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PREFACE

These proceedings of the NORTH AMERICAN CONFERENCE ON FOREST SECTOR
MODELS represent not only individual contributions of some 40 researchers,
but also significant progress of an unique international effort in forestry
research: The Forest Sector Project of the International Institute for
Applied Systems Analysis (IIASA). The project is a joint effort of re-
searchers in over 1|5 nations to cooperatively develop models of their
forest sectors that can be linked together to form an international model
useful for projecting the development of resources, the progress of indus-
try, and the flows of trade worldwide. Such linkage of models has never
been attempted in forestry.

In the development of forest ecomomics in North America, the concept
of forest sector models is not new. Though the term "forest sector model"
was seldom used, a number of models were developed conceptually, fitted to
data, and used on a limited basis to gain insights into policy problems.
Among the early research efforts were econometric models of William McKillop,
Thomas Mills, Gerard Adams, and Darius Adams. Another approach, linear
programming, was the basis for spatial models of Lester Holley, and
Richard Haymes.

U.S. forest sector models were initially developed separately from
the periodic assessments of U.S. timber resources conducted by the USDA
Forest Services since the 1920's on roughly 10~year intervals, In the
most recent USDA Forest Service assessment, however, substantial use of
the "Timber Assessment Market Model" by Darius Adams and Richard Haynes,
allowed improved projections of supply and demand, using the equilibrating
role of price.

Canadian researchers have developed models of aspects of forest sectors
Among them are those used in the "Outlook for Timber Utilization in Canada to
the year 2000" published in 1979 by the Canadian Forestry Service,

At the same time, a number of Scandinavian researchers were developing
models of their forest sectors, which had several substantially different
characteristics. In the Scandinavian models, more attention is given to
product processing and interactions with the general economy, which recog-
nize the relatively greater importance of forest products. One of the most
widely known of these models was that of Jorgen Randers, which used a sys-
tems dynamics framework.

In 1979, new prospects for advances and coordination of research on
forest sector models were raised by a study proposal of the Intermational
Institute for Applied Systems Analysis. IIASA was founded in 1972 by the
academies of science or equivalent institutions in 12 countries, both East
and West, primarily at the joint initiative of the U.S. and the U.S.S.R.
The sponsoring academies,now 17 in number, had given IIASA the task of
conducting and simulating research on complex problems of modern societies
having international importance. In a relatively few years IIASA had deve-
loped a worldwide reputation in systems analysis and modeling methodology,
and had made substantial progress in a number of applied areas.
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ITASA selected forestry and forest industries as one of major indus-
trial sectors to study. Suggested by Finland, the forest industry study
initially sought to identify current and potential applications of manage-
ment and information systems in the industry. Early meetings of the study,
in January and November of 1980, discovered, however, that applications of
systems analysis were far more extensive than anyone had thought. Of great
importance was the experience in modeling and interest in applications con-
cerned with entire forest sectors of an economy, long-run timber supply
problems in various world forest regions, and international trade in forest
products.

From the early meetings, and visits and discussions with various
national groups, the IIASA staff formulated the general research approach
now being pursued. In December 1980, members of the IIASA staff met in
Washington, D.C., with representatives from the USDA Forest Service, U.S.
forest industry, universities, and Canada. Forest industry and the Forest
Service approved of the general approach and pledged support for the study
in the form of funding assistance, in visits of U.S. scientists to IIASA
for work and consultation, and in cooperative research at U.S. locations.
The approach, modified according to comments received by the U.S. and other
cooperating national groups, is discussed in the article by Risto Seppdld
in this volume,

Part of the U.S. cooperation was agreement to jointly sponsor one of
more conferences in North America on forest sector modeling. These pro-
ceedings are part of the results of the first of these conferences, held
in Williamsburg, Virginia, December 1-3, 1981. The objectives of the con-
ference were to:

1. Present to North American and worldwide researchers and policy
analysts the current state-of-the—art of modeling forest sectors and
their compounents.

2. Discuss new approaches to modeling aspects of forest sectors not
currently used, but potentially useful and quantifiable in some countries
or situationms.

3. Develop further the organization, scope, and approaches of the
United States and Canadian contributions to the IIASA Forest Sector Project.

The conference was divided into several broad topics. Within these
topics the speakers covered a wide variety of aspects, including:

1. National forest sector models as integrating and equilibrating
mechanisms of resource supply, product demand, processing industry, in-
ternational and interregional trade, and national economic situationms.

2. Forest resource and timber sectors, including both short-term
supply of removals from various ownerships, and long-term changes in land
use, timber growth, investment in management, technological change in
forest management and harvesting, transport facilities, and public re-
source and environmental policies.

3. Forest product demand relationships (including both solid wood
and pulp and paper products), and particularly the effects of demographic
and economic factors, prices of products and substitutes, and technological
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change in either forest products or substitutes.

4, Foreign trade in forest products, including the influence of
barriers to free trade, transportation costs and institutional factors,
exchange rates, and national foreign trade policies.

5. Development and shift of forest product manufacturing facilities,
especially the role of factor costs (such as labor, energy, and capital),
transportation and resource access, environmental regulation, shifts in
demand and resource supply location, and national development policies.

The excellent presentations and discussion comments included in these
proceedings concentrate on systems concepts approaches to overcome problems
and difficulties and adaptation of model techniques to specific client uses,
rather than detailed model or pclicy simulation results. They represent
major advances and broadening of the technical literature on forest sector
modeling. Attendees also felt that significant improvement in international
understanding among those developing forest sector models and modeling pro-
cedures resulted from this conference.

This volume was edited by Risto Seppdld, Anne Morgan and Clark Row.
Riston Seppdld, Leader of the Forest Sector Project wntil August 1982,
has now returned to the Finnish Forest Research Institute in Helsinki.
Anne Morgan was Network Coordinator of the Project at IIASA until
December 1982. Clark Row of the USDA Forest Service was Chairman of
the Organizing Committee for the North American Conference on Forest
Sector Models.

Clark Row
USDA Forest Service
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THE FOREST SECTOR PROJECT OF THE INTERNATIONAL INSTITUTE
FOR APPLIED SYSTEMS ANALYSIS

Risto Sepp51§1

POINT OF DEPARTURE

The forest sector (comprising forestry and the forest industry) is facing
major structural changes. Tbis is primarily due to changing patterns of pro-
duction, consumption, and trade of forest products.

On the production side, development of processing technology has made
the industrial use of wood possible in many new areas where wood previously
had no commercial value. At the same time, wood growing has reached its
economic and institutional limits in some old forest areas. As a consequence,
a major shift in the global pattern of the supply of wood raw material is tak-
ing place.

Over the long term, the global consumption pattern of forest products is
changing. For traditional products, some countries are reaching a saturation
level whilst in others a considerable increase in demand is anticipated. At
the same time, technological innovations will change the overall demand for
different products. On the one hand new ways of using wood raw material,
e.g., for chemical products, may increase the demand for wood. On the other
hand, advances in other areas, such as the diffusion of electronic information
technologies and packaging substitutes, may decrease the demand for forest
products.

All these issues pose problems that require a global analysis. As for
supply of and demand for forest products, trade flows form the most important
link between nations. International organizations such as the FAQ, as well
as private consulting companies, are continuously making scenarios and fore-
casts on the production, consumption, and trade of forest products. These
studies are a valuable source of information, but they are usually descrip-
tive, not analytic by nature, and the forecasts often lack consistency. In
earlier studies, mechanisms and structural changes have received limited at-
tention. This has been a major impetus for ITASA to undertake the global
analysis of the forest sector.

Although the problems perceived are often the results of global develop-
ment and international interactions, the consequences are most apparent at
national levels. Also, the solutions to these problems are nearly always
local and not global. Therefore, the IIASA study will concentrate also on
national and regional analysis of the forest sector. Hence, the Forest Sec-
tor Project includes two interacting tasks:

1)Leader of the Forest Sector Project of the International Institute for
Applied Systems Analysis.



¢ National Forest Sector Analysis
® Analysis of World Trade in Forest Products

TASK A: NATIONAL FOREST SECTOR ANALYSIS

A preliminary analysis shows that issues and problems of the forest
sector vary from one country to another. IIASA cannot have expertise on the
varying issues and problems of various nations. Also, the solutions to these
problems are local and may differ from country to country. The Institute
cannot, therefore, assume responsibility for carrying out forest sector analy-
sis and its implementation for individual countries. This must be done by
national research teams. IIASA's role is to promote national efforts and
serve as a center for information exchange.

National forest sector analysis will be carried out by implementing
national forest sector models. The first step in IIASA's promotion activities
is to construct a prototype model that will serve as a framework for the
national models. Because of the differences in the physical and institutional
conditions, as well as the problems, the prototype system must be very flex-
ible. This means that it will be a collection of submodels or modules. For
each individual national forest sector model a specific set of modules appli-
cable to the conditions of that country can be selected and linked together.

In some cases, a national model that is based only on picking out rele-
vant parts of IIASA's prototype will not be adequate for analyzing problems
within these nations. IIASA's prototype will serve mainly as a starting
point, especially for those national research teams who lack earlier expe-
rience in forest sector modeling. The final national models can be much
more comprehensive than any IIASA prototype.

The modules of the prototype will describe, for example, timber growth,
timber harvesting, forest ownership pattern, land conversion, erosion, fire-
wood use, wood processing, demand for wood products and government policies.
In some cases, there must be different prototype modules for different condi-
ti?ns, e.g., separate modules for industrialized nations and developing coun—
tries.

A more detailed description of the IIASA prototype model can be found
in working papers prepared by IIASA's research team. The whole series of
these papers will be a basis for a Handbook for Forest Sector Modeling.

TASK B: ANALYSIS OF WORLD TRADE IN FOREST PRODUCTS

The primary objective of this task is to study the global structural
change of demand, supply, and trade in forest products. The secondary objec—-
tive is to provide a global framework within which the policy issues and
plans of individual countries can be explored.

In the short term, significant structural changes in the demand, supply,
and trade of forest products do not usually occur. The IIASA analysis will



therefore focus on long-term policy issues up to a 20-30 year horizon. The
main method of analysis is to construct a computer-based model of the world's
forest sector. It will consist of a set of national and regional models

that have been linked together.

Linking detailed national models to a global system inevitably produces
a very large model. Large models tend, however, to fail. In addition, some
national models needed for the linkage have been or will be developed inde-
pendently of IIASA's project. Independent models can easily become incom-—
patible. In order to ensure compatability and manageability of the global
model, we have to assume that the national and regional models, which will
be linked together, are based on a common frame.

The global forest sector model will not be primarily a forecasting model,
but rather a policy analysis model, where the structural and functional mech-
anisms of the system are the basic elements. When forecasts are made, they

are conditional, elucidating the different consequences of policy alterna-
tives.

ORGANIZATION

A relatively small full-time staff, whose role will be coordination and
consultation, is being established at IIASA. However, ITASA's staff will
also be in charge of building the prototype forest sector model and the global
linkage system,

An extensive program of visiting scientists and experts has been estab=-
lished. In most cases these visitors are seconded from their home institu-
tions and will stay at ITASA for periods ranging from a couple of weeks to a
couple of months.

A substantial part of the work, especially in Task A, will be done in
participating countries. Therefore, a network of collaborating natiomal
research teams is being established. National teams will be encouraged to
form advisory groups to create the necessary connection with the users of
results. Advisory groups will help ensure that work is realistically directed,
and that results will be made known and applied.

Many international organizations are necessary collaborators in the
Project, especially for the analysis of world trade. Working relations have
been established with four organizations having activities similar to those
of the IIASA Project: FAO's Forestry Department, FAO/ECE's Agriculture and
Timber Division, UNIDO's Sectoral Studies Branch, and IUFRO (the International
Union of Forestry Research Organizations).

Meetings and seminars sponsored by IIASA, held both at ITASA and other
countries, are vital to the project. Information about future meetings and
recent developments within the Project can be obtained from MODULES, The
Forest Sector Project Newsletter, published on a quarterly basis.




IMPLEMENTATION AND CONTINUITY

Even the most elegant policy models and the brightest results of policy
analysis are of little value if they are not used in the decision making pro-
cess. For this purpose, the advisory groups representing the users are being
established in each collaborating country as well as at IIASA. The aim is
to involve the users deeply in the process from the very beginning.

Every effort will be made to guarantee the continuity of the work after
its completion at ITASA., Two project groups have been established within
IUFRO to provide a home for forest sector modelers and world trade analysts.
IUFRO cannot, however, provide either financial support or premises, but its
organizational setting guarantees that the extensive network of researchers
that is being created for the Project can survive.

If the implementation of the Project succeeds as planned, the global
trade model will be transferred to and used in different countries and inter—
national organizations. Negotiations will take place to find an institution
that is ready to maintain and update the model after completion of work at
ITASA.

BUDGET AND FUNDING

After a year's pilot study, IIASA's Forest Sector Project commenced in
September, 198l. According to the present plans, it will be completed by
mid 1985.

Altogether nearly 30 gcientific person years will be needed to carry
out the project during the four year period. Two—thirds of this input comes
from permanent ITASA staff (core)} and one—third in the form of secondments
in which the sending institutions will pay direct salaries.

The total IIASA budget for the project for the period of September 1981
to June 1985 is 20 million Austrian Schillings. If salaries of seconded per-
sons are taken into account, the overall budget is 25 million Schillings
(= 1.5 million US Dollars). This figure does not include the work done by
collaborating teams in participating countries.

The funds coming from ITASA's internal budget cover two—thirds of the
20 million Schillings budget. The rest, i.e., more than 6 million Schillings,
is expected to. come as grants from external sources.
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APPROACHES TO DEVELOPING FOREST SECTOR MODELS






RESEARCH ON TAMM AND OTHER ELEMENTS
OF THE U.S. TIMBER ASSESSMENT SYSTEM

Richard W. Haynes and Darius M. Adams!

Abstract.—— This paper describes current research efforts to
revise and improve the Timber Assessment Market Model (TAMM).
Major changes are planned in the demand and supply structures
for solid wood products (imcluding the addition of market models
for reconstituted wood panel products), in the pulp, paper, and
board model, in the modelling of international trade flows for
all products, in the projection of technological and factor
productivity shifts, in the models of private timber supply
behavior, and in the timber inventory projection model.

Additional keywords: econometric models, long—range market
projection, policy analysis.
INTRODUCTION

During the past decade, forestry sector models in the U.S. have
evolved from simple procedures that projected the "gap” between
aggregate timber consumption and production at prespecified price
levels to complex systems capable of simulating consumption,
production, and price behavior for an array of products in spatially
disaggregated markets at both the final product and stumpage levels.
At the same time, application of these models has expanded
appreciably in both the public and private sectors. With earlier
models, use was restricted largely to the evaluation of market
trends in the absence of policy action. The models could give an
indication of the nature of future market developments but were of
little value in assessing the pros and cons of alternative policy
responses. Current models, in contrast, provide both a greater
capability for policy analysis as well as a broader array of
information on potential policy impacts. As a consequence, they are
gaining increased acceptance as tools in the policy development and
evaluation process. This paper discusses ongolng research efforts
to improve the forest sector model used by the U.S. Forest Service
for its long term planning and policy evaluations. The model system
is the Timber Assessment Market Model--TAMM (Adams and Haynes,
1980) developed jointly at the Pacific Northwest Forest and Range
Experiment Station and the Department of Forest Management at Oregon
State University.

1) The authors are, respectively, principal economist, U.S. Forest
Service, Pacific Northwest Forest and Range Experiment Stationm,
Portland, Oregon, and associate professor, Department of Forest
Management, Oregon State University, Corvallis, Oregon.
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AN OVERVIEW OF TAMM

TAMM was developed both for making projections of
activity in forest products markets and for evaluating a broad
range of alternative policies over a 50 year projection period.
The principal comcern in projections was with the identification
of broad trends in market activity rather than short-term cycles.
Thus, for the product markets where it was appropriate, a simple
supply-demand framework was employed, utilizing annual time series
data for estimation purposes. Spatial interaction in product
markets was given explicit consideration.

An overview of the TAMM system is given in Figure 1. For lumber
and plywood, demand equations were developed for each of seven demand
regions; supply equations were developed for seven supply regions
including Canada. Spatial equilibrium in these markets was
determined by a process that explicitly considered transportation
costs. Consumption of paper and board products was projected using
income—consumption relations for the entire U.S. After adjustments
for imports, projections of domestic pulp production were developed
by supply region. Projected output of fuelwood, miscellaneous
products, and log exports in each supply region was based on
estimates of future consumption and trade in these products
developed outside of the model. Total demand for stumpage in each
supply region was derived from conversion of product supply volumes
(for lumber, plywood, pulp, etc.) to roundwood equivalents. Supplies
of stumpage consist of public harvests set by policies of federal
and state agencies, and private harvests which were responsive to
both stumpage price and available inventory volumes. Equilibrium in
each regional stumpage market was determined by simple supply-demand
equation. Timber inventory volumes by ownership and region were
projected using the TRAS model (Larson and Goforth, 1974).

Boundaries of supply and demand regions in the model do not, in
general, coincide. Demand regions (Figure 2a) were defined based on
major geographical concentrations of forest products consumption.
Lumber and plywood demand equations were estimated for these
regions. Supply regions (Figure 2b) encompass primcipal
concentrations of forest products output. Lumber and plywood supply
equations, pulp production estimates, and all stumpage market
activities were developed for each of the supply regions.

In TAMM spatial equilibrium in the lumber and plywood markets is
found in each year of the projection period. It should be noted that
these solutions do not represent intertemporal production or
consumption strategies which are in some sense optimal. The
production, consumption, and price time paths are only estimates of
the outcomes of contemporaneous interactions in freely competitive
markets.
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Research on TAMM has provided some useful insights into several
areas of general concern in market modelling and long-range forest
policy analysis.

(1) Interregional and interowner diversity and interaction in both
product and stumpage markets are essential characteristics
influencing market behavior. From the modelling standpoint,
aggregation entails significant risk of misrepresenting market
response over time. For policy analysis interregional and interowmer
substitution have a profound influence on the effectiveness of many
forest policies. Policy simulations with TAMM clearly suggest that
policy actions can not be formulated for a single region or
ownership without considering the response of other regions and
ownerships.

(2) The dynamics of private timber supply behavior in the long-term
is one of the most poorly understood elements of forest products
markets, yet potentially one of the most critical. Simulations of
private timber management investment behavior using TAMM suggest
that private lands may be capable of timber output sufficient to
produce stable or even declining forest products prices by the next
century. Timber policy debate in the U.S. in the 20th century has
focused almost exclusively on means of augmenting supply in the face
of rapidly rising demand. Such analysis as has been conducted has
generally assumed fixed or only modestly increased levels of
management intensity on private lands. The possibility of widespread
adoption of intensive management suggests the need to at least
consider a radically different scenario, one in which the need is to
find markets for an abundant supply.

(3) Work with TAMM has highlighted the importance of a thoroughgoing
analysis of costs in efforts to model and project mill level supply
of forest products. Production costs are the basis for producer
price formation. Decomposing costs into major components of the
production process, e.g., stumpage, logging, hauling, and
manufacturing, and these in turn into basic elements, such as labor
and energy, provides significant ingights into the supply behavior
of firms, the role of changing factor productivity, and the bases
for shifting comparative advantage among competing regions.

TAMM (including TRAS) provides a comprehensive and consistent
means to evaluate the impacts of various policies. Changes in the
stumpage sector, which is the primary focus of most Forest Service
policies, can be translated into impacts in the product market,
enabling better identification of the incidence of policy costs and
benefits. Regional interactions and redistribution of costs and
benefits induced by policy shifts can be quantified. Reactions of
private timber producers to public policy shifts can also be
estimated together with the long~term impacts on the private timber
resource. Because the current system is computerized and, in
effect, centralized in a single location (given that all of the
preliminary input to TAMM and TRAS has been obtained) policy
analyses can be conducted in a timely fashion and at reasonable
cost. Policy questions can be analyzed under the same assumptions
and conditions about the economic and resource management
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enviromment. Thus, if the indicated impacts of two policies differ,
the analyst can be certain that the differences arise from the
policies themselves and not from different assumptions or methods
employed in the analytical process.

CURRENT EFFORTS TO REVISE TAMM

Widespread review of both the structure of TAMM and the
projections made for the 1980 RPA Timber Assessment has suggested
five broad areas needing improvement:

1) the analyses of demand and supply for lumber, panel

products,and pulp and paper;
2) the analsis of intermational trade for all products;
3) the projections of changes in factor productivities;
4) the analysis of private timber supply behavior; and
5) the timber inventory projection system (TRAS).
The remainder of this paper deals with our efforts to address
these problems. The overall goal of this work is to develop an
operational system for the conduct of timber resource and market
assessments capable of projecting product and stumpage market
activity and forest resource conditions on a regionally
disaggregated basis in the U.S. under alternative assumptions on
public forest policies, private management activities, and
alternative scenarios of economic conditionms.

A diagram of the revised TAMM system is shown in Figure 3.
The product sector will be expanded by the inclusion of modules
for the pulp, paper, and board and reconstituted wood panel
products markets. Determination of production, consumption, and
prices (mill and delivered) by grade and region will be endogenous
to these modules. Incorporation of an endogenous pulp sector will
also allow more comprehensive treatment of residue markets,
including price determination. Stumpage market activity will be
divided into sawtimber and pulpwood elements and a pulpwood pricing
mec hanism will be added. As in the current version of TAMM, only
private timber harvest and inventory (by region and owner group) are
determined within the system. In the revised TAMM, however, private
harvest will be split by sawtimber and pulpwood groups and (in
selected regions) a new timber inventory projection system will be
used. This new system will: (1) employ an age class representation
of the inventory, (2) account for inventory by site, stocking
density level, management intensity class, and age, and (3) include
explicit mechanisms for shifting areas among the several management
intensity classes over time.

The five broad problem areas identified in the current version
of TAMM have been broken down into a number of research tasks. In
specifying the tasks, it is assumed that the general form of TAMM
employed in the 1980 RPA Timber Assessment (USDA Forest Service,
1980) will be retained. In this way work can procede in a modular
fashion. As each task i1s completed it can be added to the larger
model, gradually building up the full proposed system capability.
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Task A. Revision of Product Demand and Supply Structure

Demand projections in the last Assessment were developed by a
qualitative process that did not explicity consider product prices,
prices of substitutes, or the dynamics of demand adjustment to
shifts in relative prices. As a consequence, it was not possible to
examine alternative assumptions on trends in substitute prices, and
consumption behavior varied only with price in the current period
regardless of prior price levels or trends. One objective of this
task is to develop for lumber, plywood and reconstituted wood panel
products a set of economically consistent regional demand relations
built up from end-use factor equations that include relative product
and substitute prices. These relationships would also include
dynamic adjustments for price impacts over time (multi-period
elasticities).

The current solid wood products supply structure includes both
conventional price—quantity relationships and relations describing
rates of capacity change. The objectives of this task include
examining alternative supply function specifications, alternative
approaches to modeling capacity change, and inclusion of supply
models for reconstituted wood panel products. A part of this effort
1s a revision of the method used to project changes in factor
productivity, e.g., wood and labor use per unit of product output.
Figure 4 shows details of interactions in the solid wood products
markets and how the various elements of demand and supply research
fit together. For these products, the basic framework remains
essentially unchanged from the current TAMM structure.

We also plan to include a more comprehensive model of the North
American pulp and paper industry. In the 1980 Assessment, pulp and
paper consumption was projected as a function solely of various
measures of aggregate economic activity. Pulp production was
computed by converting paper and board consumption (adjusted for
trade and recycling) to pulp equivalents. Pulp production was
allocated across regions on a judgemental basis considering relative
wage rates, levels of softwood and hardwood growing stock, and mill
residue availability. Wood requirements necessary to meet the given
regional pulp output were determined by extrapolating historical
regional trends for the mix of pulping types, roundwood and
residues, and hardwoods and softwoods. Technical improvements (in
wood losses in pulpwood handling and in gross pulp yields) were
projected on a judgemental basis and applied uniformly over time.
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Four lines of research on pulp and paper markets have been
initiated:

(1) development of demand models for paper and board by broad
product class;

(2) development of a model of pulp and paper production and
capacity by region in North America;

(3) development of a process for projecting trade flows of pulp
and paper products between countries in North America and
between North America and other world consuming and producing
regions;

(4) development of a model of pulpwood stumpage and residue
markets by region in the U.S.

Research for the first three objectives is described by
Professor Joseph Buongiormo in another paper in this symposium.
The goal of this work is to provide a market structure for pulp
and paper products with consumption, production, and prices
endogenous. A key concern in model development is incorporation
of processes to explain capacity expansion and shifts between
regions. In the case of the fouth objective we are expanding our
treatment of the stumpage sector to include pulpwood and residue
prices as well as sawtimber prices.

Tagk B. Internmational Trade

International trade, with the exception of Canadian lumber
exports to the U.S., are currently projected on a judgmental basis.
This approach has been criticized not for the level of the
projections but for their insensitivity to changes in domestic U.S.
supply ~demand conditions. Trade flows of pulp and paper products
will be modeled in the pulp products module discussed above. For
solid wood products, our plans are to add Japan as an explicit
demand region for softwood logs and lumber to complete the
endogenous description of the U.S.~Japan—Canada trade triangle. We
also expect to add price responsive trade relationships (empirical
excess demand relationships) for softwood lumber and plywood
shipments to Europe. These relationships will be used to estimate
the effect of timber supply changes in the U.S. and other major
softwood producers on our competitive trade position. Dr. David
Darr will describe the proposed revisions in another paper in this
symposium.

Tagk C. Revision of Techniques for Projecting Technology and
Productivity Changes

Projections of changes in product recovery factors (in the case
of lumber and plywood) and gross pulp yields in the current
version of TAMM were made on a judgemental basis by technical
experts. There is no direct coordination with, or consideration
of, other elements of the assessment projection process.
Projections of other input/output (or factor productivity) trends,
such ag labor use per unit of output, are made independently of
recovery and yield projections and it is not clear that the two sets
of projections are consistent. In both cases the time paths of
projected changes are arbitrary.
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Studies in other industries suggest that rates of technical
change and productivity improvement are closely linked to
industry profitability. Research is now underway to establish
productivity-profitability linkages for wood, labor, and other
ma jor input classes for softwood lumber, plywood, reconstituted wood
panel products, and pulp and paper. Initial efforts are directed at
assessing historical productivity-profitability relationships
in the forest products industry at both the national and
regional levels. This analysis will employ the cost and
profitability data developed in Task A above as well as
productivity data for labor. In the second phase of research,
models will be developed to allow the segregation of factor
productivity shifts due to technical change and those due to
changes in relative factor costs (under the same technology).
This analysis should provide a means for developing consistent
shifts in labor, wood, and other input productivities. Finally,
econometric or approximate links between productivity and
profitability will be estimated.

Tagsk D. Revision of Models of Private Stumpage Supply

The short-term stumpage supply relations in TAMM are weak both
in terms of theoretical justification and historical explanatory
power. The mechanisms used to explain long—term private investment
in forest management suffer from similar problems. We plan
research to investigate the modification of current supply
processes to better recognize the temporal interdependence of
private harvesting and management decisions and consideration of
other than timber benefits in private harvesting decisions.

Task E. Revision of the Timber Inventory Projection System

In the current version of TAMM, inventory changes associated
with projected harvests and assumed levels of timber management
activity were made using the TRAS model. In simulating management
intensity changes, the use of TRAS was cumbersome because it was
originally developed to operate under the assumption that radial
growth, mortality, and ingrowth relations remain stable over time.
TRAS operates with highly aggregated inventories, viz., a single
inventory for each region/owner group. This is advantageous in that
it reduces the time and cost of inventory projections, but it also
entails a considerable loss in the biological realism of the growth
projection process. The objective of this task is to develop an
inventory projection system that retains the positive aspects of
TRAS (input generated from existing data, wide flexibility in degree
of geographical aggregation, low projection costs and time
requirements) while overcoming its lack of biological realism and
difficulties in simulating the effects of intensive management.
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Research is underway to develop an alternative inventory
projection system for use in regions and forest types which are
predominantly even—aged in structure. This new system will describe
the inventory by means of age classes rather than diameter classes
as was the case in TRAS. The inventory will also be carried in a
much less aggregated form than in TRAS, each acre in a given
region/owner group being categorized by species group, site class,
stocking density class, management intensity class, and age group.
Volume per acre will be projected by yield tables specific to each
of the above categories. With management intensity as an explicit
descriptor of stand condition, simulation of changes in management
intensity over time is readily accomplished by shifting acres among
the various management intensity classes. Professor Phillip Tedder
will describe the details of this research in another paper in this
symposium.

Other Research Efforts

There are a number of other research projects now underway
that will expand the capabilities of TAMM.

(1) Revision of the hardwood market model starting with a detailed
examination of hardwood stumpage price behavior and formation, the
hardwood/softwood mix in pulp production, and the development of a
model of the hardwood pulpwood market. The second step is to
incorporate the hardwood market model into TAMM. This would allow
for direct subsitution between hardwood and softwood products in
various end uses as well as raw material for pulp manufacture

(2) The development of a model of delivered wood costs to lumber and
pulp producing plants in Canada based in part on the locational and
quality characterisitcs of the timber harvested. The model will be
used to project production cost trends in Canada and to estimate
changes in harvest flows resulting from alternative harvest
policies..

(3) The incorporation of Alaska in TAMM as a competitive supply
region for the Japanese market. In the 1980 Timber Assessment,
Alaska was treated as an independent projection component that did
not interact with either U.S. or Canadian markets. In the revised
TAMM, Alaska will interact with U.S. and Canadian west coast markets
as an alternative source of supply for Japanese markets.

(4) The development of an accounting system for estimating social,
economic, and envirommental impacts associated with changes in
harvest flows. This system will be linked to TAMM such that,
ideally , many of these measures (i.e., various economic surpluses,
employment, etc.) could be computed directly in TAMM rather than in

ex post analyses.
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Linkage Problems

The model revisions described above will improve the analytical
capabilities of the TAMM system, but they will also increase the
complexity of the model and render system solutions more difficult.
For example, the revised timber inventory projection system (called
TRIM) represents aggregate stands using age classes, where the class
interval is ten years. The inventory 1is updated each decade rather
than each year, as in TRAS. This raises the problem of linking the
stumpage market modules in TAMM, that operate on an annual cycle and
require annual inventory levels as input, with an inventory
projection model that operates on a decade cycle. We propose to
affect this linkage bty adding a simple growth/drain model to compute
annual inventories within the decade cycles. Each decade TRIM would
be used to estimate net growth for each inventory group and a
revised inventory for the end of the decade. This procedure 1is
shown in Figure 5. Unless the growth employed in the growth/drain
model is the same as the actual net periodic annual increment over
the decade (which can not be known in advance), the inventory level
produced bty the growth/drain model in the tenth and final year of
each decade cycle will differ from that projected by TRIM when the
full inventory is updated. This difference will be resolved by an
iterative procedure where TAMM will be rerun for the decade until
the estimated ending inventory from the growth/drain model agrees
(within some tolerance) with the updated inventory from TRIM.

Another linkage problem arises in the case of the pulp and
paper model. This model employs a linear programming procedure to
solve for spatial equilibrium. The technique, while relatively easy
to apply, usually results in large linear programming matrices and
fairly lengthy solution times. We hope to reduce the computational
burden by use of the basis from the current year's solution to
provide a near optimal starting point for next year's solution.

These are just two problems that complicate the solution of
TAMM. In the end we must have a model of the forest products
markets that can be solved rapidly and cheaply. If we complicate the
model too much or make it too expensive to run (say more than $200
per run) then we have defeated our purpose of developing an
operational policy tool.
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Research Deadlines

The proposed time gsequence for completion of the several

modifications in TAMM is shown in Figure 6. We are working
toward two deadlines. The first is this coming summer when we will
update the 1980 RPA Timber Assessment. The equilibrium projection
included in the Timber Assessment was made in 1979 using data
through 1976. We will revise the current version of TAMM for the
update. Specific tasks include:

1) reestimating all empirical relationships with data series

updated through 1980

2) adding logging residues as a source of fiber for the pulp

model

3) adding pulpwood markets

4) using revised TRAS decks where available

5) updating all costs and other exogenous variables

6) developing demand projections from explicit end use

relationships.
During the first six months of 1983, TAMM (now TAMM2) will be
extensively revised to meet the original goal of having an
operational system capable of projecting product and stumpage market
activity and forest resource conditions on a regionally
disaggregated basis under alternative assumptions about public
harvest levels, private management activities, and alternative
scenarios of economic conditions. TAMM2 will feature Canadian
supply models, the revised inventory projection system, the pulp
sector model, a revised system for making technological and
productivity changes, and an enlarged regional structure. It will
be flexible enough to simulate a wide range of policy actions.
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RESEARCH ON TAMM AND OTHER ELEMENTS OF THE
U.S. TIMBER ASSESSMENT SYSTEM--DISCUSSION

Dale Kalbfleischl

The TAMM authors are to be commended for continuing research designed
to improve the forecasting and simulation capabilities of their model. From
the description of how TAMM has been used, it is obvious that TAMM is a tool
that can and will play an increasingly important role in the U.S. Timber
Outlook and RPA processes.

Although a model must be an abstraction from reality, it must, in order
to be really useful for policy analysis, simulate realistically the complex
interactions that would result from alternative policy actions. Although
the current TAMM is considerably improved in that regard over the earlier
versions, the authors correctly recognize that further improvements in struc-
ture and specification are required. The planned improvements will, if they
can be accomplished, provide better results by more realistic modeling of
the processes that determine key product and raw material flows and prices.
Certainly making product substitution responsive to relative price is a step
forward.

Utilizing the concept of investment incentive to explain pulp capacity
location is a realistic way to model how decisions are made in the real
world. Incorporating price as adeterminant of trade flows is another step
toward realism and will allow better policy analysis by helping to understand
the importance of competitive behavior in world markets, This research
should also aid in understanding how to link to the IIASA trade system.

The recognition that solid wood demands on the raw material resource im-
pact price differently from fiber demands canpotentially produce significant
changes in the TAMM results. Incorporating profitability as a determinant
of the rate of adopting technical improvements, and, therefore, timber de-
mand, is another step toward realism.

The simulation results of the current TAMM are questionable because the
system has no real link toa measure of Canada's timber inventory in an econ-
omic sense, Although undoubtedly a difficult modeling task, the proposal to
characterize economic supply as a function of quality and accessibility
should be a better measure of Canada's ability to compete in U.S. markets,

Probably the most important area of research, at least in the longer term
outlook and policy evaluation setting, is to improve the ability to model
forest management investment and, therefore, supply capability in future
years, as a function of economic incentives. Timber supply is more than bio-
logical and the intensity of forestry management is a variable that must be
consistent with the returns to that investment if the results are to be cred-
ible and realistic. These areas of proposed research can substantially
improve TAMM's outlook and simulation capabilities. I suspect the authors

1Weyerhaeuser Company, Takoma, WA.
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will find it impossible to make all the changes in an econometric formulation
with statistically significant parameters. Hopefully, this will not deter
them from making the change, and they will substitute realistic estimates
from engineering or other studies instead.

In the past, the TAMM authors have made their preliminary results easily
available for inspection and critique. As they move to modeling these more
complex and data-poor areas, this evaluation and critique process becomes
even more important. I urge those of you with an interest in forest sector
modeling to make the effort to examine preliminary results thoroughly and
offer the authors all the technical assistance and industry insights you can.
Only in this way can the rate of progress in forest sector modeling, which
has been commendable in the past, be continued.
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A POLICY ANALYSIS MODEL FOR THE FINNISH FOREST SECTOR

Jari Kuuluvainen and Risto SepleEl

BACKGROUND

Because of the rapid expansion of the production capacity of the primary
forest industries in Finland, the annual allowable cut was temporarily ex-—
ceeded at the beginning of the 1960s. This led to increased investments in
forestry to guarantee sustainable yields in the future. Concern over the
optimal allocation of forestry inputs was the first step towards building
a forest sector model.

It became evident, however, that it was mot reasonable to concentrate
on wood production in isolation from the forest industry. Therefore, a
project to construct a policy analysis model for the whole forest sector
(comprising both forestry and the forest industry) was initiated in 1974.
The aim of the project was to develop a tool for decision makers to study
and evaluate the long—term consequences of different policy options. The
study was completed in 1979.

STRUCTURE OF THE MODEL

The model, called MESSU, is built up of seven submodels (modules) shown
in Figure 1.

FOREST describes the growth and the total standing volume of the forests
in Finland and gives the physical limits to the domestic wood raw material
available for the forest industry. With this submodel it is possible, for
example, to investigate the conmsequences of different inputs to forestry and
their effects on forest industry production in the long run. Wood imports
are also possible in the model and can be made endogenous.

FOREST OWNERSHIP. About 80 percent of the cutting possibilities in
Finland are in private nonindustrial forests. Thils module describes the
supply of roundwood from these forests. In addition to the allowable cut,
the actual wood supply is determined in the model by forest ownership
structure and income level. The present trend in the forest ownership
structure, where the number of nonfarmers as forest owners increases, tends
to decrease wood supply. The rise in income level has the same effect.

1)Jari Kuuluvainen is working in the Department of Economics of the
Finnish Forest Research Institute. Risto Seppdld is leader of the Forest
Sector Project of the International Institute for Applied Systems Analysis.
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The supply of and demand for roundwood meet on the ROUNDWOOD MARKET.
The stumpage price and quantity exchanged are determined in this module.
The relative market power of buyers and sellers is a decisive factor in
prices. The demand for wood depends on the demand for the forest industrial
products and on the available production capacity. The supply depends, in
the long run, on the allowable cut, forest ownership structure and general
income level, as determined in the foregt ownership module. It is worth
noting that the effect of stumpage on the supply is in the long run very
weak. The effect of the stumpage on demand comes via capacity changes caused
by changes in profitability.

The submodel for HARVESTING includes logging and transportation. In
this module, a crucial problem is the relative development of capital and
labor costs and their effect on the speed of mechanization of forestry opera-
tions. Also the supply of forestry labor is generated in this module and it
it based on the degree of urbanization given by a population submodule.

The production capacity of the FOREST INDUSTRY is aggregated into one
product and measured in equivalent tons. Only primary production of the
forest industry (sawn timber, wood-based panels, pulp, paper, and board) is
included. Although production is aggregated into one product, the structural
changes in production can be taken into account with exogenous variables de-
scribing variable production costs and the refinement of product mix.

The forest industry submodule concentrates on the development of the
production capacity. The special purpose of this part is to investigate
the different strategies the forest industries have when some domestic
constraints such as availability of wood, labor, or capital starts to limit
expansion rate below competitors. Investments are divided into replacement
and expansion investments. Possibilities to invest are dependent on prof-
itability and the availability of loans. Because of their effect on the
efficiency of the production capacity, capital investments decrease variable
production costs. In principle, modern capacity means high capital costs
and low variable production costs and vice versa.

CAPITAL MARKET allocates external capital to the forest industry. 1In
principle, income finance is used first, and only when this is not enough
does the forest industry enter the capital market. The amount of external
finance available is regulated by two different mechanisms. The first of
these is based on mutual agreement between the Central Association of the
Finnish Forest Industries and the Bank of Finland. According to this exist-
ing agreement, loan finance is not available to those expansion investments
that lead to cuttings exceeding the sustainable yield (allowable cut) of the
forests. The other regulator is based on the financial situation of the
forest industries. In principle, the industry must have sufficient liquid-
able funds and capital to cover the amount of extermal finance. The greater
the need for loans in relation to this liquidable capital, the more difficult
it is to obtain loans. Neither of these mechanisms is effective if loans
are not needed.

The MARKET FOR FOREST PRODUCTS. The demand for and price of products
are exogenous to the domestic forest industry. Changes in the market share
affect the price, however, because it is assumed that the whole of production
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is always sold. Further, it is assumed that the competitors grow at the same
rate as demand. Short-term fluctuations in the end product market are ab-
stracted away.

GENERAL FEATURES OF THE MODEL

MESSU is a long-range simulation model. The time horizon stretches from
1955 to 2015. Business cycles do not appear in the model. Each annual figure
represents a moving average of several years. Simulating the period from 1955
to 1980 gives a validity test to the model. Technically it is possible to
expand the time horizon without limit into the future, but the usefulness of
the results after the year 2000 may be arguable. On the other hand, the long-
range approach in the forest sector is relevant alone because of the long
rotation time of trees in Finland.

MESSU is an interactive model. The user of the model can, with inde-
pendent decisions, influence the functioning of the model. This may take
place either by using scenario techniques or by communicating directly with
the model through a computer terminal.

MESSU is a typical policy analysis model. It does not make decisions
on our behalf. In place thereof, it is a tool to be used in a policy-analysis
and decision—making process. It is meant to give information about the struc-
ture and behavior of the forest sector. It does not necessarily give fore-
casts but produces alternatives for the future, based on different sets of
assumptions.

MESSU is a holistic model. It considers the forest sector as a whole,
which makes it possible to study the interaction between the different parts
of the sector. The model produces information about the problems and bottle-
necks to which research and decision making should pay special attention.

MESSU does not only consider economic features of the forest sector,
even though they are a central part of the model. BfZological (timber growth)
and technical (efficiency of forest industry production and harvesting capac-
ity) features are also included. Further, socio-economic issues, such as
population, urbanization and labor supply dynamics, are considered.

A policy analysis model has not very much value if it is not used. This
might occur if the users have no trust in the model. An important precondi-
tion for this trust is that the users are familiar with the model structure.
In practice this means that the users must be connected to the model building
process. This was one of the main ideas when the project was started. For
this purpose, a reference group consisting of high level decision makers in
different interest groups of the forest sector was established at the very
beginning.
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HISTORICAL DEVELOPMENT OF THE FINNISH FOREST SECTOR

The share of forest industry products of the value of total exports
steadily increased from the end of the nineteenth century until the 1950s.
During the 1950s about 90 percent of the total export value in Finland came
from forest industry products. Since then their relative share has decreased,
due to the rapid expansion of other sectors, and it is now about 40 percent
of the total value of exports.

The industrial use of wood raw material started in Finland during the
1860s, when the first steam sawmills were built. The industrial use of wood
has been steadily increasing ever since, excluding the periods of the two
Word Wars and economic depressions. Between the two World Wars the forest
industries became the largest user of wood. At the same time the role of
forestry changed and its main purpose became the raw material supplier to
the continuously growing forest industries.

The total drain grew further after World War II and by the 1950s the
annual allowable cut was moderately exceeded. At the beginning of the 1960s
the sustainable yield principle seemed to be in permanent danger. However,
the decrease in the nonindustrial use of wood, the switch from net export of
roundwood to net import, and the increase in the utilization of industrial
wastewood, along with weakened supply of non—industrial private forest owmers,
have been the main reasons for the fact that since the mid—60s total drain
has been permanently smaller than the allowable cut.

A historical review shows that the 1960s appear to be a turning point
in the development of the forest sector in Finland. The total drain (cut-
tings) started to decrease, the stumpage prices in real terms started to
make a continuous rise, the market share of the Finnish forest industries in
the world market started to decrease, and profitability turned into a down-
ward trend. This development was partly accelerated by the depression in
the mid-70s. At that time, for example, the total loans of the Finnish
forest industries exceeded the yearly turnover. The competitiveness was in
serious danger because of the low profitability and poor financial situation.
It must be stressed that, even though the depression in the middle of the
1970s made things worse, it was not the reason for the unfavorable develop-
ment. The roots of the problems date from the 1960s.

BASIS FOR THE FUTURE

The problems of the primary production of the forest industries in
Finland have two main sources: domestic raw material constraint, and low
profitability of the industry connected to a weak financial situation. The
availability of wood raw material is not only constrained by physical avail-
ability (sustainable yield or allowable cut), but also by the decreasing
supply from non-industrial forests and the scarcity of forestry labor. The
human and institutional constraints are probably changeable with effort, but
the physical raw material constraint remains.
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The profitability and financial situation of the primary forest indus-
tries is in the long run closely comnected to the availability of wood.
Scarcity of wood tends to bid up the wood prices, which decreases industries'
profitability. Scarcity of raw material can also cause the domestic forest
industries to grow more slowly than competitors. Slow growth easily means
relatively older production capacity than that of faster growing competitors.
This can be prevented only with increased costs to replacement investments.

In any case, total costs of production tend to rise, thereby decreasing profit-
ability. Decreasing profitability may in due course become an even stronger
limit to investments than the availability of the raw material. All this can
cause the underutilization of forest resources, which again decreases the cut-
ting possibilities in the future. In an industry where production technology
is international and tightly connected to the age structure of the production
capacity (putty-clay technology), dropping from the markets' growth path may

be fatal.

POLICY OPTIONS

MESSU is a computer model and, therefore, different policy options based
on different assumptions can be produced easily. In the course of the study,
the model was run thousands of times. In the following, however, only two
scenarios will be presented.

1. Passive Altermative

The first scemario, which is called the basic run, gives the future
based totally on the structures and relationships of the past as determined
in the model. This means that we do not try actively to affect future devel-
opment. The scenarioc in Figures 2-5 is certainly not going to materialize,
because the structures of the past will not remain. Besides, unfavorable
development causes reactions in order to change directioms.

According to Figure 2, the production capacity experiences a period of
rapid expansion from 1955 to the beginning of the 1980s. This is followed
by a period of stagnation, and new growth of capacity starts after 1985.
This growth stagnates again, however, after 2000. Stagnation at the begin-
ning of the 1980s is caused by the scarcity of wood raw material due to forest
owner's unwillingness to sell with current prices, labor restrictions on cut-
tings and forest industries low profitability coupled with the unwillingness
to invest.

Figure 3 shows how the unwillingness of the private non—industrial forest
owners to sell the wood has pressed the potential supply under the allowable
cut level since the end of the 1960s. This restriction constrains cuttings
until the beginning of the 1980s, after which the constraint is the forestry
labor supply. After the 1980s labor supply for harvesting is no longer a
restriction, but it follows the decrease in fellings due to the decrease in
the industrial production capacity.
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Figures 4 and 5 show the economic consequences of the above described
development. Stumpage prices in real terms rise rapidly until 1980, harvest-
ing costs rise slightly at the beginning of the 1980s and the variable pro-
duction costs are in a steady, although slow, rise during nearly the entire
simulation period. Rising production costs and heavy replacement and expan-
sion investments increase the amount of loans rapidly. At the beginning of
the 1970s the loans in relation to annual sales income start to increase at
the same time as income finance decreases. This makes the expansion invest-
ments and even a part of the replacement investments impossible at the end
of the century, leading to a capacity decrease,

The above run suggested a somewhat depressing picture for the future of
the Finnish forest sector. The run was based on some kind of a laissez faire
mentality, and the unfavorable development did not cause actions to stop it.
Therefore, this scenario can be called a passive alternative.

2. Active Alternative

In this second run we have made a set of assumptions about actions that
should be feasible in reality. In the previous run, both roundwood and labor
supply restricted the industrial capacity expansion. We now assume that these
restrictions can be dismissed by the mid-1980s.

In the passive alternative, the expansion investments of the forest in-
dustry in the early 1980s were also seriously restricted by the weak financial
situation. We assume now that world market price is given as before, but a
better profitability can be obtained by giving the forest industries a stronger
position in the roundwood market than in the previous run. Greater supply
already means less pressure for stumpage to rise.

In this run the supply of roundwood and forestry labor do not restrict
cuttings, However, the limit imposed by sustainable yield remains. We assume
here that investments to silvicultural activities are raised to a level effect—
ing an increase in annual allowable cut by 0.5 mill m’ per year. Further, we
assume that raw material is used more effectively, so that from ome cubic
meter of wood we get about 25 percent more products at the end of this century
than in the previous scenario. The import of roundwood is endogenized and the
forest industry is able to import a maximum of 20 percent of its total use of
wood.

With the above rather extreme assumptions we get the results seen in
Figures 6 and 7. The financial situation of the forest industries has now
considerably improved. Because allowable cut can be fully utilized, a new
capacity expansion begins around 1985. However, the short stagnation period
at the beginning of the 19808 remains. This is due to the fact that the
financial situation is already weak at the end of the 1970s and the past was
not changed in our assumptions. Therefore, the investments at the end of the
1970s and the early 1980s are mainly replacement investments.

We have extended the time horizom in this run to 2055. The results after
year 2000 have little to do with the coming reality. However, they tell some-
thing about the model structure. Because the model only includes primary
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production, the physical raw material constraint will become effective sooner

or later. In this run it happens after the year 2020. It is also interesting
to note that the model produces 15-20 years investment cycles known as Kuznets
cycles. These are especially visible after the year 2000.

CONCLUSION

The above two examples represent two extremes. The first shows that a
passive laissez—-faire mentality may have severe consequences. Even the better
alternative shows how difficult it is to avoid the stagnation in capacity in-
crease at the beginning of the 1980s. The most crucial factor is the finan-
cial situation of the forest industries. Also the human constraints in raw
material availability should be properly taken care of if we do not want to
waste the money invested in timber growing during the past two decades.

The discussion above concerns primary production. Further refinement is
not tied to the raw material base in the same way. Also, raw material costs
per unit of production can be considerably smaller than in the primary pro-
duction. A sound financial situation is, however, equally important in fur-
ther refinement.

Although further refinement is the strategic choice of the 1980s for
the Finnish forest industry, we cannot change the situation over night.
Primary production will keep its dominating role until the end of this cen-
tury and its problems cannot be overlooked. Furthermore, it is difficult
to imagine a profitable converted products industry in Finland without a
sound primary industry.
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WHAT WE NEED AND WHAT WE HAVE IN SWEDEN

Sten Nilsson, *

Abstract.-- This paper explores the present situation in the

Swedish forest sector with regard to choices for a strategy in

the future. At the outset this situation raises a requirement for
analyses which must be carried out in order to consolidate the
choices. This requirement is then set against those models used in
the sector today. With this comparison is brought up a discussion
about where it might be worthwhile to work with formalized models
in different problem areas.

Additional keywords.-- Swedish forest sector, sectorplanning,
operations research, fuzzy making decisions, stagnation stage.

INTRODUCTION

The title of this paper concerns concepts in alternative models of the
Swedish forest sector. My intention is to derive from the present situation in
Sweden, a choice of strategies for the future. From the existing situation [
will try to identify which types of analyses and analysis instruments we need
to implement in order to be able to guide development in a desired direction.
I also intend to expose how our existing analysis instruments respond to this
need.

* Professor, Department of Operational Efficiency, College of Forestry,
$-770 73 GARPENBERG, Sweden.
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SWEDISH FOREST SECTOR IN A STAGE OF STAGNATION?

In the following I shall take up a number of points which suggest that
the Swedish forest sector has been in a stage of stagnation for some years.

Wood availability

The forest industry had good possibilities for expansion, volume-wise, up
to the middle of the 70's without any restriction from fiber supply.

We find however ourselves now in a situation where further expansion is
impossible. This is caused by primarily two factors:

- The forest industry capacity expanded rigorously at the beginning of the
70's so that today there is a balance with respect to supply and demand in
fibers.

- This situation is made dramatically worse since the supply from private
forestry has diminished drastically since the middle of the 70's. This
caused fiber imports to increase over the last five years.

It can be estabiished that we now have reached a situation where there is
a balance between supply and demand in fibers. This means that no competitive
advantage can be gained over the next twenty years by increasing the volume of
fibers harvested.

Wood Costs
The wood costs at the mill clearly reflect the forest resource case.
Wood costs increased dramatically in Scandinavia in 1974 because of a
strong demand for forest products. The wood costs in Sweden is today twice as
high as in US South and British Columbia. This illustrates quite clearly that

Sweden will not be able to better its competitive position through low wood
costs.

Technological Development

Technological development during the 60's and 70's in the industry have
been directed toward further development of known technology towards larger
and larger units within the pulp and paper industry. This development can be
explained by the fact that the industry has choosen a strategy to reach the
advantages in the economics of scale in bigger units. By following this philo-
sophy previously, a competetive advantage could be maintained. The Swedish fo-
rest industry now finds itseif in a position where further large advantages in
economics of scale cannot be obtained from a competitive point of view.

We can construe that the Swedish forest industry cannot gain further ex-
tensive advantages through increasing economics of scale when it already app-
roaches optimal size. Any implementation of an entirely new technology in ope-
rations is not to be expected in the next ten years.
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Market Conditions

The most important market for Swedish forest industry products is Western
Europe. Consumption of bulk products in this area has more-or-less stagnated,
and this stagnation can be expected to continue for the rest of this century.

Market development in Western Europe, therefore, has put pressure on the
Swedish forest sector to enter a stage of stagnation.

Saw timber Characteristics

According to opinion surveys given to leading importers of sawmill pro-
ducts in Western Europe, Sweden's strength has been in the high quality of her
wood. However, in recent years the desired amount of the quality unsorted sawn
wood has not been maintained.

The means by which Swedish forests have been managed has caused the un-
dermining of the most important criteria - the high standard of standing tim-
ber destined - for the Western Europe sawn wood market.

Investment

Because of the interacting effects of market conditions, technological
development, inflation, and general cost development, investment cost in the
Swedish forest industry has increased explosively during the 70's.

The cost index for new investments in the pulp industry has grown faster
than the general plant costs index. By studying the general plant costs index
compared to the consumer price index, it can be understood that it is diffi-
cult to motivate investors and generate investment capital to the forest indu-
stry in Sweden. This difficulty is enhanced by the fact that capital charges
and operating costs of new investments in the industry today is much higher
than the sales prices on the market for different products. The marketprices
cannot compensate such high investment costs.

Productivity in Swedish forestry

Previously 1 have shown that wood costs in Sweden are high compared to
other countries. During the 60's and early 70's we could partially compensate
for this through increased productivity. During the second half of the 70's
this trend reversed to a reduction in productivity. See table 1.

Table 1. Yearly percentile changes in productivity (given in value added per
hour) in the Swedish forestry.

1965-70 1970-74 1974-79

Productivity 7.9 7.4 -1.1
(value added per hour)
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The explanation for the above comparison is connected to, among other
things, the fact that meachanization in the logging industry hasn't produced
such great gains in efficiency during the latter part of the 70's as it did
previously.

Price Leadership

Sweden has, during the 60's and 70's, consistentently lost leadership in
prices for various products on the Western European market. During the 8Q0's it
is expected that Sweden will not be the price leader for any wood product at
all in Western Europe (Stanford Research Institute, unpublished). Thus Sweden
must continually adjust to our foremost competitors actions.

Consequences of Stagnation

There are in fact other examples to support, this concept of a stagnation
stage in the sector which are not included in this presentation.

The forgoing indicators have been known to the sector for about five
years. Consequently, the industry has had the time to seek suitable strategies
to adjust to, or dampen the effect ot the stagnation. What has the industry
chosen to do under these circumstances? Unanimously, an isolation policy has
been chosen. This can be illustrated in the following examples.

- when any other business sector approaches stagnation, it seeks to work to-
gether with other business sectors in order to gain complimentary positive
effects. The forest industry has only sought engagement with other sectors
either to secure sales of traditional products, or to maintain a steady
supply of raw material, e g chemicals, for its traditional products.

- the industry has vigorously resisted all utilization of forest biomass as an
alternative source of energy. Instead of seeing this as an alternative - for
a limited time - it has been viewed as a threat to the industry during stag-
nation.

- in many instances the industry has stubbornly only considered its own inte-
rests when in fact the interests of other groups were involved. This conduct
- maintaining the status quo - has caused the loss of the real decision ma-
king process (political) where community interests are largely concerned. An
example of such an instance is the use of herbicides and insecticides.

- a common trend in the industry is to shun diversification. One desires to
strengthen one's position with those products one already handles.

- there are a number of companies within the industry which have registered
quite large profits. Instead of investing these in projects involving some
financial risks, they choose to withhold the capital without any yield,
waiting for a convenient investment in the traditional sector that might
provide a menial dividend of five or six percent after tax.
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This chosen strategy also has consequences with regard to the industry's
performance on the market. The large scale oriented technology, which of
touched on earlier, affects considerably the value structure in an industrial
company. Production oriented business ideas are derived from the values of ef-
fective refining processes, effective supply of raw materials, and effective
distribution. Along with these ideas follows the desire to provide a homoge-
nius supply and a standardized product. Production oriented competition re-
quires that a consistant supply be accomplished by an even more standardized
assortment. Business concepts which are production oriented lead to massive
investments. They are, as previously mentioned, expensive and take a long time
before the pay off. When a decision is reached concerning investment, it means
the company's direction is committed for a long time to come. Also, the deci-
sion is often made with great risks. Should market conditions change so that
there is no benefit from operating at full capacity, the investments are no
longer profitable. A capital intensive means of production, and tight market
prices create the need for employing a high capacity process. This in turn
leads to a preoccupation with volume. The necessity to benefit from high capa-
city in the industry also causes companies in the forest industry to stabalize
their operations by establishing secure relations with customers. When the ba-
sis for a production oriented company's ability to compete is threatened, it
has bo turn to more market orientation. This switch in priorities is almost
impossible to accomplish under such circumstances.

With the background given here we can say that Sweden has now to choose be-
tween three strategies concerning furture development.in the forest sector.
This is outlined below.

Degree of growth in the sector.
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Choice of strategies for the Swedish forest. sector



48

*Aoppod tepaysnpul aiqerins e bupjuawsduy
SPARMO] YAOM A[dA[]00 UD]JeaJdY] °"SUOLIDIPAIIUL PAALSIP Y] $3jeaud jeyy Adpjod (eraysnp
-ulL ue J0j sueydpyrtod ayy o3 suoryisodouad ajepnuwuoy saskeue 3sayy Jo syinsas ayy Guisn

Ao110d eragsnpug

*pausad
-u0d A£)Lummtod 3yy) jo sieob ayl uo $3203j4)jd a3yl pue *su03dsas bupjediosijuaed ayy jo soiuw
~0u023d 3y} uo $323)43 3yl buuadduoo sweuaboud jo uaqunu e jo sasuanbasuod ayy no jurod

$40323$
ssauLsnq ay}
Jd0j) sasuanbasuo)

‘puewdp pue Ayddns Buppaebaa sasAieue jayaew AJiLsuajul

*uoL31eIUI LU0
319340 SPJERMO) UOLIRIUILAO UOL)INpoad wWoa) UOL)LSURA] A0 UOlL}IOe jo swedbouad jno yaom
*£43uno?d

34y} 9PLSINO pue ULYILM SU01I3S 43Y}0 Yt uorjeuabajui (eroueur) o3 pue juawdo|aArsp
u0119npoad JO SaUL| MU 0] UOLY|SUBA] © 2Inpodd 0] S3(IVISQO IPeUAY JUIAISSLP AJLIuUapl

bujpjayaey

*AAISNPUL 9Y] JO 3SEQ [P|OURULS BY] UIPROUQ 0} JIPAO UL NS
J3yjoue 3q Isnu ‘£43unod 3yl SPESINO S [ [IM SP ‘ULUI M SU01I9S JIYIO0 YILM uojjeuabajuy

*13y1abo1 Bupyaom Aq 329449 aalrLsod enjnw ureb
0] 99 ISNW SALIRL U} IY] DUIYM SU03I9S UIYIO YI|M uoieabajul e 3q 1SN dA3Y] A9Y4Ny

6uLoueut 4

401295 15340J 3yl U} 1yl 0] Joju3adns aue JuawdoIAIP puP YOILISIA IJIYM SU0}IIS SSAULS
-Nq 49Y10 Y)IM UOL]IRIIU| ¥33S 0] AUeSSadau SL 3L A3LALIde yons ysi(dwodrde 03 4apuao ul

juawdo | aaaq
pue youvasay

*quawdo |3A3p uoyonpoad

Jo saul| pue s3onpoud agissod Jo aaqunu e 3cnpoad AUl 01 9A0QE By} 01 ADUIIIIAA YILM
*|PL433RW 43YJ0 0] UOJIR|DJ UL SI1ISLJ4d}ovJeyd (sqded juenypisuod 413y} pue) sJdaqLy Jo
sasA|eue J1wou02d [euoiyouny uo spseydwd jeaub Ind 03 Le1IUISSD Si | II93U0D Sy} UL

‘ssewolq ,$3S340) ©
e Jo sjuauodwod Auaevjusuwd|d ay) Jo sabesn apqissod (e ‘a21pnfpaad noyrLym ‘aapisuod 03

uoLjeAOUUT

:sau| apinb Buimo |04 aY) paebau
07 AUeSS329u S| )| SEIp|L Mau 953yl Bu|Xd3S UIYM °SeIPL SSIULSNG MIU JO J43quNu © pury 03 SL AB3jeals siyy jo (eob

{SITIILVULS INFYIJSIA ISIHL Y04 Q33N IM 00 SISATYNY 40 IdAL LVHM

ujew 3yl -abeys uopjeubels 6ullsiIxd ayy Yeauq 0l aseyd uojsuedxd M3au e pup) 01 siL A63ares1s siyy jo jurod ayy

1 ABayeads



49

*4N220 ued
$40190) 3Aoqe ay) u| sabueys 03 uoryoeaa Yoinb e jeyy os A1LL1qLX3aL4 1ea46 e mope snu
Korod sy} -Aepoy Buryde| st yorym £5110da03o3s e e nuioy ‘suerdoryrjod yym aayyaboy

£op10d s 403295 ay)

1

*pauaaduU0d A3 junumod 3ayj 4o s|eob 3yj uo $323J3 3y} pue AWOuoII S,40393S AY}
J0J SJa0700) IA0QR dY) U0 paseq s| eyl ‘weaboad e yons jo sasuanbasuos syl no juiod

JA0303S 3S3J40) 3y}
40} s$asuanbasuo)

‘w433 140ys pue Buo| up yjoq SaLduAIND SsnolaeA ul sabueyo aoj suoiyoipaud
‘uorieuaLJo Burydaydew 03 ucLIeIUILA0 UGLIONpoad wWoay JIjSued)

*Bujyaydew up saLINOLSIp 6uLIsLxa jo asodsip 01 A3

*31945 21wou023d 3yj ul sabueyd BuLuaaduod sasApeue jaydew paLjiLsuljul

* wu33-6uo| ayy uy puewap pue A ddns Bupuaadouos saskieue JajyJew paLjiLsuajul Buiyayaey
*93 3yl uylim Bururyaa Auepuodas paseaddul
*33ydel uouwo) ueadoany a3yl yiim uopieabajul perdueul) paseaddul fuldoueu} 4
c|ega3jew mea $s3y anbaa yorym “sassasodd
€$15340) 3jeatad woay Burysaaaey paseauoup ‘uopionpodd aaqyy paseaddul a0y sappLiqlssod juawdo 1 3AaQ

‘quamdo|anap 3onpouad Bupuadaduos g pue Y spaemol pa1ddALp 3q Jsn AGA3uUd L qRASPISUOD

pue ysJeasay

*$3ss3204d mau Buponpoajuy “sassaosoad Buiupquos ‘sassasouad
Gupyeabajur o dwexa a0j ybnoayl -A|3A131234)3 340 SAIQLS ISN 01 Suedw JO AUBA0ISLIp 3Y)

*3seq 324N0S3A POOM Y] 3seduoul 03 sAem Jo AUIA0ISLIp 3yl
*3uawdo|3A3p 1onpouad (eUO|L}LpRA] BALIOE up

uotjeaouug

:s3u4tnbaa AB63jedls SLyy paladxons o] °uoLIoNpoad up SUOLIDIJALP |BUOLYEpRUY
aJow ayy 4oy 3|qissod se buo| se suolyisod paysiqeysa poy 03 A4S Isnw Aaysnpul 3yl 3dadsuod Syl ujg

z ABajeans



S0

*A633ea1S UOLIINPIA PauUJdA0b e y3m Ao110d 40129S e wu0) “sueldtytiod syl yYyiim udylabol

Aop1od s,403995 3y)

t

UOL1INPAJ JUIIISSLP JO S22uUaNbISU0D 3IN0 Julod “i1ayJew 3y} ul sabueyd 0] 2J2U3LISAJ YILM

*9bae| 3o A3 punuwod 3yj pue 40123s 3y} Jojy sapbajeuys 103235 15340} 3yl
40} sasuanbasuo)

*$31242 21wou023 6uuadIu0d sisAleue 13jJew pagslsuajul

puewdp pue A ddns Guguaaduod sasAeue 33jJew paLjisuadjul 6urayaey

6uidueuy §

Jududo|3A3q
pue ysJeasay

uorjeAOUU]

01

*u0[319npaJ Joj 3dded ewyido ayy puly o3 juersodwy st 1) ABajedys Siyy u] °SJ0323S J3Y0
A0799S 153404 3y} Wwodj A|IALSSIIINS PIAIISSULLY dUR $IIAN0SIA d43aym ABajeays d13sturpssad Auan e S| Siy)

£ Abajeais



51

WHAT WE HAVE FOR MODELS IN SWEDEN

In the previous section, the necessity for analyses and instruments was
presented. The models we possess that can be employed in these analyses are
put together schematically below:

NATIONAL MODEL WORLD
FOR THE ENTIRE TRADE
BUSINESS SEC- | —— MODEL

TOR IN SWEDEN

FORESTRY SECTOR MODELS

FOREST ECOLOGY MODELS

Different models for analyzing the forest sector in Sweden.

I shall now try to put models we possess in relation to the needs descri-
bed in strategies one and two. I am also going to establish if it is possible
to use rigid mathematical models {(like input- - output models, L-P-models, sy-
stem dynamics models, etc) to make the analyses where today we lack the in-
struments required to analyze the various strategies.

Strategy 1

lInnovationl

Within this problem area we have today no formalized analysis instrument
in the systematic search for innovations. I find the possibility of applying
rigid analysis models considerably limited in this connection. Consequently, a
whole new methodology must be used. Within this area soft methods (fuzzy deci-
sion-making) are necessary to arrive at intelligent solutions.
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Research and Development

In this field we also lack instruments for priorizing and linking diffe-
rent interesting research contributions. Even in this case I consider it al-
most impossible to build a formalized system-model for the presented and
needed analyses. In connection with this the main thing is to identify indivi-
duals with interesting concepts, get them together, and make them aware of a
central problem, in an attempt to genereate commitment. In this too, soft and
intelligent methods are required.

|F1nancing

Here we totally lack conventional analysis instruments. As for integra-
tion from a financial point of view the practical, real solutions will depend
on the ability of individuals in different sectors to understand each others
problems and to deal with diplomatic relations. From the aspect of research,
the researchers will hopefully identify a number of interesting integration
alternatives. However, even this must be accomplished with soft methods. When
it comes to the point of choosing the right strategy, the decision will depend
entirely on the above mentioned personal relations.

Marketing

Within the marketing area we have no conventional models that use the
Swedish forest sector as a reference point. When it comes to regional trade
difficulties and a transition towards market orientation, it would probably
not be possible or meaningful to develope any conventional models. On the
other hand, I believe the industry would benefit considerably if a model for
market analysis were developed from the Swedish forest industry's standpoint.
Thereby, the following needs should be fulfilled:

- we have to work with new methods for modelling the demand and supply
situation

- we have to make projections for single products both in pulp, paper and
sawnwood - and not for aggregates of products.

- we have to regard the aspects of quality with highest importance
- we have to concentrate the model on QECD-countries

- the model must be regionalized

- the financial aspects must be considered

- we have to make a distinction in the model between short term and long term
projections.

- the quantitative data the model creates must be complimented with a system
of qualitative data.
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After having studied the models used by large consulting firms and the
development work done by universities the world over in this area, [ have come
to the following conclusion. A further development of the system Adams and
Haynes (7) have proposed for the U.S. should be the most fruitful in this
connection.

Consequences for the forest sector

Within this area we can say we have three functioning systems or models.
One model builds on the system-dynamic techniques (LGnnstedt (8)}). The other
two build on the L-P technique (Hultkrantz (9) and Nilsson (10)}). The detailed
model today of these two L-P models is being developed by the World Bank and
is the IBRD forest sector model. It is that model with which I myself work and
have further developed.

If the Swedish forest sector chooses strategy one, these models, after
adjustments, should be worthwhile instruments for analyzing the consequences.
It would probably not be possible to include all the effects on different wel-
fare goals in the models. Therefore, even here rigid models should be compli-
mented by a softer method in order to accomplish these various aspects.

Industrial policy

For developing an industrial policy, which we lack in Sweden today, there
exists no formalized system at all. It would not be possible to impose any mo-
del for this purpose since the development of industrial policy is part of the
democratic decision making process. In this process there is a form of bar-
gaining between the business community, regional politicians, national politi-
cians, various unions, and governmental departments.

Strategy 2

|Innovation

Generally the same comments apply here as in Strategy 1. There is, how-
ever, one difference looking at the possibilities of influencing the level of
harvesting in private forests as an innovation. During a number of years, we
have worked within this area with different models to try to find a suitable
formula to persuade the private forest owners to produce more wood (see for
example, Lofgren (11) and Nilsson (12)}). However, we cannot claim to be very
successful. The reason being that the models have been to narrow and not been
able to grasp factors like welfare-development and integration when it con-
cerns the usage of the resource ground. In my opinion, however, a further de-
velopment of the type of model produced by Clark Binkley created for the U.S.
(13) might be a means for getting this question better analyzed in Sweden. It
might then also be easier to find solutions to this problem.
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Research and Development

See comments Strategy 1

Financing

See comments Strategy 1

Marketing

See comments Strategy 1 + concerning the analysis of the fluctuating eco-
nomics of the marketplace for forestry products, we have a well functioning
econometric model. This model was developed by Baudin (14) and after a couple
of years of application we find it a valuable and powerful tool.

The development of currency fluctuation is of central importance to the
economy of the Swedish forest sector over both long and short term. In this
area we have not developed any models of our own because we cannot handle the
extensive and rapid flow of information that is needed to develop such mo-
dels. Certain business banks, however, have produced systems for monitoring
monitary changes. Chase Manhattan, and the Marine Midland Bank of London are
examples. I myself am connected to the latter banks world wide system MARINVU
(15). The purpose is to try to make an assessment of the model system. The ac-
curacy has proven to be good thus far for the twentyfour currencies employed
in the system. However, there is a clear indication that if the drastic
changes are to be grasped, the quantitative data has to be made complete by
adding qualitative and political information.

Consequences for the sector

Under strategy 1 I mentioned that we have in Sweden three different model
systems for analyzing consequences at the forest sector level. In connection
with strategy 2 my intention is only to present the requirements that [ consi-
der need be fulfilled by a sector model for it to be used for relevant analy-
ses. This list of requirements I put together is a result of a number of years
experience dealing with sector analysis using the system of the World Bank. To
be able to carry out relevant analyses of the forest sector requires that the
model :

- is usable for several time-periods

is regionalized

can take into account a variable cuttingoptions from the resource forest.

deals with every unique industry as a separate unit

can analyze more than one goal function simultaneously, examples of such
goal functions are.
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the industry's contribution to the GNP

ii the industry's contribution to the terms of trade
iii maximizing profit
iv  maximizing employment in the sector

- should be able to consider alternative usages of the forest's biomass.

- can handle the financial aspects of the sector.

Sector policy

See comment Strategy 1

CONCLUSIONS

The purpose of this paper has been to show - from experience in the

field - in which situations it is possible to use rigid system - analytical
models in the forest sector, which is the theme of this congress.

a)

b)

c)

First of all I would 1ike to point out that it is important to identify ve-
ry clearly in which decision situation the forest sector is in before star-
ting to build models. 1 have, of course, simplified the case by stating
that the Swedish forestry sector must choose between strategies 1, 2 (or
3). In reality it probably needs a mixture of them. However, I will empha-
size how important it is to understand the situation. the industry is in and
the choices before it, in advantage working with rigid models. Only when
this has been accomplished can a model which properly corresponds to all
aspects of the problem be chosen.

Secondly, I would like to show in-this paper that we can really only use
mathematical models effectively when the frame of reference - destination -
is fairly clearly defined ahead of time. However the direction must be de-
cided using softer methods.

Because of this mathematical models within the sector will only be at their
best when analyzing different alternatives for estimating results.

From this we can also say that the possibilities of solving the problem
using models is limited within the sector. They are, however, a part of the
solution to the problem.

Using this paper as a background the listener - reader - might get the im-
pression that I am sceptical towards all mathematical models. This is not
the case, but I mean the models should be used in their proper context and
not as a kind of patent medicine.

Furthermore, it has been my experience that often it is not until the mo-
dels are used that you can quantify the problem in physical and monitary

terms so that the problem can be engaged by the sector. This applies to,

among others, politicians, union people, and managing directors.



10.

11.

12.

13.

14.

15.

56

REFERENCES

ANON. 1981. Skogsindustrins virkesforsdrjning. Betdnkande av virkesfor-
sorjningsutredningen. SOU 1981:81.

EHRNROOTH, E. 1981. Cost of building pulp mills as a factor in future
growth. PPI symposium, 1981. Brussels.

ANON. 1980. Business Opportunities in West European Softwood Markets. Bis
Marketing Research Limited.

WADELL, T. 1979. The Development of the Timber Market as related to Grade
- Dimension - Products. The Swedish Wood Exports' Association.

ANON. 1980. The Financial Performance of Major Forest Products Companies
in Western Europe and North America. Jaakko P8yry Consult, Corporate
Study.

ANON. 1980. Sveriges ldngtidsutredning. SOU:1980.

ADAMS, D. and HAYNES, R. 1980. The 1980 Softwood Timber Assessment Market
Model: Structure, Projections and Policy Stimulations. Forest Scien-
ce, Monograph 22.

LONNSTEDT, L. 1981. A Dynamic I1lustration of Investment Decisions in the
Forest Sector. IUFRO-Congress Paper, Kyoto.

HULTKRANTZ, L. 1980. Skogsindustrins anpassning till relativitetsprisfér-
dndringar. En modellanalys av norra Sveriges pappers-, massa- och
boardindustri. Handelshdgskolan, Stockholm.

NILSSON, S. 1981. Strategy Choice with the Aid of the World Bank Model.
Information from Project Forest Energy, No 19.

LOFGREN, K-G. 1981. Ndgra teoretiska resultat kring utbudet av rundvir-
ke. Sveriges Skogsvdrdsférbunds Tidskrift Nr 5.

NILSSON, S. 1981l. Planering av avverkningsuppdrag inom en skogsdgarefire-
ning. Sveriges Skogsvdrdsforbunds Tidskrift Nr 1-2.

BINKLEY, C. 1981. Timber Supply from Private Forests Bulletin No 92.
Yale University: School of Forestry and Environmental Studies.

BAUDIN, A. 1978. On the Application of Short-term Causal Models. Umed
University. Report no 8.

ANON. 1980. The MARINVU SYSTEM. Marine Midland Bank. International Trea-
sury Management's Foreign Exchange Rate Forecasting System. Marine
Midland Bank.



57

CONCEPTS USED IN A REGIONALIZED
MODEL OF PULP AND PAPER
PRODUCTION AND TRADE

1
Joseph Buongiorno and James K. Gilless

Abstract.-~This paper outlines the structure and underlying con-
cepts of a model of the pulp and paper sector to be used in the 1985
U.S. Forest Service Timber Assessment. This multi-regional partial
equilibrium model is designed to calculate equilibrium prices and
quantities in the various regions during each year of the projection
period. The model combines econometric estimates of all final demand
and some supply relationships with a detailed input-output repre-
sentation of technological processes in the regions of major interest.
Econometric and activity-analysis relationships are combined in a
separable programming model which yields short-term equilibrium
solutions by maximizing net social pay-off. Long-run changes in
regional capacity and technology are guided by profitability of in-
stalled capacity. The linkages with other models of the 1985 Timber
Assessment study are described.

Additional keywords: pulp and paper, regional models, mathematical
programming, supply, demand, forecasting.

INTRODUCTION

The Renewable Resources Planning Act of 1978 requires the United States
Forest Service to make periodic assessments of long-term supply and demand of
forest resources in the country. In the latest (1980) assessment of this
kind, long-~term projections were made for the first time not only of timber
consumption and production, but also of equilibrium prices. This was done
thoroughly for the softwood lumber and plywood sector, based on the softwood
Timber Assessment Market Model (TAMM, Adams and Haynes, 1980). However, for
lack of resources, the same was not done for the pulp and paper sector. It
has since been decided that the 1985 Assessment should be based in part on a
model of the pulp and paper sector with the following characteristics: Prices
should be endogenous, reflecting the balance between supply and demand forces
in the sector. The model should reflect the regional character of the
industry, and appropriately depict the international setting in which the
industry is competing. The model should represent the various technical
processes which can be used to make paper, their evolution over time, and
their selection under different economic conditions. Most importantly, the
model should be able to depict the regional shifts of manufacturing capacity
as a result of the supply and demand conditions in various regions, especially

! Associate Professor and Research Assistant, Department of Forestry,
University of Wisconsin, Madison, Wisconsin. Preparation of this paper was
supported by the U.S.D.A. Forest Service, Forest Products Laboratory, Madison,
Pacific Northwest Forest and Range Experiment Station, Portland, and by the
School of Natural Resources, University of Wisconsin, Madison. The authors
acknowledge the support of R. Haynes and R. N. Stone.
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with regard to the availability of pulpwood and other fibers. Finally the
model should be designed in such a way that it could be linked with the rest
of the Timber Assessment Market Model, so as to reflect the interrelationships
between the solid wood and the pulp and paper subsectors,

The purpose of this paper is to outline the structure of a model which
satisfies those requirements. The model is currently being developed and no
run has yet been done with real data. The paper thus necessarily deals with
concepts rather than with applications.

MODEL OUTLINE

In past forecasts of the pulp and paper sector it was generally agreed
that income and population growth were the primary determinants of future
paper and paperboard demand (FAQ, 1960; Hair, 1967). Once conditional fore-
casts of demand for final products were obtained, the corresponding pulp and
wood requirements were calculated by various conversion factors. Even if cost
minimization was attempted for the industry (Bergendorff and Glenshaw, 1980;
Colletti and Buongiorno, 1980; Svanqvist, 1980) demand was still assumed to be
exogenous. This approach may have seemed adequate during the 1950-1970 era
while paper and paperboard prices were declining in real terms. Since the oil
embargo of 1973, however, paper and paperboard prices have more than doubled.
This trend may well continue due to the importance of energy and capital costs
in that industry (Buongiorno and Gilless, 1980). Increasingly it has become
apparent that a model of the pulp and paper sector must allow for price-
induced decreases in demand. This is further supported by econometric studies
which have indicated highly significant elasticities of paper and paperboard
demand with respect to prices (Buongiorno, 1978; Buongiorno and Kang, 1981).

The introduction of price-responsive demand functions also has implica-
tions for supply. Other things being equal, a shift in demand which might
occur from population or real income growth would lead to a rise in real
price. At higher prices, more paper and paperboard would be produced. Price
and quantity are therefore interdependent. One cannot be projected in
isolation from the other. This provides the motivation for the partial
equilibrium model used to describe the pulp and paper sector. The equilibrium
is only partial in that many variables, such as income and energy prices are
treated as exogenous.

The partial equilibrium model of the pulp and paper sector is illustrated
by Figure 1. This figure refers to a single commodity in a single region. In
the actual model there are as many quantities and prices as there are
commodities and regions. Consumers' willingness to pay {(demand) is shown as a
decreasing function of the quantity available, while producer's incremental
costs (supply) are shown as an increasing step-function of the amount pro-
duced. In the model, each demand function is based on econometrically-
estimated elasticities. Supply is represented instead by a detailed
description of various paper making technologies, as well as by econometric
functions.

Supply and demand are integrated by a mathematical programming algorithm.
The objective function is the sum of consumer surplus and producer surplus,
which corresponds to the area between the demand and supply curves in Figure
1. Maximization of consumer plus producer surplus leads to an equilibrium
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- E . . E R
price, Pt' and a corresponding quantity, Qt' at which consumers' willingness
to pay matches the producers' cost of production. The algorithm thus
simulates the workings of a competitive pulp and paper sector,

The optimization procedure just described is used to calculate equilibrium
prices and quantities for all commodities being produced, transported and con-
sumed within the pulp and paper sector in any given year during the projection
period. However, it is recognized that long-term decisions within a decentral-
ized industry can be less than optimal. This is due to imperfect forecasts
and to the inability of the industry to immediately adjust to changes. This
is especially relevant for capacity expansion which requires several years.

In this model it is assumed that capacity expansion in the entire industry
is a distributed-lag function of past sales, and of the profitability of
existing capacity in the various regions. Profitability is measured by the
shadow price of a unit of capacity for a specific process in a given region
when the short-term optimization problem described above has been solved.

The evolution of the pulp and paper sector described by the model is
represented by Figure 2. The demand and supply situation in year t is the
same as was represented in Figure 1. Maximization of consumer surplus plus
ppoducer surplus in that year leads to the equilibrium price and quantity P £
Q.. The results of that solution, especially the shadow prices for capacity,
an& exogenous shifts lead to a new supply and demand system described by D

X X . t+1
and S . Optimal allocation of reEourcesEdurlng year t+1 leads to new
equillgrium prices and quantities P 1 Q tel® The process is continued
until the forecast horizon is reache&f This*combination of short-term optimi-
zation and imperfect foresight in capacity expansion is similar to the
recursive programming approach widely used by Richard Day and his students
(Day, 1773; Abe, 1973; Nelson, 1973). The main difference arises in that
while Day assumes that the decision to produce is based on current, exogenous
prices this model assumes market clearing prices in any given year with both
prices and quantities being endogenous.

COMMODITY AND REGIONAL DETAIL

The model can accomodate as many regions as desired, within the limits of
computer capacity. For the 1985 Assessment study the United States will be
divided in eight supply regions and six final product demand regions,
identical to those used by the TAMM model (Table 1), Current plans are to
divide Canada into three regions, to consider Western Europe and Japan as two
separate regions, and to group the rest of the world into a single region.
Manufacturing in the U.S. and Canada is described in some detail via activity
analysis, while supply from other regions is only sketched with econometric
relationships as indicated below.

For purpose of the Assessment study the model uses twelve aggregate
commodities, listed in Table 2, Raw materials consist of softwood and hard-
wood pulpwood and mill residues, and of recycled paper and paperboard. Inter-
mediate products consist of mechanical and chemical pulp. Final products are
classified into newsprint, printing and writing paper other than newsprint,
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Figure 1 Short-term equilibrium calculated by the model by maximizing
net social pay-off (gray area).



Figure 2 After predicting shifts in demand and supply from exogenous
factors and from the equilibrium solution in year t, a new solution
is computed for the year t+l.



62

Table 1: Regions used by pulp and paper model,

1. United States

Supply Demand

Pacific Northwest-West Northwest
Pacific Northwest-East Southwest
Pacific Southwest North Central
Rocky Mountains South
North Central East
North East
Scuth East

2. Canada
Western Canada id.
Central Canada id.
Eastern Canada id.

3. Western Europe id.

4, Japan id.

5. Rest of the world id.

Table 2: Commodities used by pulp and paper model.

1. Raw materials

Softwood
Pul pwood
Residues
Hardwood
Pul pwood
Residues
Paperstock
Newsprint
Other printing and writing paper
Other paper and paperboard

2. Intermediate products

Mechanical pulp
Chemical pulp

3. End products
Newsprint

Other printing and writing paper
Other paper and paperboard
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and other paper and paperboard. This list may be expanded or reduced de-
pending on the purpose of the study, data availability and computing capacity.

MATHEMATICAL PROGRAMMING STRUCTURE

The short-term optimization problem which the model solves every year to
describe short-term market mechanisms is formulated as a mathematical pro-
gramming problem. Non-linearities arising from the inclusion of price-
responsive demand functions are treated by the separable programming technique
proposed by Duloy and Norton (1975). The model expands this idea to the
supply side to reflect price-responsive supply of domestic or imported
commodities. Therefore the model combines optimization and econometric tech-
niques to represent the pulp and paper sector. Demand and supply relation-
ships which can be modeled with some detail are represented by technical
input-output coefficients, while those which cannot are represented by supply
or demand econometric functions. The two are linked by the objective function
which measures producer plus consumer surplus, to be maximized.

More specifically, the static model referring to any given year is repre-
sented by the following groups of relationships. The mathematical formulation
is outlined in the Appendix.

1) The price-responsive supply relationships state that the quantity of a
commodity supplied by a region must balance the quantity transported from that
region to other regions. There is one constraint of this type for each
commodity and region in which supply is specified explicitly as a function of
price. This is the case of the supply of all primary materials: pulpwood and
recycled paper. This representation of supply is also used for commodities
and regions for which a detailed representation of supply is not possible or
desirable.

¥ote that in the Assessment model the supply of pulpwood in year t is
defined by the price of pulpwood in the previous year, up to a maximum supply.
This facilitates the linkage with the remainder of the Timber Assessment
Mcdel, as described below.

The maximum supply of recycled paper is a fraction of last-year's con-
sumption, defined by technical considerations. Within that maximum, supply is
a direct function of price.

2) The manufacturing input-output equations express the fact that the raw
materials received by a region in which a commodity is manufactured are
directly proportional to the quantity produced. The input-output coefficients
describe various techniques of production. For example, .newsprint can be made
from virgin pulp alone, or from some mixture of virgin pulp and recycled
fiber. The model selects the cheapest combination. There is one constraint
of this type for each commodity in a region that serves as an input to one of
the detailed manufacturing processes in that region.

3) The manufacturing capacity constraints state that the amount of a
commodity made in a region according to a particular process is limited by the
existing capacity in the year being considered.

4) The shipment equations express the balance between the production of
each commodity in each region and shipments to other regions.
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5) The price-responsive demand equations refer to the equality between the
amount of a commodity transported to a region and the amount demanded in that
region., There is one such constraint for each region and commodity for which
demand is modeled as a function of price. This is the case for all paper and
paperboard commodities. It also applies to the demand for pulpwood and pulp
in regions where the use of these inputs is not modeled in detail.

6) The objective function measures total consumer plus producer surplus in
the forestry sector in a given year. This function which must be maximized
consists of: the area under all demand curves, which expresses the value to
consumers of all the commodities they have bought; minus the area under all
supply curves, expressing the cost of all materials supplied; minus the cost
of manufacturing, excluding the cost of materials explicitly considered in the
model and the cost of transportation; minus all transport costs.

Thus, the maximized quantity is the sum of producer surplus plus consumer
surplus, i.e., the shaded area in Figure 1, which Samuelson (1954) calls the
net social pay-off.

DYNAMIC CONSIDERATIONS

The optimization model just outlined describes the short-term equilibrium
defined for a specific year in the pulp and paper sector given a fixed level
of capacity and a certain position of all demand and supply curves in the
price-quantity plane. Modeling changes from one year to the next involves
modeling capacity expansion in the various regions as well as demand and
supply shifts.

Capacity is measured by commodity, process and region. When the short-
term maximization problem described above is solved, the dual solution yields
a set of shadow prices which measure the value of one additional unit of
capacity for each commodity, process and region. Total capacity expansion for
one commodity (for all regions and processes collectively) is a distributed
lag function of past sales, estimated econometrically. This total capacity ex-
pansion is then distributed by region and process. The allocation function is
such that capacity is expanded only for regions and processes whose shadow
price is higher than the cost of capacity expansion, and expansion is higher
for those regions and processes with higher shadow price.

Demand shifts from year t to t+1 are determined in a straightforward
manner from the income elasticities as well as from exogenous estimates of
income and population growth in each region of interest.

Supply shifts are in part due to changes in costs whijch are not determined
endogenously by the model. These include the cost of all inputs in manu-
facturing processes, excluding the cost of materials explicitly recognized by
the model; i.e., pulpwood, pulp and other fibers. Supply shifts may also be
due to technological change. This can be represented in two ways in the
model. The simplest is to change input-output coefficients of the technology
matrix, for example, to reflect higher fiber recovery within an existing
process, The effect of a totally new process can also be modeled by intro-
ducing a new activity when the innovation is expected to occur. The growth of
this new technology is then represented in the same manner as the growth of
existing capacity; i.e., as a function of its relative profitability.
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Figure 3 The pulp and paper model provides information to the other
Timber Assessment models and receives information from them within

a simulated one-year delay.
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LINKAGE WITH THE SOLID WOOD SECTOR AND FOREST GROWTH MODELS

The link between the pulp and paper model described here and other models
used in the 1985 Assessment consists of the common exogenous assumptions and
of the pulpwood and pulp quantities and prices. Solution of the pulp and
paper model for year t depends, among other things, on the price of pulpwood
in year t-1 and on the quantity of residues produced by the solid wood sector
in year t-1. The equilibrium quantities of pulpwood consumed in year t and the
price of pulp determined by the pulp and paper model are used in conjunction
with the growing stock model of TAMM to predict the price of pulpwood in year
t+1. The process is repeated until the end of the projection period. Figure 3
illustrates this iterative process., It shows that the pulp and paper model
and the sectoral models of the TAMM study are not solved simultaneously at
each point in time. However, the solution of year t obtained by one model is
provided to the other model to compute the solution for year t+1.

It is believed that this is a sufficient approximation of reality for a
model which is designed to produce forecasts of up to 50 years and not precise
year-to~year fluctuations. On the other hand, this approach greatly simpli-
fies the modeling work. It allows each team assigned to a particular sector
to freely design the model which is most appropriate for that sector, as long
as it provides the information needed by modelers working on another sector.
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Appendix: Eaquatlons amd constraints in the pulp and paper sector model.

The equations and constraints which define the pulp and paver sector model
are listed below with descriptive titles. Some equations, particularly those
adapted from the separable programming methodology of Duloy and Norton (1975),
are suppressed in the iInterests of brevity. All symbols are defined in Table 3.

(1) Price responsive supply relationships:

Sy~ L Ty = O k € I¢
JE T JeIr
(2) Recycling maximums:
s,, = ¢C % R k € 1cl,
ik -1ik ik 1€ ID}I;
(3) Manufacturing input—-output equations:
Z T - Z A, *y =0 k € IC
161_ ij lem Jklp le JE
Jk p E IP'j
J1
(4) Menufacturing capacity constraints:
Y = K k € IC
Jkp — Jkp J gIRk
(5) Shiprent equations:
Y, - 3y  T.. =0 k € IC
ik j € J:Lk ijk 1€
(6) Price responsive demand relationships:
Y, T, -D, =0 k € IC
1ik Jk
1€ Ijk JE IDk
(7) Definition of total production:
) Y, -Y. =0 x € IC
ikp ik
p € IP;, 1 €IR
(8) Objective function:
maximize Z = ZCPS - ZM - ZT
(9) Interperiod shifts in manufacturing costs:
= *
M = Ciyp ¥ Mg Lic g 1c
P € IPg
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(10) Interperiod shifts in transportation costs:

CT ¢ ¥ CT

+115k - 1k 1k
(11) Manufacturing capacity change:

U, *A ¥ (S

Ketip = Fisp * Ly Dt Nt

U = 2 piyp 7 %: % Z_¢.1,1kp

= 0 if and only if 2°

-tk ~

S

~t-1,k

2_tiip ~tikp 7 Z-tikp

) -D*



70

Table 3: Definitions of symbols used in constraints ard equations.
Symbol Delfinition
Ic set of commodities
% set of regions in which the supply of commodity k is price responsive
" set of regions in which the demand for commodity k is price responsive
Ijk set of regions which can supply region j with commodity k
J X set of regions which can be supplied with commodity k from region i
iy set of commodities in region 1 for which manufacturing is modeled as
an Imput—output process
IP1k set of production processes by which commodity k can be produced in
region 1
IRk set of regions in which the manufacture of commodity k is modeled as
an Imput-output process
(ol set of recyclable commadities
LDII; set of regions in which commodity k may be recycled
S quantity of commodity k supplied by region i
pik quantity of commodity k demanded by region 1
19k quantity of comodity k transported from region 1 to region j
Yik quantity of commodity k produced in region i
Y quantity of commodity k produced in region i by process p
Aj‘gp unit input of comodity k in the production of comodity 1 by process
p in region J
c—lik quantity of commodity k consumed in region i in the previous year
Rik maximum fraction of commodity k that can be recovered for recycling
in region J
D yearly rate of depreciation in capacity
YA value of objJective function
ZCPS sum of consumer and producer surplus
™ sum of costs of production in irput-output processes
T sun of costs of transportation
cTr cost of transportation of commodity k from region 1 to region J in
+113k year t+1
41k rate of growth of transportation cost for the transportation of
J cammodity k from region 1 to region ]
CM+]_1kp cost of marmufacturing commodity k in region 1 by process p, excluding
wood and pulp costs, in year t+l
4 rate of growth of the cost of manufacturing commodity k in region i
p by process p
Ki}cp current capacity of production for commodity k in reglon i1 by process
P
K+]:U<p capacity of production for commodity k in region i1 by process p
in year t+l
Z—tikp shadow price for capacity of production for commodity k in region 1
by process p, t years ago
Zc’t cost of capacity expansion for production of commedity k in region i
-tikp by process p, t years ago
A effect of sales changes t years ago on current capacity expansion
St total sales of commodity k, t years ago
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Modeling the Hardwood Sector: Issues and Prospects

Clark S. Binkley¥*
Peter C. Cardellichio**

In 1976 hardwoods occupied nearly half the U.S. commercial timberland,
comprised 39% of the nation”s timber inventory, and accounted for almost
30% of all wood consumption. Compared to the commercially more significant
softwoods, little attention has been focused on modeling supply, demand,
prices and timber inventory development of hardwoods. This paper discusses
some of the considerations important to improving economic models of the
hardwood sector.

This paper is intentionally and necessarily preliminary in nature.
Because the hardwood sector is relatively less studied than the softwood
sector, it is prudent to begin the modeling exercise with a critical
examination of the important interactions in the hardwood sector, rather
than simply adopting the structural framework developed over many years for
softwood markets. Our initial focus has been on the stumpage sector,
although we have not examined in any detail the adequacy of extant
inventory projection methods.

Five sections complete this paper. The first discusses the character of
hardwood final product markets——industry structure, and general trends in
product outputs and prices. The second section extends this treatment to
the hardwood timber resource. The third section examines the importance of
log and lumber quality to modeling the hardwood sector. The fourth section
explores the problem of linking final product demand to removals from the
inventory. The final section summarizes the major challenges in developing
a hardwood sector market model.

1. The Final Product Sector

Aside from Mead”s classic analysis of the Douglas Fir industry, little
research has considered the structure and organization of the U.S. forest
products industry. One standard method for analyzing competition in an
industry in to examine the influence of the largest producers. Table 1
presents some pertinent concentration ratios of selected segments of the

* Assistant Professor of Forestry, Yale University, 205 Prospect Street,
New Haven, CT 06511

** Graduate Student, School of Forestry and Environmental Studies, Yale
Cniversity, 205 Prospect Street, New Haven, CT 06511

Paper prepared for presentation at the North American Conference on Forest
Sector Models, Williamsburg, VA, December 2-4, 198l. This research was
supported by Cooperative Agreement PNW 81-137 between the U.S.D.A. Forest

Service Pacific Northwest Forest and Range Experiment Station and Yale
University.,
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TABLE 1

Concentration Ratios for Solid Wood
Products Producers, 1977

Percent of Value of Shipments Accounted for By:
4 Largest 8 Largest 20 largest 50 Largest

Industry Campanies Campanies Campanies Caompanies
SIC 24211 Hardwood Lumber,

Rough and Dressed 10 15 24 36
2426 Hardwood Dimension

and Flooring 14 19 kil 46
28212 Softwood Lumber,

Rough and Dressed 21 29 5 61
2435 Hardwood Veneer

and Plywood 7 39 56 73
2436 Softwood Veneer

and Plywood 36 51 69 ar

Source: Census cf Manufacturers, 1977

TABLE 2

Roundwood Removals
by End Use, 1976 (bef)

Hardwood Softwood
Volume Share(%) Volume Share(%)
Tosal 2.92 100.0 8.66 100.0
Lumber 1.03 35.3 4.57 52.8
Pulp 1.15 39.4 2.54 29.3
Plywood 0.10 3.4 1.18 13.6
Puelwood 0.42 14.4 0.11 1.3
Misc. 0.22 7.5 0.26 3.0

Source: USDA (1980)
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forest products industry. These measures of concentration suggest that the
hardwood lumber and plywood industries are more competitive than their
softwood counterparts. For example, the 1977 Census of Manufactures
indicates the 20 largest hardwood companies originated only 24% of the
total value of hardwood lumber shipments (SIC 24211), where the 20 largest
softwood producers originated 45% of the softwood lumber value shipped.

Table 2 shows the relative importance of broad forest products classes
in the hardwood and softwood sectors. Pulp and fuelwood are comparatively
more important to the hardwood sector, and solid wood products less
important. Hardwood pulpwood will be handled by a separate part of the
timber assessment process and must be integrated into the hardwood
assessment model, but will not be discussed further here.

The fuelwood market has apparently grown rapidly in recent years, and
may become substantially more important in the future. Broadly speaking
there are three principal users of wood for energy: residential users,
partially or wholly wood-fired generating facilities in electric utilities
or in commercial applications, and the forest products industry. While
estimating the extent of the first two uses is difficult, it should be
possible to drive a model of fuelwood use by the forest products industry
off estimates of pulp, paper and solid wood products capacity along with
estimates of the penetration of wood energy as a fraction of total energy
use.

Lumber production accounts for nearly all of the hardwood solid wood
products industry, although veneer products may carry higher unit values.
Figure 1 shows that total hardwood lumber production has been roughly
stable since 1950, averaging about 7 billion board feet annually. The
lumber production data show substantial sampling errors when disaggregated
to the regional or state level which raises concern about their suitability
for model development. In addition some of the state data display
apparent anomalies (lumber production rising during recessions, for
example)., Economists working at the NFPA have found that in some years the
southern pine lumber production data from this source apparently understate
by at least 202 total sawmill output. Because the hardwood lumber
production are collected in a mannmer similar to the softwood data, we might
expect comparable errors. We return to these problems below in the
discussion of timber removals.

While total U.S. production of hardwood lumber has been roughly constant
over the past three decades, there have apparently been substantial shifts
in the mix of products consumed (Figure 2). Flooring consumption has
declined dramatically, and tie consumption has apparently increased.
Consumption in industrial markets declined from 1965 to 1975 but has grown
from that point to the present. Pallet production, one component of the
industrial market, is probably increasing but the data are especially poor
for this end use of hardwood lumber. Hardwood lumbér use in furniture and
fixtures has remained comparatively constant over the period, but we
suspect there has been some shift in the species and qualities of lumber
which are used in this market. That pallet and tie consumption have
increased, and flooring has decreased suggests that high quality end uses
have declined in relative importance. However, the complex set of trends
discussed above renders this conclusion tentative at best.
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TARIE 3

Hardwood Inventory by Region and Ownership

North
Inventorya
Removalsb

South
Inventory
Removals

West
Inventcry
Removals

TOTAL

Inventory
Removals

Private
Public Industry Nonimdustrial TOTAL
24.1 11.4 93.1 128.6
205.2 190.7 1557.6 1953.5
10.8 16.4 77.7 1o04.9
124.1 357.8 1618.3 2100.1
10.4 4.1 7.2 2.7
4.7 47.2 57.2 129.3
45.3 31.9 178.0 255.2
354.0 595.7 3233.1 4182.9

3billion cubic feet

bmillion cubic feet

Source:

USDA (1980)
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TABLE 4

Cut/Inventory Ratio for Major Hardwood Reglons

1976 1970
Irdustry Nonindustrial Irdustry Nonindustrdal
NE 0.016 0.013 0.013 0.013
NC 0.019 0.021 0.019 0.023
SE 0.021 0.020 0.025 0.024
3C 0.022 0.022 0.036 0.039
Source: USDA (1980)
TABLE 5

Private Nonindustrial Commercial Forest Land in the United States,

1952-1977
Change,
1952-1977
1952 1962 1970 1977 %/year
Farm 173.0 145.0 125.0 116.8 -1.6
Miscellaneous 122.8 159.4 165.4 166.4 +1.2

Private

Source: USDA (1980)



79

Coincident with stable lumber output have been comparatively stable real
lumber prices, as seen in Figure 3. The stability in output and price
level raises potentially serious difficulties obtaining and using empirical
estimates of supply and demand curves. There is no empirical basis for
estimating output or price response to large changes in either lumber
supply or demand. This limitation could lead to the incorrect inference
that lumber supply is quite elastic, and may partially explain why previous
studies have forecast relatively flat trends in hardwood lumber and
stumpage prices.

2. Ownership of the Hardwood Resource

The hardwood timber resource is primarily a private, Eastern ome. Table
3 shows that over 90% of the cut and inventory are in the East, and four-
fifth“s of the harvest in 1976 came from private sources.

One conventional measure of timber supply is the ratio of harvest to
inventory. For softwoods, there are significant differences between
industrial and nonindustrial ownerships, but Table 4 shows that the ratios
are similar for hardwoods. A developing body of theory (Binkley, 198la;
Knapp, 1981) suggests that the supply behavior of the two kinds of private
ownerships should differ in both the short and long run. That the cut-
inventory ratios are similar indicates that both theoretical and empirical
problems might arise in estimating stumpage supply equations.

Within the class of nonindustrial ownerships, there have been
significant shifts in land use and ownership charactersistics. Table 5
shows, for example, the large decline in farm ownership of forest land and
a complementary increase in "miscellaneous private" ownership. At the
same time, the ownership size distribution is changing in a complicated
vay, and nonindustrial private holdings are probably decreasing in average
size(Binkley, 1981b). All else equal, both trends will reduce timber
supply from private nonindustrial forests, and will alter the apparent
timber supply elasticity.

The considerations raise a number of important issues for modeling the
hardwood sector. Time series estimates of supply models confound the
effects of price changes and changes in ownership characteristics. Because
the hardwood sector has been characterized by relatively stable prices and
cutput, the empirical basis for estimating supply equations may be limited.
Furthermore, long run stumpage supply equations are typically elastic for
low price/output combinations and grow less elastic for higher price/output
levels. Consequently it may not be realistic to project past and present
experience which probably lies in the more elastic portion of the curve
icto higher price/output levels which might occur in a less elastic region.

3. Modeling Quality Differences

Log and lumber quality are commonly thought to be critical factors in
the hardwood solid wood products sector. Returns to land management
practices turn on grade improvement and valuation assumptions. Sawmill
operators frequently claim their profitability depends primarily on their



80

‘a1deW UTSUODSTM ‘saotrad DBo| oaTIR[aY p 2InbTa

086l 9461 Q261 S961 9961 5961 0561
v Y -— ———W ee—m——em———————————— )
- . . S 11
- 1 epeab,u2auan 12
. - / ’ -,u .\ * I/ Pl
- N T e s ~dJde
- ( - - ~ ’ Lam N
£ apeub,y apeub 7N\ T ~ ./.\.\.\\. N
L Y VN §

-/
/

-

\ /
v

€ apvab aaauaa

otied 333ad



81

ability to produce high—-quality lumber. We have seen that the major end
uses of hardwood lumber are shifting in relative importance with an
apparent decline in those uses requiring high—quality lumber (e.g.
furniture) and an increase in those requiring low-quality lumber (e.g.
pallets). The most recent Forest Service timber assessment summarized the
situation:

The demand-supply—price outlook for larger sized hardwood
savtimber of preferred species, such as select white and red oak,
sweet gum, yellow birch, hard maple, walnut and black cherry is
quite different from that for the smaller sized, lower quality
material that composes most of the hardwood inventory. Removals
of the higher quality sawtimber of preferred species have been
close to or above net annual growth in recent decades, and
continuing and large increases in stumpage prices have apparently
reflected this situation. These trends are likely to continue.
(p. 431)

This section examines some of the factors relevant to recognizing hardwood

lunber and stumpage grade differences.

Ostermeier(198l) examined the historical change in the quality of the
hardwood inventory, and concluded "although there has been some change in
hardwood (inventory) by quality, the net change in.the last two decades is
almost zero" (p. 9). Data comparable to those presented in Table 6 were
the basis for this conclusion. The 1977 hardwood inventory in the East
contained about the same percentage of grade 1 and 2 trees as did the 1952
inventory and the 1977 inventory was substantially larger. Furthermore, in
each of the subregions the inventory of hardwood sawtimber 17 inches dbh
and larger (the minimum dbh to qualify as a grade 1l tree, assuming 167
logs, 2"/8” taper and a 1.5” stump) grew over the past 25 years. However,
in two of the subregions——the Northeast and the North Central-- the
increase in inventory of this large sawtimber was less than that for the
sawtimber inventory as a whole.

No records are available on harvest by tree or log grade. Consequently
it is difficult to assess the trends in removals by quality classes. Trends
in relative prices, however, give some insight into the path of the market
equilibrium, and the importance of recognizing more than a single product
grade. We examined grade differentials in both sawlog and lumber prices.

The only source reporting hardwood stumpage or log prices by grade is
the Wisconsin Extension Service (Ulhrich, 1981, Tables 23 and 26). They
report biannual prices of hard maple veneer logs, and grades 1, 2, and 3
and woodsrun sawlogs. To analyze trends in the relative prices of these
products we constructed three ratios: veneer log price to grade 1 sawlog
price, veneer log price to grade 3 sawlog price, and grade 1 sawlog price
to grade 3 sawlog price. Figure & plots the history of these ratios.
Veneer log prices are rising relative to grade 1 sawlog prices, but only
wodestly, if at all,‘with respect to grade 3 sawlog prices. More
significantly, grade 1 sawlog prices are apparently falling with respect to
grade 3 sawlog prices. Said another way, high-grade maple sawlogs are
becoming relatively less scarce in Wisconsin.

This unexpected résult lead us to examine trends in lumber prices.
Ostermeier (1981) found that, at least during the 197Cs, prices for lower
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grades of oak and cherry rose more rapidly than did those for higher
grades. Figure 5 shows the trends in the real price difference between
grades 1 and 2 common lumber. The data for oak and maple are plotted, and
show significantly different trends. The trends in maple lumber reflect
the trends in sawlog prices, with the real price difference for higher
grade material falling over time. In contrast, the price differential for
higher quality oak lumber is rising. Hence the quality issue has a species
as well as grade component.

This analysis, while limited and preliminary, suggests a complex set of
markets and market adjustments related to the various grades of hardwood
timber and lumber quality. Because relative prices of different grades are
changing through time, it seems desirable to model at least two grades of
hardwood timber, probably at least two grades of hardwood lumber and
perhaps two or three species. Such an effort raises a number of data
questions which will be discussed below, as well as several interesting
modeling issues.

In the first place, high~ and low—-grade hardwood are joint products in
both the stumpage and final product sectors. Consider first the final
products sector. Mills can adjust grade recovery and total outputs to
paximize profits, and logically the optimal mix of grades and volume will
be determined by the relative prices of lumber and log grades. Grade
recovery observed at any one time is a function of these price ratios and
the sawing techmology in place. For example, many sawmills now live saw
for grade while sacrificing volume production or total recovery. Based on
this practice, the Forest Service has conducted several grade recovery
studies, and based on these studies the amount of various lumber grades
from a sawlog of specified grade and dimensions can be estimated. Such a
calculation obviously assumes that the estimated recovery rates remain
optimal under -different price relatives among sawlog grades and among
lumber grades.

Finally, adjustments in recovery are one sided, in the sense that high-
grade logs can be converted into low-grade lumber while the converse is not
true. Thus increases in demand for high-grade lumber will in general lead
to increases in low-grade lumber production, while increases in demand for
low-grade lumber may not affect the total production of high-grade lumber.
Soce method for modeling the optimal or historical lumber grade recovery
srocess is clearly necessary for modeling the converting sector.

Concerning the stumpage sector, high— and low-grade log production are
jocint products im both the short and long run. In the short rum, supply is
the amount of timber which is sold from the existing inventory. The
srepensity to sell timber is in part related to the total returns from the
sile. Increases in the price of either high— or low-grade stumpage will
aifect both the total stumpage supply as well as the mix of products. In
the long term, prescriptions for the production of high-grade stumpage
secerally involve some sort of thinning regime, which will produce some
lower grade material. Thus higher prices for low—grade material could make
the production of high-grade stumpage more economically attractive, and
would be expected to increase the supply of high-grade material.
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4., Timber Removals

Timber removals lie at the heart of the link between the stumpage and
converting sectors of the hardwood model. Final product demands are
translated into timber demand using recovery rates: the cubic feet of log
required to produce a specified amount of final product (ideally recovery
rates would themselves be endogenously determined.) Total demand on the
timber inventory equals the sum of these demands plus removals for
pulpwood, fuelwood and logging residues. Given these removals and assumed
timber growth rates, the inventory can be projected forward one period and
the process iterated.

Several questions arise out of this process: What are the appropriate
recovery factors for translating product output into timber demand? How
soould timber demand be allocated between growing stock and nongrowing
stock sources? How should other removals from growing stock be included in
the model? How should total removals be allocated among ownerships and
tree diameter classes? This section addresses several of these concerns.

Lumber Recovery Rates

Recovery rates for lumber are estimated as the ratio of hardwood used by
sawnills to the amount of lumber produced. Lumber production data are
available from the U.S. Census, but are subject to the limitations
discussed above. Data on the quantity of logs used by sawmills are
developed by the Forest Service in conjunction with their periodic
resources evaluations in each state. Such data are also published on a
regional basis with each of the periodic national timber assessments.

Both state and regional estimates of hardwood lumber recovery are presented
below, but the results are far from conclusive. These estimates exhibit
wvide variation across regions and over time. Due to the large errors in
sampling and measurement, apparent trends in the industry must be
interpreted cautiously.

Table 7 shows all of the lumber recovery estimates which are possible on
a individual state basis (none of the southern state reports separate
hardwood and softwood log receipts). For years in which these data were
available, hardwood log receipts at sawmills were compared with hardwood
lunber production by state. Lumber recovery estimates ranged from a high
of 306 cf/mbf to a low of 158 cf/mbf. In every case, the data indicate
that lumber recovery has declined from the previous survey.

Recovery rates can also be estimated using data on regional hardwood
sawlog output in conjunction with regional hardwood lumber production. The
advantage of this approach is that it relies on more accurate estimates of
hardwood lumber production (individual state data are subject to large
sacpling errors). However, U.S. Forest Service figures on sawlog output
are estimates of harvest and not receipts and we must therefore assume net
log exports in a region are nil. Table 8 shows the results of the
calculation. The trend in declining recovery since 1962 is seen in all
regions.,

Several secondary sources give estimates of hardwood lumber recovery
rates. A recent study of hardwood log grades and lumber grade yields
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TABLE 6
Grade Distribution of Hardwood Inventory, 1952-1977

1952 1962 1970 1977
Sawtimber Inventory
in trees > 17"dbh(Bbf)?
NE 32.40 31.90 33.23 36.33
NC B1.50 42.38 4y, 35 47.08
SE 42,38 43.61 49.82 55.95
SC 44,81 43,44 43.59 52.25
% Sawtinber Inventory
by Gradeb
Grade 1 14.2 10.0 - 13.8
Grade 2 19.0 18.0 - 20.3

Source: 2 USDA (1980)
D ostermeier (1981), East only
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TAELE 7

Hardwood Lumber Recovery Rates for Selected States (cf/mfbm)

PA W OH M Wl K& Single Estimates

1965 172

1966

1967 170

1968

1969 158 166 165

1970

1971 CT-199 IN-284
1972 173 NH-209
1973 281 179 MN-166
1974 192 173

1975

1976 202 198

1977

1978 306

Rate of
increase, 4.0 1.3 1.8 2.7 0.9 1.0
cf/mfbm/ yr

Source: Based on hardwood log receipt data published periodically by the Forest
Service for imdividual States and on hardwood lumber production data
published by the Bureau of Census.
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TABLE 8

Hardwood Lumber Recovery Rates for Major Producing
Reglons (cf/mfbm)

Rate of Incresase,

1962 1970 1976 1962-1976, cf/mfbm/yr
Northeast 155 205 197 1.9
North Central 195 193 227 1.2
Southeast 175 173 203 1.1
South Central 151 173 231 3.8

Sources: Regional hardwood sawlog output figures are derived from Farest Service
assessments in 1962, 1970, and 1976.

Reglonal hardwood lumber production data are from the Bureau of
Census.
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showed that log requirements.to produce 1000 board feet of lumber
consistently ranged from 160 to 180 cubic feet for oaks, maples and gum
(Hanks et al, 1980). Variations were due to factors such as species, log
grade, and log diameter. Lange (1980) estimated recovery to be 161 cf/mbf
irrespective of region or year.

Finally, the Forest Service estimated industrial roundwood consumption
from product outputs data (Ulrich, 198l). Their implicit assumption was
that recovery was stable at 153 cf/mbf during the 1950s and 1960s. A
reevaluation of recovery rates in 1976 found the weighted average in the
U.S. to be 166 cf/mbf. It is uncertain whether this change is indicative
of poorer conversion efficiency or simply the result of measurement error.

The large differences in recovery rates between regions, and the decline
in recovery rates over time are surprising. The downward decline in
recovery rates stands in stark contrast with the experience in the softwood
industry. Changes in final products-—-from dimension to boards, for
exanple-—~ or shifts in the log mix may be responsible. A second hypothesis
is that investment in new capacity and upgrading of existing capital may
have been inadequate to improve conversion efficiency; the hardwood lumber
industry has not seen the growth in consumer demand that has characterized
the softwood industry during the 1970s. Clearly, improving existing
xnowledge of hardwood log yields would improve the capability for
estimating hardwood stumpage models.

Growing Stock vs. Non-growing Stock Removals

A model which projects timber prices and inventory must explicitly
consider the role of non-growing stock sources in meeting timber demand.
Yon-growing stock sources include: rough and rotten trees, salvable dead
trees, trees less than 5.0" dbh, topwood and limbs from commercial forests,
and any material from nonforest land. Non-growing stock supplies reduce
the drain on actual growing stock inventories implied by any level of
product output. The magnitude of this problem is depicted in Table 9.

With the expected growth in pulpwood and fuelwood consumption, the problem
is likely to become more serious over the forecast period.

Qther Growing Stock Removals

Two important components of total timber removals that are not captured
»y ceasuring the derived demand from products are logging residues and
"other removals." The latter is a catch-all category that includes
cultural operations (e.g. timber stand improvements), land clearing, and
chacges in land use. Table 10 shows that these removals are significant,
equzlling almost omne-third the total im 1976. By contrast, softwood
renovals for a similar purpose constituted only 11.9%Z in 1976. Any
successful model of the hardwood industry must include both since they
constitute a major drain on inventory.

5. Conclusions

Hardwoods constitute a major forest resource in the United States, yet
our understanding of the sector--key products, production use, capacity
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TABLE 9

Percentage of Product Demand for Roundwood
Supplied by Non-growing Stock Sources, 1976

Northeast 9.0%
North Central 21.4%
Southeast 13.9%
South Central 10.5%
U.S. Total 14,02

Source: USDA (1980)

TABLE 10

Growing Stock Removals not Accounted for
by Product Demards, 1976

Northeast 32.6%
North Central 38.0%
Southeast 37.0%
South Central 21.8%
U.S. Total 32.2%

Source: USDA (1980)
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trends, supply, within sector product substitution, demand, price and
inventory development--does not match its complexity. In sum, we see six
zajor issues in improving our hardwood assessment capability:

i. The data on product output and prices are limited and of
questionable quality. The total lumber production data contain apparent
zbberations, and large sampling errors even at the regional level. Data on
najor end uses-—pallets and furniture, for example-~~are sparse. Producer
price indices do not reflect enough products to characterize adequately the
sector. National forest sales represent a small fraction of the total
anount of hardwood stumpage sold, so price series constructed from this
source may not adequately represent hardwood markets in any region. Our
ebility to allocate removals to ownership, species and grade classes on the
tasis of empirical evidence is quite limited,

ii. Extant data indicate comparatively little variatiom in price or
cutput for hardwood lumber over the past three decades. Consequently there
is only limited empirical basis for estimating product supply or demand
relations. Further, the past may lead us to overstate the actual hardwood
ltnber supply elasticity. The problem may be more troublesome in the
stumpage sector as we move from an era of hardwood abundance to one of
greater utilization. Long run stumpage supply curves are generally thought
to be elastic for low levels of output converging to an inelastic asymptote
(or even bend backwards) at high levels of output.

iii., Lumber and log quality differences seem to be an important
consideration in modeling the hardwood sector, but in lumber markets
different species and grades apparently interact in a complex way.
Furthermore, high- and low-grade materials are joint products in both
lunber and stumpage sectors. Changes in relative prices between product
grades should provide some leverage in estimating the joint production
function. Fuelwood and pulpwood complicate modeling hardwood grade because
these products frequently compete for low—-grade hardwood sawlogs.

iv. Nontimber outputs from hardwood forests are likely to play a larger
role in hardwood timber supply as real incomes rise, as the shift from farm
to nenfarm ownership of private forest land continues, and as ownerships
Z2cline in size. All else equal private stumpage supply will probably
sz1ft in, and the shape of the supply curve may change as well. Capturing
these effects in a hardwood market model will require an understanding of
fcrest land use trends.

v. Land use shifts also affect the hardwood supply through "other
removals", or removals'from growing stock which are not accounted for by
prroduct demands. For hardwoods these equal about one-third of all
rezovals, and are therefore critical to modeling inventory development.
Secause inventory levels and character are likely to be significant
determinants of stumpage supply, some satisfactory model for these "other

removals" must be developed.



91

LITERATURE CITED

Binkley, Clark S. 198la. Timber supply from private forests. Yale
University School of Forestry and Envirommental Studies. Bulletin No.
92.

Binkley, Clark S. 198lb. Private forest land use: status, trends, and
projections. Unpublished manuscript.

Fuller, Bernard. 1980. U.S. hardwood lumber model. Manuscript submitted
to U.S. Forest Service.

Banks, Gammon, Brisbin, Rast. 1980. Hardwood log grades and lumber grade
yields for factory lumber logs. USDA Forest Service Research Paper
NE-468.

Knapp, G.P. 198l. The supply of timber from nonindustrial private
forests., Unpublished PhD dissertation (Yale University).

Lange, William J. 1979. An econometric model of hardwood lumber and
stumpage markets in the United States. Unpublished PhD dissertation
(Oregon State University).

Ostermeier, David M. 198l. Untitled manuscript on bardwood supply and
demand.

Olrich, Alice H. 198l. U.S. timber production, trade, consumption, and
price statistics, 1950-1980. USDA Miscellaneous Publication No. 1408,

USDA. 1980: Review draft of an analysis of the timber situation in the
United States, 1952-2030.






93

USE OF SYSTEM DYNAMICS APPROACHES TO REGIONAL FOREST SECTOR MODELS
by

Vernon L. Robinson and Willard R. Fey

The Forest and Rangeland Renewable Resources Planning Act of 1974 (8) and
The National Forest Management Act of 1976 (9) prescribe how land and resource
management planning is to be conducted on National Forest System land. One of
the guiding principles underlying these acts is the recognition that the National
Forests are ecosystems whose management requires an awareness of the interrela-
tionships among plants, animals, soil, water, air and other environmental factors
within such ecosystems. Therefore, in the development and maintenance of Tand
management plans, a systematic interdisciplinary approach is required to achieve
integrated consideration of the physical, biological, economic, and other aspects
of the National Forest System. Specifically, a team representing several disci-
plines is to be used at each level of planning to ensure coordinated planning
which addresses outdoor recreation, range, timber, watershed, wildlife and fish,
and wilderness opportunities. Clearly, an integrated ecosystem anaiysis and a
human intervention and management analysis is essential to meet the requirements
of these acts. The research described below is specifically designed to provide
a vehicle for accomplishing such an analysis.

DEFINITION OF SYSTEM DYNAMICS

System Dynamics (SD) is a method of modeling the complex interactions that
characterize our biological, engineering, managerial, organizational, and social
systems. Its distinguishing feature is the application of feedback control prin-
ciples to model problems. A feedback system exists whenever the environment leads
to a decision that results in an action which affects the environment and thereby
influences future decisions (3). Feedback control is fundamental to all 1ife and
human endeavor. For example, a thermostat receives temperature information and
decides to start the furnace; this raises the temperature, and the furnace is shut
off. A closing of the Toop occurs and a delay intervenes between the initial
action and the fed back results. Closed loops and time delays are characteristic
of all feedback processes.

The Toops do not function separately, but rather are coupled together to
form complex feedback systems that are whole interacting entities. Change in
one system part eventually has an impact everywhere in the system. The continu-
ing operation through time of these loops creates the performance time patterns
of the system's variables. The study of feedback systems deals with the way
information is used for the purpose of control. It helps us to understand how

The authors are, respectively, Forest Economist, USDA, Forest Serv., Southeastern
Forest Exp. Sta., Forestry Sci. Lab., Athens, GA; and Associate Professor, School
of Industrial and Systems Engineering, Georgia Institute of Technology, Atlanta,
GA. This paper was presented at the North American Conference on Forest Sector
Models, December 2, 1981, at Williamsburg, Virginia.
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the amount of corrective action and the time delays in interconnected components
can lead to system behavior. Thus system dynamics is based on the philosophy
that the behavior of a system is principally caused by the system's structure.
The structure includes not only the physical aspects of the system but, more
importantly, the "policies" that dominate decision making within the system.

A second aspect of the SD philosophy is the concept that systems are viewed
most effectively in terms of their underlying flows of people, money, materials,
information, etc. A meaningful framework then results from tracing the cause-
and-effect chains through the relevant flow paths of the system. A causal loop
diagram is typically employed as the first step in modeling. These diagrams show
the major cause-and-effect links between the system variables; indicating the
direction of the linkage, and denoting the major feedback loops and their polarity.
A positive feedback loop has very predictable behavior in response to a change
induced in any of its variables. The loop can only act to reinforce or accelerate
that initial change. A negative feedback loop on the other hand acts to counter
the direction of initial change in any of its variables.

From this perspective, all dynamic systems can be represented in terms of
level and rate variables with auxiliary variables used to represent goals and
other concepts that affect the rates. A level is an accumulation or an integra-
tion over time of flows or changes that come into and out of the level. For
example, forest inventories grow or diminish over time depending upon the relative
growth and harvest of the forest. A rate variable on the other hand is a flow or
a decision that controls a flow into or from an accumulation. Forest system rela-
tionships can be translated into level, rate, and auxiliary equations that can be
simulated by computer using a specially designed compiler program called DYNAMO (7).

ECOLOGICAL SYSTEMS AS FEEDBACK PROCESSES

Ecology is the study of organisms in relation to their environment (6). A
community is an aggregation of living organisms having mutual relationships among
themselves and their environment. Forest ecology, therefore, is concerned with
the forest as a biological community with the interrelationships between the vari-
ous trees and other organisms comprising the community and between these organisms
and the physical environment in which they exist. The forest community and its
habitat together comprise an ecological system, or ecosystem, in which the con-
stituent organisms and their environments interact in a complex energy cycle.

A1l organisms within the ecosystem depend upon the utilization of an external
source of energy, solar radiation. A portion of this energy is used by plants to
manufacture food from inorganic substances by the process of photosynthesis (5).
Although some of the resulting potential energy is released through respiration,
most of it, in the early stages of growth, is transformed into organic substances
which form the structure of the plant. Over time this biomass accumulates with
the result that a greater amount of the food energy produced goes into the mainte-
nance of the plant and less is available for the production of additional biomass.
Typically, the biomass increases slowly at first, then more rapidly but it slows
down gradually again as the plant matures. Thus, in a mature ecasystem, the energy
fixed tends to be balanced by the energy lost through respiration. The growth of
a great variety of populations--representing microorganisms, plants and animals--
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have been shown to follow this sigmoid pattern. For example, in Figure 1 the
general pattern of a 100-day autotrophic succession in a microcosm is compared
with a 100-year forest succession (6)}. While the numerical magnitudes of the
forest variables are considerably larger than those of the laboratory microcosm,
there is a remarkable similarity in their modes of behavior over time.

]

Microcosm succession

[ t !
0 20 40 60 80 100
Days

Figure 1. Comparison of Ecosystem Development in a Forest and a Laboratory
Microcosm. Pg, Gross Production; P, Net Production; R, Total
Community Respiration; B, Total Biomass
(From Odum, 1971.)

The accumulated biomass provides a source of potential energy for animals.
These consumers oxidize a considerable portion of the consumed material to release
kinetic energy for body maintenance and transform the remainder into body structure.
Eventually, all organisms die and bacteria and fungi dissipate the potential energy
of the organic debris, transforming it into inorganic elements. From this inor-
ganic state the plants may again use the dissolved nutrients in photosynthesis to
manufacture food, thus completing the energy cycle. This cycle is known to have
negative polarity, returning the system to a state of trophic equilibrium after an
exogenous perturbation (1,5}.

The cycling of mineral nutrients from the soil to the vegetation and back
again is basic to all 1ife. Therefore, it provides a useful starting point for
modeling the interrelationships that exist in a forest ecosystem. In such a
system energy, primary production, biomass, dead organic matter, and inorganic
nutrients are accumulated as described above. These accumulations are determined
by the material flows around the energy cycle and by the time delays that exist
between these fundamental ecological variables.
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The coupling of the positive and negative feedback loops will produce a time
history of forest biomass accumulation which is cqiﬁistent with that shown in
Figure 1. In order to construct a testable model,&/ this process must be articu-
lated in terms of quantifiable interloop and intraloop relationships representing
other variables of interest that exist within the forest ecosystem. The purpose
here is merely to demonstrate that the balance of nature means that ecological
systems are feedback processes. Hence, system dynamics is an appropriate tool
for studying the complex interrelationships that exist among the trees, shrubs,
herbs, bacteria, fungi, protozoa, invertebrates, vertebrates, oxygen, carbon
dioxide, water, minerals, and dead organic matter which in their totality consti-
tute a forest. The modeling of human intervention upon these biological processes
is the subject of the next section.

HUMAN INTERVENTIONS IN FOREST ECOSYSTEMS

There are many aspects of the natural forest ecosystem that are beneficial to
individual humans and human society. Therefore, one aspect of human intervention
in the forest is use of the environment, land, and biological products of the forest.
The forest environment provides recreation and wilderness experiences, the land
contributes water and minerals, and the 1iving forest produces timber, forage for
domesticated animals,and wildlife and fish for hunting and fishing.

Since there is so much of value in the forest, a natural desire arises to
increase, if not optimize, the forest's capacity to generate these benefits. A
second type of intervention occurs when humans attempt to control the type and
rate of growth of forest products. This can be done through such actions as seed-
ing, fertilizing, selective cutting,and prescribed burning. Construction is often
initiated to facilitate growth, harvest, or utilization. Roads, fences, water
sources for grazing animals, and recreation and mining facilities are examples of
this kind of intervention.

The former kinds of intervention are undertaken intentionally by the owners
or managers of the forest to protect, develop, or use the forest's benefits. Another
type of intervention involves unintentional impacts on the forest. Since there are
so many people and so much mobility and industrial activity, even remcte forest
areas feel the impact of human action. Air, watenr, and solid waste pollution are
extensive. Acid rain is becoming a major problem. Unauthorized timber cutting,
grazing, hunting, and fishing are common. Intentional weather intervention (e.qg.,
cloud seeding) for agricultural and other purposes often influences forest rainfall.
Unintentional weather influences such as increasing carbon dioxide concentration in
the atmosphere from fossil fuel use and ozone destruction in the upper atmosphere
influence temperature, rain frequency and volume, and solar radiation availability,
intensity, and wave length composition.

Despite the growing importance of these latter unintentional interventions,
this paper focuses on the intentional interventions by forest managers. There are
several characteristics of these impacts that are important. The first considera-
tion is the balance required between protection or development and use. Too much

l-/A complete dynamic hypothesis of ecosystem succession can be found in Gutierrez
and Fey (4). While this hypotheses was developed to represent a grassland ecosystem,
it has general applicability to the process of secondary succession.
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use destroys the forests' ability to reproduce itself. Too 1ittle use provides
inadequate benefits to the users. “Appropriate" use simulaneously provides
significant benefits while enhancing forest productivity and vigor.

The second consideration is the synergy or conflict among the uses. Usually
a utilization action such as cutting an area for timber has benefits and detriments
relative to other uses. For example after cutting, an area frequently becomes
availabie for grazing for a period of time after new trees are established and
until they are large and dense enough to interfere with grazing. Temporary detri-
ments arise as certain creatures’ habitats are destroyed along with some of the
scenic beauty of the area. These tradeoffs become important considerations in
forest management decisions.

A third consideration is the response time horizon. An action may be beneficial
in the short run for some purpose, but detrimental in the long run for that same
purpose or others and vice versa. Mining an area may provide significant immediate
revenues, but may contaminate the land in such a way that reforestation cannot take
place for many years. Burning may destroy biomass in the short run, but increase
plant productivity and habitats of desirable creatures in the long run.

The interventions by forest owners usually require continuing actions, obser-
vation,and evaluation to ensure that the desired results occur and persist. This
requires a continuing organization and management with authority and responsibility
to determine and carry out the required tasks. The United States Forest Service
is an obvious example of a continuing organization engaged in forest management
necessitated by the need to continuously balance use and protection, control coor-
dination and tradeoffs between uses, and reasonably balance short and long range
benefits and detriments.

Financial considerations and constraints arise as soon as a continuing management
activity is supported. Furthermore, the balancing of protection and use, the con-
trol of multiple uses,and the balance of short and Tong range considerations all
contribute to the occasional need to provide costly intervention services and activi-
ties before benefits are realized. If money is required, a source must be found and
control must be exercised over the utilization of funds. The consequence of this
reality is that the forest biology, the decision structures of the associated human
organizations, and the financial aspects of forest benefits and capital and operating
costs of the organizations all become interrelated in the short and long run to
form a single entity--the forest management system. The biological, human, and
financial aspects of this system are related through coupled feedback loops that
operate continuously through time to create the patterns of change of the system's
variables. A simplified example of some of these interrelationships is illustrated
in the causal loop diagram of Figure 2.

The natural forest ecosystem elements are shown at the top of the figure.

These include the forest biomass, the production and mortality flows of the biomass
and the nutrient pool that closes the cycle as described above. Below are shown
some of the timber use variables. These include timber product inventory, consump-
tion, consumption desired, and price; and the human population and economic system
vigor that originate the demand. Like the forest ecosystem variables, the timber
product consumption variables influence each other through closed loop relationships.
For example, an increase in desired timber product consumption will increase timber
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product consumption. This will decrease timber inventory which after a time delay
will stimulate an increase in timber product prices. Increased prices will reduce
desired consumption and thereby close a negative loop of causal influences.

The human utilization system and the natural ecosystem are coupled through
the forest harvest rate. This intervention is controlled by the relative harvest-
ing desires of the forest owners and the timber users. The timber users' desire
to harvest is influenced in part by the current availability of timber, timber
product prices, and expected timber product demand. Forest owners' desire to sell
timber is partially influenced by the amount of standing timber (biomass), expected
timber growth rates, and expected timber demand. Timber price, an important consid-
eration in both party's desires, has been omitted to simplify the diagram. OQObvi-
ously, it and other influencial variables would be included in a more complete
representation.

The purpose of Figure 2 is not to completely describe the forest management
system, but rather to illustrate the closed loop nature of the couplings between
the natural ecosystem, human consumption (intervention) and financial considerations
(as reflected here in the timber product price). Other closed loop interventions
occur when growth rate, nutrient pool and mortality rate are influenced by decisions
to seed, fertilize, and burn. These activities arise when a need for them is per-
ceived and money is made available in budgets to carry them out. The perceived need
is established by observations of the biomass, growth, and mortality conditions in
the forest and expected timber demand that are then related to the multiple use
goals established by forest owners or the Congress. Budgets reflect the needs as
legislators understand them and the consequences of not meeting them. The func-
tioning of these feedback relationships through time creates the time histories of
the variables. Increase or decline, oscillation or stagnation result from the way
the loops are organized and coupled together. The SD methodology was created to
quantitatively analyze such situations.

SYSTEM DYNAMICS ANALYSIS OF FOREST MANAGEMENT SYSTEMS

SD provides for the analysis and synthesis of dynamic feedback systems of
all types. This is accomplished by carrying out certain activities in a prescribed
logical sequence (2). The sequence begins with the clarification of the system's
objectives and time history performance. Then the functional operation of the
system is carefully observed and measured. The understanding of performance and
operation obtained from the preceding investigations serves as a basis for develop-
ing a written dynamic hypothesis which identifies the feedback loops that are
perceived by the analyst to create the major performance characteristics. Quanti-
tative modeling of the relationships that compose these loops is performed to provide
a basis for testing the hypothesis. The resulting model (set of dynamic equations)
when simulated under a variety of conditions can be used for many purposes. Proposed
changes in the feedback structure of the model can be tested to determine their
effect on system performance, which is often found to be counter-intuitive.

The model can be a vehicle for training or communicating with people relative
to the way the system operates. Expected future performance patterns can be fore-
cast. The model can be simulated before extensive data gathering to estimate the
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importance of different kinds of information. This later application can be
particularly useful for forest modeling because the long forest life cycle
delays the availability of some types of information.

The application of the SD method to forest management systems (FMS) is
difficult because the biological/human/financial interactions are so complex,
reliable data is so limited, and the long forest l1ife cycle is not synchronized
with the much shorter political and organizational budget and administrative
control cycles. Nevertheless it can be done by following the sequence described
above.

Since the FMS is composed of many interrelated, but organizationally distinct,
entities (e.g., the Congress; the Forest Service, and other federal agencies; pri-
vate forest owners; industrial forest owners; timber product producers; state .and
local governments; and private citizens and organizations which function as timber
product users, forest facility users, environmentalists, voters, etc.) there is
no single objective for forest management or consensus on priorities for the
muitipie uses in the short and long run. The resulting conflicts, compromises,
and competition among the groups are important determinants of system performance
and must be included in the hypothesis and model despite the difficulties in
determining their nature. Biological data are limited in what has been measured
and the length of the historical records. Government and private organization
data is also Timited in extent and duration. But enough is available to establish
a general picture.

The dynamic hypothesis will have to capture the complex nature and coupiings
of the biological, human, and financial feedback loops that comprise the FMS. The
diagram in Figure 2 represents a beginning that will require elaboration through
the collaboration of many people who are knowledgeable in the various areas. If
the hypothesis development work is well done, equation writing (modeling) should
not be too difficult. However, the large size and complexity of the FMS suggest
that substantial time and effort will be required. The level of model detail
required will be determined by the ways that the model will be used.

A1l model uses require two types of analysis--validation and hypothesis
testing. Validation is a procedure in which the performance and the structure
of the model are compared empirically and theoretically to the real situation.
The purpose is to determine whether the model is a sufficiently accurate repre-
sentation of reality to be used in the ways required. Since the model omits
the less important aspects of the system's structure, model performance is not
expected to perfectly reproduce the known historical performance of the real
system. But the major patterns must be regenerated "accurately enough.” Statis-
tical measures are used when possible to determine the degree of accuracy. Expert
multidisciplinary judgment is used to evaluate adequacy.

Hypothesis testing involves a series of simulations designed to reveal any
errors in the hypothesis relating to the creation of the performance patterns.
Each simulation has a specific causal consequence to test and requires a pre-
written statement of the performance expected to which the actual model performance
is compared. All model uses require prior validation and hypothesis testing.
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USES FOR SYSTEM DYNAMICS MODELS OF FOREST MANAGEMENT SYSTEMS

SD models are designed to serve the purposes for which they are constructed.
The factors to be included, the level of aggregation, the types of evaluation
variables, and the use of random variables (noise), exogenous variables, and data
or analytic driving forces are all dictated by model purpose. There even may be
several different models that are needed to answer different questions or generate
different kinds of information. A model's validity can only be evaluated in the
context of its purposes. Therefore, it is important to know the kinds of things
SD models can do.

Loop Dominance Studies (Sensitivity)

SD models can be used to determine the relative contribution of different
loops, policies, and/or parameters to the creation of important performance
patterns. "Will Forest Service policies for permitted harvest volumes or budgets
for forest maintenance and development have a greater influence on future standing
timber volume growth?" is a sensitivity question that a SD model could answer. The
influence of estimated parameters, such as average stand maturation time and desig-
nated habitat area required per wild turkey, on costs and growth rates also can be
determined.

Data Value Studies

Policy, loop, and parameter sensitivity studies relate directly to the
importance of measuring various relationships accurately. If a + 20% change in
a relationship has a small impact on model system performance, it is probably not
necessary to spend a great deal to measure it to 5% accuracy. Most feedback
systems are relatively insensitive even to fairly large changes (errors) in most
parameters, but a few sensitive ones are usually present. It is extremely valuable
to know which are critical and which are not.

Management Policy Laboratory

In most systems the management policies (the guidelines for how to make the
required decisions) are not thoroughly understood. People have been using them
for a while, perhaps many years, but they really do not understand their total
impact on all aspects of system performance. The SD model can be used to test
a policy's impact on any biological, organizational or financial variable in the
model. The policy may be one currently in use, one proposed by the system
managers, or one arising from a creative synthesis by the SD analyst. Therefore,
the model can be used as a management laboratory to answer, "what would happen if

." questions. This is an inexpensive way to identify ineffective or detrimental
policies before they are tried in the real system where mistakes can be very expen-
sive.

Forecasting of Future Performance Patterns

SD models can be used to forecast future time patterns. This is done in a
simulation that starts the model accumulations at values corresponding to a real
historical time, simulates the period of history up to the present, and then
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continues the simulation into the (model) future. The patterns (trends and
oscillations) created by the model are forecasts of the real system patterns.
Future events usually cannot be accurately forecast in this way. An event is
the value of a variable at a point in time. Therefore, a SD model could predict
a growth trend in standing timber or an oscillation in budget, but the specific
amount of standing timber at a particular time would not be as reliable as the
pattern forecast.

Budget Request Justification

In a system with long response delays, such as a forest, a current decision
can influence performance for many years. An SD model that considers biological,
organizational, and financial variables in the long run can be used to demonstrate
the total Tong-run impact of policies, particularly in budget areas. This could
be of significant value for private timber companies or government agencies such
as the Forest Service when considering budget formulation and when submitting
budget requests for approval by boards of directors or The Congress.

Training

An SD model is a mathematical representation of a real system that has the
same variables as the real system and operates the same way as does the real system.
The model, unlike the real system, is accessible and manipulable. Therefore, the
model can be used to acquaint or train Forest Service staff, state forest managers,
private forest owners, timber company managers, legislators, financial institution
managers, environmentalists, or the interested public. In particular, by changing
model policies and parameters and observing the effects of these changes on behav-
ior, people can be helped to better understand the dynamic forces at work in the
real-world system. An SD model of a forest can be a useful tool in public involve-
ment as required by the NFMA and in conflict resolution since the resulting simula-
tion is one of the most effective means available for supplementing and correcting
human intuition.

Planning

Frequently, the people in an organization who first develop and use SD models
are planners. Anyone who must estimate the long and short run consequences of many
interrelated decision alternatives in a complex, imperfectly understood response
environment, and then must apply multiple, time dependent, politically sensitive
evaluation criteria to the estimates has a very difficult task. The realism of
SD models and their easy use through the DYNAMO Computer language can provide con-
siderable help to forest system planners who face this type of situation daily.
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CONCLUSION

Forest management systems are composed of many biological, human, and
financial accumulations and relationships that are organized into feedback
loops that control the operation of the system parts and determine the per-
formance patterns through time of the system variables. The SD method has
been developed to assist the understanding, modeling, planning, control, and
improvement of systems of this kind. SD focuses more than other analysis
methods on the whole system, information feedback control process that creates
in a realistic way the dynamic performance patterns. Therefore, it seems
appropriate to suggest SD's use as a tool to understand and improve forest
management systems.
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CONCEPTS OF HIERARCHY IN FOREST SECTOR MODELING

by Wolf D. Grossmann1 and Eberhard F, Brunig2

Abstract—-—Hierarchical approaches in the building of forest
sector models are more than just technical tricks to make
modeling easier and more flexible. If done properly, the
models within the hierarchy will in many respects be more
adequate for their purpose: 1in their data, their internal
structure, the problems that they address, in their output,
and for their addressees.

INTRODUCTION

The term forest sector refers variously to more or less expansive sys-—
tems, depending on the nature of the problems that are to be addressed.
Accordingly, forest sector modeling can be concerned with 'only" one forest-
biosystem up to all biosystems within one nation or even on a global scale,
including their human environment, which means including social, economic,
ecological, land-use and other structures.

All these configurations of forest sectors are organized in a hierarchic
manner (Brunig, 1971), like most complex systems, see Bertalanffy (1966) and
Simon (1962). This hierarchical feature applies irrespective of their size
and comprehensiveness. The arguments in favor of this hierarchical nature
of such complex systems have been given, among others, by Bertalanffy (1967,
he cites earlier references), Mesarovic et al. (1971), and Simon (1962).

Simon gives some proofs, that systems can be built and maintained (or main-
tain themselves) far more easily if they are hierarchically organized. As
large-scale models have often failed (Lee, 1973, Holcomb, 1976, Holling, 1978,
Jeffers, 1976, 1978,.1979, 1980, 1981), it seems reasonable to devote different
models of a forest sector modeling approach to different levels within the
hierarchy of the forest sector under consideration and then split the task of
modeling into subtasks.

This hierarchical approach to modeling is much more than just a device
to circumvent difficulties inherrent in large-scale modeling. Models on
different levels within the hierarchy differ in their permissible and reason-
able size, internal characteristics, their data, functioning, objectives,
outputs, adequate modeling techniques, problems to which they are devoted,
and their addressees. Thus models have often failed due to level--inadequacy
in technique, size, output, addressees—-—-irrespective of their technical or
scientific value. Large-scale models on a low level can be very successful,
for example, the budworm model (Holling, 1978), while the results of such

IInternational Institute for Applied Systems Analysis. On leave of
absence from the Computer Center, University of Hamburg, Hamburg, F.R.G.

2Chair of world forestry, University of Hamburg, and Institute for
World Forestry, Federal Research Center for Forestry and the Forest Industry.
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models have to be condensed and adapted to entirely different forms for use
on high levels, see the slide show presented in Holling (1978).

Hierarchical modeling has been applied to regional planning (Vester,
1978, 1979, Vester and von Hesler, 1980), to city projects (Grossmann 1981la,
1982d) and natural and man-made ecosystems (Brunig et al., 198la, 1981b), to
renewable resources (Grossmann, 1981b), etc. Many ideas from Bossel (Bossel,
1977, 1978, Mueller-Reissmann and Bossel, 1979, Krause et al., 1980) have been
very important in this work.

In Figure 1 one configuration of a hierarchy of models is shown. This
description neglects details of the models, but focuses on the delimitations
of the models and gives some reasons why this configuration seems advantageous.
The central model and the forest sector model are operational on a computer,
although in a preliminary version (Grossmann, 1982a). Several versions of
the forest stand and stand structure model have been developed to maturity
by Schneider (1980) and Schneider et al. (1981).

THE FOREST SECTOR MODEL IN THE HIERARCHY OF MODELS

The forest sector model in the hierarchy of Figure ) describes the forest
sector of a nation in the narrow sense on an aggregated basis: it contains
the stock of forest resource, its growth, natural decay and harvest, the sup-
ply of forest products, the capital investment in the forest sector, patterns
of forest ownership and other variables and many interconnections between
these variables. The growth and stock of one kind or several kinds of forest
resources are usually included in most forest sector models. Growth and
stock both depend on the available land area, the quality of the soil, the
density of the stock, the harvests, to name just a few variables, which are
incorporated in the available models.

Growth normally behaves natural-law like and accordingly responds to the
density of the forest crop, which in turn is influenced by growth, harvests,
and mortality. Using feedback loops these biodynamics can be modeled quite
well. The results in most cases are good approximations to reality, If,
however, harvests (due to demand from the central model) exceed regrowth,
then actions may be taken to increase regrowth, such as thinning, irrigation,
or fertilizer application, planting of improved genotypes, planting new and
more effective species, etc., depending on the particular circumstances such
as climatic and soil conditions, availability of capital, availability and
training of workforce, and technological know-how.

The most appropriate action to be taken and its probable outcome is only
partially predictable because, for example, changes of technology are often
unpredictable. Moreover, irregular events such as windthrow or stormbreak
can occur on unusually large scales or unusual combinations of extremes of
variables. 1In 1967 large areas of the pine plantations in northwestern
Germany were devastated by windthrow. The unusual weather since 1977 has
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caused unexpected and unusually high losses in pine due to snowbreak. The
high increase in energy costs revived the demand for fuelwood in Germany and
elsewhere while rising wages of laborers and environmental restrictions on
establishing sulfate pulp mills in Germany prevent young stands to be ade-
quately thinned and tended, thus making the forests even more vulnerable,

The climatic events affected the "correctness'" of the modeling results
of most forest sector models at least for great parts of West Germany. In-
creased demand due to the substitution of oil by wood destroyed the correctness
of demand figures for most countries. These figures partially determine the
amount of harvest and depletion of stocks. The evidence of such events
limits the usefulness of all forest sector models. A decision maker, who
wants to base his plans on the results of such models, has to be aware of
two factors:

(1) The unreliability of such models--he usually is, or is at least
feeling unease about the models.

(ii) The degree to which forests in his area are prone to breakdown-—
he usually belittles any susceptibility to breakdowns.

Both the decision maker and the models on the more deterministic levels
of the hierarchy (the forest sector and the central model) can get valuable
information from additional models that address these problems of stability
(or reliability or predictability). The term "viability" includes reliabil-
ity, stability, predictability, resistance, reproductivity, and resiliance,
etc., although in a complex and not obvious manner (Grossmann, 1982b). Thus
"viability" seems to be an adequate name for this desired property of systems.

The meta-analysis (see Figure 1) is devoted to the problems of viabil-
ity.

THE CENTRAL MODEL IN THE HIERARCHY OF MODELS

In the model version, which is already operational, the central model
depicts the relationships between population, the economy, nonrenewable and
renewable resources (for example, substitution), land-use, pollution, erosion,
the food sector and human-ecological conditions. Out of this the land-area
available for the forest resource, the demand for forest resource, the im-
pact of pollution on the forest resource, etc., are computed, and given to
the forest sector model.

Again, some relationships in this model are quite strictly determined
(land used for infrastructure can seldom be used as well for forests). Some
of these relationships areonly partially determined: if the relative scarcity
of a resource increases, substitution processes will start. The characteris-
tics of that technological know-how, for example, which is available at the
time of this scarcity, determine which substitution processes will be used.

Many relationships that will occur in the future are unpredictable:
there are changes in vogues, in preferences, there are changes in the rela-
tive value of resources. In the substitution of resources, fashions are
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often important. In furniture there have beeu such waves of preference:
first white painted furniture, then teak, then plastics, then pine, thenoak,
In the building of houses we had preferences for bricks, then for concrete,
then for brick and wood. (All preferences are reported for West Germany.)
The probability, possibility and impact of such basic processes of change
are analysed in the mode-model (or mode-analysis). A direct analysis of
these processes is impossible, but this indirect approach is sometimes very
helpful.

THE META-ANALYSIS

The meta-analysis explores the viability of the forest sector and its
environment as depicted in the central model. On this level of analysis,
highly aggregated, naturally very imprecise terms are adequate. These vari-
ables are named meta-variables as they rely partially on the evaluation of
results of lower-level models. An example of the application of the meta-
analysis is given later, which uses the following two meta-variables:

(1) Structure of the system.

~= Degree of hierarchical organization, which can be valuable in
order to increase the viability of a system as reasoned by
Simon (1962).

-- Multifocal organization (term from Boyden, 1978). A system is
more valuable if it is out of reasonably tight interconnected
subsystems (''focal points"), which are only loosely connected
to other subsystems, This result goes back to Ashby (reported
in Vester, 1979). See also Ashby's later paper (Gardmer and
Ashby, 1970) on "connectivity and stability".

(1i) Variety within the system.

-- Diversity coming from the number of species; or number of crafts,
ete, (diversity in the small environments).

~— Diversity due to number of biotopes or branches in the economy,
etc. (diversity on a large scale). There have been many dis-
cussions about the relation between diversity and viability;
see, for example, Brunig (1966, 1970, 1973, 1975, 1977).

-- Genetic and other differences within each species (or craft,
etc.).

Ashby (1960) states "only variety can destroy variety' (only variety
within the system can overcome the variety of the environment of the system).
The two meta-variables (structure of the system and variety) can be applied
to New Zealand's present program of planting Radiata pine on large areas.

After Great Britain joined the European Common Market, New Zealand could
no longer exports its agricultural products to Great Britain. As a conse-
quence, many farms in New Zealand were no longer profitable and the land was
no longer cultivated. Now on most of these farm areas, Radiata pine is
planted (957 of all new plantations of trees). In New Zealand pinus radiata
has a rotation time of 35 years. The new plantations are distributed in a
leopard-spots manner over both of New Zealand's main islands (Figure 2).
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Because of the low diversity, these plantations are very attractive
for pests, as pests are specialists. Spraying with pesticides can help for
some time, but often fails. Holling (1978) reports the temporary breakdown
of cotton planting in California. A first spraying was successful in sub-
stantially reducing all seven pests of cotton, and production rose by 50%.
But six new pests became as serious a problem as the original seven had been.
The reason for the appearance of these new pests was the elimination of the
parasites and predators that were killed by the insecticides. In the case
of New Zealand, most probably pests living in the environment of pine plan-
tations will accidentally be sprayed from time to time (see Figure 3). As
this spraying will not systematically eliminate these pests, they will first
adapt to the pesticides and then realize the ecological niche in their neigh-
borhood, and consequently adapt to Radiata pine. In the case of California's
cotton the seven original pests also adapted to all insecticides. Only inte-
grated pest management succeeded in overcoming the problems posed by these
pests.

Cotton can be planted anew each year. Once a species of pest has adap-
ted to the pesticides and to pinus radiata in New Zealand it can destroy all
the pine in its environment for at least 35 years and then will begin to
jump from pine island to pine island. At present, New Zealand is exporting
507 of its wood. If all pinus radiata will grow as projected, in 2015 the
wood supply will increase six fold, that is, New Zealand could increase its
exports even more. But if a pest succeeds in destroying all pine planta-
tions on both of New Zealands islands, the nation will have to import wood.
If the resistant pest is stopped by the sea and contained on one of New
Zealand's two main islands, the export in 2015 will be roughly six times
today's volume.

The forest sector model would project the growth of the pine up to the
year 2015 as expected, resulting in the six fold increase in supply (twelve
fold export) over today's volume. If the forest sector model is built espe-
cially well sothat it contains a feedback structure describing growth, it
would exhibit even such details as the somewhat more rapid growth if some
trees are presumably harvested. But this degree of sophistication in the
forest sector model may be irrelevant as in fact all outcomes, ranging from
the necessity to import wood to a twelve fold increase of exporting capacity,
are possible. This result of the meta—-analysis contrasts sharply with the
blue—eyed confident projections of the forest sector model.

The meta—variables can also be applied to make this system more resis-
tant:

(1) The diversity of plantations can be increased.

(2) Zoning regulations can be prescribed, banning some species in
some regions to prevent island jumping and banning some pesticides
in other regions to have back—up pesticides; adopt techniques of
preventive integrated pest management, etc. to make the structure
of the system more viable (see Figure 4).

Application of this meta-approach, however, creates one problem. At
present, the plantation of Radiata pine seems to be optimal. Increase of
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diversity of plantations is costly for those farmers who are forced to plant
species other than Radiata pine. Who pays them for their losses? These
costs are a kind of insurance premium to prevent undesired breakdowns.

THE MODE ANALYSIS

The history of forests is a history of drastic basic changes. During
the 18th century Germany abandoned the course of continued deforestation--—
only very few forests were left at that time-—and switched to afforestation.
Eventually the whole country fell in love with the forests. The German
forest birds were enthusiastically declared to be "the best singers in the
world", although no species of bird is specific to Germany. The forests
played a central role in Germany's most famous ultra-romatic opera ("Der
Freischutz" by Weber). 1In 1982 afforestation still continues, although at
a slower pace; the forest areas have now exceeded 307 of the total land area.

In the 1870's Britain's Royal Navy planted oak forests to ensure con-
tinued supply for the building of war ships. Moreover, all ocaks that were
growing straight were eliminated, because bent oaks were most appropriate
for ship-building. Now these oaks have matured. Although oak wood is very
rare and very expensive, nobody can use bent oaks today.
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In 1280 the French Telephone Office replaced the telephone books—-paper
is made out of wood--by telecommunication devices. More such substitutions
of wood products by information processing devices certainly will appear.
This again is a process of drastic basic change (from a material resource to
an information resource), which can well destroy the validity of many models
on the forest sector level and the central model level,

On the mode-level, tools such as the logistic development functions,
Marchetti and Nakicenovic (1979), Marchetti (1981), see Figure 5; Thom's
(1975) catastrophe theory (an application of Thom's cusp catastrophe to the
budworm-spruce system in northeastern Canada is given by Jones, 1977), or
Prigogine's results are appropriate and useful (Prigogine et al., 1977, and
Allan and Sanglier, 1978, 1981). As a brain-twisting application of the
logistic development function, think about the problem "why will the impor-
tance of electricity have drastically declined in 2030?" The mode-analysis,
like this brain-twister, usually will not give valid forecasts. But it
helps to get a better feeling for the validity and applicability of lower-
level modeling results. As a further application of mode-analysis, think
about the problems: which basic changes will happen in New Zealand and the
international markets if

(i) all of New Zealands Radiata pine plantations are destoryed
(ii1) circa 50% of New Zealands Radiata pine plantations are destroyed

(iii) New Zealand succeeds to attain a bumper harvest of Radiata pine.

Importance
of Product

Original Product

Substitute

Figure 5.
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LEVEL ADEQUACY

The addressee of the meta-analysis about the desirable increase in the
diversity of New Zealands plantations of forests is not the individual far-
mer nor is it a local government. High~level models address high-level
problems for high~level decision makers. Once regulations about desirable
diversity and about zoning have been made on the highest level, intermediate
to low-level models are adequate to address the problems of optimal mix
of plantations or even about optimal planting and harvesting policies for the
individual farmer. Huge lists of output may be necessary to assist in plant-
ing, thinning, and harvesting. These lists, however, are of no interest to
the high-level decision maker. The data for low-level studies are very pre-
cise, abundant, readily available. Typical low-level problems are the real
time process control in industrial plants or the control of physiological
processes in living elements of biosystems. Intermediate level data are
more subject to systematic errors (Majone and Quade, 1980) and more subject
to influences from the outside. They are much more aggregated than low-
level data: the workers on one plantation on the level of the topic models
(Figure 1), are only a part of the work force in the forest sector model,
this work force is only a part of the total work force on the level of the
central model. In the meta-analysis, the work force of the central model
contributes to the variable diversity of the system.

On the highest level, data are scarce, naturally imprecise (precise
data are inadequate on this level), and subject to drastic changes by the
environment of the system, as well as by internal changes of the system.

The methods, which have to be applied on different levels of a system, dif-
fer accordingly. On low levels fast, precise, "brute-force' decision making
methods are adequate, like real time process control, optimization, etc.

On intermediate levels, feed~back models, averaging processes, etc., are
adequate. On higher levels cautious evaluation of meta-criteria is helpful.
These meta-criteria, however, are based partially on results from lower
levels. Thus no method is obsolete; all are important, all have their
place, no method is the best overall. Used together, these methods are sup-
plementary and enhance each other's effectiveness.

CONCLUSION

The forest sectors in whatever configuration are complex hierarchical
systems. Here systems analysis and modeling can be valuable tools. The
modeling of the forest sectors becomes simpler and more adequate if for each
level within these hierarchical systems individual models are built, which
are internally organized in a way adequate to that level, which address
adequate problems and produce level-adequate results directed to the level-
adequate addressees.

Thus the concept of hierarchy in forest sector modeling is more than a
device for better modeling. It is an approach that is aware of the charac-
teristics of each level inthe reality and that treats these levels accord-
ing to their characteristics. This leads to better and more adequate models,
which accordingly can be more successful in research and application.
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TOWARDS AN INTERDEPENDENT SYSTEM OF MODELS
FOR AUSTRALIAN FOREST SECTOR ANALYSIS
David F. Battenl

November, 1981.

Abstract. In the search for a plausible system of models to analyse
developments in the forest sector over space and time, current systems
thinking suggests a hierarchical approach. If the development
problem is successively disaggregated, we can coordinate economy-
wide modeling at the international and national levels with

forest sector analysis at the regional levels. This paper outlines
such an interdependent system of models for the Australian forest
sector. Submodels for forestry, the forest industry, and the

market for forest products are proposed, and the salient features

of some existing models are described. The resulting model structure
may be adopted in Australia's contribution to the IIASA Forest

Sector Study.

Keywords. forest sector analysis, economic models,
hierarchical systems analysis, forestry,
forest products, industrial development.

INTRODUCTION

In recent years, Australians have accumulated a modest amount of
experience in modeling certain elements of our nation's forest sector.
Apart from several multisectoral modeling exercises which have focussed on
the interactions between various industries in the national and regional
economies (including. forest-related sectors), there have been model simu-
lations of future levels of supply and demand for some exotic softwoods
(Treadwell, 1979), and various models have been developed for plantation
management by the Australian Forestry Council. Other studies of the future
supply of, and demand for, forest products have also been completed.

Basically these investigations suggest that Australia will move from
its current position of about 15% under-supply (met by imports) through a
period of self sufficiency in the eighties. By 1990, an excess supply of
exotic softwoods will occur due to extensive plantation activity in the
sixties. As we enter the twenty-first century, Australia will have joined
New Zealand as an active exporter of processed timber. The financial viabi-
lity of the timber industry will then depend on export demands in the form
of pulp and paper, particle boards, linings, joinery and other wood products,

lSenior Research Scientist, Division of Building Research, Commonwealth
Scientific and Industrial Research Organization, Australia. The author has
benefited greatly from recent discussions with Lars LSnnstedt, Risto
Sepp515 and Folke Snickars during a short visit. to IIASA.
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as well as Australia's own rate of growth and internal demand.

Meanwhile, rainforests have declined from 1% of the area of the contin-
ent two hundred years ago, to only 0.25% today. Factors responsible for this
decline relate predominantly to population growth and economic development.
Various land uses such as mining, agriculture, water catchments, recreation
and conservation are competing for our native forests. Furthermore, some of
the timbers from private forests are being used for inappropriate purposes,
and many important species {(such as huon pine, cypress pine, jarrah and kauri)
will not be adequately regenerated unless proper forest management policies
are introduced (Kimmins, 1973).

The resulting dilemma in Australia, as in many other countries, is that
forests are quite versatile natural resources which can provide pleasure and
leisure (for example, tourism, birdwatching, walking, orienteering, hunting,
fishing) as well as forest-based raw materials. To achieve realistic and
satisfactory insights into the performance of the entire forest sectcr, a
holistic approach is needed. Within a comprehensive interdependent system
of models, various conflicting interests, externalities and spillover effects
can be recognized and assessed.

In this paper, such an interdependent system of models for the
Australian forest sector will be outlined. We begin by summarizing pertinent
features of Australia's forests, forest industries, and the market for forest
products. The high degree of interdependency between various elements of the
forest sector is illustrated. Then the forest sector model is described,
consisting of five basic modules: forestry, wood market, forest industry,
forest product market, and demand for forest products (Lonnstedt and Seppald
1981). Finally, the relationship of the forest sector to other sectors of
the regional, national and international economies is examined, resulting
in a hierarchical system of models to analyse feasible development paths for
the Australian forest sector over space and time.

AUSTRALIA'S FOREST SECTOR

The following brief summary of Australia's forest sector is divided
into three sections: (i) forests, (ii) forest industries, and (iii) the
market for forest products.

Forests

The most recent estimates of the size of Australia's forest resources
are given in Table 1 (Australian Forestry Council, 1981). Eucalypts,
wnich form the bulk of Australian forests, have been subdivided into three
productivity classes (I, II and III), in decreasing order of productivity.
Table 1 also contains comparable estimates for 1977 (French, personal
communication) .
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Table 1: Australian Forest Areas
(thousands of hectares)

1977 1980
Total land area 768,000 768,000
Woodlands 64,000 65,000
Native forest areas 43,400 40,884
Rainforest 1,900 1,884
Eucalypts I 3,100 2,688
Eucalypts II 14,100 13,635
Eucalypts III 12,400 11,778
Tropical Eucalypt and Paperbark 6,500 6,528
Cypress Pine 4,400 4,371
Plantation areas 668 766
Coniferous 618 718
Broadleaved 50 48

Sources: Australian Forestry Council (1981) and French (personal communication)

The declining area of native forests i1is clearly evident from this
table. Eucalypts in the highest productivity class I nave suffered a loss
of 13% over the last three years. However, plantation areas of pinus radiata
have increased by a similar proportion over the same period. Rainforests will
play a decreasing role in commercial wood production during the eighties.
From the figures in Table 1, it is clear that any innovative industry which
can take advanctage of the plethora of esucalypts would give Australia's forest
industry international significance.

Forest industries

Estimates of the future availability of logs from Australian forests
are given in Table 2 (Australian Forestry Council 198l1). Sawlogs include
logs for ply and veneer manufacture. Pulplogs include poles, posts and
mining timbers. The assumptions upon which these estimates are based are as
follows:
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(1) that relative levels of costs and prices affecting harvesting
and processing operations remain identical to those applying
in 1979/80; and

(ii) that wood volumes available in the earlier forecast
years will actually be utilized, with thinning and
clearfalling operations occuring on schedule.

These two assumptions presuppose certain demand influences, including
the continuation of current population growth trends and maintenance of the
present market position of wood products vis a vis alternative products.
Structural adjustments and substitution effects in the market for forest
products may invalidate such assumptions, but more sophisticated model
structures will be needed to generate alternative scenarios.

In keeping with trends in the forests themselves, the availability
of logs from native forests is expected to decline substantially over the
next twenty years. However, the dramatic increase in logs supplied by the
coniferous plantation forests will more than offset this dwindling supply of
broadleaved native varieties. The net result is an average increase in log
supplies of about one percent per annum over the next forty years.

The market for forest products

The principal characteristic of the Australian forest sector is a
high degree of interdependency between its own industries. Forestry and
logging are linked directly or indirectly through intermediate products to
imported or domestically-produced forest products. There are virtually no
shipments of roundwood to overseas markets. Exports of Australian forest
products netted AUD 205 million in 1979/80. Woodchips (65%) and paper (17%)
were the main export earners (Department of Primary Industry, 1981).

The interdependencies existing in the Australian forest sector can be
illustrated using data from the 1974/75 input~output tables for the
Australian economy. Table 3 indicates that the majority of the sector's
production is in the form of intermediate goods. Consequently, any changes
in demand for products of other industries will directly affect the demand
for forestry and wood products. Thus it is necessary to develop a forest
sector model which recognizes internal interdependencies on the one hand, and
allows for interactions with other sectors of the economy on the other hand.

AN AUSTRALIAN FOREST SECTUR MODEL

The present intention is to construct a forest sector model which con-
tains five basic modules or submodels. These are (i) the demand for forest
products, (ii) the forest product market, (iii) the forest industry,

(iv) the wood market, and (v) forestry. These five modules can be viewed
as an interdependent system, which exhibits considerable hierarchical struc-
ture. Figure 1l depicts the arrangement of modules.

Demand for forest products

The demand for forest products consists of domestic demand (which will
be derived from a national multisectoral model) and foreign demand (which
must come from a multinational trade model). Such demand is essentially a
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Table 3. Interdependencies within the Australian Forest Sector.

d joi t
INPUT forestry sawmill plywoo joinery to al.
and products veneers & wood domestic

OUTPUT logging & boards products sales
Wood indus-

;r;gs gsales 52% 28% 47% 4% 27%
witnin indus-

try)
Building § S% 49% 9% 56% 39%
construction

Furniture - 5% 31% 3% 6%
Other inter-
mediate 17% 13% 3% 14s 13%
demand
Final demand 26% 5% 10% 23% 15%
Total domes- 100% 100% 100% 100% 100%

tic output

Source: 1974/75 Input-Output Tables for Australia

function of demographic factors, substitution effects, technological changes,
relative domestic and world prices, and local costs. The interdependency

of this demand module with other models of the regional, national and
international economies will be elaborated upon shortly.
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Figure 1. The hierarchical structure of forest sector analysis

Forest industry module

The supply of forest products also relies upon both domestic and foreign
sources. Imports are determined by the inability of domestic supplies to
satisfy domestic demand. Domestic supplies of forest products are computed
in the rforest industry module, where submodules for wood demand, the market
for wood, and forestry are located. The position of the forestry submodule
is intended to signify that the concept of forest products not only includes

raditional products like roundwood, joinery, furniture and paper, but also
other goods and services provided by forests (Grossmann, Lounstedt and
Seppala, 198l). The social and ecological benefits of forests are often
understated. It is intended to classify these as forest products.

The forest industry will thus be subdivided into the following three
categories: (i) fiber-based products, (ii) mechanical wood industry, and
(iii) other goods and services. Fiber-based products include pulp, paper,
paperboard and the wood-based products of the biochemical industry. The
mechanical wood industry produces lumber, plywood and wood-based panels.

The FAO classifications will provide further guidance. Other goods and ser-
vices include tourism, recreation, groundwater conservation, soil preservation
and climatic improvements.
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Forestry module

The forestry module is of the utmost importance, since it is here that
the competing interests for forest use rust be resolved. Forests are a
versatile resource which can fulfil a variety of useful functions. 1In the
forestry module, wood supply calculations are considered jointly with other
land-use strategies, recreation and tourism, ecological balance, and other
uses of the forest resources.

The wood supply submodule is divided into four parts: forest growth,
forest ownership, forest management and harvesting capacity. The last two
parts represent vital considerations in the wood supply submodule, since
they determine the fundamental cutting, rotation and regeneration strategies.

Model overview

The nature, location and extent of forests in Australia accentuates their
role as a fundamental regional resource. We have outlined a forest sector
model which examines the interdependencies within the forests themselves, the
resulting forest industries, and the markets for forest products. In doing so,
we have so far ignored the effects of other economic activities, demographic
trends, the labor market, energy, and trade between regions and nations. It
is therefore appropriate to extend our system of models to take these
additional interdependencies into account.

A FULLY INTERDEPENDENT SYSTEM OF AUSTRALIAN MODELS

When we come to consider the relationship of the forest sector to other
sectors of our economy, it is important to recognize that forestry is a
regional activity. Distinctions are often made with respect to the mobility
of industries (Tinbergen, 1967, Karlgvist et al, 13978). World industries
are regarded as free to locate in any nation, national industries in any
region, and so on. The forest industry is not footloose, but is strongly
tied to the locations of the forests themselves. It is in this sense that it
must be classified as regional, even though its final products may be
transported between regions and nations.

We shall therefore begin the construction of our interdependent system
by linking the forest sector model to a multiregional model. However,
decisions taken at the national level impose binding constraints on the
feasible development patterns in each region and, in particular, the forest
sector. The addition of a national multisectoral model to our interdependent
system will cater for these constraining influences. Since national devel-
opment is also sensitive to the shifting patterns of international trade, a
further model dealing with world trade will be needed. To represent all these
interdependencies, we shall take advantage of some of the author's earlier
work on hierarchical systems (Batten and Andersson, 1981).

Our final multilevel modeling system is depicted in Figure 2. Although
this representation successively disaggregates the development problem, each
model may still be seen as an important component of a fully interdependent
system. The forest sector model has been linked directly to the world trade
model to allow for explicit consideration of the export potential of
Australia's forest products. This provides some scope for "bottom=-up"
adjustments. An additional model, designed to analyse structural changes in
the forest sector, has also been included for future consideration.
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A brief description of the existing models which are intended to fulfil
these modeling functions at the multiregional, national, and international
levels follows.

Multiregional multisectoral model

The DREAM (Dynamic Regional Economic Allocation) model integrates an
interregional system of dynamic input-output balances together with certain
basic relationships between the population, the workforce, and the levels of
production and investment (Sharpe and Batten, 1976; Karlgvist et al, 1978).
This optimization model was formulated as a tool for analysing the feasibility
and consistency of various trade-offs between national and regional objectives.

A distinction is made between national industries, which can locate
in any region, and regional industries, which are closely tied to one region.
This allows the forest industry to be clearly distinguished. The model has
been used extensively in various Australian studies by the author and some of
his colleagues and, in particular, has been adopted in a comparison of both
equity and efficiency solutions under various scenarios of population growth
and activity in the housing and construction industry (Sharpe, Ohlsson and
Batten, 1979).

National multisectoral model

The ORANI model is a sophisticated dynamic input-output model designed
to provide projections of the effects of various economic policy changes on
a wide variety of national economic variables (Dixon, 1980). The initial
theoretical base was the MSG model (Johansen, 1974), but this model has been
extended and modified by the IMPACT team in Australia. The result is an
extremely versatile national model which can distinguish between short and
long term effects of a policy change.

A typical ORANI result is of the.form: given a policy change A in the
macroeconomic environment B, then in the short-run variable C will differ by
x per cent from the value it would have had in the absence of a policy change,
while in the long-run it will differ by y per cent. Among the policy changes,
A, which can be considered are tariff changes, exchange rate movements,
changes in the level and composition of government expenditure, and changes
in tax or wage policy. Examples of projectable variables, C, are rates of
industrial outputs and investments, demand for labor by occupation, the
balance of trade, aggregate employment and the rate of inflation.

International trade model

The INFORUM international trade model is designed to link various
national input-output models (Nyhus and Almon, 1980). Developed jointly
by the University of Maryland, IIASA and several other institutions,
INFORUM computes “world prices" as seen by each importing country for each
product. It takes total imports and domestic prices of each country for
each product as given. The model then focuses on forecasting exports by
commodity for nine major developed market economies and a rest of the
world region. It is econometric by nature. The possibility of using the
INFORUM model to generate world trade scenarios for forest products has
already been considered (Nyhus, 1980).



129

CONCLUDING REMARKS

The hierarchical system of models proposed in this paper for the
interdependent analysis of development options in the Australian forest
sector is somewhat ambitious. Initially, modules for the supply of, and
demand for, forest products will be simple, since the human resources
available for this modeling exercise are very limited. As more resources
become available, the fully interdependent system of models will be
implemented. Some realistic scenarios of Australia's potential role in the
world trade of forest products will then emerge (Batten gnd Waugh, 198la,b).

The final system of models will be capable of generating scenarios
of both short-term and long-term developments in Australia's forest sector.
Forest industry capacity and forestry utilization strategies will be deter-
mined simultaneously, using an interdependent system which will be capable
of identifying tradeoffs between various conflicting interests and objectives.
There will be many critical assumptions associated with the conditional
forecasts generated. The final results will be viewed as a set of feasible
scenarios for Australia's forest sector, and not as any single prophecy cof
the future.
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IMPLAN: AN INPUT-OUTPUT ANALYSIS SYSTEM
FOR FOREST SERVICE PLANNING

Gregory S. Alward14

Charles J. Palmer—

ABSTRACT — IMPLAN, a computer-based system for developing non-survey
input-output models, is discussed. The contents and procedures used
to develop the extensive nation-wide data base are identified and the
analytical capabilities of the system described in the context of
Forest Service planning efforts. Finally, possible extensions of the
system are noted.

INTRODUCTION

The USDA Forest Service has developed a computer-based system,
referred to as IMPLAN, to assist its land and resource management
planning efforts involving economic impact assessment. The IMPLAN
system utilizes input-output analysis procedures and provides forest
planners with the capability to develop non-survey based interindustry
models and apply them to the evaluation of alternative management
programs. This paper provides a general overview of the data, model
building procedures and analysis capabilities that comprise the IMPLAN
system.

Input-output models have frequently been used to describe the role of
forestry activities in regional economies (Elrod, et al, 1972;
Troutman and Porterfield, 1974). Input-output models have also been
used to evaluate forest policies and programs (Schallau, et al, 1969;
Connaughton and McKillop, 1979). The usefulness and applicability of
input-output analysis to Forest Service planning has been demonstrated
(Palmer and Keaton, 1978; Alward and Stewart, 1978). Indeed, several
of the planning requirements of the National Forest Management Act of
1976 (P.L. 94-588) and its implementing regulations (36 C.F.R. 219,
Subpart A, September, 1979) require economic analyses of proposed
plans such as those that can be performed using input-output
techniques.

Many applications of input-output models have utilized primary data
obtained through direct surveys. Consequently, the cost in terms of
money and manpower for these studies has been substantial (Bourque and
Hansen, 1967). Various techniques for constructing models using
secondary data have been proposed (Czmanski and Malizia, 1969;

1/

~ Research Forester, Rocky Mountain Forest and Range Experiment
Station, USDA Forest Service, Fort Collins, Colorado, U.S.A.

2
Y Economist, Land Management Planning Staff, USDA Forest Service,
Fort Collins, Colorado, U.S.A.
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Richardson, 1972) and applied, significantly reducing the cost of
obtaining a useable model. The debate about the veracity of secondary
data models compared to primary data models continues (Schaffer and
Chu, ,}969; Miernyk, 1979). Given the magnitude of the planning

task— confronting the Forest Service, however, the cost of

preparing the required number of models using primary data procedures
was clearly prohibitive. Consequently, a data base of e omic
information relying upon secondary sources was developed— as well

as an efficient software system to perform the required computations.
The resulting IMPLAN system has the capability of producing a
non-survey based input-output model for any region of the United
States, with the greatest degree of geographic resolution being a
single county.

DATA BASE

The IMPLAN data base consists of two major parts: (1) a
national-level technology matrix and (2) estimates of sectoral
activity for final demand, final payments, gross output and employment
for each county. The data represent 1977 county level economic
activity for four hundred and sixty-six sectors.

The national technology matrix denotes sectoral production functions
and is utilized to estimate local purchases and sales. This
466~-sector, gross domestic based model was derived from the Commerce
Department's 1972 national input-output model (U.S. Department of
Commerce, 1979(a)). The "use” and "make"” tables were rectified to an
"industry by industry” basis and updated to 1977 using relative price
changes and the RAS procedure (Stone and Brown, 1962) with the 1977
National Income and Products Accounts (U.S. Department of Commerce,
1977(b)) information used as control totals. Aggregation of some
agriculture, construction and manufacturing sectors, and
disaggregation of the mining sectors resulted in the reduction in the
number of sectors from 496 in the Department of Commerce tables to 466
in IMPLAN. The matrix is a highly disaggregated representation of
national average sectoral input and output technology and it is on the
basis of these production functions that regional purchase patterns
are estimated.

3/ Approximately 124 forest plans, 9 regional plans and a national
program.

&/ This was developed by Engineering-Economics Associates of

Berkeley, California. This use of the company name 1s for the benefit
of the reader; such use does not constitute an official endorsement or
approval of any service or product by the U.S. Department of
Agriculture to the exclusion of others that may be suitable.
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Estimates of economic activity and production employment for each of
the 466 sectors for all states and every county within each state were
made for the components of an input-output table listed in Table 1.
The estimates of economic activity for states and counties were made
through a "downward movement" approach beginning with total national
activity and disaggregating to states and ultimately to counties with
control totals employed at each level. As previously noted, the
updated 1977 national table was benchmarked with the 1977 National
Income and Product Accounts. Since comparable accounts are not
available for states or counties, the most suitable regional measures
of economic activity were used to disaggregate the national production
and demand activity, first among states and then among counties within

each state.

Table 1 -- Contents of the IMPLAN Data Base for each U.S. County

A. Final Demand

Personal Consumption Expenditures

. Capital Formation

. Inventory Change

State and Local Government Expenditures
. Federal Government Expenditures

. Foreign Exports

[« JRV, B S VE R LR

B. Final Payments
1. Employee Compensation
2. Indirect Business Taxes
3. Property-Type Income

C. Total Gross OQOutput

D. Production Employment
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Gross output and employment estimates utilized several sources,
principally censuses. For example, agriculture sector activity used
the Census of Agriculture (U.S. Department of Commerce, 1977(b)) and
the Agricultural Statistics (U.S. Departments?f Agriculture, 1979).
Gross output measures for most other sectors— utilized proxy
measures derived from employment and payroll data, principally the
national summaries of the County Business Patterns (U.S. Department of
Commerce, 1977(a)) and employment data from the Dun and Bradstreet
Corporation (1977). Some sectors could be related to speclalized data
sources such as the Census of Housing (U.S. Department of Commerce,
1970) for owner-occupied dwellings and the Census of Governments (U.S.
Department of Commerce, 1977(c)) for government-related sectors. All
data was ad justed to the 1977 base year and unreported data was
estimated utilizing the RAS procedure.

Final demands were estimated, consistent with control totals from the
National Income and Product Accounts, by updating the 1963
Multi-Regional Input—Qutput data (Polenske, 1970) using the RAS
procedure as suggested by McMenamin and Harring (1974). The three
components of value added were allocated on the basis of gross
outputs. Both final demand and final payment estimates were
disaggregated using the "downward movement"” approach.

In its entirety, the IMPLAN data base provides a comprehensive,
nation-wide set of input-output information which can be used to
construct non-survey based regional tables. The national technology
matrix is maintained at the highly disaggregated 466-sector level of
detail which greatly reduces aggregation errors caused by using l- or
2-digit SIC (Standard Industrial Classification) industry groupings.
Consequently, the industry-commodity relationship is much more
consistent than in highly aggregated models. The hierarchical nature
of the data base, achieved by the use of published control totals at
each level of disaggregation, results in a data base that permits the
construction of models that are consistent both in terms of definition
and activity. These principal aspects result in significant
improvements over the data used in many previous non-survey
input-output studies.

DATA REDUCTION

The IMPLAN software system was designed to serve three functions: (1)
data retrieval, (2) data reduction and model development, and (3)
impact analysis. The first two functions are discussed in this
saction and the third in the following section.

5/

= Bureau of Economic Analysis input-output sectors 3.00 through
77 .05, excluding sectors 11.00, 12.00, 65.01 and 71.01. (U.S.
Department of Commerce, 1979(b)).
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The data retrieval system was designed so that the user could have
access to input-output data for any U.S. state, county or combination
thereof. The study area data 1is referenced via a standard set of
state and county codes with the extracted data treated as control
totals for the region being analyzed. Modification of data, if
desired by the user, 1s permitted.

Utilizing the national technology matrix and the regional control
totals, a data reduction method is employed to develop a regional
input-output table. The method used exploits the property of
"openness” displayed by regional economies compared with the national
economy (Richardson, 1972). Regional economies exhibit much greater
propensities to import and export than is observed at the national
level. Based on the assumption that trade balances are the principal
difference between national and regional purchase patterns (that is,
industry production functions are identical but regional imports and
exports make local interindustry transactions different), the
supply-demand pool technique (Schaffer and Chu, 1968) for data
reduction was adopted.

This method for constructing a regional table begins with the national
technology matrix and regional data for gross outputs, final demands
and final payments. Regional data for all 466 sectors 1is sorted with
respect to gross outputs. If the sectoral gross output is greater
than zero (firms producing the commodity exist within the region), the
corresponding colum of direct coefficients 1s extracted from the
national matrix. Using regional gross outputs and the abbreviated
matrix of national direct coefficients, regional purchase transactions
are computed. This transactions matrix is then scanned row by row.

If the industry represented by any row has zero regional gross output
(the industry does not occur within the region) the estimated
purchases of that commodity are assumed to be non—competitive domestic
imports and are shifted from the regional transactions matrix to final
payments. If t ? gross output 1is positive and the commodity balance
shows a surplus— , the domestic import purchases are assumed to be
zero, the regional transactions estimated with national direct
coefficients are left unchanged, and the surplus assumed to be
domestic exports. If the commodity balance indicates a deficit, the
regional final demands and transactions estimated with the national
coefficients are proportionately reduced across the row to obtain a
balance, and the differences assumed to be competitive domestic
imports. The result of this process is a matrix of local transactions
between regional industries plus estimates of both competitive and
non—competitive imports as well as exports.

The data reduction procedure used in IMPLAN produces a complete table
of regional input—output accounts including a transactions table, the
final demand and final payments quadrants, and the fourth quadrant.

6/

' Regional gross output is greater than regional final demand
plus intermediate demand estimated with national direct coefficients.
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In addition to this typical table of accounts, detailed reports of
sectoral competitive and non-competitive import purchases are given.
Based upon the regional accounts, the predictive input-output model
can be derived by computing the standard Leontief-type inverse and
calculating various income and employment multipliers. 1If
appropriate, the number of sectors in the model can be reduced through
aggregation prior to inverting the matrix.

Several limitations to non-survey data reduction techniques have been
noted (Richardson, 1972; Fisch and Gordon, 1978) and the supply-demand
pool procedure likewise has limitations. One principal limitation of
the supply-demand pool technique is that cross-haul conditions are
ignored while evidence suggests that this may be a common occurence in
regional economies. This arises from the technique's method of
allocating local production to meet local requirements before imports
or exports are estimated. Through the use of a highly disaggregated
technology matrix and a consistent data base, the IMPLAN system has
mitigated though not eliminated many limitations noted by others. For
example, Richardson (1972) commented that the use of the national
technology matrix may overestimate the interdependence of a regional
economy. Similarly, Miernyk (1976) criticizes the supply-demand pool
technique assumption of proportionate imports by all purchasing
industries. Continued improvements are being sought to enhance the
system.

ANALYSIS

The analytical capabilities of the IMPLAN system can be clagsified
into two broad categories: (1) the estimation of impacts originating
from changes in final demands, and (2) the evaluation of constraints
upon sectoral gross outputs. Estimating the reglonal economic impacts
of disturbances in the final demand vector caused by resource
management actions is the most frequently used form of input-output
analysis employed in Forest Service planning studies. These demand
disturbances arise from such activities as timber harvesting, grazing
and recreation, as well as direct budgetary expenditures for goods and
services. Economic impacts are expressed by the changes in regional
income and earnings, employment, gross output and various other
parameters.

Input-output models are typically used in Forest Service planning
studies to estimate the regional economic effects of implementing
optional management plans. These plans describe the intended
management activities on a National Forest along with the expected
outputs, resource uses and budgetary expenditures. Economic impacts
are characterized as changes (increases or decreases) from current
conditions. Planning teams frequently employ input-output models in
other ways. The models provide excellent descriptions of regional
economic structure, giving planning teams valuable information for
formulating Agency policies regarding economic growth or
stabilization. Opportunities for developing markets for forest
products can often be identified through the use of input-output
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accounts. Major structural changes in an economy, caused by such
events like mine construction or ski area development, can be
investigated by generating hypothetical models that characterize the
introduction of new industries. Input-output models have become
integral components of the formal planning models employed by the
Forest Service.

The linkages between Forest Service management actions and
corresponding estimates of net changes in regional final demands are
critical components in the use of input-output analysis for impact
estimation. These disturbances in final demand arise from two
principal sources: public expenditure effects and private sector
output effects (Cartwright, 1979). Public expenditure effects arise
from demand disturbances caused by government purchases of goods and
gservices. For example, timber stand improvement projects or the
construction of recreational facilities involve purchases for labor,
materials and so forth which can directly be transformed into a demand
disturbance vector. Private sector output effects are somewhat more
complex. These effects stem from the use of forest resources and
indirectly (from the viewpoint of the Forest Service) result in demand
disturbances. For example, the Forest Service's provision of various
“factors of production™ such as stumpage for wood products, water for
municipal and domestic uses, and forage for red meat production wmust
be traced to its final regional economic use, either directly to
exports or via "forward linkages” and "stemming-from" effects (see,
for example, Roesler, et al, 1968). The effects of the use of forest
resources for recreation can be directly transformed into demand
disturbances by deriving a typical "bill of goods" purchased locally
by the recreationist during the pursuit of such activities. 1In all
cases the demand disturbances represent regional market transactions
expressed in purchaser's prices with appropriate transportation and
trade margins.

Traditional applications of input—output models, utilizing demand
disturbances as the source of interindustry effects, contain an
implicit assumption of sufficient resource supply to permit attainment
of an equilibrium economy. As is often the case with forest
resources, some of the primary resource supplies may be restricted
within a regional economy (for example, the amount of water may be
restricted). If the change in forest output is used, under these
circumstances, to derive a disturbance in demand and the model used to
estimate the resultant multiplier effects, the backward linkages would
usually indicate a total demand for the resource exceeding the
original change. The IMPLAN system has been designed to perform
analyses under these conditions by permitting the user to link the
change in resource output directly to a change in sectoral gross
output rather than a change in final demand. The input-output model
is then used to estimate the maximum level of delivery to regional
final demands attainable given the constrained level of gross output.
This kind of analysis is often applicable to economies that are highly
dependent upon primary resources.
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The economic effects estimated with IMPLAN are described by parameters
typical of input-output studies. They are structural in nature,
permitting multiplier effects to be traced throughout the various
regional sectors. Direct, indirect and induced changes in gross
outputs and final demands, employment and import requirements, income
and earnings are the most representative parameters used to describe
impacts. The availability of a complete table also permits
calculation of gross regional product. Induced effects are computed
using a modified "Type II1" multiplier procedure (Miernyk, 1965),
iteratively solving the open model to capture the effects of induced
consumptive spending. Detailed employment analysis 1s possible by
tracking employment requirements among various occupations, and
accounting for the effects of either in-migration of workers or
re—employment of unemployed local labor. In combination, this
information provides a comprehensive, detailed account of potential
regional economic impacts.

IMPLICATIONS AND EXTENSIONS

The IMPLAN system provides the user ready access to detailed
non-survey based input-output models of regional economies. The
avallability of an extensive data base permits construction of
detailed models that portray the structure of the regional economy
under study. The data reduction technique takes explicit account of
the "open"” nature of these economies, tracing both intra-regiomal
flows as well as imports and exports. The models also permit analysis
of Forest Service activities, either individually or in combinatiomns
such as a management program. The construction and use of these
models are relatively rapid and inexpensive, and the system is
available throughout the Agency via distributed computer network. A
major advantage of the system 1s to permit resources to be devoted to
the utilization of input-output models in planning rather than to
model construction.

Possible extensions in the use of IMPLAN data and models involve more
extensive uses of impact models in Forest Service planning. To date,
most impact analyses have focused upon local area studies. In the
context of a multi-level planning system (see the article by Hof in
this volume), the usefulness of input-output models will certainly
become apparent. State and regional models will likely become closely
linked to the planning model to estimate the economic implications of
various Forest Service policies. Similarly, structural analyses of
timber policies investigated by the Timber Assessment Market Model
(Halnes and Adams, 1980) may also be possible. It appears that the
availlability of input-output models on a regional basis will permit a
wide breadth of innovative uses in natural resource management.
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