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The objective of this study was to measure the consequences of al-

ternative forest management intensification programs. These conse-

quences include future harvest levels, silvicultural labor and capital

requirements, and the income and employment generated directly and in-

directly. The system utilizes the Timber Resource Economic Estimation

System (TREES) model, a harvest scheduling model which also projects

silvicultural treatment opportunities. The capital and labor require-

ments estimates for silvicultural treatments were developed for alterna-

tive forest management regimes.

Estimated silvicultural, logging and forest manufacturing employ-

nient and earnings were combined to form the forest-based employment

component of the economy. An economic base differential multiplier

(EBDM) model estimated employment and earnings multipliers for the for-

estry and the remaining basic industries. Thus the changes in the

future harvest levels that could result from alternative forest



management regimes were related and would impact the economy of a tim-

ber-dependent county in Oregon.

The forest resource base and economy for Douglas County, Oregon

were used for a case study utilizing the developed model system. Al-

ternative forest management intensities and policies were analyzed.

The timing of labor and capital requirements were compared for each

owner group. Resulting employment and earnings generated by the alter-

native management regimes and their consequences on the economy were

estimated and compared.

If public forests increased harvests, ignoring current non-

declining even-flow regulations, new inventory data would forecast a

nine-percent decline per decade of average annual harvests in Douglas

County. The National Forests in the county would require 69 percent

more labor and 84 percent more capital in the second decade over the

first decade's requirements to meet the forecasts.

The forest products sector may decline by 8.5 per decade for

employment and 5.0 percent for income from the first to third decade

of the simulation. This gradual decline will affect the county's

economy, but thedegree will depend on the growth of other exporting

industries and the supply-based growth of the service sector.
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The Economic Consequences of Intensifying Forest
Management in Douglas County, Oregon

I. INTRODUCTION

Traditionally, forest management has been concerned with the op-

timal cultivation of the resource base. This depends not only on the

biological and physiological characteristics of site and species, but

also on the final use and economic feasibility of industries and

markets completing the allocative process. The conversion of stand-

ing timber into processed lumber, paper and wood products is a vital

element of the economic systems of many communities in Oregon. The

export and sale of processed goods by the forest products industry

results in profits to the mills, income for their employees, tax

revenues to the public sector, and additional capital for further

purchases of logs and equipment. Firms supplying productive inputs

also receive and distribute profits in the same manner. Employees

disperse their income in the form of additional taxes, purchases of

consumer goods, and investments.

Any alteration in the flow of volume harvested or sales by the

forest industry in the community will continue through successive

rounds of interaction within the local economic system. Some of the

impact of the change will "leak" out of the system, with the degree

and rapidity of the leakage dependent on the "openness" of the system.

The "openness" of an economic system is dependent upon the propensity
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of consumer and local industry to import goods. Purchase of im-

ported goods results in a drain of revenues, just as export sales

by local industries result in a flow of revenues into the system.

Li Problem in General

In an effort to understand the future role that the forest

resource base, as a supplier of stumpage, in the Pacific North-

west will have on the Region's forest products industry, the

General Accounting Office (1978) reviewed eleven studies. The

GAO found that a decline in timber supplies could result in an

increase in the cost of wood, a decrease in the use of wood and

a serious impact on the local economy. But several of the

studies indicated that the timber scarcity and its negative im-

pacts could be overcome by revised harvest schedules and in-

creased investments in public lands.

In a report relating the problem of long-term stumpage sup-

plies in western Oregon, Brodie et al. (1978) showed that the re-

moval of timber volume has exceeded the volume growth for all

ownership types in that area, with the exception of private non-

industrial owners. Beuter et al. (1976) forecasted that current

harvest levels may not be maintained in most of the Douglas-fir

region, while much of western Oregon may experience a decline of

22 percent by 1985. The "Beuter Report," as it has been named,

utilized the most recent forest inventory dat.a available, and the
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simulated conditions that most closely reflect current policies

and actions among owner classes than any previous work.

These analyses have assumed a stable or increasing demand

for timber products with a continuation of the present level of

forest management, and no perceptible technological changes. The

"shortfall" arises from the liquidation of old-growth stands of

timber by private owners, and the unchanging harvest level policy

by government agencies. Clawson (1975) defined a "shortfall" as

occurring when the demand for wood products cannot be met at all,

or except at prices drastically above the trends which have

existed in the past. He went on to explain that stumpage prices

will continue to rise, but not as steeply as in the past, because

private timber owners are likely to expand their production if

prices and markets are favorable. It is the dynamic market forces

which determine both supply and demand.

Marty (1975) states that whether a shortfall in timber sup-

ply can be said to be forthcoming depends on what one believes

'should be' rather than what 'will be.' If Beuter et al. (1976)

are correct, what 'should be' is that the economies of many west-

ern Oregon communities will suffer as harvest levels drop, forest

products manufacturing declines and unemployment increases.

Although private entrepreneurs operate the processing faci-

lities, both they and the public sectors control the flow of raw

materials to the mills. Figure 1 demonstrates the historical
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contributions of harvest volume from the different types of owner-

ship for Douglas County, Oregon. The net impact of this arrange-

ment is that the health of forestry-dependent communities relies

on the availability of future harvest volumes. And the avail-

ability is dependent on the policies and actions of both the

private and public forestland ownerships. What is finally done

to improve future harvest levels must include all the suppliers

of timber to an area.

1.2 Problem Statement

A number of possible solutions for preventing the projected

timber harvest decline have been proposed. The two major solu-

tions involve forest management intensification and the relaxa-

tion of even-flow sustained yield on public lands.

Forest management intensification implies more rapid regen-

eration after harvest, precomercial thinning and fertilization

to increase the rate of growth. It also includes coni1iercial

thinning and mortality salvage to increase the net harvested

volume obtained from public and private lands. Public policy

changes imply the removal of the even-flow sustained yield con-

straint on public management units. This step would allow the

immediate harvest to be increased on those forests where excess

volume is available.
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Beuter et al. (1976) estimated that western Oregon harvests

could actually be increased from current levels as much as seven

percent during the period between 1975 and 1985, and could main-

tain current harvest levels thereafter. They assumed a signifi-

cant uniform shift in forest management by all forest resource

owners. The change in predicted harvests is primarily dependent

upon federal harvest scheduling policy revisions, and, secondari-

ly, on forest management intensification.

Adams and Haynes (1980) estimated that intensified private

management would have little impact prior to the year 2000;

thereafter, prices would significantly decline and the supply of

stumpage would increase. What causes this effect is that public

old-growth timber is substituted for private young-growth timber

over the next 25 years. The private timber is allowed to accumu-

late over that time period. This private timber accumulation

would permit a sustainable total harvest higher than present levels

and, if desirable, the public harvest level could be decreased

after the year 2000.

Projections by Beuter et al. (1976) show timber-dependent

employment declining by only three percent by the year 2000 under

an alternative assumption, even with estimated productivity in-

creases in logging and processing. More importantly, they pre-

dicted that in the short run (1975-85), timber-dependent employ-

ment would actually rise by eight percent. But these projections
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did not analyze the employment generated by the increased appli-

cation of forest management practices., Beuter et al. (1976) ex-

plained:

To include timber management (timber growing) employ-
ment would have been desirable, but reliable published
information on this type of employment is lacking. This

is an important omission, because timber management
could represent an important source of new jobs as cul-
tural practices (such as stocking control) and regener-
ation-related activities are intensified.

Also, they were unable to properly assess the local economic im-

pact such employment would generate, or to compare the increased

management costs these policy changes would incur on the differ-

ent owners of forest lands.

A model is needed that can link the effects of different

forest management strategies by ownership type with their own

management options and resource capabilities. Schedules of the

capital and labor requirements versus increased volume growth and

corresponding future harvest levels need to be considered in the

context of forest management intensification. And, finally, link-

ing of such a model directly with the harvest scheduling would

allow for the more rapid and diverse analysis of management

strategies.

Forest Regulations (NFMA)(90 Stat. 2949, et seq.)(l6 U.S.C.

1601-1614) allow for departures from the sustainable even-flow

policies if current management practices adversely affect timber-
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dependent communities. A model which links the simulation growth

model with an impact model would allow for more rapid and di-

verse analysis of management strategies. The combination would

better enable policy planners and forest managers to formulate

plans and analyze their goals by utilizing alternative forest

management strategies.

1 .3 Scope of Project

It is the purpose of this project to develop a regional im-

pact assessment model which can be linked with the harvest sched-

uling model TREES.. Labor and capital costs of each owner-

ship's forest management goals may be assessed. The model will

also provide income and employment economic base multipliers

which will account for the direct and indirect effects of changes

in forest management policies and the resulting harvest flows.

Maki et al. (1968), Gustafson (1975) and Connaughton and

McKillip (1979) have demonstrated that in many Oregon and north

California comunities, nearly all of the economic activity is

heavily dependent upon the forest products industries. Because

of this dependence, I have chosen the county as the geo-political

unit of analysis. The model will be applied in a case study of

the timbersheds and economy of Douglas County, Oregon. This

county was selected because it has been the focus of several
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previous regional impact studies, and because its economy is

dominated by employment and earnings from the forest products

industries.

Previous studies (Beuter et al., 1976; McLean, 1976; Darr

and Fight, 1974) have indicated that Douglas County faces a

severe drop in harvest levels, but that harvest yield could be

improved through more intensive silvicultural treatments. It is

possible that the jobs generated through the comitment of capi-

tal and labor in management intensification by public and private

ownership could minimize or offset the detrimental economic im-

pacts which a drop in harvest levels would impose on a heavily

timber-dependent county. The additional capital and labor re-

quired for each owner's management intensification could also be

substantially greater than current requirements and therefore

more difficult to obtain and utilize.

My goal is to make this methodology applicable down to the

county level, since it is an important geographical-political

building block in our economy. It is also about the smallest unit

which has at least a limited quantity of historical economic data

with which the economy can be studied. Upon the completion of

estimating the model, it will be applied in a case study with the

following objectives:

1. Incorporate the most recent U.S. Forest Service inventory
to assess the impact of changes in management restrictions
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and improved inventory analysis on conclusions reached
by Beuter et al. (1976) with Douglas County, Oregon.

Evaluate the change in labor and capital requirements of
alternative forest management intensities for each major
group of forest land owners.

Evaluate the economic consequences of alternative forest
management strategies on the timber-dependent economy of
Douglas County, Oregon.

1.4 Overview of Dissertation

In Chapter II, a description of the relavent literature will

be presented. The early interest and growth of models describing

the interaction between the resource base, processing industries

and the local economies in the Pacific Northwest will be dis-

cussed along with regional growth theory. The methodology which

was incorporated or which. guided the construction of the model

will be presented in Chapter III. The model will utilize the data

from a harvest scheduling model in order to estimate silvicultural

labor and capital requirements.

The silvicultural, logging and forest products manufacturing

employment and income models and an economic base differential

multiplier based on time-series data of Douglas County's economy

will be estimated. Chapter IV will present the estimated model

and its statistical properties. The application of the model in

the case study pertaining to the forest management intensification

and the consequences of such a policy will be presented in Chapter
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V. Finally, Chapter VI will discuss the implications of using

such a model for policy analysis, and areas which will require

future research.



II. LITERATURE REVIEW

2.1 Economic Dependence

A substantial amount of literature exists that addresses the

measuring of the impact of changing forest harvest levels with

rather diverse methods and results. Maki et al. (1968) estimated

the timber dependence for 15 economic subareas of the region

which consisted of northwest California, and western Oregon and

Washington. Using the excess employment technique, they esti-

mated that the timber-dependent industries accounted for a signi-

fi'cant proportion of the export base activity. Estimates ranged

from a low of 23.8 percent for the Portland area to 99.4 percent

for the Roseburg (Douglas County) area.

More recently, Owen (1979) estimated that over 20 percent of

the economic base was comprised by the forest products industries

for all southwestern Oregon counties. The differences between

these two studies arises from the use of different data sets and

methodologies, but both have demonstrated the importance of the

forest products industry in western Oregon.

The study by Maki and Schweitzer (1973) was designed to de-

termine the historical importance of forest-based employment as it

related to total employment in the Douglas-fir Region. The

Douglas-fir Region was defined as the western sections of Oregon

12
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and Washington. The 38 counties in that region were divided into

14 economic areas. The economic area boundaries, first defined by

Schallau et al. (1969), were based on coniiiuting distances, shop-

ping patterns and county lines. Covered employment estimates, or

those employees actually counted by the monitoring agency, were

the unit of measure used with the two-digit SIC categories defin-

ing employment groupings. The location quotient method, which is

a measure comparing the relative excess, or importance, of an in-

dustry locally relative to its importance nationally, was used to

estimate the basic employment component in each economic area.

Shift-share analysis, which measures the total change in the

region's performance relative to the nation, was used to estimate

the local consequences on the changing employment levels. In

general, total employment has substantially increased while employ-

ment in timber-dependent industries has slightly decreased.

Another important finding of their analysis was the slight

decrease in the relative importance over time for the timber-based

employment. But more importantly, regions that were heavily de-

pendent on the forest resource base in 1959 were still highly de-

pendent in 1971, although these same industries comprised a

smaller share of the economic base. Therefore, while the impor-

tance of forest-related employment has shown a decline in these

areas, the forest products industry remains an important industry

and has shown a relatively slow rate of change in a twelve-year
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period.

The activity and economic well-being of the forest products

industry in western Oregon has been shown to be dependent upon

market supply and demand. Wall (1972) demonstrated that fluctu-

ations in log production result primarily from changes in nadon-

al demand for wood products. He determined that during the 1946

to 1969 period, annual changes in housing starts were signifi-

cantly related to changes in national forest stuinpage prices for

all species. And that annual stumpage price changes corresponded

to annual changes in log production. So, in general, the work-

force and production capabilities of the forest products indus-.

tries have been shaped by market demand and stumpage supply.

2.2 Resource Flow Studies

Because of the impact that stumpage supply has on the opera-

tion of the forest products industries, numerous studies have

attempted to forecast the future availability of forest volume

in relation to current consumption levels. In the early 1960's,

the ability of the resource base to enable current mill capacity

to be fully utilized was questioned first by Hamill (1963) and

then by Fedkiw (1964). These studies have been followed by Wall

(1972), Gedney et al. (1975), Beuter et al. (1976), and Brodie

et al. (1978). They have examined either the current resource
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base's natural growth and harvest potentials, or differing policy

assumptions regarding alternative levels of forest management.

In general, these studies indicate that the resource base cannot

maintain current (1950's-70's) consumption levels through the end

of this century. This problem exists for most of western Oregon

and is especially prevalent in southwestern Oregon. Changes in

forest management and policy will make more harvestable material

available in the long run, but the possibility of a "shortfall"

in supply availability remains in the "short run" (i.e., around

the 1990's).

In order to better understand the forest products industry

and to give some indication of how the industry will cope with

changes in the market, timber flows, and mill residual flows and

utilization patterns in Oregon were examined by Manock et al.

(1968), Schuldt and Howard (1974) and Howard and Hiserote (1978).

The industry has been adapting to changing levels of supply and

demand through raising the prices they pay for stumpage and re-

ceive for output (in real dollars). Smaller-sized material is

being processed as the old growth timber is replaced by second

growth. The combination of these factors has forced the closure

of less efficient mills and the emergence of larger, integrated

mills. Just in the period between 1968 and 1976, the number of

mills in Oregon declined by 19 percent. More importantly, the

number of small mills declined by 50 percent while the larger-size
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class mills increased in number by 49 percent (Howard and Hiser-

ote, 1978). At the same time, the structure of the industry has

changed with plywood and veneer and secondary wood processing ex-

panding capacity while the saw mill capacity declined.

Although the number of saw mills has declined, the total

capacity has remained stable, while labor required for production

has decreased. Numerous authors have attempted to better quantify

the role and composition of labor in the forest products indus-

tries. Smith and Gedney (1965) examined the changes in forest-

based employment between 1950 and 1963. They found that as a

result of declines in total production, increases in the effici-

ency of manpower and changes in kinds of products and amount of

product refinement, employment declined by 11 percent for the

forest-based industry on the average. Manpower per unit of pro-

duction declined most in plywood (50%) and sawmills (42%) and less

in paper processing (36%) and logging (26%).

If present levels of timber management, structure of the in-

dustry, and rising labor productivity continued, Wall projected

employment in the forest-based industries to drop by 45 percent

between 1970 and the year 2000 (Wall, 1973). He explained that

the employment-raw material relationships are the major factor

influencing the projection, although declining harvests and a

high level of log exports also contribute to the decline. Darr

(1975) estimated that the direct employment per MBF of logs
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processed in Washington and Oregon was 62 percent less for the

log export industry in comparison to the lumber industry and 76

percent less when compared to the plywood and veneer industries.

Wall and Oswald (1975) calculated forest products employment-

raw material consumption ratios and regressed them over the exo-

genous variable, time. California, Oregon and Washington were

subdivided into two regions each. Equations were estimated for

each of the forest resource-oriented manufacturing processes: log-

ging, lumber manufacture, plywood manufacture, and conversion of

wood fiber into pulp and paper stock. Times series data for each

region was available for the period 1950 through 1970. The re-

maining analysis in their study presented recent employment trends

and pointed out the seasonal variation in employment. Their ana-

lysis showed that, in general , the forest products employment-raw

material consumption ratio has been decreasing with time. Overall

employment has remained stable with each industry's share of the

total employment shifting. And while employment fluctuates by

season, logging employment fluctuates to the greatest degree.

2.3 Regional Growth Theory

All of the studies presented thus far have been concerned

with employment/raw material relationships in the forest products

industries. But changes in harvest levels affect not only the
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industries that process the raw material, but also those industri-

al sectors which supply or do business with them and their em-

ployees. Figure 2 demonstrates the possible flows of goods and

services around the forest products industries. A reduction of

forest products shipments, due to supply or demand alterations,

will affect the economic system in Oregon in three ways (Gustaf-

son, 1975). A direct effect would be reduced production, employ-

ment, profits and wages paid to the industry. An indirect

effect would occur in the linked industries which would receive

a decline in sales and services to the forest products industry.

And, finally, a total public and private income reduction would

result in less capital available for consumption and investment

for goods and services.

The interactions between the forest industry and the sur-

rounding economic region have been discussed in several works,

including Zivnuska (1949) and Beuter and Schallau (1978). Speci-

fically, the importance of forest management (e.g., harvest levels),

has been presented as an important factor in the stability or in-

stability of the surrounding economic region (Schallau, 1974;

Dickerinan and Butzer, 1975; Waggener, 1977). Although empirical

evidence may be lacking for this conventional assumption, the

passage of the National Forest Management Act of 1976 (90 Stat.

2949, et seq.)(16 U.S.C. 1601-1614) has made community stability

an explicit policy objective for National Forests.
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The manner in which an economic region grows, shrinks or

remains stable has been the subject of a number of theories. Per-

haps the most respected of these is the neoclassical growth model

which details a theoretical justification for interregional per

capita income convergence, a trend long observed empirically in

the U.S. (Richardson, 1979). The model explains regional growth

and interregional factor movements. In the simplest version,

capital-poor regions export labor and import capital while capi-

tal-rich regions export capital and import labor leading to inter-

regional growth and per-capita income convergence. Examples of

this type of model include: macro demand models, supply-push

models and the agglomeration economic model.

Sirkin (1959) presented a salient paper which constructed a

macro demand model for economic growth theory. His model incor-

porated the idea that if the economic ovtput can be divided into

that which is exported and that which is consumed internally, and

if the internal absorption bears a known relationship to that ex-

ported, then forecasts of total economic activity can be derived

from forecasts of the economic base. Therefore, as the export

base incurs changes in its activity, the remainder of the economy

will change in some set manner. Such models are 'driven' by the

external economy. As the external economy expands or contracts,

it will exert pressure on the local economy for change in its

growth.
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Other studies, including Blumefeld (1955), North (1955),

Tiebout (1956), and Stein (1964) have argued that regional growth

is supply-induced. The endogenous growth in resources (labor,

capital, and natural resources), increases a region's productive

capacity (Richardson, 1979). Also, the region's comparative ad-

vantage is increased resulting in expanded exports and aggregate

regional activity, with the regional growth rate differentials

being explained by regional variations in resource growth rates.

Therefore, rapid growth of the economy depends, in part, on the

efficiency of the local service industries to meet increased de-

mands for goods and services by the export industries.

But neither of these theories considers the spatial rela-

tionships within and without the region. Richardson (1974) pre-

sented the agglomeration potential to account for the economic

forces which induce people and activities to cluster together.

His model accounts for the multi-dimensional character of agglom-

eration economies (diseconomies), the differential decay of each

over space, and the complex nature of spatial frictions. The

possibility of measuring the spatial range of an individual ag-

glomeration as well as the relative pulls of several agglomera-

tions on a given point in space are also considered.

Although these models are not a complete listing of the at-

tempts to explain regional growth theory, neither is any one of

them best (Pleeter, 1980). Over the years, there have been many
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who have expanded or restricted the assumptions of these models

in order to better describe the growth of regions within the total

economic system. Just as there have been numerous models devel-

oped to describe regional growth, so too have there been many

efforts to measure the interaction. In the following sections,

a brief description of a few of these models will be given.

2.4.1 Shift-Share Analysis

Shift-share analysis operates on the principle that a

region's change in exports depends upon the growth rate in nation-

al demand as well as the intra-regional shifts that alter the

region's national demand share. Perloff et al. (1960) and Ashby

(1964) were early attempts to subdivide the change in industrial

employment or earnings into more descriptive parts. The general-

ized formula for the model is:

C = n + + d' (2.1)

where C' is the change in employment in sector i, region r, mea-

sured over a specified time period. The national growth, or

demand-pull factor, n represents the national growth in the ith

industrial sector. The proportional shift, or supply-push factor,

p', measures the influence that internal changes in the industrial

mix in the region have on C'. The differential shift, d, attempt
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to measure the extent to which regional industries grow faster or

slower than their national counterparts. The model attempts to

display, through the use of time-series data, the actual pattern

of change of a region's industrial sectors by removing national

demand-pull and supply-push factors.

The primary criticisms of this model are that it is an iden-

tity with no stochastic element (Bishop and Simpson, 1972; Herzog

and Olsen, 1977), and that the technique is very sensitive to the

degree of industrial disaggregation used. Brown (1969, 1973) has

also argued that the differenta1 shift variable is instable,

making the projections inaccurate. Even with the problems in-

herent in this model, it is widely used and many authors have

suggested strategies for improving and correcting it (Esteban-

Marquillas, 1972; Ennerson et al., 1975; and Gerkirtg, 1976), in-

cluding the use of a covariance approach.

2.4.2 Economic Base Model

The export-base model is the most simplistic, especially

when used in a regional or urban context. As Richardson (1979)

explains, its central hypothesis is that regional income is de-

termined by the region's exports (i.e., sales of goods and ser-

vices outside the region). The non-local activities provide both

the means of payment for imports into the region and the support
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for the service activities which reside in the region, Isard

(1960). Thus, the model stresses both the importance of inter-

dependence among the economic sectors of a country, and the prin-

ciple that what happens within a region depends crucially on what

happens beyond its borders. Export markets are the prime mover

of the local economy, so that if employment in this market falls,

employment in the local market will also decline (Tiebout, 1962).

Because of its role as the prime mover, export employment is con-

sidered 'basic,' whereas employment in the local market is

termed 'non-basic' or 'service.' The economic base ratio is sim-

ply defined as basic income or employment divided by the total

income or employment for the region. The economic base model is

a very flexible framework for analysis since it stresses the im-

portance of 'openness' in the analysis of subnational economics.

Tiebout (1962) has argued that the only difference between model-

ing short-run and long-run impacts depends on the degree of model

c los u re.

The economic base ratio has been criticized for its use of

a static multiplier which ignores changes which may occur over

time (Hildebrand and Mace, 1950). Isard (1960) and Tiebout (1962)

found that the service sector may expand because of import sub-

stitution rather than basic sector growth. Also, the model

neglects supply-side considerations such as labor growth (Lane,

1966) or capacity constraints (Poizin, 1977) which may spur or
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inhibit growth. Its one-way dependence of service industries is

on exports, whereas the true relationship is of simultaneity and

interdependence (Richardson, 1979). Further, an aggregate multi-

plier assumes implicitly that the multiplier effect varies little

from one industry to another. Garnick (1970) described the basic-

service model as a single degree of freedom model, defining a

single multiplier with respect to total input in a single reduced-

form equation. The model also assumes that the coefficients are

stable and that the marginal and average propensities to consume

are equal and will not change as the economic structure changes

(Richardson, 1979).

Even with these drawbacks, the economic base ratio has been

used extensively in regional impact analysis, chiefly due to its

ease in formulation based on readily available data. It is also

solidly based on economic base theory, although the model itself

is too simplistic given the complexities of the economic system

to which it is applied. To overcome the static nature of the

model, regression analysis with time-series data has been sugges-

ted (Hildebrand and Mace, 1950; Pfister, 1976). Park (1970) ex-

plains that the impact of individual industries differs in part

from discrepancies in the income and consumption habits of workers

in separate export sectors, and from varying degrees of local

industry linkages. In order to account for this problem, an eco-

nomic base differential multiplier model has been estimated by
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separating the export industries into two or more sectors (Weiss

and Gooding, 1965; Braschler, 1972; and Brownrigg and Greig, 1975).

However, Garnick et al. (1971) suggested disaggregating the ser-

vice sectors. Under a particular set of circumstances, both

methods have improved the model's ability to estimate the impact

of changes in certain sectors of the economy.

2.4.3 Input-Output Model

Another method of regional impact analysis is the input-

output model based on work first published by Leontief (1951).

It is derived from his theory of production centered around the

idea of economic interdependence. The model has been adapted

and implemented for many situations. It attempts to quantify

the flows and interaction of all the sectors within a system.

This results in a flow matrix depicting the system's economic

interactions, imports and exports, Solution vectors of direct

and indirect coefficients are estimated through matrix manipula-

tion (Miernyk, 1965). The resulting coefficients describe both

the direct and indirect impacts on the economic system due to

changes in final demand in the individual sectors.

Criticisms of this model focus on its conceptual limitations.

It implicitly assumes constant production coefficients (i.e.,

no economies of scale and no technological changes)(Richardson,
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1979). Also, it is a zero-degree freedom model defining as many

industrial multipliers as there are endogenous activities

(Garnick, 1970).

The model also assumes product homogeneity, no external eco-

nomies or diseconomies, equilibrium prices and elasticity of sup-

ply for all commodities. And, finally, the survey-based input-

output matrix is very expensive to develop, based on data from

extensive questionnaire and enumerative survey techniques, often

resulting in a static model. Such a model derives its chief im-

portance in the descriptiveness and disaggregation of the economic

system upon which it is. based.

The key topics of research in I/O models during the 1960's

and 1970's, have been the relative merits of non-survey techniques

and other shortcut methods for the model construction (Tiebout,

1969; Williamson, 1972; Hewings, 1972; Bromley, 1972; Morrison

and Smith, 1974; Kipnis, 1976; Davis, 1978; and Buford and Katz,

1980). Others have extended the I/O model as a forecasting tool,

attempting to reduce its static nature (Liew, 1977). In general,

they have reduced the cost of developing the I/O model and have

improved its applicability to forecasting the impacts arising

from changes within or external to the economic system.

2.4.4 Econometric Economic Base Model

In an effort to combine the theory of the economic base
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ratio and the descriptiveness of input-output analysis, econometric

simultaneous equation models have been developed. Such models are

not limited to the application of econometric methods, but rather

the application of macroeconomic principles to regional economic

systems. As described by Glickman (1977), econometric models are

a good compromise, since they require more data than economic

base ratio models, but less than input-output models. At the

same time, this technique provides more information than that

presented by the economic base model, but less than what is pro-

vided by. input-output models. Such a model may be comprised of

individual equations unrelated to each other, or of interrelated

equations where the casual relationships among the various equa-

tions and the endogenous variables are expressed in the model.

Generally, most econometric models have followed the model

specification outlined by Klein (1969). He constructed an aggre-

gate income-expenditure approach in a national income accounts

framework for regional accounts. The following equation gives

the strict national accounts framework presented by Klein;

GRP=C+I+G+(X-M)=GRO=GRI (2.2)

where C = consumption GRP = gross regional product
I = investment GRO = gross regional output
G = government GRI = gross regional income
X = imports
M = exports
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This framework has been adapted to describe subnational economic

systems through the estimation of as few as 14 to as many as 228

equations in a model.

Unfortunately, the major disadvantage of this technique is

the lack of historical time-series data required for the model 's

correct specification. Most of the regional models constructed.

are rather simple, however, based on annual data with static and

largely recursive frameworks (Glickman, 1977). Almost all are

driven by exogenous, national economic variables which ignore the

importance of input supply in key industrial sectors. Glickman

also states that due to data deficiencies, very few models have

been estimated for small areas, i.e., areas smaller than an entire

state.

2.4.5 Summary of Methods

All four of these models are members of the same family

of regional growth theory in that, in general, the economy of the

region is driven via external demand for its output. The fact

that the economic base ratio model, input-output model and eco-

metric economic base models are similar has not gone unnoticed

(Isard and Czamanski, 1965; Garnick, 1969; and Romanoff, 1974).

The mathematical identity of economic base and I/O multipliers
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was compared (Billings, 1969), and the similarity of the aggre-

gate multipliers derived from the two models was discussed (Web-

ster et al., 1976). Richardson (1979) noted that when household

consumption is made endogenous, 'closing' the I/O model, it intro-

duces the concept of the Keynesian consumption function from eco-

nometric economic base models.

These processes estimate the Type II multiplier, i.e., one

that allows for direct, indirect and induced consurription effects.

Connaughton (1977) presented the mathematical estimation of all

three types of models and showed that they are similar.

Besides these demand-pull models, there has been some de-

velopment of supply-push models. The gravity model provides a

flexible approach for the analysis of spatial interaction. It

has been used to study migration flows, commodity flows, traffic

flows and residence work-place trips using the concept of gravita-

tional force and probability (Maki, 1979; Richardson, 1979; and

Pleeter, 1980). Its primary role is to study the flow and move-

ments of these items from one region to another during a given

time period. Polzin (1977) developed a two-sector model in terms

of the labor market. His model estimates the impact of a change

in exogenous employment by emphasizing the role of wages, unem-

ployment and other similar variables. It has been successful in

explaining trends in employment data when other models failed1

Each of these models is subject to the constraints of their
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own assumptions, requirements and the problems related to non-

experimental data. Therefore, they may have a variety of possible

sources of error. Errors in accuracy of economic data are gener-

ally not systematic, as Glickman (1977) explains. He states that

due to relatively few observations, and incomplete or nonexistent

data on exogenous variables, equations are subject to errors in

specification. In suniiary of the models developed to date for

regional growth theory, Richardson (1975) concluded:

En regional growth analysis where dynamic problems are
made much more complex by the introduction of the
spatial dimension we are still at the 'brick-building'
rather than the 'general theory' stage.

Even with the problems associated with properly specifying

any model used to analyze regional growth, public planners have

come to rely upon estimates from these models in order to make

decisions. Government or private decision makers often have a

geographical scope of concern or responsibility larger than a

particular neighborhood, but less than the nation (Runyan, 1977).

They must assess the consequences of a proposed policy, project

or market intervention, by predicting the future without all the

information required. In the final analysis, it is the model's

validation that should provide the test for the model. But as

Martino (1973) points out:
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As viewed from the standpoint of considering forecasts
as decision information, a forecast was useful if it
led to a good decision at the time, even if events did
not turn out to agree with the forecast.

With these ideas in mind, a few of the economic base studies which

have been constructed in the Pacific Northwest will be presented.

These studies have attempted to relate probable changes in the

forest products industries to possible changes in the region's

economy.

2.5 Economic Base Studies in the Pacific Northwest

The. measurement of the consequences of changes in the forest

industry has been attempted through the use of various regional

impact models. These models estimate multiplier relationships

between the forestry sector and the resulting regional economic

changes. Economic impact studies have varied greatly in their

approach and scope of analysis. Schallau et al. (1969) estimated

the economic impact on the economy of a region due to alterna-

tive levels of forest management. Short-run economic base multi-

pliers were computed by Schuster et al. (1975) for Idahots forest

products industries. Bell (1977) presented a method which gener-

ated an economic base multiplier, which he combined with the 'back-

ward or supply' linkage relationships to relate changes in forest

harvests with the employment in the region as a whole. These and
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other studies comprise a comprehensive long-term effort by sci-

entists and policy planners to quantify the impact of forest

management and the resulting changes upon dependent industries

and their accompanying local economies. In the following para-

graphs., a number of approaches which have attempted to answer

the question, How do forest management activities affect the eco-

nomic system of which they are a part?, will be reviewed and dis-

cussed in depth.

An input-output model of Douglas County, Oregon was developed

by Youmans et al. (1973). Darr and Fight (1974) utilized this

I/O model to examine the impact of a change in demand for forest

products, and changes in both the total harvest level and harvest

levels by ownership type. The analysis was directed toward de-

tailing the economic structure of a county which historically has

been heavily dependent on the forest resource base. The intrinsic

value of the Leontief I/O model is that it demonstrates the rela-

tionships in operation within an economy at the time of its devel-

opment. The county's economic system was divided into 32 sectors

with dollars the unit of measure detailing the flow of resources

between sectors. Columns of the direct-indirect coefficient matrix

were summed to derive multipliers representing the effect on the en-

tire economy given a dollar change in final demand sales of any

one of the sectors. The unique feature of this I/O model was

the incorporation of the U.S. Forest Service and Bureau of Land
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Management as endogenous economic sectors in the system.

The analysis found that approximately two-thirds of the eco-

nomic base of Douglas County is dependent upon just two sectors:

forest product industries and harvests from public lands. This

situation exists because of the dominating size Of the one indus-

trial sector over any other sector in the county, due in part to

the substantial supply available on public lands versus a corres-

ponding lack of supply on private lands. The model is useful in

analyzing the effectiveness of alternative forest management and

harvest plans for the different supply sectors, and can be used

to help local business and political leaders press for forest

management changes beneficial to assuring the stability or growth

of their regions.

Flacco and Youmans (1977) utilized the above I/O model of

Douglas County, Oregon and included the survey of families' in-

comes and expenditure patterns for 1975. This allowed them to

estimate the consumption patterns for the households sector.

Estimates of timber availability by Beuter et al. (1976) served

as the exogenous inputs to the model, and were used to generate

the resultant impacts., The work is the first real attempt to pro-

ject both the income and employment impacts of a change in har-

vests. They were also able to estimate the distributional income

impacts on the local population.

Although the I/O model is very useful in describing the
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interactions within an economic system, it does have several limi-

tations. If the data required for the model's construction is

gained through an extensive survey of production and consumption

patterns of the subject economy, the analysis is usually an ex-

pensive undertaking. And once accomplished, the data captures

the 'flow' of the economic system for only one point in time.

Efforts to reduce these problems rest on two approaches.

One approach attempts to reduce the cost, by estimating the

coefficient matrix via the use of non-survey, or secondary data

relating to the study area. Aiward and Stewart (1978) describe

another methodology for constructing local, small area I/O models

based upon a National I/O model and modification procedures. The

intent of such a different procedure is to derive coefficients

which closely represent the actual resource flows within the small

economic unit. In order to relieve the static nature of the

Leontief matrix, continuous lags in production, consumption and

investment, constraints on the rates of disinvestment, and capa-

city constraints have been incorporated, making the model dynamic

(Johnson, 1979). However, it still has a large data requirement,

but does allow for simulations of possible time changes within

the interaction of the system.

Another type of regional impact analysis conducted in the

State of Oregon utilized the forest production possibility model

developed by Beuter et al. (1976). To determine the overall
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regional impact of changing levels Of timber, Gustafson (1975)

developed a marginal economic base multiplier for the study by

Beuter et al. (1976). They subdivided the State of Oregon into

10 regions: Eastern, Central and eight Western regions. Employ-

ment--the unit of measure--was determined using County Business

Patterns from the Bureau of Census, as the main source of data.

The economic base employment multiplier for each region for each

year (1970 and 1972) was determined utilizing the location quo-

tient method. Wherever possible, 4-digit SIC categories were

used, but more often the 2-digit categories had to suffice. Cor-

rections were needed since the employment data was not a yearly

average and because both the agriculture and government sectors

were not covered by County Business Patterns. The change and

rate of change of employment were determined for the two-year

period.

Also estimated were equations with regional forest products

industry employment as the endogenous variable. Regional timber

harvest, time trend, time trend squared and harvest level in sur-

rounding regions served as exogenous variables. The equations

were found to be statistically significant, but their accuracy

for a prediction model was questioned, especially for long-run

forecasts. In sumary, the importance of the forest products in-

dustry to regional economies was demonstrated by the economic base

study, and equations relating forest products employment to
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harvest flow were estimated.

An economic base model was also used to examine the impacts

of a reduction in future harvests due to the placement of all

RARE II lands in northern California into a wilderness management

scheme (Connaughton, 1977; and Connaughton and McKillop, 1979).

They analyzed the 22 northern California counties as separate

economic regions. Persona' income, as derived from the U.S.

Bureau of Economic Analysis (1976), was the unit measurement. An

econometric model, utilizing both time-series and cross-sectional

data, was used to develop differential forest industry income

multipliers for each county. This study is the first forestry

application of economic base differential multipliers. Simply

described, the economic base multiplier of the entire 'basic'

system is split into two or more multipliers. Each multiplier

corresponds to a specific 'basic' sector in the economy. Through

these means, a more representative impact multiplier can be iden-

tified for the forest industry sector.

Gillis (1979) used the economic base differential multiplier

model to investigate the implications of alternative uses of timber

harvested in ten counties in western Washington. He used pooled

cross-sectional and time-series personal income data to estimate

economic base multipliers for the wood processing, roundwood ex-

port, and logging export sectors, as well as six other industrial

and governmental sectors. The economic base differential
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multiplier for each sector indicated the degree of importance which

the sector had on influencing the growth of the local economy.

Gillis was able to demonstrate that the local processing of raw

materials from the forest would be better for the region's stabili-

ty or growth than the export of unprocessed logs.

2,6 Summary of Literature

It has been through the development of these studies and

models that the importance of the forest resource base and its

management to the Pacific Northwest's economy has been recognized.

Because of this work, public planners are more cognizant of the

implications of their actions. The need for further refinements

does exist, and in the next chapter a scheme for modeling the sys-

tem on the county level to examine the regional consequences of

forest management intensification will be presented.



III. METHODOLOGY

The preceding chapter provided a review of the different

systems of models that either have been, or could be, used to

determined economic impact in timber-dependent communities. This

chapter presents a system of models that, when combined, will ac-

complish specific goals. Those goals are to determine income and

employment, and capital and labor requirements at a reasonable

cost, given different harvest trajectories and management inten-

sification information for Douglas County, Oregon.

The model will utilize a recursive econometric model for

estimating the direct employment and income dependent on the

level of harvest. Such estimates will be used in a differential

economic base model to determine the countywide employmentand income

impacts. The model incorporates the Timber Resource Economic Esti-

mation System, TREES (Tedder et al., 1980) as a harvest scheduling,

management intensification generator. Periodic harvest and

management information will flow from the harvest scheduling sub-

system to the various sub-system econometric models which in turn

will produce the desired output.

3.1 Specific Model Structure

39

The structure of the model can best be visualized using the
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diagram of Figure 3. Alternative management policies and their

effects on the resource, harvests and silvicultural treatment

schedules can be simulated by assigning different intensities of

forest management for multiple owner types, species and sites.

The versatility of TREES allows the analyst to specify a diverse

range of management styles for all of the resource units.

When simulating a TREES run, the results are summarized in

the form of final reports. The model sub-systems which I have

developed to measure the regional consequences of forest nianage-

ment derives fundamental production data from the TREES model.

Once the data is obtained from a TREES run, the model can be used

to conduct multiple sensitivity analyses to test the variability

of results due to assumptions intrinsic in the model 's construc-

tion.

In Figure 3, module 1 represents the silvicultural sector of

the model. This section calculates the capital and labor require-

ments necessary to achieve the management intensities specified

in the individual TREES runs. The capital requirements for each

owner type in each period will represent the financial comitments

which will be necessary to achieve greater rates of growth and

harvests in the future. The annual employment and earned income,

derived from the actual projected silvicultural activities, is

also calculated by the algorithm in the model. Modules 2 and 3

represent the sections of the model which calculate the employment
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and earned income for the logging and forest products manufacture

sectors, respectively.

The regional economic impact section of the model is repre-

sented by module 4. The local economic consequences of changes

in the sum of the silvicultural,logging and forest products sec-

tors is measured in both employment and earned income multipliers.

Development of this section of the model will be presented in the

next section since its structural form will influence how the

forestry-related sectors of the model need to be estimated. As

Figure 3 indicates, the peripheral model components (module 1-4)

are not interactive with the TREES model, but rather they utilize

data derived from it. Therefore, the system is not structured to

optimize any particular variable. Rather, it is structured to

allow for multiple simulations by TREES and the separate model

components.

The arrangement should allow for the testing of model assump-

tions and the extent to which they affect the results. The system

has been developed so that any component, including TREES, can be

removed and substituted by another model. This should allow for

easier application to other economic regions by other agencies.

Adaptability and reasonable development costs are two important

factors that the system structure attempted to incorporate.



3.2.1 Choice of Economic Base Model

The primary function of the I/O model is to determine and

measure the flow of goods and services within an economic system.

Usually, the dominating sectors are composed of groups of indus-

tries which both produce for export and distribute goods and

services locally. It is the manufacturing inter-industry link-

ages which are lacking, to a large extent, in small resource-based

economies (Darr and Fight, 1974; Polzin, 1977). Poizin (1977) ex-

plained that given the small size of this type of economic sys-

tem, a transaction matrix table with 20 or 30 rows and columns

suggests that many of these sectors consist of only one or two

firms. Therefore, it may be the purchasing patterns of the firms

and not the technical production coefficients that are unstable.

Regardless of which factor causes the instability, the estimates

are based on data for a single point in time and, hence, they are

static. The coefficients give no indication of the direction of

historical or future changes which occur in an economic system.

Methods for updating an I/O model normally utilize a national

I/O model or national data series. But controversy exists over

the adequacy of such updates since they are dependent upon

the industrial mix of the national economy which may be very

different from the study region (Richardson, 1979; Pleeter, 1980).

Given the cost even a small I/O study may incur ($250,000 and two

43
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years (Pleeter, 1980)), several non-census methods have been pro-

posed to estimate the technical coefficients of the I/O model

(Schaffer and Chu, 1969; Miernyk, 1976; Buford and Katz, 1977,

1981). Although not all of the authors would agree on the effec-

tiveness of these methods, the applicability and flexibility of

the I/O model has been improved.

The econometric simultaneous equation model also attempts to

account for linkages within the local economy while it emphasizes

the external factors inducing growth or decline in the region.

The system of equations can incorporate other causes of growth,

such as productivity changes, demographic composition and indus-

trial composition. It can also include supply constraints in both

labor and raw materials to account for the prevalent natural limi-

tations. The result is a model which stresses the interdependence

of the local economic system, which will fluctuate to some extent,

as does the national economy.

But there are several factors which have limited the effec-

tiveness of the econometric model approach. The first rests on

the myriad of problems related to using time-series data and a

limited data base for simultaneous equation models. The lack of

degrees of freedom inhibits specifying the model correctly, causes

the model to be static because of the omission of lagged variables

and increases the difficulties related to autocorrelation and

multicollinearity within the model. Finally, the debate continues
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about the predictive efficiency of the export base and whether

economic base models are appropriate at all (Giarranti and

McNelis, 1980).

The lack of a specific theory of regional growth has led to

dissimilar models of economic systems which are difficult to com-

pare because of the different theoretical structures under which

they were developed. And finally, the nemesis of all econometric

models is the lack of time-series data for all the variables which

should be in the structural equations. This problem is especial-

ly acute at the county economy level, mainly because federal

agencies like the Bureau ofthe Census and Bureau of Economic

Analysis did not begin to collect annual economic data until the

1960's. Even less data were collected for non-SMSA

The economic base differential multiplier was selected to

develop the impact multipliers for this project. The convention-

al economic base multiplier, when estimated with time-series data,

is defined as:

jl
to+al

il
Bt+Ut (3.1)

where is the sum of employment or income in the service indus-

tries and is the sum of employment or income in the basic in-

dustries i, all for the year t. The intercept is c while the ran-

dom error component is U. The estimated coefficient, ct., relates
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a change in the basic sector to change in the service sectors.

The economic base differential multiplier is estimated by dis-

aggregating the basic sector into two or more sectors:

j=l =
+ il

aBt + Ut (3.2)

Note that if n = 2, the model estimates a.1 and a2 which are

the multipliers for the two different basic sectors. This formu-

lation allows for the fact that the employees of different indus-

tries have different earning and consumption patterns. It also

allows the analyst to estimate the multiplier for the industrial

sector in which he is specifically interested. Richardson (1979)

explained that the I/O model disaggregates the economic system to

a greater extent, but that the differential multiplier allows for

at least two basic sectors to be estimated with limited time-

series data.

This procedure does not eliminate all of the theoretical limi-

tations of the economic base model. In fact, Giarranti and McNelis

(1980) have raised doubts as to the effectiveness of the basic sec-

tors being the only cause of growth in larger economies. But

the application of the model with small, simple, economic regions

may reduce the problem to some extent. Small rural economies may

be the most appropriate system in which to apply an economic base

model. There are few inter-industry linkages and the exogenous
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industries may be identified with relative precision (Weiss and

Gooding, 1968; Poizin, 1977; Pleeter, 1980). Although regional

growth can alter the relationship between local consumption and

income as more goods and services are provided locally, import

substitution prospects are limited by the size of the local markets.

Therefore, the economic base differential multiplier (.EBDM) model

is equivalent to the I/O and Keynesian econometric model and is

a cost effective alternative to the input-output model (Garnick,

1970; Williamson, 1971).

In light 0f the resource-based, rural economies characteris-

tic of counties in western Oregon, the EBDM model was selected for

this project. As Darr and Fight (1974) stated in their I/O model

of Doublas County, Oregon, the forest-based industries are the

primary exporting or basic sectors, and are independent of any

other basic sector in the economy. The service sectors are

limited in scope, although they have grown substantially since the

early 1960's.

In the following sections, previous studies which utilized

the EDBM model will be discussed. The procedural problems in-

herent to the model's application and its structure and data base

utilized will be presented.

3.2.2 Economic Base Differential Multiplier Models

The EBDM model was first presented by Weiss and Gooding
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(1968). They explained that the importance of exports to an

economy is an inverse function of the size of the economy.

Small economies dominated by only one or a few exporting indus-

tries will most likely demonstrate little interaction between in-

dustries. The population in a small area is also more likely to

be fairly homogenous in their propensity to consume imported goods

and services. This leads to the assumptions on which their model

rests: (1) the export sectors (xi) are independent, i.e., the

inter-industry linkages between them are minimal; (2) the parts of

total service employment (S), which is conceptually regarded as

supported by the respective export sectors, are homogenous in in-

dustrial composition.

The Weiss and Gooding (1968) model utilized the same struc-

ture of equations as in (3.2). Their model drew from time-series

employment data to estimate the model's coefficients. In this and

the following model formulations, the following are assumed and/or

testable:

Ut is normally distributed

E (Ui) = 0

E (U,Ut)
=

E (UU) = 0 i j
nonstochastic but not all the same value

i = i,

no two variables are perfectly correlated.
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The model with the structure of equation (3.2) has an aver-

age multiplier and not a marginal one. The EBDM model, developed

by McNulty (1977), was slightly altered in an attempt to obtain

a multiplier representing the marginal change. McNulty's model

utilized the following form:

n

= ct c. LBt + Ut°
i=l

(3.3)

where is the change in regional personal income originating

in the service sector while is the change in income in the

export sector i. The author attempted to test export base theory

with the model deriving both short-run and long-run (periods of

4 years and longer) estimates of regional income multipliers using

cross-sectional data. His analysis determined that the resulting

multiplier performed poorly in the short run but that it was con-

sistent with long-run analysis. The results are reasonably con-

sistent with the studies by Braschler (1972) and Moody and Puffer

(1970).

These results have contributed to the debate begun by North

(1955) and Tiebout (1956) as to whether export base theory is a

theory of long-run growth or short-run fluctuations. In a recent

work by Gerking and Isserman (1981), their evidence indicated that

the economic base model, and therefore a EBDM model, estimates a

short-run impact coefficient. They explain how the method of
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bifurcation, or the separation of services or basic sectors,

influenced those studies which empirically indicated the long-

run impacts. They also show how McNulty (1977) misinterpreted

his results, which actually do not support the long lag hypothesis.

Two recent works have developed EBDM models to quantify the

impacts of changes in the flow of harvested material on the for-

est products industry and the local county-level economic systems.

These studies develop the type of multipliers which are very use-

ful for harvest scheduling and forest management policy problems.

Both are supply-oriented analyses, assuming that all harvested

material can be processed and sold to external demand. A key

assumption.of these works is that, in the short run, the demand

for forest products is very cyclical, while in the long run, de-

mand has been increasingly strong.

The first application of this model to forestry was by

Connaughton (1977). The following model form was used:

n

Yt= o+ i
xlt+Ut

i =1

(3.4)

where
Vt

is real personal income in year t (t = 1 .....,n), i3. is

the personal income multiplier for export industry i (i = 1 .....,n),

is personal income earned in producing goods for export in in-

dustry i in year t, and Ut is the error term in year t. Time-

series data were used instead of cross-sectional data because he
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felt that the latter would not reflect the unique leakages and

structures of each of the timber-dependent counties. He also de-

veloped a proof showing that '1with the exception of the constant

and error terms, the model is the same as the vector of the input-

output model for an n-sector economy" (Connaughton, 1977).

Connaughton's model (1977) was hindered by the small sample

size available (n = 12: 1959 to 1974) which prevented a number

of statistical tests from being effectively implemented. He ex-

amined the residuals for normality and zero mean by observing the

pattern of the ordinary least squares residuals. Although hetero-

skedasticity is not a likely problem with time-series data, the

residuals were examined graphically. There were too few'data

'points for the Durbin-Watson test, so the residuals were graphed

against time to test for patterns. No corrections were made, al-

though the graphic test indicated a possibility of autocorrelation.

If autocorrelation were present, the ordinary least squares esti-

mates would be unbiased, but the estimates of the standard errors

would be biased.

Since most of the variables in the model are increasing with

time, multicollinearity is likely to be a problem. Such a problem

leaves the ordinary least squares estimates unbiased, but their

variances are likely to be large. ' Kmenta (1971) explains that the

separate influence is strong. Such a situation is acceptable for

forecasting with the model if the relationships between the
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exogenous variables remain the same as that found during the

modeling period. In general , the problems incurred by a model

such as Connaughton's could best be corrected by an increase in

data points.

The second EBDM model form used estimated multipliers for

three forest products sectors (wood processing, roundwood export

and logging service exports), as well as six other industrial and

governmental sectors (Gillis, 1979). Cross-sectional and time

series personal income data were pooled in a covariance model with

the following form:

n n n

0kto a.X + E cC
i=l

1 ikt
k=l

k kt
+ tl

aZk Ukt (3.5)

where Dkt is personal income in the non-basic sector in year t,

county k; c is the income multiplier for export industry i;

Xjkt is the value added from the sale of locally produced goods

and services to final demand outside of county k, for industry

i in the year t. Ukt is the stochastic error term. The inter-

cept dummy variables were defined:

1 for the ith county, i = 2.....

otherwise



1 for the tth time period, t = 2. ,T

Zkt =

0 otherwise

This information adds (n-i) + (T-1) dummy variables to the

model, but ordinary least squares yields unbiased and consistent

estimates of all parameters. The model allows the intercept

term to vary over time and cross-sectional units (Pindyck and

Rubinfeld, 1976; Kmenta, 1971). Pindyck and Rubinfeld (1976)

list a statistical test to determine whether the ordinary least

squares estimates on the pooled cross-sectional, time-series model

or the covariancemodel are more appropriate. Although Gillis

(1979) estimated both models, he did not implement the test. In-

stead, he decided to use the covariance model on the grounds that

it "strengthened" the EBDM model's fit.

There are two main problems with the model. The first is

that, through the use of dummy variables, the actual parameters

which cause shifts in the exogenous variable are unknown. This

reduces the information that can be derived from the model. Also,

there is a loss of degrees of freedom. If there are T = 18 ob-

servations and N = 4 counties, then the covariance model loses

20 degrees of freedom. This will reduce the statistical power of

the model and may reduce the number of statistically significant

coefficients (Conopask, 1978).

53
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The second problem is because the use of time-series and/or

cross-sectional data has some limitations. Regression analysis

using time-series data will average out unusual fluctuations in

the economy. Such a result may or may not be acceptable, depend-

ing on whether such perturbations occur during the forecasting

period. Time-series data will also underestimate the multiplier

if growth in the residentiary sector has occurred along with the

growth in the export sector. This occurs because the effect of

time-series data,with the assumptions inherent in the model struc-

ture, is to average out changes in the propensities to consume

and import, and the changes in productive relationships. There-

fore, the error term is inflated, resulting in biased estimates

with confidence intervals which are too large. But the serious-

ness of the bias depends on the degree of structural change that

has occurred (Connaughton, 1977). Multicollinearity may pose a

problem, although both studies ignored it and assumed that it

caused no difficulties.

The estimation of the EBDM model with time-series data re-

sults in another drawback. A particular export industry, X, may

grow in periodic spurts. One of these spurts may coincide with

the achievement of a particular threshold level in the region's

economy. The threshold, independent of the activity of the export

industry S, makes it economically desirable to establish some
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major new service production in the local economy, such as a

regional shopping center, hospital, or community college. This

case, shown in Figure 4, occurs when the activity of the sum of

the service sectors is a function of export activity X., other

export activity Xs and additional factors

n

E S. = f(X.,X ,x ,(Z . ,Z )) (3.6)

Rather than the proper slope coefficient (ct) being estimated,

the improper slope coefficient () will be the multiplier for X.

The problem. is essentially misspecifying the model by not in-

cluding all of the relevant exogenous variables Z1
.....'2mrn

The

problem is an inherentshortcoming of the economic base model

since it is a demand-pull model. It does not include the supply

aspect of the economic system being modeled. This time-staging

of growth problem is particularly acute when using time-series

data for the analysis.

The use of cross-sectional data will help to avoid the

time-staging" problem; however, the unique characteristics of

the regional economy would be lost. Regression analysis using

such data does not average out disturbances and lags associated

with year-to-year fluctuations, nor will it reflect the unique

leakages and structure of each county economy. The threat of
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autocorrelation also exists with this type of data, although no

such problems were reported by Gillis (1979).

3.2.3 Unit of Measurement Problems

The economic base model requires that some consistent unit

of measure is used to indicate the flow of goods and services.

Whereas income, employment, value added and sales have all been

utilized as the unit of measure, no one is more appropriate than

any other (Tiebout, 1962). Sales, which are a record of total

transactions, can be guilty of "double counting" because goods

may pass through several purchases before they are consumed and

the total of the sales price of each transaction overestimates

the actual added value created by the production.

Value added, which is the sales of a firm minus the cost of

production, attempts to correct the problem of "double counting."

This type of data is only obtainable through a census or survey

of the industrial sector within the economy since this type of

data is not collected and reported at the county level. Income

accruing to residents in the study area has also been used as the

unit of measure. The U.S. Bureau of Economic Analysis (1976)

recently made available annual industry-detailed income series

at the county level. The data consists of residents' wages and

salaries, dividends, interest, rents and other forms of income.
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With the availability of time-series data from 1962 to 1978, the

estimation of the EBDM model with income data is now feasible

(Connaughton, 1977; Gillis, 1979).

The most commonly used unit of measure has been employment,

either defined as the number of people with jobs who live in the

economic system, or as the number of jobs occupied in the

economic system. The reason for its popularity is due to the

wide availability of this type of data. But the use of erriploy-

ment does have several limitations.

Employment does not differentiate between the skill level

of a job, between the wage level of a job, the fact that some

individuals hold more than one job, or that some individuals

are receiving income (transfer payments, rent, dividends, etc.)

while they are unemployed. Therefore, the ratio of employment

to income is neither constant nor stable over time. Because

of these inaccuracies of the employment unit, income appears

to be the most appropriate unit to use.

However, after careful consideration, both income and employ-

ment were chosen as the units of measurement for this project.

Three reasons may be given for this choice. The first is that

because of unemployment insurance and other forms of unemployment

compensation, the downturns of the economic system are muted.

Whereas employees are laid-off for a time, the loss in earned in-
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come is compensated to some extent by transfer payments in the

form of unemployment insurance. Conversely, if part of the work-

force is currently out of work and, due to an upswing in exogenous

economic activity they are hired anew, the increase in earned in-

come within the economic system is reduced because of a corres-

ponding drop in transfer payments. This type of occurrence has

been prevalent in the timber-based economies of western Oregon.

The second factor relates to the availability of the data.

The income data, as already mentioned, is available from the Bureau

of Economic Analysis (BEA). But these data are only disaggregated

at the level of general industrial sectors. On the other hand,

the data which was obtained through the Oregon Department of Human

Resources (ODHR), listed monthly employment and quarterly earned

income of all the covered firms within the county. These data are

disaggregated down to the 4.-digit Standard Industrial Code (SIC),

which allows for finer classification and separation of both the

service and basic sectors than the BEA data.

The income accruing within a region consists of wages and

salaries, dividends, interest, rents, etc. Since the income sta-

tistics are obtained from income tax records, "unearned" income is

not included. Pensions, government transfer payments, and non-

reported income are all components of "unearned" income which are
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not added into the personal income figures. Yet, the use of in-

come has the advantage of being a better measure of the economic

activity and the change in welfare of the region's residents.

The third reason which leads to the use of both earned income

and employment as the units of measure was to enable the results of

this case study to be compared with the conclusions reached by

Beuter et al. (1976), which only utilized employment as the unit

of measure. The 4-digit SIC data were primarily used to estimate

the employment and income data, whereas the BEA data were utilized

in filling in any gaps in the primary time-series data. Average

annual employment was calculated by summing the monthly employment

each year and dividing by twelve for each 4-digit SIC classifica-

tion. Annual earned income was the sum of the quarterly figures,

again for each 4-digit SIC classification, and converted to real

1972 dollars with the Portland Consumer Price Index.

The ODHR data are based on those firms which are considered

to be eligible for 0regons Unemployment Insurance Program. The

effect of changes in coverage, or lack of coverage, resulted

in the agricultural and the local government sectors being un-

reported prior to 1974. The BEA data were used to reconstruct

these sectors. Because these data were unavailable for 1963, 1964,

and 1979, time-trends of the data were developed to estimate these

values. Although not all educational employees were considered
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"covered" prior to 1974, these data points were obtained through

the Douglas County office of the Oregon Department of Human

Resources.

The BEA data include estimates of transfer payments, including

social security deductions. These deductions were subtracted from

the earned income from each sector in proportion to their contri-

butions to total earned income, to account for the fact that this

is a deduction from wages before the employee receives his pay-

check. The transfer payments were utilized as a positive flow of

revenue for the county's economy, and will be discussed in the

next section.

3.2.4 Bifurcation Methods

There are five methods of bifurcation, or the division of

total activity into basic and service sectors. No single method

has gained universal acceptance (Isserman, 1980). The direct

method involves a census survey of all the firms within the study

area, much like the data-gathering procedure used for the I/O

model. This method results in the best bifurcation, but is much

more expensive than the following indirect methods.

Instead of a census survey, sampling procedures have been

proposed. A1though this procedure can reduce costs, it is not

very accurate unless the sample size comes close to the size of
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the study population (Gibson and Worden, 1981). The simplest and

least expensive procedure is to assume which sectors are basic or

service. Although this is a naive approach, since it ignores the

fact that most industrial sectors produce goods for local and non-

local consumption, it has often been used, especially with time-

series analysis where the quantity of historical data is severely

limited.

The location quotient procedure assumes that an industry is

exporting a proportion of its output if the location quotient

(LQ) is greater than one. The LQ is calculated using the follow-

ing equation (Isserman, 1980):

where E is employment, X is basic employment, for the
th

indus-

trial sector in region r, for the national total n.

This procedure assumes that productivity is equal for all

regions in the nation for each industry. It also assumes that

cross-hauling does not occur (i.e., goods and services which are

L

E/E E/E

1

(3.7)

(3.8)

ir - E/E

The basic employment is calculated

(Eir Er\

Er/En

by:

E iff LQir >Xir
Em E
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exported, cannot also be imported).

Another assumption is that the nation does not produce ex-

ports. Although there have been many studies which have criti-

cized this procedure (Greytak, 1969; Leigh, 1970; Isserman, 1975;

Gibson and Worden, 1981), there also exist a number of studies in

defense of it or a readaptation of the procedure (Rosen and

Mathur, 1973, 1974; Isserman, 1977). In general, proponents feel

that small regional economies with disaggregated, 4-digit SIC data

will successfully overcome the constraints of the procedur&s

assumptions.

The final procedure is the minimum requirements technique

which was first proposed by Uliman and Dacey (1960). The technique

rests on the principle that a community with a certain population

will require some minimal level of service employment. The mini-

mum is estimated by analyzing numerous communities. Another

means of calculating the minimum requirements is by estimating the

following equation:

Y=a+blog10X (3.9)

where Y is the percentage of service employment, and X is the

community's population (Moore, 1975). This procedure is capable

of 'bests approximating the census survey estimates of bifurcation

(Gibson and Worden, 1981). Pratt (1968) explained the paradox of
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this method in that it implies all regions export and none import.

The assumption procedure was the primary method of bifurca-

tion for this project. It was utilized in order to reduce costs,

and because of the time-series nature of the analysis and the

corresponding difficulties in using the census or sample approach.

The Directory of Oregon Manufacturers was utilized to approximate

the products and activities of firms within each industry. This

approach does have the above-mentioned weaknesses, however, it is

assumed that the problem is minimal due to the small size of the

county economy and the lack of interrelated manufacturing indus-

tries. The industrial sectors which were assigned to the basic

sectors are listed in Table 1. Industrial sectors were assumed

to be basic if their output was primarily exported and/or if their

activity was unaffected by local economic activity as with federal

government activity or heavy construction, which is a long-term

investment activity. All non-basic sectors were assumed to belong

to the service sector.

The location quotient (LQ) procedure was used to estimate

the partial export sector since the industrial sectors were assumed

to meet local and non-local market needs. The LQs estimated for

time-series data were used to allocate these firms with an average

percentage for basic and service sectors. The LQ procedure was

used with caution since it estimated positive levels of export



TABLE 1. DOUGLAS COUNTY ECONOMIC STRUCTURE

SIC Definition-Title
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01 Agricultural Crop Production
02 Agricultural Production Livestock
07 Agricultural Service
O8 Forestry Service
091 Comercial Fishing
098 Fish Hatcheries
10 Metal Mining
13812 Drilling Oil and Gas Wells
15412 General Contracting-Nonresidential Const.
162 Other Building Construction
201 Meat Products
202 Dairy Products
203 Canned and Preserved Fruit and Vegetables
204 Grain Mill Products
2091 ,2 Seafood Products
24' Lumber and Wood Products
25 Furniture and Fixtures
26' Paper and Allied Products
2761 Manifold Business Forms
3079 Miscellaneous Plastic Products
326 Pottery and Related Products
3229 Pressed and Blown Glass
3291 Abrasive Products
3296 Mineral Wool
333 Primary Metal Industries
353,355 Machinery (forestry-based equipment)
37 Transport Equipment
3823 Measuring and Control Inst.
391 Jewelry
394 Toys and Sporting Goods
42l Trucking, Local and Long Distance
54 Food Stores
554k Gasoline Service Stations
58 Eating and Drinking Places
7O Hotels, etc.

All state and federal jobs are basic.
All other employment assumed service.

1Forest Industry Sector. 3Except 3317.

2Long-term Investment. 4Location Quotient estimated
export portion.
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activity for both the bus transportation and hair dressers indus-

tries.

The estimates utilized 4-digitSIC data, which is purported

to reduce the inaccuracies of the LQ level of disaggregation. The

minimum requirements technique was not utilized, because it is pri-

marily based upon communities. Whereas the economic structure of

the county is different because the shopping and service patterns

occur with less centralized populations.

3.2.5 EBDM Model Structure

The availability of time-series data has allowed the esti-

mation of the EBDM model of the following structures:

SEt = + c BElt + ct2 BE2t + (3.10)

and:

SIt = o + i But + 2 B12t + U2t (3.11)

where SEt is service sector employment in period t, BEit is the

forest products employment, and BE2t is the employment for the

remaining basic sectors. Equation (3.11) is the same model used

to estimate income as (3.10). The set of equations will allow

comparisons of the multipliers developed by these alternative



67

units of measure. These multipliers should increase the informa-

tion available when comparing alternative forest management stra-

tegies. The relative changes in personal income and employment

due to changes in public policy comprise important decision-

making variables.

Supply-push theory and the minimum requirements technique

suggest that the inclusion of other exogenous variables such as

population, unemployment and total county economic activity may

better describe the economic system. These variables were in-

cluded in the model to test if they contribute to its ability to

describe the system. But the addition of these variables may

alter the character of the model so that it might no longer be a

EBDM model with the properties which were described in section

3.2.1. The analysis will be presented in the following chapter.

Since the model is used to make forecasts of future im-

pacts, the coefficients are assumed to remain constant beyond

the estimation period. This is not a likely occurrence since the

county economy is a dynamic system. The multipliers derived from

the EBDM model are the best estimates given the non-experimental

data available. A chief advantage of this model is that once the

original data have been collected and the estimates made, new

annual data points could be incorporated in the estimation pro-

cedure, improving the model 's statistical properties with the
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additional degrees of freedom.

Although this study utilizes the EBDM model which was used

by Connaughton (1977), the disaggregation of the data base will

be different. Whereas Connaughton utilized the BEA data for coun-

ties in northern California, the 4-digit sic level data will be

used in this study. Increased disaggregation may help overcome

the problems related to mis-bifurcation.

This study will estimate both employment and income multipli-

ers, whereas the earlier works (Connaughton, 1977; Gustafson,

1975) utilized income and employment, respectively. Beuter et

al. (1976) measured the impacts of changes in forest management

with Gustafson's multipliers. Their estimation procedure uti-

lized County Business Patterns employment data for two years.

Because the employment figure is for the week of March 12th, the

data mis-estimates the employment levels for those industrial

sectors where there is seasonality in employment.

Table 2 demonstrates this problem for SIC 242, the sawmill

and planing mills industrial sector. At least for this case,

the estimates from the County Business Patterns have worsened

during the late 1970's.

In general, this portion of the model is attempting to de-

velop a regional impact multiplier for a timber-dependent economy,

based upon non-survey or census data. It develops this model

with the finest disaggregation data available. The results can
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20regon Department of Human Resources, Covered Employment.
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TABLE 2. SIC 242 SAWMILLS AND PLANING MILLS

Employees'
week of
March 12

Annual2
employment

Payroll'
1st quarter
(1000's)

Annual2
Income

(1000's)

1962 1,983 11,268

1963 1,998 12,215

1964 2,057 2,180 3,961 14,174

1965 1,921 2,023 2,889 13,297

1966 1,751 1,688 2,782 11,137

1967 1,552 1,784 2,587 12,392

1968 1,936 1,910 3,362 15,649

1969 2,051 2,007 3,750 16,796

1970 1,999 1,913 3,889 16,899

1971 2,029 2,116 4,314 21,497

1972 2,239 2,297 5,132 24,795

1973 2,224 2,463 5,546 28,236

1974 3,036 3,174 5,306 37,784

1975 2,048 2,306 5,577 28,086

1976 2,198 2,510 6,438 36,318

1977 2,049 2,740 6,650 43,848

1978 2,585 48,698

1979 2,437 49,447
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be compared with earlier impact analysis studies of Douglas County

(Darr and Fight, 1974; Voumans et al., 1973; Gustafson, 1975).

3.3 Forest Resource Sector Construction

Once the EBDM model is correctly estimated and the coeffici-

ents have been determined and tested, the multipliers still cannot

be applied directly to the analysis of changes in the supply of

the forest resource. Since the EBDM model is a demand-pull model,

the multipliers derived are backward multipliers. They reflect

the county-wide impact of changes in the demand for the goods and

services of the forest products industries. Resource supply ana-

lysis requires a "foreward" multiplier to correlate the supply

changes to changes in output. It is assumed that a change in

forest products industrial output caused by supply availability

has the same impact on the county's economy as a change in export

demand for the forest products industrial output. Therefore, it

is necessary to estimate equations which relate the historical

activity in the forest products sectors with the historical con-

sumption of timber volumes.

3.3.1 Logging and Forest Products Manufacturing
Sectors Estimation

There have been several studies which have attempted to
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model the relationship of regional employment to harvest level

and economic earnings to harvest level. Wall and Oswald (1975)

used the following model forms showing the relationship of employ-

ment per unit of wood consumption with respect to time of industry

category and state area:

They did not detail any statistical problems such as heteroske-

dasticity, but their analysis made use of from 11 to 20 annual

data points, which gave a limited number of degrees of freedom.

In general, their analysis showed a fairly linear relationship,

with the ratio decreasing with time. The region analysis was

based on data from a half-state area.

The work by Gustafson (1975) attempted to model the levels

of forest products employment resulting from the harvest level in

that county and surrounding counties. The harvest level from

nearby counties was felt to be important since logs are transpor-

ted across county lines, although Howard and Hiserote (1978) found

that most of the volume remains within the county in which the

timber is logged. The model form used is as follows:

y= + aiXt+ e (3.12)

y= a a1logX+ et (3.13)

log
=
a aiXt+ e (3.14)

log
=

a + ailogXt+ et (3.15)
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Et = a0 + aiHt + a3T2 + a4SHt + Ut (3.16)

where Et is forest product employment lii year t, H. is the county

harvest level in year t, T and T2 are dummy variables relating to

the year t, and SH.t is the sum of the harvest levels in the coun-

ties which historically export logs to the county of interest.

Other researchers attempted to relate income or wages in the

forest products industry to historical trends or harvest levels.

ConnaughtOn (1977) utilized the following model forms to develop

a "forwardt'
multiplier for each county in his analysis.

(3.17)
in (Wages/MBF) = b0 + b1 (year) + Ut

Wages/MBF = b0 + b1 (year) + Ut (3.18)

where Wages/MBF is total wages in the industry divided by the

volume of material processed by the industry. Gillis (1979) de-

veloped a different model for the same purpose which had the fol-

lowing form:

WPkt = o
lZkt + 2MBFkt + 3ZktMBFkt + Ukt

(3.19)

where WPkt is the value added locally in the forest products in-

dustry in county k in year t, Zkt is a dummy variable indicating

whether a pulp and paper mill was operating
in county k in year
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t, and MBFkt is million of board feet of timber consumption in

the local processing industry.

These studies, like all econometric analyses of time-series

phenomena, were constrained by the quality and quantity of data

available. Equations 3.12 through 3.19 rely on the dummy variable,

time, to account for the complex interactions which are repre-

sented by the dependent variable. There are, however, several im-

portant relationships which affect the employment or income to

harvest ratios and which remain extraneous to the equation.

Logging employment (income) per unit of harvest may be re-

lated to the size of the harvested timber, total annual harvest

volume, the change in value of wood products relative to other

commodities, the annual output of wood products, and/or the labor

cost per unit of harvested material. This study will attempt to

estimate equations which can demonstrate the structural relation-

ships between the employment (income) per unit harvested and

those factors which influence the system.

Forest products manufacturing employment (income) per unit

of consumption is a ratio which has been influenced by many fac-

tors. The general model represented by equations 3.20 and 3.21 (be-

low) will be estimated with the intent of constructing a forward11

multiplier. It will account for some of the market factors which

influence the ratio of employment (income) per unit of harvest or

consumption.
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(3.20)

(3.21)

where and
2t

are employment and income per unit harvested,

respectively, and Hit and H2t are the county-wide harvest volume

and county-wide consumed volume, respectively, all for year t.

The variables and X represent other factors which influence

these ratios. The equations will be estimated for both the log-

ging and forest products manufacturing sectors.

The form of this model is still relatively simplistic. Be-

cause of data limitations, there are very few applicable exogenous

variables. The dependent variables will be calculated with the

Oregon Department of Human Resources employment and earned income

data. Harvest levels were obtained from the 1976 Oregon Tinier

Harvest (1978) series of reports and the study by Wall (1972).

The Douglas County timber volume consumption was estimated

to equal approximately 80 percent of the total harvest, accounting

for imported and exported logs. The percentage was reached after

comparing data presented in three mill studies including all the

counties in Oregon (Manoch et al., 1968; Schuldt and Howard, 1974;

Howard and Hiserote, 1978). Other possible descriptor variables

were estimated by using data from Adams et al. (1979), U.S. Forest

Service, Region 6 (1980) and the Western Wood Products Association

(1976).



3.3.2 Silvicultural Sector Construction

The data sources which were utilized by this study do not

include time-series information on silvicultural related employ-

ment or earned incon. This problem occurs because the employment

figures have yet to be covered by the state's unemploynient compen-

sation program. It is an important sector, since forest management

intensification requires both labor and capital to accomplish pre-

determined goals. The previous work with the TREES model by

Beuter et al. (1976) did not include these estimates; therefore,

one of the objectives of this project was to estimate the jobs

(employment) and costs of the silvicultural treatments required

for forest management in Douglas County, Oregon.

Few studies exist which have attempted to estimate the labor

and cost requirements of forest management. DeBell and Harms

(1976) and Rose (1976) estimate the cost of silvicultural treat-

ments in the midwest, and Moak and Kucera (1975) list the annual

costs of forest practices in the South. Bernstein (1978) examined

the labor requirements for different methods of preconiniercial

thinning.

There are two working papers available from public agencies,

which estimate the cost of management and worker productivity

(Oregon State Forestry Department, 1978; the BLM, Roseburg Dis-

trict, 1980), respectively. Also, the Industrial Forestry

75
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Association publishes a periodical listing of costs for the pri-

vate forest sector. Since this type of information is generally

incomplete or non-existent, this project attempted to contact

practicing foresters and silvicultural contractors in Douglas

County to elicit their estimates, based upon personal experiences.

Figure 5 shows the schematic diagram of the silvicultural

treatments that may be used on any particular acre of forest land.

The left side corresponds to the treatment scheme of the TREES

model, and the right side includes several types of treatments

which may occur at that stage. Using Figure 6 as a guide, the

following public agencies were contacted:

Umpqua National Forest
Siuslaw National Forest
Upper Willamette BLM
Oregon Forestry Division, Coos Bay District
Oregon Forestry Division, Grants Pass District
Douglas County Forester

These agencies were all very helpful in supplying estimates of the

percentages of land under their jurisdiction which would require

specific treatments, the costs of each type of treatment, and

the acres per man-day which could be completed given their type

of terrain. These figures were not easy to estimate since in most

cases, this type of data has not been calculated or maintained.

The manner in which the TREES model handles the inventory

served to form the structure of the data base useful for this
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project. The model keeps track of forest stands by species, site

and ownership class. Therefore, the possible difficulties of

silvicultural treatments due to ruggedness of terrain cannot be

accounted for. For that matter, only the general locations of

the master unit (i.e., Umpqua National Forest, Coos Bay State

Forestry District,...) are known with any precision. In summary,

the estimated labor and capital costs of treatments appeared to

vary by ownership and geographical location in the county, an

observation that was reinforced during discussions with the dif-

ferent silviculturalists in the county.

Once the labor per treated acre by treatment by owner type

was estimated, a conversion to annual employment and earned in-

come was calculated. A five-day week, 49-week year, totaling 245

working days per annual job was assumed.

Earned income was assumed to vary with the type of work

assigned, with the Forest Service's contract minimum pay scale

forming the lower rate, which led to an average estimate of six

dollars an hour for regeneration, seven dollars an hour for pre-

commercial thinning, and ten dollars an hour for helicopter crews.

The earned income was then converted to 1972 real dollars,

since these wage rates are in 1980 dollars. The estimates

utilized the per period treatment acres from the TREES model,

andconverted this data into annual employment and earned
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income, which is then combined with the logging and forest products

manufacturing sectors to form the forestry sector in the EBDM model.

3.4 Methodology Sunriary

An overview of the methodology for estimating future levels of

forestry-related employment and income due to changes in forest

management intensification was presented in this chapter. The

three sectors (silvicultural, logging and manufacturing) will be

combined to form the forestry sector in the EBDM model. In the

next chapter, the estimated equations, their statistical proper-

ties and estimates of the historical changes in the county will be

given. The estimates for the labor and capital requirements of

silvicultural treatments will also be presented and discussed.

These components of the overall model will be combined in a test

case in Chapter V.



IV. MODEL DEVELOPMENT

The structure of the overall modeling system and the theore-

tical foundations of its components have been presented in the pre-

vious chapter. Although the theory provides the general form of

the models, it is the quality, quantity and availability of data

which lend this analysis its final form. In order to keep down

the costs of planning, one of the objectives of this project was

to utilize secondary data (i.e., previously collected data).

These types of data sources were employed because of the large

number of agencies which collect information about the economic

systems of counties and communities alike.

Given that there is already a supply of historical data on

each county in Oregon, this project has attempted to develop a

modeling system which can examine the consequences of forest man-

agement intensification while relying entirely on secondary sources

of information. It also has attempted to develop models incor-

porating both employment and earnings, hopefully with more accur-

ate results. With these objectives in mind, the development of

the components of the model system will be presented in the fol-

lowing sections.

4.1 Silvicultural Module
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It is precisely the lack of information pertaining to the
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labor and capital requirements of silvicultural activities which

encouraged the initiation of this research project. As was noted

in Chapter I, this employment sector was lacking from Beuter et

al. (1976). The problem exists because of the nature of this

economic sector. Garland (1979) explained that silvicultural em-

ployment was normally conducted by a scattering of contractors.

Often, the actual work is accomplished through the employment of

college students in the summer, factory workers doing second jobs,

and by migrant workers. This occurs because of the seasonality,

low wages and difficulty of silvicultural work.

The employment and earnings generated in this sector of the

economy are not accurately counted because the workers may be

classified under their primary source of employment, because they

live outside of the study area, or solely because of the nature

of contractual work. Often, only the contract's working period

and cost are recorded, whereas the number of employees, which

may change daily, remains unrecorded. But the employment and

earnings do contribute to the economic activity within the study

area. Therefore, it was necessary to construct this sector by

obtaining estimates of the employment generated by the different

silvicultural activities comon to western Oregon.

If silvicultural practices generate employment and earned

income, they also generate future earnings through the growth of
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forest stands. The costs of these practices were also collected

so that comparisons relating the benefits with the costs of appli-

cation could be developed. The TREES model was used to simulate

estimates of the number of acres which would need to be treated

each decade in order to reach projected harvest levels in the

future.

4.1.1 Construction of Estimates

Estimates of the labor and capital requirements for the

generalized activities listed in Figure 5 in the last chapter

were obtained by contacting several foresters in Douglas County.

Private silvicultural contractors were surveyed by mail and the

labor and capital requirements of silvicultural activities were

discussed with the following specialists:

Woodlands Assistance Forester, Douglas County
Reforestation Forester, Coos Bay District; State Forests
Silviculturalists, Umpqua and Siuslaw; National Forests
Silviculturalists, Eugene and Roseburg Districts;

Bureau of Land Management

The historical trends in the capital cost of silvicultural treat-

ments were computed with data collected by the Industrial Forestry

Association (1980). This organization publishes average treatment

costs per acre as incurred by industrial tree farm operators in

the Pacific Northwest.
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Capital and labor estimates from these sources varied greatly

by ownership and broad geographical area within Douglas County.

Table 3 lists the different units of ownership, their geographical!

ecological areas, and the percentage of their acreage within the

county. When contacting the professional foresters in the area,

a profile of each ownership's management scheme was developed.

Also discussed was how the geographical area affected the ecology

and the corresponding types of treatments required for forest

management. Whenever possible, the percentage of acres which

would require a particular treatment for each general activity was

estimated.

Table 4 lists an example where this procedure was used to

estimate the capital and labor requirements for the Coos Bay State

Forestry District. The estimates for this and the Grants Pass

State Forestry District were particularly aided by a report from

the Oregon State Forestry Department (1978) which listed estimated

capital costs of forest management for these districts. All costs

are in 1980 dollars, and labor is reported in mandays per acre

after converting from treatment acres per manday. The procedure

as applied to several other ownership units is listed in Appendix A.

All fertilization was assumed to be applied aerially with a

fairly stable labor and capital requirement for all units within

the county. Most of the contacted ownerships were able to provide

estimates for precommercial thinning, whereas estimates for



TABLE 3. DOUGLAS COUNTY FOREST ADMINISTRATION UNITS

*
Ownership specific estimates.
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Ownership Unit
Geographical
Location

Percent in
County

National Forests

Rogue River Cascade Mountains 11

Siuslaw Coastal Mountains 10
*Umpqua Cascade Mountains 84

Willamette Cascade Mountains 3

Bureau of Land Management

Siuslaw, Upper Willamette Cascade Mountains 7

*South Umpqua, Douglas Valley 100

South Coast, Curry Southern Coastal Mtns. 40

Jackson, Josephine & Klamath Southern Valley 10

State Forest Units

*Coos Bay District Coastal Mountains 27

Grants Pass District Southern Valley 45

Forestry Industrial Predominately Coastal 100

Mountains and 100
*Forestry Non-Industrial Valley



1One-year delay.

2Three-year delay.

l98o dollars.
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TABLE 4. CAPITAL AND LABOR REQUIREMENT ESTIMATION

Coos Bay: State Forestry District

Percent Acres! Cost!
Technique Application Man-day Acre

Regeneration: Trapping 10 100 40

Preburn Spray 20 25 35

Burn 60 70 85

Plant 100 1.25 80

Tube 80 1.0 150

Spray Release 40 25 25

Spray Release1 40 25 45

Replant2 20 1.25 173

Trapping 20 100 40

Hand Release2 7.5 1.5 128

Hardwood Conversion: Slashing 100 2.6 66

Aerial Spray 100 25 35

Burn 70 50 184

Tractor Scar. 5 6.8 210

Yum Yard 25 6 340

Preplant Trap. 10 100 40

Planting 100 1.25 80

Tubing 80 1 150

Spray Release 40 25 25

Spray Release' 40 25 45

Replant2 20 1.25 173

Post Plant Trap 20 100 40

Hand Release2 7.5 1.5 128

Man-day/ac. Dollars 3/ac.

Regeneration 1.903 410

) Regeneration (Genetic) 2.205 465
Summary Preconuiercia1 Thin. 2.0 90

Fertilization 0.01 55

Hardwood Conversion 2.333 730
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regeneration and hardwood conversion required a more composite

approach. These estimates utilized a list of possible treatments,

the fraction of land treated that each would be required and the

labor and cost for each. Regeneration with genetically superior

stock was assumed to require 20 percent more labor and capital be-

cause of greater care in the planting and protection of the new

forest crop.

4.1.2 Silvicultural Estimates Results

The final estimates for each silvicultural activity for

each ownership are listed in Tables 5 and 6. For those ownership

units which were not contacted, their labor and capital require-

ments were assumed to correspond with units of similar geogrphi-

cal locations and types of administration. The Umpqua National

Forest was used as representative of all other federal land in the

Cascades. The South Urnpqua, Douglas unit was assumed representa-

tion for the Jackson, Josephine and Kiamath units, all of which are

Bureau of Land Management units in the lower hills and valleys of

the County. The Coos Bay State Forestry District was used as repre-

sentative of the Siuslaw National Forest which is also located in the

Coastal range.

From the discussions with the various foresters, the impres-

sion was given that the labor and capital costs of management

were greater on federal lands than on state lands. Therefore,



Regener- Regener- Precom. Fertili- Hardwood

*
man-days per acre.

TABLE 5. S:[LVICULTuRAL LABOR REQUIREMENTS*
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Administrative Unit ation ation Thin. zation Conversion

(Genetic)

Siuslaw, NE 2.28 2.25 2.0 0.01 2.80

Willaniette, NE 2.04 2.42 1.0 0.01 2.42

Umpqua, NF 2.04 2.42 1.0 0.01 2.42

Rogue River, NE 2.04 2.42 1.0 0.01 2.42

Upper Willamette, BLM 2.04 2.42 1.0 0.01 2.42

South Umpqua, BLM 1.55 1.85 1.33 0.01 1.78

South Coast, Curry BLM 1.90 2.21 2.0 0.01 2.80

Jackson, Josephine & 1.55 1.85 1.33 0.01 1.78
Kiamath, BLM

Grants Pass, State 1.17 1.39 1.33 0.01 1.34

Coos Bay, State 1.90 2.21 2.0 0.01 2.33

Private, Industrial 1.65 1.94 1.06 0.01 1.95

Private, Non-Industrial 2.06 2.42 1.33 0.01 2.44



*
1980 dollars per acre.
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*
TABLE 6. SILVICULTURAL CAPITAL REQUIREMENTS

Administrative Unit
Regener- Regener- Precom. Fertili- Hardwood
ation ation Thin. zation Conversion

(Genetic)

Siuslaw, NE 450 515 110 65 550

Willamette, NF 365 415 110 55 550

Umpqua, NE 365 415 110 55 550

Rogue River, NE 365 415 110 55 550

Upper Willamette, BLM 365 415 110 55 550

South Umpqua, BLM 350 400 100 55 550

South Coast, Curry BLM 375 430 110 55 550

Jackson, Josephine & 350 400 100 55 550

Klamath, BLM

Grants Pass, State 205 230 95 55 255

Coos Bay, State 375 430 90 55 760

Private, Industrial 324 376 80 45 420

Private, Non-Industrial 405 470 75 55 420
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the Siuslaw's estimates were made 20 percent greater than those

of its role model, the Coos Bay District. The same impression and

procedure was used to develop the Forest Industry estimates from

those of the Non-Industrial unit. The Forest Industry estimates

were calculated as 20 percent less than those of the Non-Industrial

units, because of the competitive advantages of larger parcels of

contiguous lands, economies of scale, and a greater percentage of

lands which are situated on higher site classes.

In general, the two administrative units, the Siuslaw NE and

the Coos Bay State District, exhibit the greatest labor and capi-

tal requirements. Conversely, the Grants Pass State District in

the southern valley of the county had the lowest requirements.

These estimates have been developed with incomplete information,

but they do serve to generate the necessary data which allows for

the comparison of alternative management intensities. Although

any one estimate may not be precise for any specific acre of land,

as a group, these estimates represent an attempt to categorize the

average labor and capital costs of forest management intensification

in Douglas County, Oregon.

These values form the data base for the silvicultural module

system. When combined with the output of the TREES Model, esti-

mates of future employment, earnings and capital costs are gen-

erated. Figure 6 is the flow diagram for these calculations.
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The predictions are dependent on the level of management for each

type of ownership and are assumed to result in specific future

harvest levels. However, changes in the management intensity of

any unit will alter the resulting harvest predictions. Thus, this

component of the model system Operates with data from TREES in con-

junction with the predictions of the logging and the forest manu-

facturing sectors, in order to estimate the overall impact that

forest management may have on a local economic system.

4.2 Logging and Forest Products Manufacturing Module

The labor and capital requirements for commercial thinning,

mortality salvage and regeneration harvests were aggregated for

the logging module because of the lack of available data. The

volumes harvested and the workforce required for these methods are

not reported separately. The Standard Industrial Code (SIC) 2411.

records all the employment and earnings of those workers in log-

ging camps and/or employed by logging contractors. Because log-

ging is involved in the extraction of a raw material before its

processing, the logging sector was developed as a separate module

so that its fluctuations could be kept apart from that of the

manufacturing sector.

The forest products manufacturing module is composed of the

workforce defined by SIC 24 and SIC 26, excluding SIC 2411. These
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two industrial sectors represent the primary conversion of logs

into lumber, plywood and paper products. The module represents

the fundamental manufacturing sector in the economy of Douglas

County. As employment changes in these sectors, the remainder

of the economy will be affected by any changes in revenues flow-

ing into the county due to the export of goods by these industries.

4.2.1 Model Forms

The two modules are presented in unison here because of

the similar model forms used to estimate the employment and earn-

ings. generated in both. Before the model forms were developed,

the recent trends in employment and earned wages (1972 dollars)

for both sectors were examined. These trends are shown in

Figure 7 with the annual harvest levels for Douglas County.

The most noticeable trend is that the logging sector has

been affected less than the manufacturing sector by changes in

annual harvest volumes. Although the employment and wages iii both

sectors demonstrate a corresponding fluctuation with the annual

harvest volumes, the pattern is confused to some extent by the

lack of mill inventories of logs. The storage of logs at the

mill as a step prior to processing serves to confuse the analysis,

since harvested logs may be processed immediately or stored for

years. The relations between harvest flows and employment and
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wages would be clearer perhaps if the annual levels of log

inventories at the mills were also known. The use of quarterly or

even monthly data may also be more informative. But based on the

information presented in Figure 7, it appears that while the annual

harvests have remained stable or even declined, the employment and

wages have been increasing in both the logging and forest products

manufacturing sectors.

The volume harvested annually is affected by supply and de-

mand conditions. Since timber on public lands is most commonly

purchased with contracts of two or more years duration, it is

assumed that supply has not been a restriction for any particular

year's harvest volume. Therefore, it is the market demand condi-

tions for forest products which exerts the greatest pressure on

the volume harvested in any particular year. Based on this reason-

ing, the equations that were developed to model the interaction be-

tween employment, wages and harvest flow have also included exo-

genous variables which attempt to indicate the market's demand for

forest products.

The actual quantity of wood products annually produced is a

function of labor, capital, raw material mix and the market condi-

tions influencing their costs and the prices of the multiple out-

puts. Raw material is measured in million board feet (MMBF)

Scribner scale of annual harvest volume. Labor is defined as

average annual employment in the industrial sector. Wages, the

cost of labor, is the sum of all income earned by the workforce
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for the year.

The quantity of capital invested each year in the forest pro-

ducts industries is undefined, as is the quantity of output pro-

duced. Whereas annual harvest volume is recorded and maintained

for tax records, the output composed of numerous species and

grades of lumber, plywood, particleboard, chips and paper is

poorly recorded. These outputs are not measured in easily com-

parable units, nor are their gross production values available.

Therefore, only two factors of production are identified, labor

and raw material, whereas annual output is not defined.

Although the production function for the forest product in-

dustries cannot be estimated because of the lack of data, jobs

are created and income is generated for use in the local economy.

Since it is the purpose of this analysis to develop supply-based

projections, the employment and earned wages components of produc-

tion are assumed to be functionally related to the level of produc-

tion, capital investment, raw material flow and market conditions

prevalent. Given the functional forms of the models for the

modules, future levels of employment and wages will be generated

by estimates of future harvests and other market conditions.

The models do not estimate total employment or wages directly.

Instead, the dependent variables are employment per MMBF and total

wages per N1MBF. This procedure follows earlier work by Gustafson

(1975), Wall and Oswald (1975), Connaughton (1977), and Gillis
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(1979) which was included in the discussions of equations 3.12-

3.19. In these equations, the two factor ratio has been estimated

as a function of time and total annual harvests.

These ratios actually represent the changes in the input mix

of labor and raw material over nearly two decades. During this

period, paper production was initiated, plywood production greatly

increased and smaller logs were utilized. Technology has enabled

changes in the production process as market changes have altered

the costs and prices of the multiple inputs and outputs. The

ratio of employment per MMBF is. only a representation of the inter-

action of these two inputs which have occurred in the past and

which may continue to occur in the future. The ratio of earned

wages per MMBF is estimated to predict the future relationship of

the cost of labor to raw material processed based on prior trends.

Figure 8 demonstrates the relationships as defined in this manner.

In general, the employment and wages per MMBF harvested has

been steadily rising for the logging sector. Concurrently, the

employment or wages per MMBF ratios for the manufacturing sector

have grown rapidly since a decline during the 1965-67 period.

Whenever the harvest level has risen or dropped sharply, the em-

ployment and wages per MMBF ratios for manufacturing have changed

inversely to the change in harvest. Such interaction stems from

the production processes utilized by the forest products industries.

As production has increased, the labor and wages earned per
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MMBF have declined, whereas when production has declined the oppo-

site trend is observed. This result is most likely due to the

nature of these two factors of production. As raw material is

added, inefficiently employed labor can be more efficiently used,

thereby increasing production with a declining ratio for both em-

ployment and wages per MMBF. Conversely, when production decreases,

the available workforce is maintained but employed less efficiently.

This is due to the cost of training and employing new workers.

Therefore, during slack periods, owners maintain workers as much as

possible and during boom periods the labor is utilized more

efficiently.

A recursive, two-equation model was estimated separately for

both modules. The first equation estimates the wages per MMBF.

The second equation estimates the employment per NIMBF as a func-

tion of wages per MMBF and several other exogenous variables.

The actual wages per MMBF are the exogenous variable in the second

equation. The reason this model structure was chosen rests on

several factors. The rate of growth for all employees' average

annual wages for Douglas County, and the production worker's

annual average weekly wages for the United States were statistic-

ally equivalent from 1962 through 1978. Therefore, it is assumed

that the labor purchased in a single county is unlikely to influ-

ence its regional price.

Another assumption is that the quantity of labor in total
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hours per unit of production (consumption) is easier to reduce

than are the labor wage rates. Concurrently, it is the cost of

labor, relative to the cost of other factors of production, which

ultimately affects the quantity of labor employed per unit. Based

on these assumptions, it was assumed that employment per !MBF was

dependent upon wages per MMBF, but not vice versa.

Although the two equation recursive models were chosen, it

was recognized that the endogenous variables for both equations

have demonstrated very similarly shaped trends. Therefore, the

models were estimated using three-stage least squares. For situ-

ations of seemingly unrelated regressions (i.e., covariance of the

disturbances of the two equations), such an estimation procedure

will result in more efficient estimates (Kmenta, 1971).

The exogenous variables utilized in the two models attempted

to account for the market conditions: level of production, size of

raw materials processed, and the profitability of production.

Many other factors Important to these relationships are not in-

cluded because of the lack of specific data. Information that

would have aided the model's estimation could include: annual in-

ventories of logs at mills, capital investments, technological

changes and final output mix. If the model is misspecified be-

cause of the lack of any one of these variables, the resulting

coefficients Will be biased and inefficient if the omitted explana-

tory variable is correlated with any of the included variables
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(Kmenta, 1971). Although this is an inherent problem with time-

series analysis, the results of estimation can still be used to

study the relationships, assuming the bias and inefficiencies

are minor.

The exogenous variables that were included in the model es-

timation for both modules attempted to represent a number of

factors important to the production process. The harvest volume

(HARVV) represents the quantity of material , measured in MMBF

Scribner scale, that has been logged annually in Douglas County.

The consumed volume (CONSV) is that volume of logs which are con-

verted into intermediate or finished products within the county.

Statitics from the works by Howard and Hiserote (1978), Schuldt

and Howard (1974) and Manoch et al. (1.968) indicate that approxi-

mately 80 percent of the harvest volume has consistently been pro-

cessed locally after netting out imports and exports.

The change in the value of lumber, the primary product of the

industry, in relationship to other goods in the market is measured

by the relative softwood lumber wholesale price index (SLWPI).

During the period of analysis, this variable has shown a slow but

positive upward trend. Another variable which describes the inter-

action of the market is the lumber production profitability factor

(LPP). It is defined as the difference between the Pacific North-

west lumber selling prices and the Pacific Northwest production

cost of lumber. Strong market periods should be identified by
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a large LPP, whereas a small or even negative LPP would define

poor periods. Based on data from Adams et al. (1979) for the

period 1962-1976, LPP has maintained a highly variable but de-

clining trend.

A changing mix of wood products outputs is the reason for in-

cluding the variable for the Pacific Northwest lumber output

(PNWLO). Lumber production has traditionally been a major factor

in the health of the industry. But its irriportance has been eroded

as plywood, particleboard and paper production have expanded.

The production processes for these items all require different

levels of labor so that the use of this variable may account for

changes in the product mix for these industries.

Finally, the harvest volume per acre from the Unipqua National

Forest (UNFPAV) is used to represent the declining log size of

material harvested and processed. Average log size has declined

as less old growth material remains and more volume is harvested

via mortality salvage and commercial thinning. As Tedder (1979)

explained, the declining log size results in a need for more logs

to be harvested and processed to maintain the same level of output.

The UNFPAV variable is an attempt to account for declining average

log size and the possible changes requires in the labor per

MMBF ratio.



4.2.2.1 Logging Model Estimates

Table 7 lists the estimated coefficients and their statis-

tical properties. In the first equation with wages per MMBF the

endogenous variable, the variables LPP, PNWLO, and LINFPAV all

demonstrate an inverse relationship. Only the variable SLWPI shows

a positive influence on wages per MMBF. In the second equation,

with employment per MMBF the endogenous variable, the variables

HARVV and SLWPI exhibit and inverse effect, whereas the variables

LPP and wages per MMBF exhibit positive influences.

4.2.2.2 Forest Products Manufacturing Estimates

Table 8 lists the estimated coefficients and their sta-

tistical properties for the next model. Again, wages per MMBF

is the endogenous variable of the first equation. As in the log-

ging model , the variables LPP and UNFPAV indicate an inverse

effect on the endogenous variable, whereas SLWPI exhibits a posi-

tive influence. In addition, the exogenous variables, CONSV and

SLWPI indicate an inverse effect on employment per MMBF while the

variables LPP and wages per MMBF have a positive influence.

4.2.3 Summary

It is difficult to evaluate the signs of the estimated co-

efficients since few studies have examined the forest industry's

103



R2 = .9489 DW = 2.1071

*
Total Annual Earned Income/MM Bd.Ft.
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TABLE 7. LOGGING SECTOR MODEL

Standard
Coefficients Error

Wages/MM Bd.Ft.* = 6.56223 2.363

- 0.124345 (Volume/Ac.) 0.013

+ 17.7002 (Soft. Lumber WPI) 1.112

- 0.00064 (Pacific NW Lumber Prod.) 0.0002

- 0.15223 (Lumber Profitability) 0.0177

R2 = .9511 DW = 2.1488

Empi oyment/
MM Bd.Ft. = 0.77556 0.109

+ 0.08969 (Wages/MM Bd.Ft.)* 0.015

- 0.187*106 (Harvest) O.76*1O7

- 0.44928 (Soft Lumber WPI) 0.275

+ 0.00251 (Lumber Profitability) 0.0024



Standard

Coefficients Error

Wages/MM Bd.Ft.* = 2.46177 4.51

- 0.82599 (Volume/Ac.) 0.09

+ 93.2219 (Soft Lumber WPI) 6.03

- 0.74813 (Lumber Profitability) 0.09

R2 = .9561 DW = 2.1941

Empl oyment/

MM Bd.Ft. = 5.67847 0.30

+ 0.07675 (Wages/MM Bd.Ft.)* 0.01

- 0.18*1O5 (Consumed Harvest) 0.26*106

- 2.63986 (Soft Lumber WPI) 0.45

+ 0.02367 (Lumber Profitability) 0.003

R2 = .9946 DW 2.244

*
Total Annual Earned Income/MM Bd.Ft.

TABLE 8. FOREST PRODUCTS MANUFACTURING SECTOR MODEL
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production relationships in this manner. In estimating these equa-

tions, variables were removed from the equations if their standard

errors were nearly equal to or greater than the estimated coeffici-

ents. Both models were found unaffected by autocorrelation and

heteroskedasticity problems by the runs-test and graphic means.

Some degree of intercorrelation exists between the exogenous

variables because of the interdependence of the market and produc-

tion processes. Because of the exclusion or inclusion of variables

such as these, the verification of theory is less precise (Kmenta,

1971). In conclusion, since part of the reason for developing these

models was to make predictions, the problems inherent with multi-

collinearity were ignored. the variables are discussed individually

to assess the appropriateness of their signs.

Umpqua National Forest average volume per acre (LINFPAV) has

been gradually declining during the study period. It was hypothe-

sized that labor and wages per MMBF would increase as the size of

harvested logs declines. The variable IJNFPAV was retained in only

the wages equations because of large standard errors in the other

equations. The resulting inverse relationship meets earlier

expectati ons.

Pacific Northwest lumber production (PNWLO) was maintained

only in the logging wages equation. Its inverse relationship may

be explained by the fact that as lumber production has declined,

plywood and other wood products output have increased the strong
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demand for stumpage. Therefore, PNWLO's decline actually may repre-

sent a period in which demand for other forest products has increased.

The increase in demand for plywood, paper and chips may have influ-

enced the corresponding rise in wages per MMBF and the sign of the

PNWLO variable may account for this relationship.

The harvest or consumption variables in the employment per

MMBF equations exhibit the relationship which meets a priori expec-

tations. For the two factors of production, the use of labor in

relation to raw material has increased. The size of logs have de-

clined, more output is produced from a unit of raw material and

harvest levels have declined in poor economic periods. However,

labor was maintained as often as possible by the industry. These

factors may have lead to greater labor use per MMBF of raw material.

The estimated coefficients seem to represent this relationship.

Lumber profitability (LLP) represents a declining profit mar-

gin for the lumber industry. The negative signs of the coeffici-

ents in the wages equations with positive coefficients in the em-

ployment equations suggest different interactions. A gradual 18-

year decline in lumber profit margins should have resulted in a

decline in at least some of the production factors. This relation-

ship appears in the employment equations but not for the wage equa-

tions. The increase in wages per MMBF must be attributed to other

factors, such as increased capital investments during profitable
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periods replacing wages per MMBF and the reverse for poor economic

periods.

The Softwood Lumber relative WPI (SLWPI) exhibits a very

strong correlation in all the equations. The variable represents

the increasing value of lumber in relation to many other goods.

As the value of this output has increased, so has the value of

other forest products outputs. These increases may have allowed

for increases in the prices paid to the factors of production re-

suiting in the positive coefficients in the wages equations.

Conversely, the negative coefficients in the employment equa-

tions imply that less labor would be used as the value of output

increases. This relationship could occur because capital invest-

ment may have been encouraged by rising product prices, during

strong demand periods, and investment may have replaced labor to

some extent in the production process. Therefore, the SLWPI has

demonstrated a positive relation with wages, but an inverse rela-

tionship to employment.

The final variable utilized is the wages per MMBF as an inde-

pendent variable in the employment equations. The correlation is

strong, however the sign is contrary to a priori assumptions. An

increase in wages per MMBF for an extended period should cause a

decline in employment per MMBF if all other input prices remain

constant. However, stumpage prices have risen rapidly relative to

other costs, which may account for the sign of the coefficient.
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During business cycles which impact the forest products industries,

the production factor of raw material can be adjusted easier than

labor since mills attempt to maintain as much of their skilled

workforce while reducing consumption of logs. This action could

lead to an increase in both employment and wage ratios.

The two models--logging and forest manufacturing--both appear

to adequately represent the historical trends of the endogenous

variables. Since it is the cost of labor relative to other fac-

tors of production which is one of the factors influencing the

wages earned and employment generated, the average earned wages

per employee per MMBF of input were calculated. This ratio was

calculated to test the conbined effectiveness of the two models.

The equations were also examined individually for estimating past

trends.

Figure 9 shows the combined ratios as estimated by the two

equation models and the historical values for both modules. The

estimates seem to correspond closely with the historical values.

Also, it is very interesting to note the close similarity between

the two figures. Although the ratios are not equivalent for the

logging and manufacturing sectors, they seem to be affected equal-

ly by changes in the system during the study period.

These models will be used to predict future levels of the

endogenous variables based on changes in some or all of the exo-

genous variables. The accuracy of these predictions is dependent
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on the model's accuracy for the current period and the relative

structural changes in the future. Regardless of the accuracy,

these models have been attempts to make predictions and explain the

theoretical interactions present. It is believed that this approach

can lend additional information to the understanding of the inter-

actions prevalent in the logging and forest products manufactur-

ing sectors.

4.3 Regional Impact Module

The theoretical structure of the economic base differential mul-

tiplier (EBDM) model has already been presented in Chapters II and

III. One equation estimates the EBDM for employment and the other

equation estimates the EBDM for earned income. As in the logging

and forest manufacturing models, if employment and earning shifts

occur in similar patterns, the disturbances of the equations may be

correlated. Consequently, a two-equation seemingly unrelated regres-

sion model was estimated with three-stage least squares. But be-

fore the actual estimates could be computed, the data base needed

to be prepared.

4.3.1 Data Base Construction

With several different sources of information, it would ap-

pear that the employment and earned income generated within the

county should be well-documented. Unfortunately, it is not possi-

ble to know the precise level of employment and earned income for

any particular time period. Figures 10 and 11 demonstrate

the differences between the estimated employment and earned
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income data bases constructed for this study and those developed

by several government agencies.

The county-wide employment and earned income is measured

directly by the Oregon Department of Human Resources (ODHR) from

firm records which qualify for the unemployment insurance program

in Oregon. While the definitions of the actual range of coverage

have increased since the early 1960's, there are still sectors of

the economy which remain outside of the program. The Employment

Division estimated employment levels, based on the ODHR data with

predictions made to account for sectors which are incompletely

covered. The Bureau of Economic Analysis (BEA) also estimates

employment and earned income based on the ODHR data.

Even though the three estimates, including those made for

this analysis, are based on the same data set, the results are

mixed. The corrections made for this analysis attempted to 'fill-

in' the perceived gaps in the ODHR data, and to accomplish such

changes in as consistent a manner as possible. In general, the

estimates made here tend to be greater than the data base and less

than the agency's estimates, but at the same time they follow the

trends found in the ODHR data base.

Although the use of the employment and earnings data from

the ODHR provided a comprehensive data base of Douglas County,

data is lacking for some sectors of the economy. In order to
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complete the data base, it was necessary to use alternative in-

formation sources.

Complete data on the wages and income earned by the agricul-

tural sector of the economy has not been previously enumerated with

any regularity by the covered employment statistics for the study

period. The employment of this sector was estimated by utilizing

the State of Oregon, Department of Employment statistics from

1962 through 1966 and BEA statistics from 1967 through 1979. The

wages and earnings for the agricultural sector were estimated

using the BEA Farm Industrial Income statistics for the county.

The local branch of the ODHR in Douglas County has tradition-

ally made estimates of the government employment. From this

agency, the federal and state employment statistics were available,

but the local employment of the government sector was not. There-

fore, using the ODHR statistics, the local government employment

was calculated by subtracting both federal and state statistics

from the county-wide total estimates. The wages and salaries for

the federal and state government sectors were also available from

the ODHR, but those for the local government sector were estimated

from BEA statistics for the county.

The other major sector for which ODHR did not have adequate in-

formation was the education sector. Since teachers are part of

the public school system, this sector had already been included

in the employment and earned income of the local government sector.



116

This approach may have lumped private school teachers in with the

public sectors Both are assumed to be components of the service

industry of the county. These three sectors--agriculture, local

government, and education--were the only areas where data needed

to be estimated. The statistics were developed from the ODHR data

for the remainder of the data base.

4.3.2 Major Section Construction

There are three variables for each of the model's equations;

the forestry sector's employment (EFOR) and wages (WFOR), the re-

mainder of the basic sector's employment (EBAS) and wages (WBAS),

and the dependent service sector's employment (ESERV) and wages

(WSERV). The construction of these six variables has already been

presented in Table 1 of Chapter III.

The final estimates of the variables for the earned income

EBDM equations were modified to account for transfer payments and

social security payments into and out of the county. The BEA pub-

lishes estimates of these payments annually for each county in the

country. Transfer payments are assumed to consist of an inflow of

revenues into a county which are essentially unaffected by the

economic conditions within its boundaries. Therefore, the trans-

fer payments were added to the WBAS variable. Social security pay-

ments were assumed to reduce the wages and earned income of each
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sector. The earned income for all three of the income variables

was reduced in proportion to their percentage of the total earned

income of the county.

The procedures used to develop the data bases for the EBDM

estimation attempted to utilize data which is common to all coun-

ties in the State of Oregon. It is hoped that if the procedures,

as developed here, result in usable estimates, the same basic

procedure may then be applied to any other county in the state.

Although both the Oregon Employment Division and the BEA publish

annual statistics on the county labor forces, their data are in

general too aggregated to allow for the construction of the data

for the variables in the detail that was accomplished here.

The historical trends of the six variables are shown in

Figure 12. Both EFOR and WFOR demonstrate the cyclical nature

of the forest products industries, whereas EBAS and WBAS have

more regular positive trends. The service sector's variables--

ESERV and WSERV--both appear to show a positive trend with fluctu-

ations which occur in conjunction with the forest products cycles.

One other observation is that the average annual income is much

less in the service sectors than in the other two sectors, es-

pecially in the latter years of the analysis.
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4.3.3 EBDM Estimates

The estimated coefficients and their statistical properties

are listed in Table 9. Both equations were tested for autocorre-

lation and heteroskedasticity, but neither problem was detected.

It is interesting to note that the multiplier for EBAS is more

than three times that of the variable EFOR. This result is un-

expected since it would have appeared that the forestry sector was

the primary force driving the economy. However, this result repre-

sents only one of several factors.

The regression results may fail to develop the correct economic

base multipliers because of deficiencies of the method. The service

employment may grow independent of any change in exports because a

diversified service sector may actually play in the development of

the economy causing independent growth. Beginning in 1970, employ-

ment in the service sector grew rapidly, nearly doubling in nine

years. Concurrent with the growth of this sector, the forestry

sector demonstrated two cycles while the remaining basic sectors grew

more consistently. These factors may account for the disparity in

the two service sector employment multiplier estimates.

The Economic Base Differential Multipliers for earned income

appear to approximate values that are more consistent with earlier

predictions. They are nearly equal and are less than the employ-

ment multipliers. Connaughton (1978) developed a proof which
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TABLE 9. ECONOMIC BASE DIFFERENTIAL MULTIPLIER MODEL

1 20

Service Sector
Income = 2980.82 4192.42

+ 0.358470 (Forestry Sector) 0.0715

+ 0.332656 (Other Basic Sectors) 0.0225

R2 = .9657 DW = 1.6978

Service Sector
Employment = - 13070.6 2405.34

+ 0.936325 (Forestry Sector) 0.391

+ 3.30579 (Other Basic Sectors) 0.387

R2 = .9423 DW = 1.9649

Standard

Coefficients Error
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explained that if the service sector average annual income is less

than that of the exogenous sectors, then the EBDM for earned in-

come would be less than the EBDM for employment. This appears to

be reasonable since a job in the basic sector may generate a job

in the service sector, creating a one-to-one correspondence. But

if the job in the basic sector earns twice as much as that in the

service sector, the resulting ratio, 2:1 , is only half the multi-

plier as that for employment.

4.4 Sumary

The local economic impact of alternative forestmanagement

intensities is developed by the estiniation and aggregation of

several sectors of the economy. Figure 13 is a flow diagram of

the components of the EBDM models. The estimated models of these

components have been presented in this chapter. This procedure

has been designed to make a detailed analysis of the forestry

sector and its changes related to changes in the county's economy.

All of the data incorporated in these models is available

in every county in the State of Oregon. Therefore, this proce-

dure is applicable to every other county in the state. In the

following chapter, Douglas County will be used as a case study

for both the testing of the model system and the examination of

the consequences of forest management intensification.
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V. DOUGLAS COUNTY: A CASE STUDY

In the development of the model system, it was intended that

it should be applicable to any county in Oregon. However, the

estimation of the model's parameters utilized data specific to

Douglas County, Oregon. This county was chosen primarily because

it is an important forest products manufacturing center (Brodie

et al., 1978), and because the future harvest levels are projected

to equal 20 percent less than current levels after 1995 (Beuter

et al., 1976).

The study by Beuter et al. (1976) simulated the effect of al-

ternative forest management intensities and harvest policies by

the different types of forest owners. Their study did not attempt

to measure the labor and capital requirements of the alternative

management schemes they examined. Nor did it attempt to relate

the resulting changes in forest products employment to any impact

on the local economy.

In contrast, this analysis does attempt to measure the labor

and capital requirements of several alternative management inten-

sities and harvest policies, It calculates the employment and

earned income generated by the forest-based industries and esti-

mates their combined impact on the local economy. And finally,

more current forest survey data now exist which allow for the

examination of the consequence of newer information about the
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forest base and its growth potential.

5.1 TREES Data Base and Assumptions

Appendix B contains pertinent information dealing with the

data base and forest management intensity assumptions of the TREES

model. However, more recent changes in land use have affected

the inventories of the private industrial (IND) and private non-

industrial (NIND) sectors. These alterations are accounted for in

the new inventory data base. Only those acres that are actually

in Douglas County were included in the new inventories of the two

State Forest Districts, Coos Bay and Grants Pass, Acres which

have been removed from timber production because of land use de-

cisions on the National Forests (NE) and Bureau of Land Management

(BLM) were deleted from their inventories.

Five data bases, generated by the TREES model, were analyzed

utilizing the silvicultural, logging, forest products manufacturing

and economic modules. The purpose of selecting these five simula-

tion runs was to allow for the comparison of results based on the

different forest inventories, management intensities and forest

management policies.. The updated inventory was used to develop

the data bases for two of the TREES runs (Runs 34 and 44), The

five data bases can be briefly described as they relate to the

Beuter et al. study (1976).
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Run 11 is the projection with the old inventory, the lower

end of the possible management intensification and with the policy

assuniption that the public sector maintains current harvest poli-

cies for the first three periods while the private sector at-

tempts to maintain a total annual harvest level of 2900 cubic feet.

This run corresponds to Run A-1 in the Beuter et al. study. Run

A-i is the harvest simulation which demonstrated the adverse de-

clines in future harvests that were possible given the ongoing

management and harvest policies.

Run 14 is the projection with the old inventory, the lower

end of the possible management intensification and with the policy

assumption that non-declining evenflow is changed to sequential

sustained yield. The rotation length on public lands is seven

decades whereas it is five decades on private lands. Run 24 is

the projection which is the same as Run 14 with the exception that

the high end of the possible management intensification is assumed.

These runs correlate with Runs A-2 and B-2, respectively, from the

Beuter et al. study. Runs 14 and 24 were generated to demonstrate

the effectiveness of forest management intensification and changes

in the harvest policy assumptions. Runs 34 and 44 utilize the

same assumptions as Runs 14 and 24, respectively, except that

they incorporate the new inventory.

The harvest schedules, which were generated given the differ-

ent data bases and management intensities, are presented by owner
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group in the following sections. Of special interest are the

simulations of the silvicultural sectors. The labor and capital

requirements for the low and high ranges of possible management

intensification and their effects on the local economy will be

compared in detail. The relative increases in investment compared

to their resulting outputs will also be reviewed. Several varia-

tions will be estimated by assuming alternative future values for

some of the exogenous variables in the logging and forest manufac-

turing models.

5.2.1 Silvicultural Results and Implications

Based on the information from Run 11, which used the old

inventory data, available harvest volumes are projected to decline

throughout the next five decades to levels below the 1945-1954

annual average. However, the decline could be more gradual if

either the high or low management intensifications occur.

This point is demonstrated in Table 10, which exhibits the

average annual harvest per decade from 1925 to 1975, and the es-

timated available annual harvest volumes for the next five decades.

Changes in the inventory have resulted in a reduction of available

harvest volumes. By comparing the values given for Runs 14 and 34

and Runs 24 and 44, an estimation of the extent to which the up-

dated inventory estimates reduced harvest volumes can be made.



*
1,534 MMBF, Scribner Scale; 1965-1974 annual average.

TABLE 11. HARVEST VOLUME COMPARISON PER DECADE

MMF (Cubic)
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TABLE 10. HARVEST VOLLIME COMPARISON PER DECADE

MMBF (Scribner)

Period Historical Run 11 Run 14 Run 24 Run 34 Run 44

1925-1934 0.04
1935-1944 0.16
1945-1 954 0.74
1955-1964 0.96
1965-1 974 1 .0*

1975-1 984 1.05 1.0 1.03 0.85 0.88

1985-1994 1.02 0.94 0.97 0.83 0.87

1995-2004 0.64 0.90 0.96 0.77 0.78
2005-2014 0.70 0.78 0.84 0.65 0.66

201 5-2024 0.64 0.74 0.76 0.61 0.61

Period Run 11 Run 14 Run 24 Run 34 Run 44

1975-1984 1 .0 0.96 0.99 0.89 0.92

1985-1994 1.0 0.92 0.95 0.89 0.93
1995-2004 0.78 0.91 0.97 0.86 0.90
2005-2014 0.79 0.90 0.96 0.84 0.89

201 5-2024 0.76 0.90 0.96 0.82 0.88
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The annual average harvest volume in Douglas County has been

increasing to a high of 1 ,534 MMBF, Scribner scale, for the 1965

through 1974 period. The simulation Run 11 demonstrated that the

current harvest scheduling policies could not be maintained, but,

instead, they would suffer a severe decline. Further, it appears

that with the additional information obtained from the up-dated

inventory, the critical drop that Run 11 predicted would occur

during the third decade and may be even worse than expected. This

projection is submitted because the harvest levels for Runs 34 and

44 are significantly less than those determined by Runs 14 and 24.

Furthermore, the harvest volumes predicted by Runs 34 and 44 are

greater than the harvest levels which will result from maintaining

the status quo.

Because of the improvements in mill technology and product mix,

the measurement of harvest volume in Scribner scale can be mis-

leading. Table 11 shows that when the harvest volumes are mea-

sured in cubic feet rather than board feet, the decline of har-

vests for Runs 34 and 44 is much less substantial. In fact,

with the assumptions inherent in Run 34 (i.e., that non-declining

evenflow is changed to sequential sustained yield), there is more

harvest volume available in the latter three decades than was pre-

dicted by Run 11. This result occurs even though the new inven-

tory's resource base is smaller for Run 34 vs. the old inventory

used for Run 11. The actual drop in usable volume due to the
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inventory reduction is less than 10 percent when comparing Runs

14 and 24, which used the old inventory data, to Runs 34 and 44,

respectively. However, regardless of the assumed harvest policy

and mnagement intensity, the average annual harvest of the

Douglas County timbershed is predicted to decline. How substantial

the decline actually is depends upon the management level in which

the owner groups are willing to invest.

The impact which the change in inventory has can readily be

determined by examining Figure 14. Runs 14 and 24 (old inventory)

are on the left with Runs 34 and 44 (new inventory) on the right.

The new inventory has reduced the available harvest volumes from

the Private Industrial (IND) and the Private Nonindustrial (NIND)

owner groups. Conversely, the National Forest (NF) and Bureau

of Land Management (BLM) are shown capable of increased harvest

volumes. The effect of increasing the intensity of forest manage-

ment is approximately the sanie for both sets of runs. However,

the total harvest volumes are less for Runs 34 and 44.

Although all four simulations incorporate levels of forest

management which are greater than present levels, they do not es-

timate any major increases in the predicted volumes available for

harvest. This lack of a major growth response occurs because of

the short length of the si:mulation. The five-decade period of the

study is considerably shorter than the forest management rotation

lengths of most administrative units. It will take more than five



6.0
z

0
U.

4.0

U)
UI

3.0
0>
I-

>
4
t*J1°04
00

c

HARVEST VOLUMES BY OWNER GROUP/DECADE

1980 1990 2000 2010 2020
YEAR

6O
Lii2
In

5.0

In

4.0

U)
UI

D3.O
-J0

2.0

1.0
04.0
UI00

FIGURE 14.

1980 1990 2000 2010 2020
YEAR

NF o NIND
o BLM V STATE

IND RUN 34
--v RUN 44



131

decades to harvest, plant, treat acreages and receive the addition-

al harvest volumes generated by the new management regime. There-

fore, the long-term effects of management intensification are not

apparent with this analysis. The full consequences of the changes

will be demonstrated by future events.

The resulting estimated availability of harvest volume from

Runs 34 and 44 is due to the investment of labor and capital by

the separate owner groups. Without the planned investment of re-

sources for management intensification, the future harvested

volume would be decreased. The relative differences between the

low (Run 34) and high (Run 44) ranges of management intensities

are compared in Table 10. The simulation values of the first

decade for the low run serves as the baseline for the other

period, including those of the high run.

In general, the differences between the two levels of manage-

ment intensity are significant. And as stated previously, al-

though the labor and capital invested per period are greater than

that of the first decade, harvest volume availability declines.

Such a change in the level of silvicultural treatments cannot be

translated into immediate gains of harvest volume as long as the

different ownerships are separately managed. But the timing and

completion of the scheduled management activities are crucial for

the attainment of projected harvests. Therefore, one method of

estimating the likelihood of each owner groupmeeting itsown
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management and harvest goals is to analyze the relative changes

in investment requirements. Decades which exhibit substantial

increases represent weak links, since budgets may be incapable of

changing sufficiently to ensure proper forest management.

The National Forest owner group may incur a 69 percent in-

crease in labor and an 84 percent increase in capital require-

ments for the second decade (1985-1994); thereafter, the labor and

capital demands could decline. This second decade may be a crucial

time period in determining whether the budgetary process of the

National Forests is capable of reaching their management and har-

vest goals. The NIND owner group may also incur a major increase

- In their capital and labor requirements for the second decade,

while the state owner group could have only a modest increase in

labor and capital requirements. On the other hand, both the BLM

and IND owner groups may incur generally declining requirements.

The forecasted investment requirements of any owner group are

dependent on the site class/age distribution of the forest base

and the long-term management, treatment and policy goals thereof.

A weakness of this analysis is that the current (i.e., last

decade) levels of management investment are poorly defined by

owner group. Therefore, it is assumed that the management re-

quired for the first decade, 1975-1984, is already in progress.

If this assumption does not hold, future harvest levels will be

reduced below those levels estimated by Runs 34 and 44.
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The lower section of Table 12 compares the changes in harvest

levels and the changes in labor and capital requirements incurred

by increasing management to that represented by Run 44 from that

of Run 34. The harvest levels represented here are only improved

initially, and by the final decade become nearly equal. In summary

then, this table demonstrates that in the short run (at least in

regard to rotation length), the increases in labor and capital in-

vestment are greater than the resulting increased harvest levels.

This result should not be construed as evidence that the investment

is uneconomical. Rather, it only demonstrates that the effects

due to more intensive forest management will not affect the avail-

able harvest volume for the first few periods.

The statistics in Table 13 refer to the future share in the

demand for labor and capital for the five owner groups. It is most

likely that the capital required by the public sector will be sup-

plied by non-local markets, whereas the private sector will have

to compete within regional or even local markets. Whether the

local economyis capable of supplying the labor and capital de-

mands of the various owner groups will determine, in part, the

future health of the economy. The more of each input, especially

labor, that is supplied from the local markets, the more likely

the earnings from labor and capital are to be spent locally also.

In general, the public and private sectors have equal demands

for labor and capital. But as demonstrated in Figure 14, the



TABLE 12. ALTERNATIVE MANAGEMENT INTENSIFICATION COMPARISONS

c

*
1975-1984 Base Values.

Harvest Acres

Vol. Harvested

Nt'l Forests Bureau of L.M. State Priv.Industry Priv. Other

Labor Capital Labor Capital Labor Capital Labor Capital Labor Capital

1975-1984 0.85 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

1985-1994 0.83 1.08 1.69 1.84 1.08 1.07 1.20 1.18 0.88 0.93 1.23 1.36

1995-2004 0.77 1.13 1.30 1.60 0.96 1.12 1.35 1.36 1.05 1.18 0.90 1.09

2005-2014 0.65 1.51 1.15 1.52 0.79 1.00 0.92 1.11 0.89 1.23 0.63 0.82

2015-2024 0.61 1.65 1.02 1.46 0.66 0.91 0.80 1.06 0.93 1.41 0.81 1.15

1975-1984 0.88 1.04 1.15 1.17 1.18 1.12 1.78 1.30 1.27 1.17 1.00 1.01

1985-1994 0.87 1.19 1.97 2.22 1.41 1.31 1.67 1.42 1.32 1.27 1.27 1.42

1995-2004 0.78 1.42 1.50 1.98 1.18 1.37 1.63 1.55 1.69 1.76 0.94 1.12

2005-2014 0.66 1.80 1.42 2.14 1.02 1.34 1.47 1.58 1.16 1.69 0.82 1.02

2015-2024 0.61 1.90 1.21 2.08 0.89 1.32 1.29 1.57 1.24 1.95 0.98 1.31

1975-1984 1.04 1.04 1.15 1.17 1.18 1.12 1.78 1.30 1.27 1.17 1.0 1.01

1985-1994 1.04 1.10 1.17 1.21 1.30 1.22 1.39 1.20 1.49 1.36 1.04 1.04

1995-2004 1.02 1.26 1.15 1.24 1.23 1.23 1.21 1.14 1.61 1.49 1.05 1.03

2005-2014 1.03 1.19 1.24 1.41 1.29 1.34 1.60 1.42 1.30 1.37 1.31 1.24

2015-2024 1.01 1.15 1.19 1.42 1.34 1.46 1.62 1.48 1.33 1.39 1.21 1.14



TABLE 13. FUTURE DISTRIBUTION OF LABOR AND
CAPITAL REQUIREMENTS
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Run 34

Percent of Capital Percent of Labor

NE BLM State IND NIND NE BLM State IND NIND

1975-1984 20 25 3 29 23 23 24 2 28 23

1985-1 994 29 22 3 21 25 32 22 2 21 23

1995-2004 26 23 3 27 21 28 22 3 28 19

2005-2014 27 22 3 31 17 30 22 2 29 17

2015-2024 24 19 3 33 22 27 19 2 31 22

Run 44

1975-1984 21 25 3 30 21 22 24 3 30 21

1985-1994 29 22 3 24 22 30 23 3 25 20

1995-2004 25 22 3 32 17 25 21 3 35 16

2005-2014 28 22 3 31 16 30 22 2 29 17

201 5-2024 25 20 3 34 19 25 20 2 32 21
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public sector could supply a growing proportion (62-75%) of the

timber harvested. The net impact of this situation may be that

the private sector, which owns all of the forest products mills,

may increase the bid prices of public sector stumpage as harvest

volume drops and final product demand remains constant. The in-

creased competitive nature of the stumpage market may reduce the

private industrial (IND) sector's ability to invest capital in

long-term forest management. This cycle of events could degrade

the IND sector's ability to reach forest management goals, which

are the highest among all the owner groups.

5.2.2 Forest Industry Consequences

Run 34 (the projection with the new inventory and the

lower end of the possible management intensification) served as

the data base for examining the effects of alternative assumptions

on. the logging and forest manufacturing modules and their combined

effect on the local economy. Run 34A refers to the simulation

where the exogenous variables, which are not generated by the

TREES model, are assumed to have their 1975-1979 average values.

As long as the productivity assumptions hold, the silvicultural

employment and earnings will remain constant between variations

of the other assumptions.

The exogenous variables--SLWPI and PNWLO--are estimated using
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the projections from Adams et al. (1979) for Run 34B, which tests

the effect the projected values have on the models. The estimates

for the lumber profitability margin (LLP) were set at zero. The

reason for this adjustment is that the projected future values of

the variables used in estimating LLP calculated estimates of nega-

tive dollars per thousand board feet of lumber. Such a relation-

ship could not be maintained for long by the forest products in-

dustries. Therefore, the neutral value was chosen for this

separate situation. Only the employment aspects of the runs will

be discussed since the effects on earnings are the same as for the

employment changes.

Both Run 34A and Run 34B assume that productivity increases

are reducing the labor component of the logging sector by seven

percent per decade and by nine percent for the forest manufactur-

ing and the silvicultural sectors. Run 34C and 34D utilize the

same assumptions for the models as Runs 34A and 34B, respectively,

except that the productivity assumption is removed in both. With

these different assumptions, the future employment and earnings

in the forestry sectors and the rest of the economy will be

estimated.

The consequences of these various assumptions are evident

in Table 14. The first period values for Run 34A are taken as the

base values to which all the results for other periods and runs

are compared. Given the simulation Run 34A, the decline in future



TABLE 14. ASSUMPTION SENSITIVITY OF MODEL

(new inventory, low range; i.e., Run 34)

19 75-84

1985-94
1995-04
2005-14
2015-24
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harvests translates directly into a reduction in the combined

forestry sectors. However, if the values of the exogenous vari-

ables are assumed to increase, as in Run 34B, the decline in the

forestry sector is much less.

A comparison between these two runs seems to indicate that

even with a productivity increment included, the drop in future

harvest level is partially compensated by more employment in

logging and forest manufacturing per MMBF. This element is demon-

strated in Table 15, which compares the past and predicted employ-

ment per MMBF for the two sectors. It appears that although the

harvest volume may decline, the employment lost will occur at a

rate which is less than the rate of increase of labor per MMBF

for the logs harvested and consumed.

Runs 34C and 340 demonstrate the impact which the producti-

vity estimates have on employment. If there were no productivity

increases, the forest industry's emloyment would not drop below

current levels. Of course, the rate of job loss due to increase

productivity may actually be greater in the future, which would

result in even fewer jobs as the harvest levels decline. The

actual rate of change for the employment in the forestry indus-

tries will be dependent on both the technological advances in the

mechanization of production and the development of greater utiliza-

tion of each cubic foot of raw wood material for the manufacture

of new and more varied products.



TABLE 15. RELATIVE' EMPLOYMENT AND INCOME PER MIV1BF

11g62_1976 Average Value Division.
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Year

Lossin' Forest Manufacturin'

Empi ./MMBf Wage/MMBF Empi ./MMBF Wage/MMBF

1962 .90 .77 1.0 .83

1963 .91 .84 1.04 .90

1964 .88 .81 .94 .85

1965 .87 .82 .88 .81

1966 .88 .83 .92 .83

1967 .84 .83 .86 .78

1968 .79 .81 .74 .74

1969 .95 .94 .82 .80

1970 1.04 1 .05 .97 .99

1971 .97 1.03 .94 1.01

1972 1.04 1.12 1.04 1.17

1973 1.08 1.22 1.13 1.29

1974 1.20 1.22 1.25 1.35

1975 1.35 1.35 1.27 1.32

1976 1.27 1.36 1.22 1.37

Runs:
34A 34B 34A 34B 34A 34B 34A 346

1975-1984 1.20 1.60 0.99 1.60 1.31 1.58 0.94 1.60

1985-1994 1.25 2.03 1.05 2.22 1.36 1.85 1.02 2.16

1995-2004 1.30 2.35 1.12 2.70 1.43 2.09 1.12 2.64

2005-2014 1.37 2.53 1.19 2.99 1.51 2.30 1.23 3.05

2015-2024 1.37 2.65 1.20 3.20 1.51 2.43 1.23 3.35



5.2.3 Regional Consequences

The relative comparisons of the consequences of changes in

the forest industry sector on the service sector of the economy

are also shown in Table 14. The regional. effects were estimated

with the exogenous variable representing the rest of the basic

sector fixed at its 1979 level, which is assumed to approximate

an average for the first period (1975-1984). In this manner,

the dependence of the service sector on the forest-based sector

can be examined.

In general, the level of employment in the service sectors

changes much less than that of the forest-based sectors. This is

primarily due to the different sized coefficients of the two

economic base differential multipliers. Although the forest-

based sectors, when combined, employ nearly 50 percent more than

do the other basic sectors, the sectors such as non-local govern-

ment and small exporting industries have exhibited a more stable

growth base than have the cyclical forest-based sectors of the

economy. The net effect is that as forest-based sectors decline,

service sectors may also decline. However, the final consequences

may be more dependent on changes which affect other basic sectors

(i.e., growthof these basic sectors can cause service sector growth).

The total erriployment level in the forest-based sectors has

been fluctuating between eight and nine thousand during the past

141
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decade. Concurrently, the employment levels in the other basic

sectors and the service sectors have been growing from 4700 to

6400 and 9000 to 18,000, respectively. It would seem that for

the last decade at least, the forest-based industries have not

been the primary growth inducers in the economy. The estimates

from Run 34A seem to indicate that the employment declines in the

forest-based sectors could be offset by an increase in the other

basic se&Eors. Of course, if these sectors suffer a decline, so

will the entire local economy.

5.3 Conclusions

The two new simulations incorporating the updated inventory

data were estimated at the low and the high ends of the range of

forest management intensification to examine two aspects. First,

the increase in available volume for harvest was compared with the

increase of labor and capital that would be required. It was de-

termined that the increased growth due to the investment of labor

and capital would not be completely evident until decades beyond

the study period. The changes in capital requirements for each

owner are different for each period. These changes in management

costs must be reflected in each ownership's budgetary process or

they may not be capable of being implemented. If the silvicultural

treatments do not occur as scheduled, future harvest volume (be-

yond five decades) may be significantly affected.
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Secondly, another question which this study analyzed was

whether the jobs lost in the logging and forest manufacturing

sectors could be replaced by employment in the silvicultural sec-

tor. This does not seem likely since the number of lost jobs may

number in the thousands, whereas the total number of silvicultural

jobs is less than three hundred. But it is important to note that

the silvicultural jobs are defined on an annual basis. Workers

are rarely employed for this type of occupation for twelve con-

secutive months. The types of silvicultural work involved are

very seasonal with planting, burning, spraying, etc. conducted

only a few months out of the year. Therefore, a much greater num-

ber of people are likely to be employed for part of the year in

these activities. It may be that the additional income to fami-

lies from this part-time work serves as an important component of

their revenues, especially in the lower income groups.

The logging forest manufacturing sectors are undergoing im-

portant changes. In the last decade, more people have been em-

ployed for every million board feet processed than ever before.

Even with technological improvements which have increased the pro-

ductivity of the individual worker, other factors have kept people

working. The large old growth forest stands are nearly gone so

that more and more of the harvest volume must come from thinning

and salvage operations, or from harvesting younger stands; per-

haps on more difficult sites. These labor-intensive practices may
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be the force which maintains the employment in logging as harvest

volumes decline.

The forest manufacturing sector has been undergoing some

major changes in the types of wood products produced and the raw

materials used. During the period comprising the data base for

this study, wood chips became a fuel and raw material rather than

a waste by-product. Lumber, which is still the primary product,

has been joined by a pulp mill and numerous plywood facilities.

Whether the decrease in harvest volume can be compensated for by

the production of more products through the greater utilization

of the raw material remains to be seen, but the initial progress

has already begun.

The simulations utilizing the new inventory data indicated

that the future harvests are restricted to less harvest volume

than had been predicted by others (Beuter et al. , 1976). The

situation may be even more serious, since Runs 34 and 44 assumed

policy changes along with forest management intensification. If

the management is not altered, future harvest volumes may be even

less. However, with additional investment and public policy

changes, future annual harvests could be maintained at levels

which are within the lower bounds of annual harvest fluctuations

which have occurred within the past two decades.

The extent to which the county's economy is adversely affec-

ted by the decline in harvest volume is dependent upon many
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factors. Although the forest resource is the primary single

source of employment, not all such employment would be lost by

reduced harvest levels. The manner in which the industry adapts

to future harvest levels will have a tremendous impact on the local

economy. Additionally, the health of the other basic sectors of

the economy will play an important role in formulating future

changes in the economy.



VI. SUMMARY AND CONCLUSIONS

The purpose of this project, as stated in Section 1.3, is to

develop a regional impact assessment model which can be linked

with the harvest scheduling model TREES so that the relative labor

and capital costs of each ownerships forest management goals may

be assessed. This has been accomplished with the test case in

Chapter V serving as an example. The model system also provides

income and employment economic base multipliers which demonstrate

the direct, indirect and induced effects of changes in forest

management policies and management intensity. The future supply

in timber volume in relation to market demand conditions will de-

termine the health of the forest products industries in Oregon.

Since the forest-based industries form a major export component of

many Oregon counties, the economic future of the state is depen-

dent on the changes which this industry will undergo.

6.1 Review of Model

A model may be considered useful or successful on the basis

of several criteria. First, the model should be consistent with

available information. Secondly, it should provide greater in-

sight and understanding of the phenomena being studied than do

earlier models. And thirdly, the model should be capable of

1 46
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forecasting future trends, particularly under conditions that

differ from those of the past.

The major components of the model have been constructed or

estimated utilizing historical data specifically from Douglas

County, the central focus of this analysis. Three-stage-least-

squares was employed to estimate structural models for logging,

forest products manufacturing and the economic impact modules.

The resulting estimated models were tested by comparing their

estimates of the historical data base which had been used for

their estimations. All of the models demonstrated a fairly reli-

able ability to estimate past trends. Whether the models can be

used to accurately forecast future trends is yet unknown but is

tied to estimates of the exogenous variables.

The silvicultural module utilized estimates of labor and capi-

tal requirements which were rather general in nature. The ecology

of Douglas County, or Oregon in general, is very diverse. This

results in different silvicultural needs and opportunities between

and within administrative units. The costs were calculated in 1980

dollars,and were assumed to stay constant, ignoring the effects of

inflation. However, the costs may change independently over time.

Although the analysis of data from the Industrial Forestry Associ-

ation (1980) when corrected for inflation, demonstrated nearly

constant costs on the average.

The labor component for the silvicultural module was also
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estimated through personal interviews with practicing silvicultur-

alists resulting in generalized estimates. At the same time, the

labor components for all three forest-based modules were expected

to undergo productivity increases. These increases were based on

the study by Gedney et al. (1966), which was the only available

source of such data.

The construction of the Economic Base Differential Multiplier

(EBDM) model incorporated regional economic growththeory with

the available county data base. Again, the comparison of the

model's estimates with the past data points used to estimate the

model demonstrated that the model did comply with past trends.

However, this is not to say that the EBDM model is the only cor-

rect method to use for a forest-based economy. Other models,

such as input-output or econometric models, have and could be de-

veloped with the same close adherence to regional economic growth

theory. The EBDM model was chosen for this situation because,

given the properties of the economy and available data bases, it

was capable of estimating the consequences of changes in the

forest-based sectors on the remainder of the economy, all else

remaining constant.

The reason that the separate modules were estimated and then

combined was to provide a comprehensive planning tool for forest

management planners. The TREES model incorporates the biological

and silvicultural capabilities of the resource base and
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simulates future levels of harvest volumes, given certain silvi-

cultural regimes. The silvicultural module then incorporated

treatment acreages into the labor and capital requirements for the

particular management goals specified for each administrative unit.

The combination of the TREES model with the silvicultural

module is an endeavor to relate silvicultural treatment costs and

applications to the long-term achievement of forest management

goals. If such goals are to be realized, the possible barriers

to their completion must be known if they are to be surmounted.

This study determined that incorporation of intensive forest

management will affect the forest owner groups unequally. And,

if future harvest levels are to be reached, these disparities may

serve as barriers to planned management levels assumed by the

harvest scheduling model.

The logging and forest products manufacturing models utilized

exogenous variables which demonstrate a correlation with the endo-

genous variable and concurrently have a theoretical functional re-

lationship. The intent of the model estimation is to provide exo-

genous variable values which supply insight into the interactions

affecting these sectors of the economy.

The estimation of both employment and earnings EBDMs for the

forest-based industries was intended to provide additional infor-

mation on the importance of this sector in the region's economy.

The coefficient's estimation was hampered by non-compatible data
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sources which have had definitional coverage changes that are un-

correlated with one another. The lack of data for specific in-

dustries also presented estimation problems.

Although the estimation process was not without problems,

the resulting EBDMs serve a useful purpose. They allow the forest

management planner to relate management plans to their resulting

effects on the local economy. The overall structure of the model-

ing procedure is an attempt to relate resource-based management

applications to the economic region in which they are an integral

part.

The ability of the models to accurately forecast future

trends under a new set of conditions must surely be subject to

uncertainty. The estimates of all the regression models utilized

limited data bases, and therefore exhibit few degrees of freedom

in relation to the extremely long-term forecast periods required

by the harvest scheduling model. The forecasts are only as good

as the assumptions utilized in their formation. If import substi-

tution, forest products technology, preferred silvicultural manage-

ment techniques or the demand for the current range of forest pro-

ducts changes, the accuracy of the forecasts is affected. However,

the forecasts are based on the best current data available to

make up-to-date estimates for the comparison of alternative for-

est management schemes. The decisions which are made with this

system of models must also take into account possible changes and



their effects on the final outcomes.

6.2 Conclusions
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The economic structure of Douglas County, Oregon has demon-

strated several interesting functional relationships. The service

sector employment and earnings reflect the cyclical fluctuations

of the forest industries, but have been steadily increasing as

have the remaining (non-forestry) basic sectors. The purpose of

estimating the EBDMs for the forest-based industries was to de-

velop the capability of predicting the adverse effects of a de-

clining sector on the economy. It may well be that no economic

growth theory model now exists which can show the adverse impacts)

if no situations have existed in the past which closely resemble

the predicted changes.

During the business cycles which the forest industries have

undergone, only ten to twenty percent of their workforce was un-

employed. These cycles have been mirrored by the service sector,

although to a lesser extent. The case study of Douglas County

(Run 11) indicates the possibility of a much greater decline in

the forest industries than that resulting from any previous busi-

ness cycle. If such a decline did occur, the consequences may be

far more severe than the past would indicate. Conversely, with

an economic base which is expanding into a number of healthy
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industrial sectors, the adverse impacts, if gradual , may be sub-

stantially reduced or eliminated as the other sectors take ad-

vantage of underemployed labor and capital.

Any workforce which becomes unemployed by a reduction in the

forest industrial sectors, will have several options. They may

work part-time, or they may collect workmen's compensation until

new employment is found. They may also leave the region in search

of work elsewhere. This final alternative would probably have the

most substantial adverse effect on the economy, since these work-

ers would no longer be purchasing goods and services from local

markets. On a long-term basis, their leaving could severely

affect the service sector.

In surriiiary, the model structure presented by this study was

designed with the intent that all three criteria for an ideal

model would be satisfied. In actuality though, they are not com-

pletely met. The models did utilize available data, they are con-

sistent with known facts, and the individual models, as well as

the entire model system, does provide greater insight into the

system being examined. However, the model system's ability to

predict the future is literally unknown. Only time will prove its

accuracy.

This system of models is presented with the ability to be re-

estimated as new data becomes available. The framework is capable

of helping forest managers and policy planners make estimates of
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the consequences of their action, and to revise those estimates in

a relatively inexpensive manner. The system incorporates a forest

growth model, a silvicultural/harvest scheduling model, along with

their costs and revenues in conjunction with silvicultural , log-

ging, forest products and economic base differential multiplier

model S.

6.3 Areas for Further Research

Numerous areas exist in which further research would be bene-

ficial. For example, the labor and capital requirements of the

silvicultural activities are poorly defined, and greater detail

in these areas would increase the model 's accuracy. Currently,

the model assigns treatment applications on a percentage basis for

each of the resource administrative units. Further work remains

in delineating those treatments which result in positive net bene-

fits for the different sites.

If the demand for forest products remains at historical levels

as the availability of future harvest volumes declines, the market

may force some mills to invest in more efficient equipment, to

close, or to be sold. Hamill (1963) made several predictions re-

lating to the future character of the forest products industries.

He predicted that sawmill capacity at that time was greater than

the resource base could supply, that smaller mills would close
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and that capacity would be added to the veneer and plywood mills.

He also forecasted that most new capacity would result from the

horizontal integration by existing firms already in operation,

and that many independents would be forced to change ownership.

Records from the Oregon Department of Human Resources (1962-

1979), the Annual Lumber Review and Buyers Guide (1962-1978), the

Annual Plywood and Veneer Review (1962-1978) and the Directory of

the Woods Products Industry (1962-1978) correspond with Haniill's

predictions. During the past 17 years characterized by a strong

demand for forest products and the highest harvest levels which

have ever occurred in Douglas County, the forest products indus-

try has changed considerably. The industry will continue to change

and adapt as the supply and demand conditions reflect future

changes. Therefore, to further test the structural equations of

the forest industry models, they should be estimated with other

forest-based counties.

Studies need to be conducted which can relate the economic

parameters which may force an individual mill to close, or certain

sized mills at specific locations never to reopen. The forest

products manufacturing module only measures the aggregate indus-

trial base. The reality of a declining industry is the unevenness

of the impacts. All the mills are adversely effected, but only

a few actually close. For instance, the impact of the only mill

in a small town shutting its doors is much more significant than
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an average number of employees lost county-wide. If such data

could be included in the framework of examining alternative

forest management schemes, problem areas could be determined

more accurately.

The economic base differential multiplier model (EBDM) is not

the only model which can be incorporated into the model structure.

Econometric or input-output models may serve some areas better,

depending upon the economy's structure, data availability and

previous studies of the economy. The EBDM was implemented be-

cause of the low cost of utilizing data bases which are currently

available and updated annually. Regional economic growth theory

is neither complete nor in agreement (Richardson, 1979) as to

which theory or method is 'best.' Further analysis in studying

small , forest-based economies may improve these growth theories,

and therefore the models themselves.

Finally, the TREES model is not the only growth/harvest

scheduling model that should or could be utilized. An ideal

model would be capable of relating growth and treatment opportuni-

ties to individual acres, accounting for all relevant biological

and adminstrative constraints. Perhaps such a model would be

capable of better modeling the resource base and the future possi-

ble gains due to the alternative management regimes.

The health of a timber-dependent economy is affected by the

combined management decisions of all forest owners within the
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market. The management goals of each owner need to be modified

by the growth capability of their lands, capital available and

the interaction of their multiple objectives. It is proposed that

the model framework presented may improve the ability of forest

managers and policy planners to analyze the consequences of their

actions.
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APPENDIX A



1One-year delay.

2Three-year delay.
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Grants Pass: State Forestry District

Cost
Per Acre

Percent

Technique Application
Acres Per
Man-day

Regeneration: Burning 20 70 50

H&S 10 4 30

Slash & StumpT. 5 25 45

Planting 100 1.25 80

Release Spray 30 25 30

Release Spray1 40 25 55

Interplant2 35 1.25 71

Hand Release2 5 1.5 113

Hardwood Conversion: Stem Ejection 60 4 35

Slash & Stump T. 10 1.5 50

Aerial Spray 20 25 30

Brown & Burn 10 50 120

Tract. Scarif. 10 6.8 210

Planting 100 1.25 80

Release Spray 40 25 30

Release Spray' 30 25 55

Interpi ant2 30 1 .25 71

Hand Release2 5 1.5 113

1980 dollars.

Man-day/ac. Dollars3/ac.

Regeneration 1.171 190

Regeneration (Genetic) 1.387 215

Precommercial Thin. 1.333 95

Fertilization 0.01 55

Hardwood Conversion 1 .343 240



Regeneration:

2Three-year delay.

198o dollars.

Man-day/ac. Doll ars 3/ac.

Regeneration 2.039 360

Regeneration (Genetic) 2.423 410

Precormiercial Thin. 1 .0 90

Fertilization 0.01 55

Hardwood Conversion 2.42 550

Umpqua National Forest
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Percent Acres Per Cost

Technique Application Man-day Per Acre

Slash Burn 100 50 70

Site Prep., 40 25 75

Aerial

Site Prep., Hand 20 4 20

Planting 100 1 88

Tubing 60 0.75 250

Replant & Tube 15 1.25 80

Hand Release 5 0.5 113



Regeneration:

2Three-year delay.

198O Dollars.

Man-day/ac. Doll ars3/ac.

Regeneration 1.544 325

Regeneration (Genetic) 1 .848 975

Precommercial Thin. 1.333 85

Fertilization 0.01 55

Hardwood Conversion 1 .78 550

South Umpqua: BLM
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Percent Acres Per Cost

Technique Application Man-day Per Acre

Slash Burn 60 70 85

Herb Spray 40 25 75

Plant 100 1.25 94

Tube & Leader 40 3.0 351

Protection

Replant2 15 1.25 80



2lhree-year Delay.

Private, Non-Industrial

172

Percent Acres Per Cost

Technique Application Man-day Per Acre

Regeneration: Slash Pile 70 6 70

Herb Spray 30 25 45

Grass Control 40 25 30

Planting 100 0.91 125

Tubing 50 1.0 250

Netting 50 3.0 101

Release Spray 25 15.0 36

Inter-Plant2 15 1.25 95

Hand Release3 5 4.0 15

l98o Dollars.

Man-day/ac. Cost/ac.

Regeneration 2.059 400

Regeneration (Genetic) 2.420 460

Precommercial Thin. 1.333 75

Fertilization 0.01 55

Conversion 2.443 420
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APPENDIX B



Percentage Distribution of Acres in the Standard Land Class' by Management
Intensity, Currently and for Two Projections*

Rogue River National Forest

Siuslaw National Forest

Umpqua National Forest

Willamette National Forest

Management2
Intensity Current

3 Target A
1975-2005 2005+

Target B5

1975-2005 2005+

2

4

5

6

7

2

3

4

5

6

7

2

4

5

6

7

2

3

4

5

6

7

100

100

100

100

6

69
25
-

-

2
-

-

98
-

-

11

59

30
-

-

6

75
19
-

-

6

69

25
-

-

2

-

-

98
-

-

11

59

30
-

-

6

75
19
-

-

15

30 30

14 14

36 35

5 6

- -

13 13

5 5

16 16

61 33

5 33

7 7

25 25

30 30

31 29

5 7

17 17

16 16

21 21

41 38
5 8



Z

Management Target A Target B

IntensitX Current 1975-2005 2005+ 1975-2005 2005+

Siuslaw and Upper Willamette 2 3 3 3 - -

Master Unit BLM 3 91 5 5 17 17

4 - 41 41 16 16

5 6 51 51 21 21

6 - - - 41 38

7 - - 5 8

South Umpqua and Douglas 2 6 2 2 - -

Master Unit BLM 3 93 11 11 7 7

4 1 61 61 25 25

5 - 26 26 30 30

6 - - 33 31

7 - - - 5 7

South Coast and Curry 2 10 3 3 -

Master Units BLM 3 88 7 7 23 23

4 2 59 59 26 26

5 31 31 28 28

6 - - - 18 18

7 - - 5 5

Jackson, Josephine and Kiamath 2 10 2 2 - -

Master Units BLM 3 90 29 29 15 15

4 22 22 30 30

5 47 47 14 14

6 - - 36 35

7 - 5 6

Coos District; Other Public 2 11 5 5

in Coos County 3 86 82 82 23 23

4 .2 2 2 26 26

5 1 11 11 28 28

6 - - - 18 18

7 - - - 5 5



'Management intensity 1 is assumed for all acres in the special land class, regardless of unit
and location, and regardless of whether the standard land class is assigned Target A or Target B.
Management intensity targets are not needed for other classes of land, because the other classes are
not handled as separate administrative units in the projections. When managed for timber, the other
classes of land are brought into the standard land class and treated in the same manner as that class.

2Management intensities are defined as follows:

Management Target A Target B

Intensity Current 1975-2005 2005+ 1975-2005 2005+

Grants Pass District; Other 2 2 2 - -

Public in Douglas and 3 99 86 86 15 15

Josephine Counties 4 1 12 12 30 30

5 - 14 14

6 - - 36 35

7 - - 5 6

Forest Industry 2 10 2 1

3 50 36 30 7 7

4 17 40 40 25 25

5 1 15 15 30 30

6 7 7 9 33 31

7 - - 5 5 7

Non- Industrial 2 32 7 3 2 1

3 68 70 65 36 30

4 - 23 23 40 40

5 - - 9 15 15

6 - - 7 9

7 - 0 - - 5



MI-i is softwood species type with no management intensification. The basic yield function for the
appropriate softwood species applies for this MI, except that yields are reduced for environ-

mental reasons. Reductions are accomplished by the imposition of more severe ending conditions
for the projection than are used for MI-3, which implies much longer rotations for MI-i.

MI-2 is hardwood species type with no management intensification. The basic hardwood yield function

applies.

MI-3 is softwood species type with no management intensitication. The basic yield function for the
appropriate softwood species type applies for this MI. Growth is adjusted to take into account
the present stocking of the stand relative tO the basic (standard) yield function.

MI-4 is softwood species type, including commercial thinning. The thinning rules for this analysis

are: (A) Only acres that are greater than or equal to 70 percent stocked compared to the basic
yield function (MI-3) are eligible for thinning, provided the timber is between ages 35 and 95,
inclusive for the low and very low site classes (see footnote No. 3, Table Al for site class
definitions); (B) Volume to be removed in thinning is determined such that the stand after thin-
ning is 60 percent stocked compared to the basic yield function, or such that the stand after
thinning has 67 percent of the before-thinning volume per acre, using whichever leaves the great-
est volume per acre in the stand after thinning; (C) If the thinning volume calculated as above
is less than 800 cubic feet per acre, no thinning occurs. Growth after thinning is calculated

as 90 percent of gross growth (the basic yield function (MI-3) plus mortality). When no thinning

occurs, growth is calculated as for MI-3.

MI-5 is softwood species type, including stocking control (precommercial thinning) and commercial thin-
ning) and commercial thinning. Stocking control is assumed to occur at age 15 for the high and
medium site classes, and age 25 for the low and very low site classes (see footnote 3, Table Al
for site class definitions). At the time of stocking control, the basic yield function is shift-
ed such that yields occur earlier as follows: For high and medium site classes, shift basic
yield function such that comparable yields occur 5 years earlier than for the basic yield func-
tion (MI-3); for low and very low site classes, shift basic yield function such that comparable
yields occur 10 years earlier than for the basic yield function. After stocking control occurs,
the thinning rules for MI-4 apply, except that the inclusive ages are 25 to 95 for the high and
medium site classes and 35 to 105 for the low and very low site classes. Growth after thinning
is calculated as 90 percent of gross MI-S growth (MI-5 yield function, plus mortality). When no

thinning occurs growth is calculated as for MI-3.



M1-6 is softwood species type, including stocking control, commercial thinning and fertilization.

This management intensity is basically the same as MI-5, except that fertilization is assumed

to occur such that yields are raised by the following specified amounts: For the high site

class, MI-6 yields = 1.10 x MI-5 yields; For the medium site class, MI-6 yields = 1.15 x M!-5
yields; for the low and very low site classes, MI-6 yields = 1.20 x MI-5 yields. For this

analysis, fertilization is allowed only between the following ages: For the high and medium

site classes, ages 15 to 75, inclusive; for the low and very low site classes, ages 25 and 85,
inclusive. Thinning rules and growth are supplied as for MI-5 except that the MI-6 yield

function is used for calculating growth after thinning.

MI-7 is softwood species type, including genetically improved stock, stocking control, commercial

thinning and fertilization. For this study, MI-7 is treated exactly as MI-6 for thinning and

growth. Although no gain in growth is assumed for MI-7 compared to MI-6, higher yields can

be expected because MI-7 is accompanied by more optimistic regeneration assumptions. That is,

it is assumed that regeneration lag is less, the failure rate for regeneration is less, higher

stocking levels are attained, and fewer acres revert to hardwoods for MI-7.

3The current distribution of acres by management intensity reflects the starting inventory as

of January 1, 1975.

4Target A distribution was intended to be a moderate, likely-to-be-attained movement from cur-

rent management intensities based on interviews with land managers.

5Target B distribution is a distribution for all owner classes within a timbershed, except

other private, which is based on interviews with forest industry land managers. In general, forest

industry land managers are more optimistic than others about management intensification, so this

was intended to be the "high" distribution. The "other private" distribution was arbitrarily de-

termined at a lower level than that used for the other owner classes.

Adapted from Timber for Oregon's Tomorrow (Beuter et al., 1976).*


