errors for the regressor coefficients are also integrated into the errors
propagated through that function. The result is a variance estimate
corresponding to each variable in the model.

The Bayesian belief network provides an initial estimate of the stem
density mean and variance, resulting in a ccefficient of wvariation (standard
deviation as a percent of the mean) of approximately 23 percent. The other
four model initialization variables (mean breast height diameter, variance of
diameter, age, and site index) were assigned a 25 percent coefficient of
variation, a figure well within the range of inventory sampling error. Means
for these four variables were assigned values commensurate with those of the
physiographic variables in the Bayesian belief network. Five 10-year

projections were made with the simulation model. Resulting propagated errors
are shown in Figure 3.
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Figure 3. Error propagation results Figure 4., Fuzzy linear program-
for a diameter distribution-based ming applied to Wilson's timber-
computer simulation of aspen growth recreation problem (adapted from
and yield. Kent 1989).

The initial values for projected variables (mean stand breast height
diameter, variance of diameter, and stems per hectare) were initialized as
described above. Errors associated with derived variables (basal area per
hectare, mean stand height, and total cubic volume per hectare) were not
initially set, but were calculated within the model, as were subsequent values
of the projected variables. The overall coefficient of variation for
estimated volume was approximately 50 percent after five projection periods.
This value was used to assign upper and lower limits to the yield coefficients
in the fuzzy linear programming algorithm, as described below.



Geographic Information Systenmn

Geographic information systems incorporate spatial information from
numerous sources into thematic layers representing various resource
characteristics. The data sources for a thematic layer may include tabular
data, graphic data (from manual digitization or scanning), digital summary
data (from national mapping and census agencies), and remotely sensed data
(from sateilite and aircraft imagery).

Errors in these data can be described in three broad categories:
obvious error sources, inherent variation and measurement errors, and
processing errors (Burrough 1986). Obvious sources of error include out-of-
date data, incomplete coverage, and differing map scales and observation
densities. Inherent variation and measurement errors include positional
errors, classification errors, data input/output errors, observer bias, and
sub-resolution variation. Processing errors include the numerical precision
of the computer, algorithmic and logic errors, and errors propagated through
map overlay. While all these sources of error have been addressed to some
extent, the best documented sources include classificaticn errors and their
propagation through the map overlay process. Classification error or bias
occurs when a characteristic (from remote sensing imagery, for example) is
misidentified. When this misclassification is systematic, i.e., another
category (or sub-group) is consistently identified instead, classification
bias results.

Walsh et al. (1987) conducted an unsupervised land-cover classification
from satellite (LANDSAT) imagery, and compared the results to a random sample
of ground plots. (This is somewhat the reverse of a supervised classification
where training plots are used to improve initial classification aceuracy. )
They reported errors of 43 to 65 percent within individual data layers in the
classification of land cover, aspect, and soil type. When two of these threa
data layers were overlaid, combined classification errors ranged from 71 to 83
percent. Three-layer error was 89 percent when grid cell classifications were
compared to the randomly located ground plots. Green (1990) reported on a
supervised classification of LANDSAT imagery utilizing training plots, expert
opinion, orthophotos, inventory and research plots, and various other sources
of existing information. Errors for single thematic layers were less than 10
percent for crown closure classification, and ranged from 20 to 30 percent for
stem size classes. Since geographic information systems are traditionally
used for area-based analyses, these reports indicated that an average error
rate for area estimates for a given classification could reasonably be 20

percent. This figure was used in the fuzzy area constraint as described
below.

Fuzzy linear programming

When assessing the effect of stochastic variation in linear programming
coefficients, Pickens and Hof (1988) concluded that "land allocation linear
programs with stochastic production estimates are very unlikely to find
feasible solutions as they are typically solved."” In an attempt to overcome
this problem, Mendoza and Bare (1989) demonstrated the application of fuzzy
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linear programming with fuzzy coefficients. Under this approach, the original
nen-fuzzy or "crisp" constraints are reformulated. Additional fuzzy
coefficients are introduced to represent upper and lower intervals of
uncertainty and the decision maker’s degree of confidence in these fuzzy
coefficients. Thus, a minimum and maximum fuzzy constyvaint pair is generated
in place of a single crisp constraint,

In order to visualize the effect of these uncertainties, the errors
generated above were applied to a fuzzy linear programming approach to
Wilson's timber-recreation model (Kent 1989). This simple two-dimensional
problem optimizes the allocation of acreage between timber-intensive and
recreation-intensive management alternatives in order to maximize net value.
In the original crisp formulation, there were four constraints: timber, area,
and minimum and maximum recreation constraints. In the fuzzy formulation
shown in Figure 4, there are two fuzzy constraints each for timber and area.

The two recreation constraints were unchanged since they were considered to
remaln crisp.

The error in gross cubic volume yield propagated through the simulation
was used to calculate the upper and lower bounds on the fuzzy yield
coefficients in Wilson's timber-recreation model. The coefficient of
variation of 50 percent in timber yield was translated into a range of plus
and minus one standard deviation (equal to 0.5 times the mean) about the mean
volume estimate in Wilson’'s model. These were reflected in yield coéfficients
in the left-hand-side of the fuzzy timber constraints. Similarly, the 20
percent ervor in the total area estimate was translated into a range of plus
and minus 0.2 times the total area in Wilson's model. This was reflected in

minimum and maximum values for the right-hand-side of the fuzzy constraints
for total acreapge.

RESULTS AND CONCLUSIONS

Since the fuzzy boundaries were symmetric about the original "crisp”
constraints, the effect on the feasible regions can be visualized in Figure 4.
The optimal solution was only affected by the area constraints and not those
for timber. The fuzzy optimum of 30,400 hectares for timber-intensive
production represents only a five percent difference from the "crisp* optimum
of 32,000 hectares. The larger errors propagated through the Bayesian belief
network and the simulation model resulted in a wider range between the fuzzy
constraints for timber. In the current formulation, this did not affect the
optimal fuzzy solution. However, the two pairs of fuzzy constraints reduced
the area of the feasible region by 36 percent,

This error analysis is itself subject to error. The use of the beta
distribution to approximate the probability distribution for aspen
regeneration density admittedly ignores higher order moments. While this is
common practice in similar circumstances (Steele and Torrie 1980), other
approaches are currently being explored. The error propagation through the
simulation model is perhaps the best documented. Methods to improve error
component estimation are also the subject of current research.
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There is a great deal of literature in the field of remote sensing and
geographic information systems on accuracy assessment and error sources.
There appear to be no universally accepted or definitive techniques, however.
Czaplewski and Catts (1990) have proposed a technique to use validation plots
to statistically minimize misclassiflcation bias. Additional work 1s needed
to quantify the accuracy trade-off between additional information for training

plots in supervised classification or using that additiocnal information for
classification recalibration.

The technique for integrating area and yield errors into the fuzzy
linear programming algorithm is also subject to improvement, in part due to
the different error estimation techniques employed. Fuzzy set theory has been
applied to expert systems (Ng and Abramson 1990, Shafer and Pearl 1990), and
has been recommended for simulation (Negoita and Ralescu 1987), Burrough
(1986) also suggested the use of fuzzy set theory for Boolean manipulations in

geographic information systems. Perhaps future error assessments may be
united under a "fuzzy umbrella."

This analysis provides a first approximation of the effects of
reasonable error levels when propagated through several decision support

components. Though embryonic, it is a necessary preliminary to development of
a more cohesive technique. While extreme-case error ranges were not

presented, the results should encourage resource analysts to approach decision
support system recommendations with care.
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SUMMARY

The percentage of timber suitable for veneer and the
unit price index by diameter classes (d.b.h. classes), was
determined from a sample of 18,192 trees, based on the actua’
timber market conditions for Scotch pine. Results were applied to
a sample of 29 plots, inventoried 1n medium guality stands with
ages betweern B30 and 160 years. These plots were placed into four
age classes: 80-10C, 100-120, 120-140 and 140-160 years.

The results show the evolution of the unit price ingex
by diameter classes and distribution of timber production by
diameter classes within each age class. As a consequence of the
two foregoing results, the evolution of the average price index
is obtained for stands of the four age classes mentioned. This
information enables to limit Pinus sylvestris L.’s rotation to
around 140 vyears under the ecological and silvicultural

conditicns 1in which their stands develop in the Central Mountain
Chain.

0.- INTRODUCTION

Pinus sylvestris L. occupies an approximate area 1in
Spain close to 1,000,000 hectares between natural and artificial
stands, spread over four regions: Pyrenean Range, Iberian Range,
Central Mountain Chain and Penibetic Range. The species lives
hetween B800C and 2,000 m. above sea level. Its production and
regeneration optimum is found between 1,200 and 1,600 m. Outside
these heights, Pinus sylvestris L. has regeneration problems and
its production drops considerably.

In the Central Mountain Chain, it forms even-aged,
moncspecific stands or mixed with Quercus pyrenaica Willd., but
also with a predominance of Pinus sylvestris L.. Timber
production varies with height above sea level and soil fertility
{ 2 to 6 m3/ha./year ). The management method traditionally being
used is periodic compartments with silvicultural treatment by

(x) Paper presented to the XIXxth. IUFRO World Congress. Montreal
(Canada), August 1990,
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shelterwood systems and natural regeneration {although there are
exceptions to this rule). Rotation varies between 100 and 120
yaars,

The I.N.I.A."s FORESTRY SYSTEMS DEPARTMENT 1is carrying
out an extensive survey in tne Central Mountain Range on the
growth and production of Pinus sylvestris L. whiecn includes
setting up a programme of thinnings (for which 5 test sites are
avaliable}, drawing up variable silvicultural yield tables, study
of natural and artificial regeneration and determining the
spacies’ optimum technelogical rotation.

This paper provigdes some data helping to define the
rotation based on the production structure of Pinus sylvestris L.
stands and the prices their Timber reaches on the marker.

Retermining rotation is a subject which has given rise
Lo great controversy both in the field of research ard in that of

practical application of forest management and forestry
aconomics, Numerous methods nave been developed, almost always
based on mathematical, economic and financial criteria, which
endeavour to optimize rotaticon from the point of view of the
forest enterprise, These methods lay 1Tittle importance on
silvicultural reality which, in Spain, has many social and socio-
economic implications (protection, grazing, firewooa,
recreation,...j). Tnis fact hinders the application of rigid
management methods able to optimize a specific rotation, “a
pricri’ defining a series of hypotheses on silviclultural

management 1in time and space which have to be necessarily
fulfilled in a period of over 100 vears for Scotch oine stands.

The wuniversally known fact of timber’s unit oprice
increasing with diameter and, consequently, with the stand’'s age,
was used. If the unit price were constant with age, it is cbvious
that the optimum rotation would coincide with the rotation of
highest income in species (product).

As the stand’'s age increases, the size of its trees and
technological quality of its timber increases, and a unit price
increase occurs, simultaneous to the growth in volume, which is
usually called growth in quality (MACKAY, 1944), This paper
endeavours to quantify the evolution of quatlity growth through
the unit price index by diameter classes and the average price by
ages for four age classes varying between 80 and 160 years.



1. MATERIAL AND METHODS

1. Determining the percentage of timber suited to veneer by
dis _eter classes.

It is considered that a tree contains timber for veneer
when at least a log of 2.5 m. long, 36-37 cm. in diameter without
bark at its micd point in which no external knots can be seen can
be obtained therefrom,

In order to determine the percentage of timber wvatlid
for veneer by diameter classes of a natural Pinus sylvestris L.
stand 1in the river Lozoya's upper catchment area (Central
Mountain Chain), 18,192 trees with a diameter breast height over
20 cms., were measured, pertaining to all the trees hauted from
the farest for exploitation during a 5 year pertod (1986-13%0).
The d.b.h. of each tree was measured with bark at 1.3 m. height
and its total volume and veneer timber volume were calculated,.

The data drawn up and placed in order by diameter
classes are given in Table 1,

Rasecd on the prices which timper reaches 1n  the
region’'s markets, the hypothesis was accepted that the price of
Togwood suitable for veneer is four times higher than logwcood net
apt for veneer. This proporticon 1s conservative, but has Dbeen
considered valid to give a greater margin of confidence to the
resuits,

Columns (e) and {f) of Table 1 were calculated bearing
the foregoing hypothesis in mind. Coclumn {f) is an average price
index per m3 with bark as reached by Pinus sylvestris L., on the
market, depending on the percentage of veneer timber i1t contains
(d}).

By definition, 30~34 c¢cm. d.pb.h. trees cannot be
exploited for veneer timber as they do not reach the diameter
required by the industry.

Table 1’s data shows the following results:

- The percentage of trees from which at least one veneer 1og
can be obtained varies between 2.4% for the 35-39 cm. diameter
class to 70.4% for the diameter class over 70 cm.

- The percentage of veneer timber in the timber as a whole
varies between 1.5% for the 35~39 c¢cm. diameter class and 28.8%
for the 65-69 cms.

- The timber market's price index value (f)} varies between
1.00/m3.c.c. for 30-24 cm. diameter timber not suited to veneer
and 1.86/m3.c.c. for 65-68 cm, diameter timber {(containing 28.8%
of veneer timber) which means that the average price/m3.c.c. of
65-88 cm. diameter timber is 86% higher than the 30-34 cm.
diameter timber price,
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1.2.- Distribution of timber unsuited for veneer by qualities

Although thorougn accounting in the region's sawmills
15 not available, 1t 1s accepted that, very approximately, timber
not containing veneer but suitable for sawing (column(c),Table 1)
is distributed by gualities and uses in the following way:

For every 100 m3 of logwood, the following is ogtained:
- 16 m3 of logwood 9.3 m3 of 1st quality plank.
- 17 m3 of logwood 9.7 m3 ¢f 2nd quality plank.
- 22 m3 of logwood 12.8 m3 of 3rd quality plank.
- 45 m3 of logwood 26.2 m3 <of 4th guality plank.

[T L I N O

These data refer to average figures estimated by
professicnals with Jlong experience in this region ,and a (.58%
conversion factor is accepted.

Using the study on prices in force on the market, it
was possible to see that by assigning a value of 1.00 for 4th
quality timber, the proporticnal price variation for the
remaining qualities is as follows:

- 18t quality timber:
- 2nd quatity timber:
- 3rd quality timber:
- 4th quality timber:

—1 e N D
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This price ratio may be considered cconstant for any
phase of product making, accepting that the conversion factor of
the different phases and their costs per m3. do not depend on the
timber guality. '

variation 1in quality with log diameter was not taken
into account as it was considered that in the larger diameter
trees, the percentage of veneer is higher and it is aiways found
at the bottom of the trunk, with the top being for sawing as,
naturally, it contains a greater proportion of knots and
branches,

These figures, with all the inaccuracies they may have,
demonstrate the importance which timber quality has in its price
and the need to apply silviculture directed towards concentrating
production on better quatity trees.

1.3.—- Distribution of production in stands ¢of difference ages

In order to ascertain the production distribution by
diametric classes and ages, 29 plots of a varying area between
1,000 and 2,000 m2 on which traditional silviculture has been
applied, were measured,. These plots form part of a more
extensive survey which 1is being performed on the growth and
production of Pinus sylvestris L.

Established 1in even—aged stands obtained by natural
regeneration, the plots were placed into groups classes of 20
year intervals, as this 1is how Jlong regeneration lasts
(regeneration period). The plots were distributed by ages as
follows:



Age NQ.,

8C0~100 years 11
100-120 vyears 5
120-140 years 2
140-1860 years 3

Average data per hectare and diameter classes relating
to each age class are given in Table 2. The latter also includes
the percentage of veneer timber (column (d)) and the nrice  Jindex
(column (f)) which had been determined in Table 1.

2. RESULTS
It can be seen from the data given in Tables 1 and 2:
.- That the percentage of veneer timber and average

price index per m3 grow with the d.b.h in the following
proportions:

Diameter Veneer Price
class timber index/m3
20-24 cm, 0 1.00
25~-29 cm. o 1.00
30-34 cm. 0 1.00
35-39 cm, 1.5 1.08
40~44 cm. 10.5 1.32
45-49 cm. 16.3 1.49
50-54 cm. 20.5 1.681
55-59 cm. 24 .1 1.72
80-84 cm. 26.7 1.80
65-68 cm, 28.8 1.88
>70  cm. 27.0 1.81

The percentage of veneer in trees of over 70 cms.
diameter drops noticeably, and, therefore, the price index also
falls. This may be due to there being naturally very old trees
and fungi atacks causing woodrot are maore freguent, The most
common and aggressive for Pinus sylvestris L. is that known as
Fomes pini Fr. and when it appears, it establishes a limit to the
tength of rotation.



Th3lE 2.- QISTRIBUTION OF PRCDUCTION IN B3 WITH 8ARK PER HECTARE [#3cc/ha) BY OIAMETER CLASSES

FOR DIFFERENT STAND AGES

AGE CLASS 40-100 YEARS: Heap D.3.4. = 28.3 :n,
; ! oty folune Vatume of l 1
oDrametar | N veeer | X oveneer | of vemeer | onom veneer | Total Price |
L class 1 trees/hg, volume | timper Linger timper i Lipger inoex |
; fem, ) r Eoimiscina.t tnicc/ha,} | oimdcerna, ) valug 1
] z la: (4) (b} {c] {e] (] {
A : | ]
2u SO ! 7.1 7.2 noe |
25-24 JHI A R 3 IR R B Lot |
: i |
BT TR N T4 e heo |
JETE S T N B O S RN 1.3 5.3 31,2 105
geu oo i b 1.1 5.4 15,1 .22
S P L 1.3 9.1 g Nt
50 10 s ¥ 7.5 25 1t
o555y | 3 S T Iy o 3a I
i Q - f )
; Total 324 388,53 1 24,5 1759 ! 473
i Average §.14 1.18
i l
5GE CLABS 100-120 YEARS: ¥ean 0.B. %, = 34.5 c¢m.
H | t
; Total Yalupe Volume of
Dizmeter NG tinger X veneer | of wvenear | non venesr Total Price
class trees/ha. volume timber tiaber tinber Linber index
{em.) (micc/ha,) {mico/hz.) | [eice/ha. ) yalue
(2) {d} {h) (¢) (g) (f)
20-24 3 13.1 0 ] 13.1 13.4 1.00
25-29 129 2.5 0 0 2.5 ! 2.8 .00
30-4 t0 §1.5 0 0 61.5 ] §1.5 1.09
35-13 169 10%.3 1.5 t.6 102.2 108.5 1,08
0-44 100 80,8 10.5 9.5 §1.1 119,48 1,32
45-45 §3 8.7 5.3 12,5 4.2 14,2 1,48
50-54 k¥, 43,8 23,5 1.2 39,8 80.5 1.81
55-54 14 21.2 241 6:5 20,7 5.9 .72
Total 749 451.5 .4 §11.2 E £72.3
kverage i 8,9 121
e
¥ {e) = dxib) + txlc)
¥ f) = (el/{a)



TABLE E {Cant. .-

hGE CLASE 120-140 YEARS; Mean D.B.H, = 37.3 cn.

E | ,
{ Tatal ] ¥aoiung J Vaiuze of |

rameter | Ng | tinber ¥ovarzer 1 of veneer | onon veneer Total Price

class f trees/na, Vo lyme timzer | tiager 1 Linder tinter ingex

temi [aitc/ha. ) Pindeoina) | (ndec/ha) vilug
J ta} 1 b oo fe) [ el ()
s ,

T Bt 3.3 ’ X 13 0
| 1.8 g R T I AT 06
‘ }

36-3 3% 6.4 a g k. .4 48
L g 3.4 3 O T W 3.0 Ik
[ - 134 95,2 10,3 1.3 KN L 32
AT 3 32 153 A0 I N O 137.4 48

30-54 i 82.% 0.5 15,3 5.5 1313 G
Cosie | s 2.1 e %2 | 5.5 R
L Total 52 485.5 54,3 4385 550,
| Average 1.3 .34
AGE CLASS 140-180 YEARS: Nean D.B.H. = 45.% ca.

i Total Yolune Yolume of

Diamater N¢ tinber ¥ veneer | of veneer | non veneer Total Price

class trees/na, volume tiaber tinber tinher tinger 1ndex

{ca.) {#3cc/ha. fmice/ha.) | {n3cc/ha. | valye

(a} {4} (b} (¢} (e} {f)

25-24 ] 1.4 0 g 1.9 1.9 1.00

-3 32 13,7 a i 13.7 13.7 1.00

35-34 38 5.4 1.8 0.4 25,0 28.5 1.0%8

0-44 a7 §3.2 1.5 8.7 .5 108.4 1,12

£5-44 187 138.9 1§.3 22,7 118.2 206.3 1.48

20-5d CE] 144,2 24.5 28,5 114.8 232.8 1.81

£5-38 58 118.8 rZ 8.5 30,0 204.3 1.72

50-54 20 £8.9 28,7 12,8 35.1 85.4 £,80

6563 13 8.0 28,8 0.9 7.1 10.8 .85

Total 451 §11.9 17 4982 952.%

Average 14,8 1,55

v (e} = 4x(b) + fxle)

€ {f) s (g)/(a)




2.~ The average percentage of veneer timber and average
price index grow with the stand’s age:

Age Average % Average
class veneer price
{years) timber 1ndex/m3.

80-100 6.14 1.18
100-120 8.34 1.27
120-140 11.31 1,34
140-160 18.58 1.56

It 1s interesting to recall that timber quality, 1in a
broad sensse, for a given species and silviculture system
increases with the tree’s thickness and with age, such that, with
the same dimensions, older timber is better.

3.~ Diameter distribution is excessively extensive 1in
all age classes, which demonstrates that negligent silfviculture
directea towards intermediate producticons (thinnings, improvement
felling,. ..) has been used in these stands. This is the only way
to expliain the nigh number of trees less than 30 em, 1in diameter
existing 1n the four age classes. This excess of thir trees
(deminated, comoressed...) which should have been extracted by
pericdical thinning to concentrate production on better quality
trees, has two harmful effects for the stand’s production:

which has a negati
the stand.

uce Jow guality, low priced timber,
cussion on the average final price of

- They 1limit the growth of trees placed 1in the
centre of the diameter classes, which are frequently those of the
best guality.

4,- It can be seen that the timber’'s value grows
significantly as from 40 cm. 1in diameter, which indicates that
rotation will not have to be less than that necessary to obtain a
high proportion of timber over those 40 cm. diameter. This aim
can be achieved with a relatively short rotation (110-120 years)
in stands with good site guality, by applying a rational thinning
pregramme which gradually eliminates Jow quality trees and
concentrates growth on trees with diameters in the centre of the
cliasses.

If silviculture does not include a rational thinning
programme and we wish to obtain a high proportion of timber over
40 cm, in diameter, rotation will have to be prolonged
considerably. If we calculate the number of trees and the
percentage of timber over 40 cm. for the four age c¢lasses
contained in Table 2, we obtain the following results:



Age class % trees with X timber with
{years) d.b.h,>40cm, d.b.h,>40cm,
80-100 14.7 38.9
t00~120 27.9 54.2
120-140 44 .5 69, t
140-180 82.7 33.3

Although it is difficult to decide the optimum rotation
without taking other economic and financial aspects of the forest
enterprise into account, it would seem from the data obtained and
commented on in this paper, that at least for silviculture with

natural regeneration not containing a rational thinning
programme, which is that applied in these stands, the minimum
rotation must be set arocund 140 vyears. This latter opinion must
be stated 1in the following terms: For thkose stands of Pinus
sylivestris L. which, for the lTow quality of their trees
(branchiness, poor soils, ...) cannot produce quality timber in
proportions minimally large, rotation of nighest income in the

species should be applied, provided there are no 1imits of an
ecological and/or silvicultural nature.
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SUMMARY

The purpcse of this paper is to illustrate the development
of a computerized forest management information system including
the labour requirements of silvicultural operations and cutting
plans, A computerized district forest planning system based on
Suzuki's long-term timber projection model is described. 1In
Japan, a high propeortion of forest owners are small-scale forest
managers. Japanese studies of regional forest management,
beginning in 195C's, resulted in the development and adoption of
Suzuki's Gentan probability model. This paper suggests a
computerized system to predict the timber production using a
Weibull distribution, which is thought more reasonable in the
estimation of the tree life than the Gamma distribution used by
Suzuki. Results of a typical application of the system are
discussed. Although the technique is oriented toward a specific
cooperative forest in Kangweondo, Korea, the basic system ceoncept
should have a wide range of applications in both Japan and Korea.

The overall aim of the research is to produce long-term
plans that are compatiblie with the Gentan probability model.

Keywords: Forest planning, Generalized normal forest

INTRODUCTION

Forest lands consist of about 6,499,000 hectares or 65
percent of the total territory of the Republic of Korea. The
proportion of forested area is almost the same as that of Japan.

In Japan, a high proportion of forest owners are small~scale
forest managers. Japanese studies of regional forest management,
beginning in 1950's, resulted in the development and adoption of
Suzuki's Gentan probability model.

The Korean ownership of forest is not conducive to
productive management because of the many small private forests.
Forest lands are owned by central government (national forests,
20%), 1local government (public forests, 8%), and individuals
{private forests, 72%).

The private forests, representing more than *two thirds of
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total forest lands, are divided among 1,979,056 owners. Ninety-
five percent of the ownerships are less than 10 ha and 47% are
less than 0.5 ha. Therefore, management of forest land must
concentrate on the private forest estate, and development of
private forest remains the main goal ©f the forest policy in the
country.

When more than two forest owners adjacent to each other
jointly organize a forest management unit, or work together, the
basigs of management 1is the co-operative forest management unit.
The system described here 1is designed to provide forest
management information for private owners to undertake co-
operative forest management planning.

MODEL FOR THE GENERALIZED CONCEPT OF NORMAL FOREST

Suzuki (1959) proposed a new long-term timber projection
model for timber production in district forests. His technique is
an application of Markov Process theory to plantation forestry.
It has found wide acceptance in the field of timber projections
related to district forest plans in Japan.

The system presented here is based cn a formula which is a
kind of recursive equation , namely

a,,, =a, P+ b - ¢ (1)

where

a, : forest age vector at the beginning of periecd k, each
element of which represents the forest area belonging to
the corresponding age class.

P, : forest age transition matrix associated with period k.

b, ! conversion reforestation vector, each element of which
describes a newly planted area through the conversion of
a natural forest of broadleaved trees at the beginning
of pericd k.

€, ! conversion vector, each element of which represents the
plantation converted to other land-use at the beginning
of period k.

The varisble a, is uniquely defined by the above egquation,
and thus when the initial forest age vector a, , forest age
transition matrix P, , conversion reforestation vector b,, and
conversion vector ¢, are given, all of the subsequent a, can be
obtained recursively. This computational procedure is facilitated
greatly by the use of a large-scale computer.
Furthermore, by combining the above solutions with additional
data such as 1local yield tables and the regquired 1labour per
forest management treatment and operation, parameters such as the
periodic harvest volume including clear cutting and thinning, the
regeneration area including conversion reforestation, and the
associated labour quantity required for the implementation of the
planned forest practices can be determined. Therefore, the
determination of the equation provides a basis for building a
long term district forest plan. .

The next concern is the determination of the forest age
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transition matrix P. » Tesulting 1in the use of Gentan
Probability. The distribution of cutting ages 1s the most
important factor for projecting timber production in a district
private forest where clear cutting is conducted over a wide range
of cutting ages. In 1961, Suzuki proposed a model based on the
Gamma distribution for the description of Gentan Probability and
gave a technique of parameter estimation based on data taken from
actual harvest activities,. However, much work remains to be done
on the choice of a statistical distribution for describing Gentan
Probability in terms of better fit and practical application. In
this paper, a first attempt is made to use the Weibull
distribution with three parameters. The determination of the
Weibull parameters regquires data such as the mean value of the
cutting ages, the associated coefficient of variation, and the
specified minimum permissible cutting age. Such characteristicg
vary from district to district ang also change over a pericd of
time in a specific district. Therefocre,it should be noted that
attention has to be paid to the economic and environmental
situations of the objective forest in fitting andg choosing
distributions.

The new stage 1is the determination of b, , the vector of
cenversion reforestation. Reviewing the changes in the conversicn
reforestation percentage over ten years, and making a comparison
between the present and target plantaticn percentage, leads +¢o
the determination of the subsequent b, over a planning period.
Finally, it was assumed that no Plantation conversions to other
land use are allowed in a district forest.

The above egquations were suggested by Suzuki (1963) and

Minowa and Nagumo (1981). Figure 1 summarizes the computational
fiow of the present system described above.
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LONG-TERM LINEAR PROGRAMMING MODEL

Consider the problem of converting a forest of irregular
aged compartments into a forest of some defined age class
structure over a time of g periods in a suitably defined optimum
way. If the forest's original total area 1s A hectares,
consisting of p age classes of area a , it follows that AsZ a,

The target age structure consists of r age classes with areas b, .
it follows that b, =0 for i>r.

Initial Age - Conversicn Periocd Target Age
Class Areas i 2 . q Class Atfecas

5

*1la b2

xl'3 .............. . xq—?.q bq-l

xl.2 x.2'3 ............... xq-l.q bq

aI :':1'1 XZ,Z x3.3 ............... xq,q bq+l

a, xZ,l x,}‘2 xa'3 ............... xQ+1.q bq+2

ar_q xr'-*»q,l xr—q+l.2 rT_q+2'3 ............... ’r—-i.q b r

3 ra+! Yreqel,l  Nrqe2,2 Xeqi3,3 e *r.q 0

Figure 2. Diagram of Yield Areas.
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In such a situation two sets of constraints can be imposed.
Cne set of constraints is purely logical or structural in nature
and one set can be wvaried by management. The first set of
structural constraints can be explained by reference to Fig. 2.
In this figure X4y represents the area felled in period 1 that is
in age class i in that period. Areas b, for i=1 to g can be

defined by equations (II). Areas b, for i=g+l1 +to pP+g can be
defined by eguations(IIz),

pHg-1

& *ig =5 (1)

pra~2

Z x5 . - =

g 9 th Q)

p+2 .

‘E—‘l x‘i.B - xLa Y e e - 7&“3,(] = bq_z (q-Z)

1 ¥
" | (113
TN T3 TR T T %2q 7 P (ol

p

;ﬁ;:l xi,l - X1'2 had x2'3 et X3.é T s e et ﬁ"‘l|q a bq (q) .

al - Xl.\‘[ - x2.2 - X3!3 e e Xq‘q = bq-+1 {q*‘}.\f
271 mx32 -x3 v T X¥arligm bz (a+2)

frq Y *reql 7 Xpewl2 - g2, 3 v e T %elg b (r) (131
Lreqbl T Xpeqal,l - Yrqt2,2 T Xeqe3,3 T trrees T Xrq =0 (r+1)
TRl TR 23 - - “pra-1,q" O (p+a),

Areas in the final structure in age classes less than g+l
will represent areas felled and replanted at least once during
the conversion period. Areas in age classes g+l and greater will
not have been felled.

The model in Fig. 2 implies that the total forest area A
remains unchanged over the planning period. However, if area Koy
is the area incorporated in the total forest by establishing a
new plantation in period 1, then one of the eguations in (I1)
must be rewritten as the egquation below.

S0 T B AT M2 K e - “a-1,q " B (@) (v



The other eguaticns must also be suitably redsfined. Also
equation (V) must be added to the constraint system. Here a8, is

the total area of forest incorporated during the conversion
process.

8, ¥ ;% ay = %glbi (v
i=] i=]

The above equations represent the basic set of structural
constraints, as suggested by Suzuki (1961, 1963) and Choi and
Nagumo {(1984). In addition to these constraints an additional set
of management imposed constraints can be added to the model to
match the problems faced by an individual manager. In this paper
the constraints concerned manpower. In Japan, attracting labour
into forestry has become difficult and can often constrain the
range of feasible management options.

Therefore, the constraints chosen were as follows. First,
the area felled in each time pericd had to lie within a set of
boundaries in order to stabilise labour demand as labour demand
can be taken to be very closely related to the area cut and
subseguent tending operations. This constraint is shown in
eguation (VI) where S; is the "ideal" felling area 1in pericd j
that the manager impoSes on the system from a consideration of
manpower, and 4S5 represents the limit of the range of acceptable
areas.

pri-1
S3 - 45 = 51)&3‘< Sj+ 43 (VI)

To model a specific change in the areas felled in each
period and the size of the labour force during the conversion
period, constraints of the form in (VII) were used. If the left
hand side of (VII) is greater than zero

pri-1
= Xy - E}zir::jxi.l§ 0 (VII)
i=] du] J+

the area to be felled will gradually decrease and so will the
size of the labour force required. I1f the reverse is true the
size of the labour force will increase.

The objective function chosen is also open to management
choice. Here the objective chosen was the maximisation of Z, the
volume harvested over the conversion period. It is shown in

equation (VIII) where v, is the volume per unit area of forest of
age class 1.

q pq-l
el 4=l

Nautiyal and Pearse (1967) described a similar approach to that
presented here, with a different objective function.



AN APPLICATION OF THE SYSTEM TO A DISTRICT FOREST

The models were applied to cocoperative forests in
Kangwecndo, Republic of Korea. The total area of the forest under
study was 2,216 ha of red pine (Pinus densifiora S. et Z.} stands
in Kangweon region. The conversion pericd chosen was 50 vears,
comprising 10 periods of 5 years each. The size of the age class
chosen was also 5 years. The local vield table for red pine and
the local labour requirements for management activities were
based on yield studies and empirical operational data (Choi,
1988). The equilibrium represents the basic data for the linear
programming (LP) model.

The target age class distribution was Suzuki's "Generalized
Nermal Forest State” based on a distribution of cutting ages with
an average of 35 and standard deviation of 8.75 years. The idea
incorporated in such a distribution is +*hat variations in site
type will produce variations in cutting age. The minimum
permissible cutting age was assumed to be 15 vears to determine
the location parameter of the Weibull distribution. It was found
that the Weibull distribution was very useful because of its
simplicity for mathematical manipulations and variety of curve
shapes. Then it was easy to determine forest age transition
matrix using the relationship between Gentan Probability and
transition matrix, which is the key point of Suzuki's original
model (1963).

In the LP model, in addition to the constraints described
earlier, the fcllowing were added. No cutting was allowed in age
classes 1 to 3. All timber in age classes above 12 was to be cut.
The size of the area cut must not decline for the first &6
periods. Replanting is assumed to occur immediately after
cutting.

RESULTS AND DISCUSSION

The models were run on a Cyber 170-720D computer system at
the Kangweon National University. The conversion period chosen
was 50 years made up of 10 periods of 5 years each. The size of
the age class chosen was also 5§ years. The target age class
distribution was Suzuki's "Generalized Normal Forest State" based
on a distribution of cutting age. The area +o be felled in the
first period of 5 years is 78.15 ha from age class 7, 98.40 ha
from age class 8, 69.20 ha from age class 9, 52.20 ha from age
class 10, 7.90 ha from age class 11 and 10.00 ha from age class
12 - a total of about 316 ha.

In general, the transition of age-class distribution depends
on its initial distribution. The specific district forest
consists mostly of young pPlantations, 1leading to a positively
skewed initial age~class distribution. Such a skewed distribution
is quite common a8ll over KXorea. Therefore, it is important to
make a comprehensive forecast regarding the transition of age-—
class distribution under this sgkewed initial condition. These
resuits give us a good basis for choosing harvest gtrategies. In
recent years, there is an emotional tendency towards the choice
of longer cutting-ages in discussing the future timber supply-
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demand situation in Korea. However, it should be noted that it is
not always advisable to choose a longer cutting-age in
establishing a district forest plan because of the large
fluctuation ketween periodic harvests.

CONCLUSION

The system described here, intended as an adequate
management plan for regional forests, 1is designed to provide
forest management information for cooperative forest management
planning for private forest owners. The overall aim of the
research is to produce long-term plans that are compatible with
the Gentan probability model.
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1. INTRODUCTICN

All countries with a long forestry tradition have well documented
techniques for the assessment of the economical, current or future value
of forest-stands. For the last few decades, a worid-wide interest for
the multifunctional role of contemporary forests has been growing. This
is specifically the case in regions with a low afforestation index.

In Flanders, the Dutch speaking part of Belgium, situated in the highly
populated lowlands near the North-sea in Western FEurope, the
afforestation index is about 8%. This means only 0.02 ha forest is
available per inhabitant. These forests are mainly private. As a
consequence, the economical, recreationsl and ecological pressure on
forests is considerable.

There is a need for a method to measure the way in which these real

needs of society are fulfilled, Forest policy and forest management
need to be based on an evaluation method which takes into account the
multipie role of a forest stand, This means that other descriptive

parameters have to be added to the traditional parameters like ;

- afforestation index;
~ age;
- species composition;
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- stocking density;
- productivity.,

The aim of the presented research project is to make a guide-line for
such an evaluation method in Flanders., All the relevant features of a
forest stand are evaluated and are given scores. One global formula is
build up with these scores.

Premisses are:

- a forest stand is the more worth, the more it is stable:

- the sccial (recreational, cultural ...}, ecological and eccnomical
functions are of equivalent interest. However it should also bhe
possible to extend the evaluation method to forests with more specific
functions.

2. METHOD

2.1, General

The present evaluation method Is based on scores for four basic
parameters i.e.:

- tree species (A);

- stand structure (B}

- significance of the stand for the environment (C);
- stand potentials (D);.

If one wants to give a complete picture of a stand alsc other aspects,
not appearing in this evaluation method should be considered e.g.:

- property structure;
-~ legal constraints;
- facilities for the management.

2.2. Tree species {A)

Although some species have no doubt a higher silvicultural value
compared to others, it is difficult to make a real ranking.: In the
present evaluation method the classification for tree species is based
on two sets of parameters. This ranking is only applicable however in
the geographic region on which this study is based, Modifications can



be necessary depending on the provenance of the seed, The first group
contains inherent constant features of the species. The second group
contains inherent variable features which means although these features
are inherent to the species, the relevance or importance of them can
vary depending on the nanagement aims,

2.2.1, Inherent constant features

* native versus exotic species

In general, native species are more adapted to the local environmental
circumstances, so native species score highest for this parameter.

* litter-quality

Differences in litter-decomposition have ilmportant consequences for the
pedofauna and for the stability of the site as a whole. A
classification based on data from different authors was made.

* stand building capacity

Some species are not able to form real forest—stands. at least not in
our region. The so called primary tree species are capable to form
impressive forest-stands (e.g. beech and oak in Flanders). Other
species are called secondary tree species and can be of great importance
as accompanying trees in stands (e.g. lime-tree, sycamore, ash in
Flanders). The resaining species are not capable to be of any interest
in our region or only play their role in the shrub-iayer (e.g. bird
cherry, hazel),

* vitality

Even native species can become very susceptible to a diversity of
plagues, fungal attacks, insects, soil compacting, pollution ... Elm
€.8. is a primary, native species in Flanders. However, because of the
elm disease the species as g whole became of very small importance in
Western Eurape.



2.2.2. Inherent variable features

* rotation

Species with a long rotation time can be considered to be more stable
because the vulnerable reforestation phase takes only a small percentage
of the stand life, This means that the period in which the stand can
fulfil its social and ecological most important role is not often
disturbed with a reforestation phase which is less interesting.

If the management goal is to get & high financial revenue in a short
pericd, species with a short rotation period get a very high score for
this parameter. Stands with a more recreational or ecological vocation
however are better served with trees which can be grown with long
rotations.

* temperament

The crown-layer of so called light species is more light~-transparant
compared to stands based on shade trees. The light that passes through
the crowns of the upper-story is available for the shrub-story, as a
consequence of which the vertical architecture can become complex. This
feature however is less relevant if the main goal of the manager 1is
financial. Species with a8 low stand-building capacity often have to
grow under shade conditions. So the evaluation of this feature depends
on the species, the role it has to play in the forest-ecosystem and the
management goal.

* productivity

This feature is defined here as the gain (money) per hectare and per
vear under favourable conditions on a suitable site.

Based on all these features, a classification for tree species in
multifunctional forests is made in table 3.



150

Table 3: classificaticn (scores between 1 and 10) of some tree

species based on their suitability for multi-purpose stands
in Flanders

Picea abies

Populus {not selected)
Prunus serotina

Sorbus aucuparia

Acer pseudoplatanus
Alnus glutinosa
Betula sp.

Pseudotsuga menziessii
Quercus rubra

Quercus palustris
Pinus nigra var Corsicana
Pinus sylvestris
Populus (selected)
Robinia pseudoacacia
Larix leptolepis
Larix decidua

Larix eurclepis
Fraxinus excelsicr
Fagus sylvatica
Castanesa sativa
Quercus robur
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2.3. Stand structure (B}

Highly varied stands will get higher scores compared te monotonous cones
because they are in general more stable.

* Stand composition (Bl)

Stands with different strata or stories are considered to be the best,

because of the more cooplex ecotope they consist of. The following
classification is made. {~-: not present, *:; present}:
! ! o
type 1 2l 3 4w 5 6 7 8
i |
P t
upper-story * - * * - * * * 1
} f
subsidiary story - - E - - - - oy é
| L
| i :
under story - * - * i - }
? : |
herb layer - - * - £ 0= % 1 % |
! i ; i
| | !
; : i
o
evaluation of } } :
the vertical poor i average good very |
architecture | . good |
; |
score 4 % 6 8 = 10

Deviations from the scores shown in this scheme are possible e.g. if one
species (fern, nettle, black-berry) over-dominates the herb-layer a
lower score can be given.

* Mixture of species {B2)

A stand can be mixed or build-up with only one tree species. Mixed
stands, in general are considered to be better because of their
favourable ecological and financial aspects. However, scme mixtures can
be a disaster e.g. poplar-larch because of sanitary aspects.
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In young stands stem-by-stem mixtures are considered as a disadvantage
compared to group-mixings.

Unfavourable miztures get score 0.7, homogenecus stands get score (0.8
and good mirtures get score 1.

* Density {B3)

Low densities prevent natural branch-pruning and lead to inefficient use
of the site. High densities however are considered to be even worse

because of unfavourable sanitary conditions and the reduction of growing
conditions for other organisms.

Possible scores are (.7 for stands with less than 607 coverage or with a

too high density. Score 0.8 is given if the crowns of the trees don't
touch each other and the coverage (s over 607.

2.4, Stand potentials (C)

* vitality (C1)

The vitality of a stand can be evaluated on the field by an expert.
Special attention must be given to:

- age of the oldest needles:

- colour and size of the leaves or needles;
- attacks by fungi or insects:
- suckers.

The actual observed vitality of a stand may differ considerably from the
potential wvitality of the species.

Unhealthy or dying stands get score 0.4, slightly unhealthy stands get
score 1 and vigorous stands get score 1.2.
* management (C2)

Even stands composed of valuable species with different layers on an
appropriate site can be of low value because of bad or no management.



Score 1 is given to well managed stands. Score 0.9 is given to stands
with management problems. If even a renewed management can not save the
forest from decline the score becomes 0.4.

* suitability of the site (C3)

It should be clear that this parameter is one of the most important.
Most knowledge about the matching of species to sites in Flanders is
based on the work of Baeyens or on field experience of the manager,

If the combination site-species i{s very good score 1.1 will be given,
for good combinations this becomes 1 and for bad site sultability 0.8
will be the score,

2.5. Significance for the environment {D)

This parameter is based on:

- the afforestation index of the surrcundings;

- specific ecological functions the forest might fulfil (reduction of
erosion, sound insulation...);

- specific socio-cultural, historical or aesthetic features of the
forest.

Possible scores for parameter D are 1 {(normal stands) and 1.3 (stands of
special interest.
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3. A CASE STUDY

The presented evaluation study was used by LISEC to evaluate several
hundreds forest stands.

The field observations were immediately transmitted to a form. A
software package makes it possible to visualise the stand evaluation and
to make several simulations.

The field work, the calculaticons and the reporting for a small scale,
highly varied forest of 100 ha {150 stands) took about 20 days. No maps
or inventories where available for this forest. If this data would have

been available the study could have been acceomplished in about 10 days.

In this case study the above described ideas where implemented in this
formula:

Total stand value (W) = {A + B) * C * D * 00,3846

in which the characters A, B, C and D stand for the scores for:

- A = gpecies

- B = stand~structure {B1 * B2 * B3)

- C = stand potentials {C1 * C2 * C3 * 7.576)
- D = significance for the environment

~ 0.3846 and 7.576 are scale factors

The total stand value ranges from 0 to 100. With scores between 0 and

20 for forests which are of very poor interest and scores between 80 and
100 for the most valuable forests.

Although this formula and the way the different parameters were treated
need to be improved, this experiment learned that this implementation
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lends to a classification which wmatches the subjective judgements of
stands made by different experts. Perhaps even more important is the
fact that this classification offers a base for fertile discussions.

In one case-study the evaluation method was used to compare different
location alternatives for a 27 holes golf court in a private forest of
“about 160 ha. The information was used to make a map on which the stand
value was shown in different colours. A picture of the implantation of
the holes, sccording to the different alternatives was laid over this
map.

To get a better idea of the importance of the effect the mean stand
value before and after realisation of the golf project was calculated.
This also facilitated the choice between these alternatives, It was
possible to calculate the percentage of the stand value that disappears
by a treatment or to calculate the effect on the entire forest,

In fact it is possible to calculate the decline in stand value caused by
a certain treatment. This means the method can also be used in
Environmental Impact Assessment studies.
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[, RECOMMENDATIONS FOR FURTHER RESEARCH

The present list of parameters and features is based on the knowledge of
forestry experts and biologists working at LISEC. It would be
interesting to have a broader discussion about it.

The formula used in the case study should be studied in detail and
different ipplementations are to be tried out.

Well documented with examples and pictures, tables and figures, a
standard method for the evaluation of multiple forest stands cculd be
the result of this exploratory study. Knowledge about the features
which are most responsable for the value of a forest can also result in
guidelines for the management.

The method could be adjusted to be used in  forest-stands with more
specific management goals.

This goal is very ambitious. However, as forests are becoming more and
more impertant for the health of society it is necessary:

- to give an alternative for evaluation methods that are only
based on productivity;

- to make explicit and systematic statements about the qualities
of forest-stands and about their functions. This facilitates
discussions between decision makers on the field and
politicians or forest-users.
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SUMMARY

The global concern over the issues of sustainable forest management of
and timber production in tropical forests is gaining momentum. So much so
that the terms “sustainable forest management™ and “timber production and
the rain forest" have attracted worldwide attention of the {nternational
media, research and funding organizations, timber consuming and producing
countries, timber trade organizatioms, government and non-goverumeati
organizations, etc. Scientists and forest managers have lost track of the
essence of the 1issue. In ASEAN where the furor is kept in flames, this
paper, in an effort to account for this global concern, defines and
describes the concept of sustainability from the forests, sustainable
timber production scenario, and some important strategles to promote
sustainable forest management practices, This psaper summarizes partly
results from the study on "Sustainable Forest Management in ASEAN With
Special Reference To Sustainable Timber Production in Malaysia™,

Reywords: Sustainable forest managemeat, sustainable timber production,
ASEAN, tropical forests, biological sustainability

DEFINITIONR AND TERMINOLOGY

“Systainable...”, “Sustainable forest management”, and "Blological
sustainability” are terms and concepts which are difficult to define but
are basic to what I will be discussing in this paper. Much confusion and
misunderstanding can be, and has been, caused by the imprecise use of such
terms. 1 wish to aveid this as far as possible. Even in this paper, the
already over-—used and over-cited word "sustainability of ceas” 1s also
being used. The following defines or explains or describes the key terms
used in this document.

o} "Sustainable” - as i{n "sustainable forest management” with the view to
schieve "sustainable timber production™ and "biological
sustainability” of the forest.
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“Sustainable” or "Sustainability” implies the permanent
maintenance of productivity {(of somethiang) on the site, with the
costs of inputs (if any) not exceeding the commercial value of
the outputs derived from such site,

In the context of forestry ({(natural or plantation) and in the
present paper, the site 1g a forest land; the sustalned
production of timber/logs+ (either at a uniform or non-uniform
level) 1s the output in question; and the inputs are costs
(indirect or direct) to produce the timber/logs, for example,

management and silviculture costs, harvestiong and transportation
costs, etc,

(*Note: the output can be extended to include non~timber forest
products, such as rattan, bamboo, birds” nests, resio, etec. We
may extend the definition of sustained production to timber/logs
of commercial value only which will vary from time to time).

Regarding the sustalnability of tropical forests it i{s important
the recognize that there are at least two fundamentally and
distinctly different perspectives to the subject. These are:

(a) the sustalnability from the forests, {.e., the sustained
production or ocutturn of timber/logs at either uniform
{constant} or non~uniform level in each vear of production.
This is also referred to "sustainable timber production” or
“sustainable yield harvest”,

{(b) the "blological sustainabllity"™ of the forest. Tropical
forests, as a wood production biological entity, can be
sustalned Dbecause the forests grow after they are
harvested, Indeed, {f harvest correctly and the residual
stand are properly managed, they may very well grow at much
higher rate {(m”/ha/yr., for example) than the undisturbed
"natural” forests, For the forest to be biologically and
economically sustainable, the growth rate or the growth in
volume of commercial tree specles (3¥G) must be in the
following order: 3G ino the ith cutting cycle >=3G in the jth
cutting cycle >=3G in the kth cutting cycle >=,,..0=3¢ in
the nth cutting cycle, where 1>j>k>....>n. Biological
sustainability in tree growth is scmetimes referred to as

"annual sustained vyield potential” or "annual harvestable
increment”,

Truly enough, if the forest can be sustained in its timber/log
production and in its biological growth, this implies that
whatever silvicultural and management techniques used is suitable
or applicable to such forest. Further, there may already be
conditions, elther techmnical or otherwise, that encourage the
mapnagement for sustained timber production. All these constitute
what Is termed as "sustainable forest managemenat”.
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SUSTAINABLE FOREST MANAGEMENT IN ASEAN

Ever since the forest management came into practice, the concept of
sustained yield management has always been the gulding principle iIn
managing the natural forests of the ASEAN countries. However, of late,
this guiding principle becomes more critical than ever in some troplcal
countries, malnly as a result of:

1. Diminishing forest resource base (mainly timber) due to:
* inadequate planning of natural forest harvesting.

* inadequate harvesting regulations and/or insufficlent
attention to enforcement of logging rules.

* extensive encroachment by shifting cultivators.

* dependency on timber as an export commodity to provide
revenue to a country.

* unplanned conversion of forested land for agriculture and
other development projects.

* inadequate recognition of the existing forest policy and
forest working plan and development.

2. Inadequate resource replacement and development due to:

* ingsufficient effort to implement reforestation and to
regenerate the logged-over forests,

* insufficient tralned manpower to carry out afforestation and
reforestation activities,

* existence of other resources {(rubber, oilpalm, coconut,
pepper, gases, petroleum, etc.) &s revenue generator to a
country,

* lack of technical know~how such as inappropriate forest
management systems and silviculture treatments of the
forests,

While the above reasons may not be true to all tropical countries,
they are generally seemed to occur in most parts of Southeast Asian
countries, It is pertinent to see the extent of the forest areas within
ASEAN in order to relate the comcept of sustained yield management and the
possibility of promoting the concept of sustainable forest management (see
Table 1 for this purpose),

Most of the ASEAN member countries - Malaysia, Indonesia, Philippines,
Thailand and Brunei -~ have explicitly stated in their legislation that
their forests have been and will be managed on a sustained yield principle,



But there is a disparity between what "should be done" and "what has been
done” to the forests in many parts of the reglion, It 1s not possible to
glve an accurate estimate of the area of natural forests which Is genuinely
managed under sustained yleld basis in the reglon, but in the context of
this paper sustained yield can only relate to the productive portion of the

permanent forests (usually classified as Permanent Production Forests) of
the ASFAN countries,

The timber yield from forests in the {ndividual country of the ASEAN
has fluctuated widely 1o the past, mainly because of a very large amount of
the production had come from the initial standing stock of timber in
primary forests and also from the forests allocated for other purposes. Log
export from the regio% peaked at about 39 million m3 in 1973 and declined
to about 19 million m” in 1982. Available Informations from the literature
(Wan Razall et al. 1989) reveal that the annual harvestable lncrement of
the forests in the region also varies, from about 1 to 1.5m” /ha/yr. for
extensively logged but less intensively managed forests to about
2m”/hafyr. for selectively logged and intensively managed forests,

In this regards there are two main types of natural tropical forest
managemeant systems 1in many parts of the world and particularly in ASEAN,
namely Monocyclic System and Polycyclic or Selective System, both of which
have its advantages and disadvantages (see Wan Razali 1990). The choice of
one particular type of management depends on several factors, such as the
types of forest, the requirements of the particular timber market and the
forest policy of a country or forest owmer.

Comparisons of long-term sustainable yi{eld harvest (sustainable timber
production) at the various annual harvestable {ncrements with the most
recent log out~turn figures are also given in Table 1., There are about 126
miliion hectares of forest managed for timber production in ASEAN, However,
cut of this only 57,20 million hectares (45,4%) are managed on the
sustained yleld basis . Overall, the sustaiped yleld management area
comprised only 31% of the total forested area (184.35 million hectares) and
only 18.6% of the total land area (307.8 million hectares) in ASEAR.

From Table @1 it is obvious that Sabah was harvesting her timber by
more than its yearly total growth harvestable increment of the sustained
yield forests. Sarawak was in the similar position as Sabah. However, both
of these states capitalize their log preoduction from the initial standing
stock of timber in primary forests and also from forests already allocated
for other purposes. In the years to come they have to reduce their annual
production of logs from the natural forests so that their harvest from the
permanent production forests will not exceed their annual harvestable
increment. Penlnsular Malaysia is approaching a balance between the annual
log production and the total annual harvestable lncrement.

Indonesia, based on the published information, 1is maintaining her
annual log production consistent with the total harvestable increment of
the permanent production forests. However, Indonesia has considerable scope
te improve the sustainable log production capacity by practicing a more
intensive management of the natural forests,

Philippines is having some difficulties to find enough forest areas
to sustaln the present annual log production, therefore the country has
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to reduce the annual log production accordingly. The Philippines” Senate
B{11ls on Total Logging Ban and/or Selective Logging Ban of 1989 may help to
ameliorate this situation but its effectiveness remains to be seen,

Table 1: A Comparison of Sustainsble Production of Timber from Permanent Production
Forests In ASEAN

Total Permanent Production Sustainable Timber Production Annusl log

Country Forest Forests on Sustained (million m3) at the armual Productiog
Area Yield harvestable increment of (million m~)
C(m1lion ha)——— L.Om/hafyr. 1.5m/ha/yr. 2.00/bafyr.
Pen. Malaysia 6.19 2.85 2.85 4.28 [5.70] 8.06
Sabah 4,64 3.00 3,00 {4.50] 6.00 11,50
Sarawak 8.45 3,77 3.77 5.66 {7.54] 13.66
Indonesia  143.96 39.20 [39.20] 58.80 78.40 35.77
Philippines  6.46 2.70 {2.70] 4.05 5.40 4.15
Thailand 14,38 5.50 [5.50) 8.25 11.00 2.07
Brunei 0.47 0.17 0.17 [0.26) 0.34 0.18

[ ] Indicates a most likely sustainable timber production scemario for each country.

Source: Wan Razali (19%0).

The situation in Thailand is a little intricate. Although the annual
log production is half the total annual harvestable iocrement from the
sustained yield areas, apparently gorest Industry Organization of Thailand
estimated that about 70 million m” of wood Is removed annually and that
1and encroachment, shifting cultivation, 1llegal log poaching and illegal
fuelwood collection are the major sources accountable for such a vast
volume of wood, If this report is true (short of actual data) then the
scope for sustainable timber production in Thailand will diminish. Even
though Thailand has stopped 2ll logging, and set apart as a leader in
forest conservation among the many tropical countries, it will not help to
sustaln the timber supply from the natural forests unless the major sources
of illegal activities mentioned above are solved,

Brunei, with about 80% still in forests and having an annual log
production of only 180,000m~ from the natural forests, is fao a better
position than any other countries in the region to sustain the log
production over the next 30 to 40 years.
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SOME IMPORTANT STRATEGIES TO PROMOTE SUSTAINABLE
FOREST MANAGEMENT PRACTICES IN ASEAN

ASEAN, and many countries in Asia also, appear not to be lacking of
development strategies and implementation plans in forestry, and of
studies, reviews and meeting undertaken to assess {ts research needs, Sonme
strategles that can be implemented to promote sustainable forest management
practices f{nclude the following:

*k Related to Forest Policy and Administration

*

Increase the generally low awareness, support and commltment to
carry out what have been formulated,

Secure a sufficient area of natural forests, not less than 45% of
the forested areas, in each country to be designated as permanent

forest production area. Ensure that the land must remain in
forest use after harvesting or logging.

Curtail the harvesting level of natural forests to the level of

long-term sustainable timber production based on the total annual
harvestable increment.

Agree among ASEAN, and perhaps among tropical hardwood producing
countries on a price structure of hardwood timber and timber
products that is equitable with {ts quality.

Eliminate {ncentives, subsidies and other inappropriate policies
and legislation that encourages economic {nefficifency and over-
harvesting of forest resources,

*% Related to Forest Management Practices and Silviculture Operatlions

*

Ensure and allocate sufficient government 1inmcomes, especlally

those obtained from logging, to finance Iinputs to silviculture
and management of logged~over forests.

Develop forest management systems that are more sensitive to
ecological and environmental requirements and social needs of the
people, especially to integrate forest dwellers and shifting
cultivators into the systems.

%% Related to Forestry Research and Development

*

Develop innovative, economic and ecologlically and environmentally
sound management systems for natural, plantation and other
forests within the PFE to enhance thelr productive potential,

Increase forest resource base by improving the productivity of
degraded and denuded land throughout a country.

Develop appropriate technologies to achieve optimum efficiency in
the economic recovery of harvestable timber and other resources
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with a mianimum resource wastage and damage to the forest
environment,

* Diversify the forest based industries by giving incentives to
encourage local processing of secondary and tertifary products
from timber and other related forest produce to enhance the
manufacture and export of value-added and high quality products,

* Improve the utilization of wood and nonwood products from native
and iotroduced tree specles: Improve and expand the use of minor
forest products,

* Support 1in terms of fund, equipment and man power training in
order to strengthen and increase research capabilities of
national forestry ionstitutions,

* Encourage networking to help the coordination of support,
planning, execution and Iinterpretation of results to maximlize
information yield and reduce unnecessary competition and
duplication of research efforts,

CONCLUSION

The annual harvestable increment of the natural forests in Brunei,

Sabah3 Indonesia, Philippines and Thailand are in the region of 1 -
1.5 @°/ha/year,.

The annual harvestable increment of the natural forests in Peninsular
Malaysia and Sarawak are about 2 m~/ha/year.

The long term sustainable supply of timber from Permanent Production
{Natural) Forests of various countries in ASEAN is as follows:

* Peninsular Malaysia 5.70 million m3/year
* Sabah, Malaysia 4,50 milifion m3/year
* Sarawak, Malaysia 7.54 million m3lyear
*  Indopesia 39,20 million w3/year
* Philippines 2.70 million n3/year
*  Thailand 5.50 million w>/year
* Brunei 0.26 million m3/year

It is recommended that the annual level of log production from the
natural forests Iin each of the ASEAN country should not exceed the
annual sustainable timber production capacity of such forests,

A major obstacle to the practice of sustainable natural forest
management 1s not only the availability of little or sparse ecological
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and silvicultural i{nformatien on most tropical forests but more
{mportant is to solidify and concentrate on the efforts to put the
already known natural forest practices on the ground.
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SUMMARY

The structure of forest revenue systems in tropical countries affects
concessionaires’ logging behavior and influences the allocation of resource
rent {stumpage value) among alternative components: government revenue,
windfall profits, high-grading, logging damage, etc. Malaysia provides a
unique opportunity for studying these issues, because revenue systems differ
widely among the thirteen states in the nation. We have established study
gsites in forests logged in 1989 in three states: Kelantan, Pahang, and
Terengganu. Post-felling inventories will be compared to pre-felling
inventories to develop quantitative estimates of the various rent components.
We will use these estimates to study whether the effects of revenue systems
are predictable and to suggest feasible means to increase government rent
capture and to decrease high-grading and logging damage.

Key words: Tropical timber, forest revenue systems, rent capture

FOREST REVENUE SYSTEMS AND RENT CAPTURE

Forests in most tropical countries are government-owned. Timber from
these forestsg is sold to concessionaires--individuals or firms holding
harvesting rights--at charges established by government agencies, not by
markets. These charges fail to capture the stumpage value, or resource rent,
of harvested forests. Repetto and Gillis {1988) estimated that the percentage
of rent captured by governments during 1978-1983 ranged from 11.4 percent in
the Philippines and 33.2 percent in Indomesia to BZ.8 percent in the Malaysian
state of Sabah.

Exploitation of tropical forests has thus been characterized by a
tremendous transfer of wealth from the public to the private sector. Revenue
that might have been used to support public-sector investments is instead
captured by concessionaires, at rates far exceeding average industrial profit
marging. This implicit subsidization of timber extraction attracts resources
that could be used more efficiently elsewhere in the economy, leading to
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excegsive forest harvesting and unsustainable expansion of timber-based
industries. The low returns to the government foster the misperception that
forest management is8 not feasible {Vincent 1950).

The tendency of timber charges to be assessed on extracted logs, rather
than on standing trees, and to be virtually undifferentisted by species or
extraction difficulty creates additional problems, such as high-grading
(including discrimination against lesser-known species) and logging damage
{Gillis 1980, 1988; Vincent 1990). Figure 1 displays how an undifferentiated
royalty (r) assessed on extracted logs causes potential rent to be gplit among
three basic components: government revenue (CR}, windfall profits {#F), and
high-grading (HG). For simplicity, the diagram assumes that variation in log
prices {p) can be ignored, which implies that differences in stumpage value
result only from differences in extraction costs. The horizontal axis gives
harvest volume. Increases in harvest volume are associated with higher
marginal extraction costs (MC;} in the short run. A profit-maximizing
concessionaire would not harvest trees for which marginal cost exceeds
marginal revenue, Marginal revenue is egual to the net log price {p - r}.
Rather than harvest all commercial timber on the site {V ), the concessionaire
harvests only up to the point where MC; = p - r {i.e., up to V).

The area between the marginal cost curve and the price line represents
the sum of potential rent plus fixed costs. The government collects revenue,
GR, only on V', since rogalties are assessed on extracted loga. The volume
that is not extracted (V¥ - V') has rent value equal to HG, the high-grading
component., This can be a deadweight loss: since they are not charged for
unextracted trees or logs, concessiconaires might fell these trees {for
example, during rcad-building) and leave them in the forest to rot, or they
might damage them during logging, resulting in reduced growth or even
mortality. The size of the concessionaire’s windfall, WF, depends on the size
of ite fixed costs (FC). Note that an undifferentiated royalty causges an
unavoidable trade-off between #F and HG: as r increases, HG increases, and as
r decreases, KF increases.

REVENUE SYSTEMS IN MALAYSIA

The failure of revenue systems in Malaysia to capture resource rent was
alluded to in the 1960s by Chong (1966) and in the 1970s by Sulaiman {1977},
and documented more recently by Gillis {1988) and Vincent {1990). Vincent
{1990) estimated that during 1966-85, the percentage of rent captured by
forest revenue systems in the three regions of Malaysia was only 18.4 percent
in Sarawak, 21.8 percent in Peninsular Malaysia, and 46.2 percent in Sabah.

A broad array of forest revenue systems ig employed in Malaysia, due to
the autonomy over forestry matters exercised by the nation's thirteen states
{Salleh 1883, vVincent 1988). The systems are typically comprised of a mix of
charges based on extracted logs ("royalties,” "cesses") and charges based on
the area of the concession {"premiums”). In some states royalties are
proportional to log prices and thus exhibit a degree of market responsiveness,
while in others they are fixed at levels that have remained essentially
constant since the early 1970s. Differences in revenue systems among the



Figure l1--Undifferentiated royalty and remt capture. p = prige of log
delivered to mill, r = royalty, ¥V = actual harvest volume, ¥ = total
merchantable timber volume, MC; = marginal extraction cost for logs from tree
I, GR = government revenue, HG = high-grading loss, WF = windfall profit, FC =
fixed costs of extraction.
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states have 1increased recently, with some states having enacted significant
increases in royalties or begun determining premiums by sealed bids {"closed
tenders” ). Royalties for a given species can differ between states by a
factor of 2 or more, and premiums can differ by an order of magnitude.

Its diversity of revenue systems makes Malaysia ideal for a comparative
study aimed at generating pragmatic proposals for more efficient systems.
Resource economics theory is unambiguous on how to price tropical timber:
price should be based on stumpage value, which is the residual value of a tree
after total logging costs (extraction and delivery costs, taxes, norsal profit
marging} are deducted from the log price paid by a mill, Strict
implementation of a system based on stumpage value might not be feasible in
Malaysia, however, due to constraints on forestry departments’' staff and
funding. Revenue systems pust be sought that maximize rent capture and
minimize such deleterious forest impacts as high-grading and logging damage,
subject to the constraints imposed by existing administrative resources.

The remainder of this paper describes s study that aims to identify such
systems for Peninsular Malaysia. The study is funded by the Osborn Center for
Economic Development {part of the World Wildlife Fund and The Conservation
Foundation)., It is being carried out in cocperation with the Forestry
Department of Peninsular Malaysia and State Forestry Offices in three states.

STUDY SITES

We have selected a set of study sites that:

1} are matched as closely as possible in terms of initial (pre-felling)
forest characteristics, management systems, logging methods, and
dates of logging, but

2} differ as much as possible in terms of the revenue systems faced by
concessionaires.

By holding constant the traitg listed in #1, we hope to isoclate the effects of
the differences in #2 upon rent capture and logging behavior. We will search
for these effects by comparing pre-felling inventories of the sites to special
post-felling inventories that we are carrying out during July-September 1990,

We conducted field visits and used pre-felling inventories to select
study sites in three states: Kelantan, Pahang, and Terengganu. We chose these
three states due to their importance as log producers {(their combined harvest
represents more than half of Peninsular Malaysia’s), their similar forests,
their proximity to each other, and their divergent forest revenue systems.

The forest revenue systems in each state may be characterized as follows:

Kelantan--low royalty, low premium, royalty comprises larger share of
foregt revenue than does premium;’

Terengganu~--moderate royalty, low premium, royalty comprises much larger
share than does premium;
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Pahang--high royalty, high premium, royalty and premium comprise
comparable ghares,

Premjums are sometimes determined by sealed bids in Pahang.

Fach site consists of a 50-hectare block of previocusly undisturbed
(virgin) hill forest in a Forest Reserve (lands gazetted as part of the
Permanent Forest Estate), Each was logged in 1989. The concessionaire in
each case is a state-owned, integrated timber complex. Two sites were chosen
in both Xelantan and Terengganu, and four in Pahang. An extra two sites were
included for Pahang because of the additional opportunity in that state to
study sites with auctiened premiums.

DATA COLLECTION

Data collection is in progress at the time of writing. Pre- and post-
felling inventories comprise the most basic sources of information. Under the
Selective Management System used in Malaysian hill forests, The Peninsular
Malaysia Forestry Department carries out pre-felling inventories 1-2 years
before harvest. The inventories record stocking (number of trees) per
diameter class {12 classes, in 5-15 cm increments) by species group {the same
groups as used in recording data on revenue and log prices). Estimates of
standing timber volumes are made as well., Pre-felling inventory data for our
sites have been provided by State Forestry Offices. In addition, the Offices
have provided data from tree-marking inventories, which are carried out just
before logging and provide a check for the volume estimates in the pre-felling
inventories.

The Forestry Department also carries out post-felling inventories 2-5
years after harvest. This is too long a delay for our study. Ingstead, we
have hired a private forestry contractor to carry out post-felling inventories
gpecifically for this study. These inventories will collect information
corresponding to that in pre-felling inventories and will include estimates of
the timber volume in damaged, standing-dead, and felled trees left on site.

Data on prices and costs must be collected to supplement the data on
timber volumes in the pre- and post-felling inventories. Monthly data on log
prices at mills are available from regional offices of the Malaysian Tiamber
Industry Board. Data on logging costs will be provided by the integrated
timber complexes. These complexes, which use both their own logging crews and
independent contractors, have proven to be the most reliable source of data on
logging operations in previous research supervised by Abd. Ghani and Hadi.
Data on volume harvested and revenue collected from each site, by species
group, will be provided by State Forestry Offices. These data are hasged on
records of checking stations, which scale logs and assess royalties,
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ANALYSIS OF RENT DISTRIBUTION

A taxonomy of rent components is displaved in Figure 2. Potential rent
refers to the total financial value attainable if 100 percent of the
commercial timber volume on a site were sold at true stumpage value. An
inefficient revenue system causes only a portion of potential rent to be
realized through the actual extraction and sele of logs. This extraction may
be recorded or may elude checking stations and be unrecorded. Recorded
extraction rent is captured either by the government as forest revenue or by
concessionaires as windfall profits., Unrealized rent consists of residual
rent and logging damage. Residual rent refers to living trees left standing
in the forest due to management prescriptions (silvicultural remt) or high-
grading (failure to extract marketable trees). Logging damage refers to
felled or standing-dead trees,

These rent components will be estimated as follows:

1. Pre-felling inventory data will allow estimation of potential harvest
volume. The sales value (based on log prices) of this volume minus
logging costs and profit margins will provide an estimate of
potential rent.

2. The sales value of recorded harvest minus logging costs will provide
an estimate of recorded extraction rent.

3. Forest revenue will be given directly by data on royalty and premium
collections, and windfall profits will be given by the difference
between this and recorded extraction rent.

4. Silvicultural rent and high-grading {together, residual rent) will be
determined by comparing pre- and post-felling inventories on the
basis of management prescriptions and harvest plans,

5. Logging damage will be based on post-felling information on dead or
damaged trees of marketable size and species.

6. Unrecorded extraction rent will be the residual left after
subtracting recorded extraction rent, residual rent, and logging
damage from potential rent.

These estimates will allow direct comparison of revenue systems on the basis
of not only the individual rent components, but also:

1. Economic efficiency: forest revenue relative to potential rent {net
of silvicultural rent);

2. Transfers to the private sector: windfall profits plus unrecorded
extraction;

3, Discrimination against lesser-known species: high-grading rent for
species in well- and lesser-known categories, relative to each
category's realized rent.



Figure 2--Rent distribution under an inefficient foresat revenue systew.

|

Forest
revenue

Potential
rent
Reslized Unresatized
rent rant
Recorged Unrecorded Raaldust Logging
extraction extraction rent damage
Windfall SHvicultursl High-gsading

proflts

rant




POLICY SIGNIFICANCE

The present time is an opportune moment for discussicn leading to
improvement of ferest revenue systems in Malaysia. The need for revision of
current systems is accepted by Malaysian forestry administrators and policy
makers. Recent changes implemented by the states indicate a willingness to
try new approaches., A comparative assessment of the various systems now in
use would provide useful feedback to the states on the strengths and
weaknesses of the systems they have begun experimenting with,

The policy significance of the study will depend in large measure on
whether parties involved in the forest sector perceive their objectives as
being furthered by revenue systems that increase the government’s rent
capture. We would argue that all parties will benefit in the long runm.
States will receive increased forest revenue. Industry will enjoy increased
supplies of timber, due to decreased rates of logging damage and high-grading,
and due to more intensive forest management made possible by increased forest
revenue, The Peninsular ¥alaysia Forestry Department and the State Forestry
Offices will see their goal of sustained management of Malaysia’s forests
advanced. These benefits will only materiaiize, of course, if government
revenue is used efficiently.
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Der RBeitraz beschreibt die Forsteinrichtungsmethode des
Welserzuwachses, die seit mehr als 25 Jahren auf den gleich-~
altrigen Hochwald in Rum#nien angewendet wird; indem sie be-
zilglich der Garantierung der Nachhaltigkeit der Ernten fir
eine Zeitspanne {ber 4c¢ Jahre verbessert wurde und die funk-
tionelle Betriebsfilhrung der WHlder unmittelbar beeinflusst
wurde .

Die Ermittlungsweise des Waldhiebssatzes spezifisch fir
die Methode des Veisgerzuwachses, unabhiingig von der voraus-
gehenden Zuteilung der Best#nde auf Deriodische FlHchen,
schafft die Bedingungen zur Staffelung des Schlagbetriebes
gem¥ss der inneren Verh#ltnisse der Best#nde und der Rege-
nerations- und Zusammensgetzungsverh#iltnisse jedes Bestandes,

Der ermittelte Hiebssatz stellt die freie, nichtloka-
lisierte Holzmasse dar, die nicht einer im voraus bestimmten
periodischen Fl¥che entspricht, woraus sie in einer bestim-
ten Zeitspanne geschlagen werden sollte. Thecretischerweise
konnte sie wo auch immer in dem Wald geschlagen werden, wenn
alle Bestfnde hiebsreif sind. In diesem Fall wiirden die Ein-~
griffe in jedem Bestamd der Plenterform sich annfhern. Durch
diese mannigfaltige Reihe von Eingriffen ir8gzt die Methode
des Weiserzuwachses zur wesentlichen Erweiterung cer Vor-
gﬁigetzungen filr eine funktionelie Betiriebsiuhrung der
#¥8lder,
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cefore the development of the indicator increment method
for the Romenian oven-ased nigh frirzst we anplied nanagenent
“2tneda based on diztribution: originally various alterna-
tives of the methods in accordance with working sections {as
to wvolame, to area, permanent, revocable, unique, mixed) and
later an alternative of the age class method which still pre-
cerved - even in its most advanced form = 2 number of ele-
ments specific for the working secticns 50

The disadvantage of these methods lies in tne fact that
the determination of the allowable cut and the felling
sequence conditlon each other, forest cultura being thus
cilogely connected with regulations specific for the mana-
gement plan, Zven the age class method in the form recommend-
s34 in the management instructions of 105G 7] determined the
annual allowable cut by dividing the stand volume by the
runber of years correspondinz to the periocds under conside-
ration. After regenerstion the respective stands would form
the first age class, Therefore they had to be cut and rege-
rerated within a certain tinme period, which was called for
oY the de*arminaticn method for the allowable cut. The allow-
able cut therefore depended cn the prelimimary distribution
I stands on periodical arsas and - onee determined - implied
2 1ts turn the oblization to observe these distributions,
aus directly influesncing botn the felling location 2nd the
uration of the regenerztisn procz28s, But it is known that
he general outline and the fixed rezgeneration periods con-
venient from the menagement point of view because they give
the possibility to organize the forest on the whole depending
on age classes show siznificant disadvantages from the point
of view of the growth conditions. The ratherp rigid dispo-
sition of the periodical areas has been the otject of a dis~
rute between forest management and sylviculture [5] since
tne first methods according to working sections developed,

In numberless cases this disposition hindered the differen-
tiation of the management steps according to the stand re-
quirements, the actual regeneration conditions and the strue-
ture aims established for each stand. This disadvantage gra-
dually became more prominent, as the stands diversified from
the functional point of view, when even on fairly small areas
corresponding to a working saction or subseection the struc—
tures must differ from one stand to another,

Taking into account the above mentioned facts the deve-
lopment of the indicator increment method represents a' turn-
ing point in the management of even-aged high forests. As a
matter of fact, the main premise of the indicator increment
method aims at providing a flexible management frame by means
of the management plan, corresponding tc the implementation
of an intensive and differentiated culture according to the
#stiablished targets., In this respact the method met a re- *
quirement which was expressed in the literature long ago fS];
the separation of the allowable cut determination method from
the felling sequence in time and space by means of the symul-
taneous use of the structure according to age and increment,
The main idea consista in the fact that the allowable cut de-
termination method -~ based on the taking into account of the
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indicator increment and of the actual structure conditions in
the forest to be managed -~ should by no means infringe upon
the stand regeneration and tending by strict regulations,

According to the method the allowable cut is determined
by means of the formuls

P=mCj (1)

where:
Ci{ 1s the indicator increment derfined by CaRCZA as being

"the current increment of a forest made of stands with the
same composition, the same site indices and the same densi-
ties a8 the real ones ,but the age class areas are ajual and

m - 13 a modifying factor which varies from one case
to another Jdezending on tie structur: ol the .Tcowins stock,
whose determination method represents an escential characte-
ristic of the allowable cut determination methed specific for
the indicator inecrement method. In principle, its determina-
tion 1s based on the ratic between the actual stand volums
that can be cut in certain time intervals znd the volune to.ese
stands sniould have, 8o thet the woed continucusly harvesizd
cach year should equal the indicator increment. In order to
s8implify the calculztions, instead of the volume ratic we
used initi2lly the area ratio, which proved to be inadequate
in zost ol the cases [4#] . In order to deteraine this modi-
fying factor the indicator increment methed provides diffe-
rent calculation possibilities depending on the forest (with
or without fellable stand excess) (27 .

In the case of working blocks without fellable stand
excesas the following formula is applied in order to determine
the allowable cut.

=P LA (1)

where: jo is the lowest of the ratios V; : lo, Vi :20,
V2 :40; A, the difference between total yield increas: and
pain yield increase in the next lo years, for the stands
fellable during the first decade, and Vd, V1 and V2 stand for
the wood volume that can be harvested during the first decade,
during the first 2o years, during the first two 20 year pe-
riods, '

In the case of working blocks with stands having egual
age class areas or an area excess in certain age classes
(the ratiocs Vd : lo Ci; V1 :20 Ci; V2 : 40 Ci are either
higher or equal to 1) the allowable cut may be either higher
or at least equal to the indicator increment (Ci), m being
higher or at least equal td 1 (Fig.l).

CARCEA (1986) drew up a new variant of the indicator
increment method with changes favourable to an intensive
sylviculture that takes intoc consideration the necessity to
extend the period of sustained yield from 40 to 60 years,
adapting the allowable cut calculation the requirements of
sylvicultural systems with long regeneration period and to
the forest functional management [3,57 .

The determination of the forest allcwable cut irrespec-
tive of the previous distribution of stands on periodical
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areas offers conditione for regeneration fellings to be
carried out only in accordance with internal requirements,
with the regeneration and structure conditions charactoristic
of each stands.The drawing up of & general felling plan is
a0 longer necessary as yield sustention anrd growing stock
normal condition are ensured by the use of the indicator in-
crement itself as a basic element for the detarmination of
the allowable cut. The allowable cut daternired repregents a
free , unloceted volume. This does not mean that harvesting
way be done at random, but the lo-yenr plan of regeneration
fellings stioulated in the management plan is drawn up ir-
respective of the allowable cut determination methrod, The
selection of the stznds where the alleowable cut of princinal
v1ield is to be carried out in the next ten years is done on
the basis of their mapping according to felling and regenera-
tion immediacies; the felling rate for each stand s no longer
conditioned upon 2 fixed rezaneration pericd as in the case
of aze class distribution me:hods, It is determined different-
1y Zrom stand to stand, accerding to the regeneration condi-
tions 2nd the Tinal structures adopted, in visw of stands
performing their functions urder optimun conditions. In accor-
dance with these functicns and the correspondin: optimuz
structures, both the regeneration periods and the number and
nature of interventions may largely differ from stand to stand
Zrom unigue clear fellings to Tellings typical for the most
intensive sylvicultural systems., In this cage, the allowable
zut need not be harvested fronm a previously establizhed pe-
riodical area in a certain time interval. Practically, the
allowable cut can be harvestesd in any stand where an inter-
vention is necessary, and not only on 1/5 or 1/6 of the fo-
resl area. In c2se of necessity it might be harvested on the
whole forest area provided all stands are ripe for felling
and special reasons do not call for essential changes in the
Structure of a certain part of the stands during the first
decade. Cbviously this example is far-fetched, for in such
a case the interventionns in each stand would be quite mo-
derate, similar tc selection system . The example was given
only to underline the fact that the method leads to a flexi-
ble framework, appropriate for a wide range of structures,
according to the functions each of the stands should perform,.
This is exactly how the method of indicator increment con-
tridbutes to the essential broadening of the premises for the
égﬁiication.of a functional forest management ,even when the
Tawlng up of working blocks and sections based on functio-
nal criteria is not possible,

Mention should be made of the fact that so far the advan~
tages of the indicator increment method-pointed out both in
the chapter on allowable cut determination and in that concer-
ning the sequence of principal yield felling~has not been
turned to good-account on & large scale in forest management
practice [1,5).This advantage should be taken inte considerg~
tion more and more in the drawing up of plantation plans com-
prised in the forest management,aiming at s marked differenti-
ation of management steps in accordance with stand funections,

This is called for especially now,under the present con-
ditions of the Romanian econcmic forestry,when an important
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intensification of the forest management approach is planned.
Suffice it to mention a series of sylvicultural systems with
long regeneration periods which promote natural regeneration,
the avoidance o7 s0il denudation as a result of felling and
subsequently,a small number of clear fellings which are to

be applied under special conditions;a 3-7 year period of the
cutting area drawing near in order to prevent focusing the
felling on slopes.

By eliminating the interdependence between the allowable
cut determination method and the felling sequence,the indica-
tor inerement method provides the condi*ienc for an adequate
solution of these problems.Cbviously,in the cases in which
the volume of fellable stands under the conditions of inten-
8ifying the forest management system becomes a limiting fac-
tor,it is necessary to correlate the determined allowable cut
and the provisions of the ten year felling plan by means of
the management plan in an adequate way.
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A NEW DETEUAINATION MODEL FPOR THE ALLOWADRLE
CUT BY MBEANS QF THE IHDICATOR GROWTH
F.Carcea, I.Seceleanu

Forest Research and Management Institute

Bucharest - Romania

“n the frame of the indicatcr growth method, developed for
even-2ced forssts (Carcea 1969a) the allowable cut ic determined by
means oi the formula

P=mncCI,
where: 07 is the indicstor growih and m & modifying fuctior inferred
in Teiation with the fellable weod velume in the Tirct part of the
rotiwion period,

Sonie previous IUFRO reports {(Carcez 1969b; Carce:s, ililescu, Di-
cgescu, 14%86) underliﬁed the reference value of the indicater growih,
v =he fact that this growth always equsls the volume of & nor-
mal sizz cutting area consisting of fellable stands characterized by
production conditions ezuivalent to the average real cnes in the
elemsntary unit (etend). This is explained by the foct that CI is
detzrzined - fcr-the main stand - in relation with the reel compo-
sitizns, site classes snd densities, but taking into account a ner-
mal :1ﬁnd distribution according to age class,

The refersnce value of the indicator growth builds up the pre-

miszs T:r the application of numerous caleculation variants for the
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allowebie cat, nam:ly premises for the optimization of sclutions in
Cyrelatior witn any oylvicultural or socic-cconamic goal, The resgective
optimiz.Livn can bz achieved by means ¢f the modifying fuctor m, for
whose deteraination any requirements or restrictions izmplied by the
menticned gozls czn and must be taken into account.

Such an adaption of the allowable cut determination method has
been lately induced by the application in the Romé&nian sylviculture of
sylviculturzl systems with longer regeneration periods and diversified
from siand to stand according to their ecological characteristics and
+o the cocio-economic functions they should meet,

Up tc now for the determination of the modifying lactor in the al-
lowabliz cut formula, the following retlos have been tzken into consi-
deraticn: v o 1o Ci; vy ot 20 Ci; v, 140 Ci’ Vi s Yy and v, repre-
sent tne fellable stand volume in the first lo, 2q and 40 years res-
pectiveiy {Carcea,1878). In case of some relatively short periocds this

soluticn v os adequate both from the view point of ensurinyg a sustained

yigld =nd ol regeneration.
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n of sylvicultural systems with lon; regenersiion
pericds {13 - 30 years) brought about the fact that, for the determi-
natior of the modifying Tactor , not ﬁhe full volume cf the fellable
stands in the following lo, 20, 40 years is taken into calculation,

but orly tnhz weed volune which'could be cut &t the respective intervals
taling fnio seeount the s"lv1cultu*al syatems to be &pnlied wnd the

duraticn oi the rsgeneration perlods in view (Carcea,198%).

ne sense of the above-mentioned considerations, the mathema-
tieal modsl of the calculation of the allowable cut for the nain yield
of a —rcduction fund in the even-aged forest system 1s synthetically

shown in the reletions (1) - (21).
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"ne symbols used in the model have the following significsations:

J

- - volume of the allowable cut for the nmein yield,

CT - indicetor growth of the production fund;
‘1" ~’'index of the elementary unit (stand), whichi is included
in the production fund; 1 =1 - n; n = number of elemen-

tary units included in the production fund;

oo

- index of the species (stand element); j = 1 - ri;‘ri‘- num-
ber of species which make up the stand in the unit "i";

93

~ differentiated caelculation cocefficient in relation with the
rotation period (Table 1),

Table 1,

ratation
periocd
YEArS 8¢ So loco 1llo 120 130 140 i50 160

a 0651 0,756 04825 0.867 0835 0,316 0.531 0,942 0©.3951

?ij ~ unitary volume of the stand element (species) "3j" in the
unit, calculated for the ratation age;

¢ = duration of the adopted period,

ST surface of the unit "i";

«, = closeness of stand index (density) inthe unit "i";

pij - particpation ratioc of the stand element "J" in the unit

"1,

Yo - woed volume which can be cut in the first decade, taking
into zccount the totael fellable stand volume in the res-
rective decade, the adopted sylvicultural system chesracte-
ristics and the duration of the regeneration period left;

72 - wood volure which can be cut in the first 2o years, taking
into account the total fellable stand volume in the res-
pective period, the &dopted sylvicultural system charac-
teristics and the duration of the regeneration period
left; ‘ |

VF - wood volume which cen be cut in the first 4o years, taking
into account the total fellable stand volume in the res-
pective period, the adopted sylvicultural system charecte-
ristics and the duration of the regeneration period left;

YG -~ total fellable stand volume in the first 6o years;
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YD1, VD2, VD3, VD4 - fellable stand volume in the Iirst decade,
whiclh according to stand corndition, sylviculiurszl sys-
tem t> be applied end duraticn of the regeucration pe-
riods left, could be cut completely, during the fcllow-
ing lo, 20, 30 &and 4o years respectively,;

¥l, ¥2, K3, K4 - fellable stand set in the first lo years, whose
wood volume can be cut according to the sylviculturael
system characteristics end duration of the regeneration
period left, in la; 20, 30 &nd 40 yeers respectively;

71,77 %3 ,%%4 - cardinel of the sets K1, K2, K3, K4 ;

LA ~ the rresent volume of the stend element "j" in the unit
\ Hi!l; ‘
V{S - volume at the present age (TA) of the stand element "j"

in the unit, calculated according to yield tables at the
present age (TA); o

Vgé * - wvolume at the age (TA+X); (X = lo,20,30,40,60 ygars) of
the stand element; in the unit "i2 calculated according
to the yield tables at the age (TA+X);

EL, 22, E3 - ~¢lleble stand set in the first 2o yesrs, whose wood
volume can be cut in relation with the sylvicﬁltural
syetem characteristics and the duration of the regene-
ration period left in 20 , %0 and 40 yeirs  respec-
tively;

—— e

21,2255 = cerdinzl of the sets El, E2, E3;
VIi,VE2,VBE3 - fellable stand volume in the first 2¢ yeare which,
| according to stend condition and duration of the re-
ger.eration periods left,could be cut in 2o, %o and 4o
years respectively;

L o= Tellaeble stand set in the first 4o yeers, whose volumes
can be cut in the respeciive period;
&1 - fellable stand set in the first 6o years, whose volumes

could be cut in the respective period;

1,31 - cardinal of the sets F1, Gl;
Ci; - totel yield increase in lo years of the stand element
"3" in the unit "1"; .
CS. - main yield increase in lo years of the stand element "j"
o in the unit "i".
Tk

Th: pathematical formalization of the model are shicwn 1w the

mpisttora mentioned helnow:s
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Fay .
. R CI (szo) Q¢ 1

[a+(1-a) Q) cl it o 31

O. =20‘CI*DM

20-C1
cr = & ¢ 4=t 0

=1 Jj=1 c. pij

DM = min. {DD1, 0DD2,003, DDI.}

ODD1= 2vD- 20C1
bDD2=VE- 20ClI

DD3=VF- 40CI
DD4L= VG- 60CI
5 - omin VD ; VE : VF VG
10 CI 20 C1 40 CI 60 CI
K ri
a = £ = (Cij-Cij)
=1 =1
D - 10 ( vB1 . vD2 _ VD3 VD4
10 20 30 L0
K1 ri TA+40 _ 7A
VD1= ¥ (Vij SRRy )
=1 j=1 2
K2 C TA¥20  TA
VvD2=: ¥ (vij« D =W )
=1 =1 2
— TA*3DV TA
K3 ri ® -
VD3 < - (Vij L+ Vi i )
=1 =1 2

)
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K4 ri VTA+A'EE-_VTA
15) VD4 = (Vij AR : )
=1 j=1 2
i VEA VE2  VES3 )
16)  VE =20 | e e
— _ JAB I
£l ri 1] - i
17) VE1= ¥ (v,j- LY ”)
1= J:'} . 2
= . VTA+30 VTA
, [A+30 TA
18 VE2 = > Vii e 1 )
E“é‘ ri TA*Q’O VTA
19)  VE3-= Vij o+ —= ‘i)
=1 =1 ( H 2
T ViETLVTE
il e Vil =V
S I
‘ - . TA 60 TA
g Ny Vi) o = Vij
21) VG = 2 Vi + )
i=1 =1 ( : 2

i’ased on this model calculation programmes were elaborated
and widely applied in the forest managemant in Romania. In order
1o compare the results the official technical regulaticns allow
the parallel utilizaticon of other calculsastion methods, as for
exarple those based on age classes, Of course, the comparison is
usczul mainly if in the cese of the respective calculation methods
thie necesosity %o ensure suztained wood crops &s well as other eco-
ferizel and sylvicultural requirements are sirilarly taken into
aceount,
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