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Abstract:
It has long been the goal of the United States Forest Service to stabilize timber dependent communities
via a sustained yield, even-flow of timber from the National Forests. This policy has been based upon
the assumption that timber markets have a destabilizing impact on these communities since private
timber operators harvest at varying rates.

This paper examines the question of whether or not private harvests are more variable than Forest
Service harvests. Statistically, it is shown that Forest Service harvests are not stable and that private
harvests are much less variable than national forest harvests.

The focus of the paper then turns to an explanation of the variability in Forest Service harvests. Timber
sales policies and the Forest Service contract are given as two possible sources of this variability.
Regression analysis shows that, for the most part, timber harvests are not significantly related to sales
and that apparently there is enough slack in the timber contracts to allow operators time to alter harvest
rates according to changes in the economy. Econometric analysis shows that harvests do respond to
changes in the economy. Thus harvest variability is not solely due to variability in Forest Service
timber sales.

Because of the apparent lack of rigidity in timber contracts, evidenced by contract extension,
termination, alteration, and slack in the contract period, it is proposed that firms harvesting national
forest timber will behave differently than firms harvesting under private contracts. Specifically, it is
proposed that firms reduce harvest rates dramatically when prices fall, perhaps ceasing operations
altogether, and increasing harvest rates when prices rise. Econometric analysis shows that such
behavior in national forest timber supply is present. The evidence provides a partial explanation of
national forest harvest variability. 
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ABSTRACT

It has long been the goal of the United States 
Forest Service to stabilize timber dependent communities 
via a sustained yield, even—flow of timber from the 
National Forests. This policy has been based upon the 
assumption that timber markets have a destabilizing 
impact on these communities since private timber operators 
harvest at varying rates.

This paper examines the question of whether or ̂ not 
private harvests are more variable than Forest Service 
harvests. Statistically, it is shown that Forest Service 
harvests are not stable and that private harvests are 
much less variable than national forest harvests.

The focus of the paper then turns to an explanation 
of the variability in Forest Service harvests. Timber 
sales policies and the Forest Service contract are given 
as two possible sources of this variability. Regression 
analysis shows that, for the most part, timber harvests 
are not significantly related to sales and that apparently 
there is enough slack in the timber contracts to allow 
operators time to alter harvest rates according to changes 
in the economy. Econometric analysis shows that harvests 
do respond to changes in the economy. Thus harvest 
variability is not solely due to variability in Forest 
Service timber sales.

Because of the apparent lack of rigidity in timber 
contracts, evidenced by contract extension, termination, 
alteration, and slack in the contract period,it is pro
posed that firms harvesting national forest timber will 
behave differently than firms harvesting under private 
contracts. Specifically, it is proposed that firms reduce 
harvest rates dramatically when prices fall, perhaps 
ceasing operations altogether, and increasing harvest 
rates when prices rise. Econometric analysis shows that 
such behavior in national forest timber supply is present. 
The evidence provides a partial explanation of national 
forest harvest variability.
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CHAPTER I 

INTRODUCTION

The science of forestry was born in Germany in the 
thirteenth century. Historians tell us that a primary 
motivation for the development of sound forest manage

ment principles was a great concern for community 

stability. Waggener points out that local economies of 
the time were extremely stagnant and closed.^ Given a 
poor system of transportation, coupled with many political 

barriers to trade, local consumption depended directly on 
local production. In other words, with.a poorly developed 

system of trade, these communities consumed primarily what 

they produced. In order to prevent timber depletion due 
to the treatment of forest resources as a commons, the 

notion of a normal or regulated forest was developed. The 
objective was to provide a continuous supply of timber 

equal to annual growth indefinitely.
With the advent of the industrial revolution, the 

elimination of various restraints to trade, and the 

development of interdependent local economies., many of 

these practices became questionable. Self-sufficiency wâ s 
no longer required of a community. However, even with this
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new more dynamic economy, the idea of a regulated, 
normal forest as a necessity persisted. It was this 
idea which became the basis of much of American forestry.

The early history of American forest utilization 
was characterized as the era of "cut out and get out." 
Forest industry migrated from region to region harvesting 
timber with little concern for reforestation, regulated 

forests, silviculture, or any other practices considered 
to be sound forest management. As a result, there was 
quite a bit of local economic instability. The local jobs 

and income generated by this type of timber production 

disappeared quickly.
In response to fears of timber exhaustion, a public 

outcry arose, and a movement to set aside forest resources 
for future utilization emerged. The eventual leader of 

this movement was Gifford Pinchot, the founder of American 
forestry. The fact that timber supplies have not been 
exhausted despite the fears of Pinchot and his followers 
deserves some comment.  ̂ In the early 1900s the American 

forest industry faced a timber supply so vast that 
permanent timber production in a single area was unprofit

able.^ What occurred was a downward adjustment to reduce 
timber supplies as economic theory would predict.
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The Forest Reserves were set aside in 1891 under the 
Creative Act.  ̂ It was Pinchot1s view that the forests 
should not be simply withdrawn, but rather they should be 
used to furnish a continuous supply of timber. In 1897, 
the Organic Act became law which placed the Forest Reserves 
under the jurisdiction of the Department o f •Interior.5 
The Bureau of Forestry was established under the Depart

ment of Interior to oversee the Forest Reserves. In 

1905, Pinchot engineered the transfer of the Forest 
Reserves to the Department of Agriculture, and the Bureau 

of Forests became the U .S . Forest Service. And finally 

in 1907 , the Forest Reserves were renamed the. National 

Forests. Under the Department of Agriculture the 
National Forests were in a more suitable position to be 

treated as an agricultural crop rather than a reserve.
Pinchot, as America's first professional forester, 

was largely responsible for bringing European techniques 
and outlooks to America and building the foundation of 
American forestry upon these principles. Being educated 

in Nancy, France, and studying many European forests, 
Pinchot began to envision the forests as a source of 

continuous stable employment and production:

The forests of Haye and Vandoeuvres 
are . . . hardwood forests, managed on a
system of coppice (sprouts cut once every 
thirty years) under standards (seed, trees 
cut once in 150 years) ■ . .. . Work in these
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woods was assured for every year, and 
would be barring accidents, world without 
end. The forest supported a permanent 
population .of. trained men . . . and not 
only a permanent population but also 
permanent forest industries, supported 
by a fixed annual supply of trees ready 
for the ax.G

To Pinchot, sustained yield meant harvest equal to 

growth. The underlying thought was that by stabilizing 
the supply of timber harvested, the communities depen
dent upon that timber would consequently be stabilized 

in terms of employment.
Pinchot gave a high priority to the stability of 

local communities. In the 1908 Report of the Forester 

he said:

The National Forests exist not for the 
sake of revenue for the Government, but for 
the sake of the welfare of the public. The 
timber business is managed to give stability 
to the industries and promote the upbuilding 
of the country. Hence local needs are pro
vided for, even though the stumpage price 
obtainable is less than might be had if the 
timber was sold to purchasers on a large 
scale.7

The Forest Service policy was one of restricting cut 
to annual growth. A problem, however, was beginning to 

emerge with this particular view since given the pre

dominance of old growth timber, there was little or no 
net growth. This posed a dilema as how could local 
economies be supported harvesting only net growth if
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there was "little or no" net growth? Forest Service 
policy was not oriented toward getting as much timber 
as possible on a sustainable basis from the National 
Forests.

Thus in 1920 the Report of the Forester concluded:

It will be necessary in some instances 
to cut more than the annual growth for a time 
because of the presence of large quantities 
of over mature stumpage which is in danger 
of deterioration and retards the production 
of which the land is capable.8

Another important figure to play a role in the 
development of the current Forest Service policy of 

sustained yield, even-flow was David T . Mason. During 
the Great Depression, President Hoover appointed Mason to 

the Timber Conservation Board. As a member of the Hoover 
Administration, Mason brought the community stability 

issue to the fore and argued for coordinated public 
and private harvests. In 1933 the Code of Fair Competi

tion for the Lumber and Timber Products Industries became 
law and set labor hours, minimum wages, and fair trade 

practices. Schedule C of this code went so far as to 

require industry to establish an agency to formulate 
and enforce rules of forest management. This particular 
code, of which Mason was a major author, defined sustained 

yield as:
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Management of specific forest lands 
under single ownership or cooperative control 
within an economic unit, under definite 
management plan which limits timber cutting 
to the capacity of such forest lands under 
existing methods of management . . .  to 
provide without interruption or substantial 
reduction raw material for industry and 
community support.̂

Even though the Code was declared unconstitutional as 
it was part of the National Industrial Recovery Act, it 
laid the foundation for the modern sustained yield con
cept by incorporating the notion of even^flow as its 

policy. Many years later, in 1963, the Forest Service 

adopted even-flow as its policy. The Forest Service 
desired "an even flow of National Forest timber in order to 
facilitate the stabilization of communities and of oppor
tunities for employment." Thus in much the same manner 
as the early European foresters, the Forest Service 

established for itself the very difficult role of stabili
zing communities by maintaining an even-flow of timber.

In 1976, non-declining even-flow was spelled out as 
the guiding policy rule of the Forest Service. Designed to 
prevent declining rates of harvest over time, the National 
Forest Management Act of 1976 specifies limitations on

timber removal:



7

The Secretary of Agriculture shall limit 
the sale of timber from each national forest 
to a quantity equal to or less than a quantity 
which can be removed from such forest annually 
in perpetuity on a sustained-yield basis: 
"Provided," That, in order to meet overall 
multiple-use objectives, the Secretary may 
establish an allowable sale quantity for any 
decade which departs from the projected long
term average sale quantity that would otherwise 
be established: "Provided further," That any 
such planned departure must be consistent with 
the multiple-use management objectives of 
the land management plan . . .  In addition, 
within any decade, the Secretary may sell a 
quantity in excess of the annual allowable 
sale quantity established pursuant to this 
section in the case of any national forest so 
long as the average sale quantities of timber 
from such national forest over the decade 
covered by the plan do not exceed such quantity 
limitation.̂

The Act specifies that harvests may not exceed the 
amount which may be harvested annually on a sustained yield 

basis in perpetuity. In general, harvest may be equal to 

or less than a maximum sustainable level. The intent of 
the legislation is to maintain a stable flow of timber 

from the National Forests.

In maintaining an even-flow of timber over the long 
run it is the goal of the Forest Service to provide a 

stable level of employment in the local timber industry. 

However, short term fluctuations in harvests are extremely 

important to employment stability. Year to year variance 

in harvest rates must also be restricted if employment is 
to be stable in the local timber industries. The purpose
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here is to investigate the variability of Forest 
Service harvests to see if they are achieving their 
stated goal of stable harvest levels and to compare the 
record of the Forest Service with the private sector to 
see if the Forest Service is more stable than the private 
sector. If national forest harvests are extremely vari

able, the nature of such variability will be investigated 
From this investigation-, factors contributing to this 

variability will be delineated. In doing so, this paper 
will focus on the supply response of timber firms opera
ting under the constraints imposed by the Forest Service

contract.
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FOOTNOTES

^T.R. Waggener, "Community Stability as a Forest 
Management Objective." Journal of Forestry 75 (November 
1977), 710-714.
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^Some 50% of the United States which was originally 
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today.

^The Creative Act, Statutes at Large, Vol. 26, 
p. 1103 (1891).

^The Organic Act, Statutes at Large, Vol. 30, 
p. 34 (1897) .

^Gifford Pinchot. Breaking New Ground. (New York: 
Harcourt Brace and Company Inc., 1947) p. 13.

7 U .S . Department of Agriculture, Forest Service, 
Report of the Forester for 1908 , 1909 L

8:U.S. Department of Agriculture, Forest Service, 
Report of the Forester for 1908, 1909.

9The National Industrial Recovery Act, Statutes 
at Large, Vol. 60, p. 195 (1933) .

18Codei of Federal Regulations 221:3 (a)(3), 1982.

IlThe National Forest Management Act, Statutes 
at Large, Vol. 16, p. 1611 (1976) .
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CHAPTER 2

STATEMENT OF PROBLEM

The hypothesis that a timber dependent community 
may be stabilized by maintaining an even-flow of raw 
material from the forest raises some important questions. 
As has been mentioned, what is the Forest Service's 
record on the issue of stability? Additionally, what can 
the Forest Service hope to achieve in terms of community 

stabilization?
As Waggener has pointed out, a vertical supply curve 

implies even greater price fluctuation for a given change 

in demand.̂  Figure I shows that if the quantity of output 

is stabilized, price becomes more unstable.

Figure I. Price Fluctuation Resulting from Supply 
Stabilization.
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Economists disagree as to whether or not price stabil

ity is beneficial to producers and consumers. But that par
ticular topic is beyond the scope of this paper. It is 

entirely possible for the Forest Service to stabilize the 
employment in a given timber dependent community. They 
can usually sell the timber at a low enough price so that 
harvesting is profitable.  ̂ Further, they can enforce their 

contracts such that firms must harvest timber at relatively 
stable rates, not allowing them to vary harvests as markets 
vary.

What the Forest Service cannot do is stabilize the 

entire timber products market. It has no control over 
cyclical fluctuations in the economy. Prices and outputs 
of the rest of the wood products industry will still vary 

as the economy fluctuates from periods of growth to 

recession. Accordingly employment in those industries 
will vary.

A Forest Service policy of constant supply would tend 

to generate greater price fluctuation in the timber markets 
as previously described. Such price fluctuation might 
also have destabilizing effects on other private timber 

producers. For example, if the Forest Service is success

ful at maintaining even-flow, the market supply curve 

would become less elastic. A given decrease in demand 
would tend to depress prices for sawlogs further for a



A B C
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Figure 2. Effects of Even-Flow on Private Producers.



13

less elastic market supply.curve than a more elastic 
supply curve. Private timber operators without access to 
Forest Service timber would then be faced with a greater 
than normal price decrease, threatening the profitability 
of their operations. Such a situation is pictured in

Figure 2. For example, diagram C represents a firm 

without access to Forest Service -timber. This firm has 

no guarantee that if demand falls for its product it

will be sold timber at a low enough price for it to 
be profitable to harvest. Diagram A represents a

case in which the Forest Service is successful at stabi
lizing harvest levels and the market supply curve for
sawlogs becomes more inelastic. Diagram B represents 

conditions where quantity supplied is elastic. In this 
case, the Forest Service is not successful in stabilizing 
their supply and forcing the market supply curve to become 

relatively inelastic.
If there is a decrease in demand from Dq to D^, in 

case 'B where the Forest' Service was not stabilizing harvest 
levels, price would fall only to P It would still be 

profitable for the firm in C to harvest. If the Forest 
Service was successful at evening out the harvest rates,
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as in A, then a decrease in demand from Dq to D-̂  would 
reduce price from Pq to P|. The firm in C would be 
forced to cease operations. It would no longer be pro- .

fitable to harvest.

In the latter case, firms dependent on Forest Service 
timber would not be threatened as a constant supply of 
timber from national forests implies that the Forest 
Service is selling timber at a low enough price such that 

the firm's average cost is low enough for operations to 

remain profitable.
Despite a policy of non-declining even-flow as outlined 

in the introduction, the Forest Service manual clearly 

states that some variation in harvests is desirable.

Section 2451.82 states:

Contract lengths should be set with the 
recognition that an adequate volume of timber 
under contract is essential to provide the 
purchaser a basis for financing his operation, 
planning his timber supply needs, and reason
able flexibility to respond to market fluctua
tions . 3

Therefore, it cannot be assumed that the Forest Service 
operates on the basis of even-flow. First it should be 

asked if even-flow is actually practiced, or are Forest

Service harvests variable?
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The National Forest Management Act (1976) allows for 
some variability in annual harvest levels. They may be 
"equal to or less than" the maximum sustainable yield, and 
in some cases greater than this level "so long as the 

average sale quantities of timber from such national forest 
over the decade covered by the plan do not exceed such 
quantity limitation."

( 3  Community stability, on the other hand, is 
supposedly one of the Forest Service's primary goals.

As outlined in the introduction, the issue was of great 
importance as■a justification for the establishment of 
the National Forests. Government ownership of forest 
resources was thought to be crucial for stable harvest 

levels to be insured, thus stabilizing employment in 
timber dependent communities. The private sector was seen 
as a disruptive element in the timber industry, harvesting 

at unstable levels and thus destabilizing communities 
dependent upon private timber.

But in recent years, which sector has in fact been 
more destabilizing, the public sector or the private sector? 
Are private harvests more variable than public harvests?

Some evidence suggests that national forest harvests are 

more variable than private harvests.  ̂ Thus a primary focus 

of this research will be a comparison of the supply response
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of national forest timber with the response of privately 

owned timber to determine which sector has been more 

effective at stabilizing harvest levels and thereby stabili

zing the associated timber dependent communities.

If national forest harvests are more variable, why is 

this so? What are the possible causes of this variation? 

What is preventing the Forest Service from attaining its 
goal of even-flow?

There are at least two possible sources of variation 

in Forest Service harvests. First, irregularities in sales 

may' be generating harvest variability. It is possible for 

delays in the appropriation of sales administration funds 

to generate sales variability. However, for sales vari

ability to translate into harvest variability, Forest 

Service timber contracts would have to be fairly short and 

binding on the timber operator. If the constraints on 

national forest timber contracts are binding such that 

timber must be removed quickly, allowing little opportunity 

for firms to adjust output to changing market conditions, 

harvests would then be constrained to vary as sales varied. 

Harvests would be significantly related to sales. If 

harvests are not significantly related to sales then the 

constraints of the Forest Service contract are probably not 

very binding. In this case, one concludes that the source 

of harvest variability is not irregularity in the sale of

Forest Service timber.
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The Forest Service timber contract might also be a 
second possible source of harvest variability. It will be 
useful to look at the language of the timber sale agreement 
to see if the contract contains anything unusual which might 

result in variability.

Forest Service timber is sold on the basis of com
petitive bidding. The Manual states in section 2431.55: 

"Competitive sales of National Forest timber may be 
offered through either sealed or oral auction bidding."5 
But first the timber sale must be advertised for a certain 

period of time. Section 2431.51 states:

Each commercial offering subject to the 
forest advertising requirement in FSM 2430.31 
must be advertised for not less than 30 days 
in at least one newspaper of general circula
tion in the locality.6

It is possible for the advertising periods to vary, however, 

and such variation in advertising period could generate 
variability in timber sales. In section 2431.54 such 

cases are referenced:

An advertisement may contain a statement 
that, upon the request of any responsible person 
desiring additional time for the examination 
of the timber, the final date for receiving 
bids may be postponed for a specified period.

Such an extension in the period of advertising would post
pone the sale of some timber, possibly disrupting an attempt 

by the Forest Service to target a constant periodic level

of sales.
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Bids must be above the appraisal value estimated by 

the Forest Service to be acceptable, and in the case of 

sealed bids, a minimum payment must accompany the bid. 

Section 2431.56 states:

An acceptable bid guarantee . . . must
accompany all sealed bids for sales in which 
the appraisal value of the timber or forest 
products exceeds $2000 . . .

The minimum bid guarantee shall not be 
less than an amount to cover the value of 
I month's cut . . .  8

According to Section 2431.72 of the Manual, the 

highest bidder is to be awarded the contract:

The highest bid is that which will give 
the largest money return when the price bid 
by species is multiplied by the total esti
mated amount of material, by species, required 
to be cut and paid for under the terms of
the advertisement.^

In essence, the bids are accepted in dollars per unit 

of timber ($/bd.ft.). The price bid is then multiplied 

by the total volume to obtain the total amount bid.

There is evidence that the terms or constraints of 

the contract are not binding; if this is so, what are the 

implications which follow? For instance, Item B3.311 of 

the Forest Service, contract allows for "emergency rate 

redetermination:"

Forest Service shall redetermine rates 
if, upon Purchaser's application, Forest 
Service determines that, because of general 
changes in market or other economic conditions
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since the last scheduled or emergency rate 
redetermination, the weighted-average Con
version Return is less than the weighted- 
average of the most recent redetermined 
rates minus the per unit cost of specified
road construction.10

Such a provision would have an effect on the rigidity 
of the contract. The strength of the contract is reduced 
when agreed upon terms are not considered binding. If 
a person is not held liable for paying the contracted 

price, then bid prices can be distorted. The more lax 
the contract, the easier it is to extend or terminate 
the agreement when economic conditions are unfavorable. 

Greater harvest variation could therefore result if such 

modifications are allowed.
The length of the timber contract has an effect on 

harvest variability. If contracts are realtively short 
and binding on the operator, timber must be harvested 

quickly. Under these conditions, if timber sales are 
realtively constant, harvest rates should be fairly 
constant. If the contract is longer so that the time 

constraints are flexible and not binding on the operator, 
then there is a greater potential for harvest variability. 

(In recent years sale agreements ranged from two to as 

long as seven years.)
In relation to the determination of the contract 

period, subsection B8.21 of the Timber Sale Agreement,
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reveals another potential source of instability. "Contract 
Term Adjustments" are to be allowed when problems affecting 

the completion of the contract arise:

due to causes beyond Purchaser's con
trol, including but not limited to acts of 
God, acts of the public enemy, acts of’Govern
ment , labor disputes, fires, insurrection, or 
floods . -Ll

The key phrase here is "including but not limited to."
This suggests that contracts’ may be open to extension for 
any number of reasons.

The possibility that the Forest Service contracts 
might become even less rigid is evidenced by the recent 
introduction of legislation concerning the modification 

of timber contracts. The proposed legislation specifically 
allowed for contract termination, extension, and altera-'

tion of the purchase price.

In August of 1982, Senator Hatfield of Oregon together 

with Senators Packwood, Jackson, Gorton, and Cranston, 
introduced legislation to modify the terms of certain 

federal timber contracts. Concerning Senate Bill 2805 

Hatfield said, "I am introducing legislation designed to 

alleviate the acute economic distress of the forest pro
ducts industry." The move came in response to pressure 

from representatives of wood products industries hard hit
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by the recent recession. The firms would otherwise be 
"forced either to harvest federal timber at prices con
sidered uneconomic" or "default on contracts."12

The heart of the bill was in Section 2.
\

Upon a showing of economic hardship by 
the private contracting party, the Secretary 
of the Interior for public lands and the 
Secretary of Agriculture for national forest 
system lands are authorized to modify any 
timber sales contract bid prior to January I, 
1982. Such modifications may include—

(1) termination of a portion of timber 
sales contracts for the purchase of timber 
bid prior to January I, 19 8 2., held by a 
private contracting party;

(2) extension of the termination dates 
of such contracts, not to exceed five years 
beyond original termination dates of such 
contracts; and

(3) modification of the purchase price 
of the timber sold, reflecting current market 
values, for such contracts that are not 
extended.13

In addition, Section 2, part (I) was amended so that

the Secretary of Agriculture of National 
Forest lands and the Secretary of the 
Interior . . . are authorized and directed 
to terminate . . . up to 40 per centum of
the estimated timber volume specified in 
any purchaser's timber sales contracts 
bid prior to January I, 1982.- In lieu of 
the 40 per centum limitation, the appro
priate Secretary may terminate at the 
request of the purchaser, contracts bid 
prior to January I, 1982 having a cumula
tive volume of 15 million board feet, 
or terminate one contract bid prior to 
January I, 1982, in its entirety.14

-
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This particular bill died at the end of the 97th 
Congress. However, in the past there have been many 
cases of contract extension and rate redetermination 
according to the U .S . Forest Service. Should such 
legislation become law, problems could arise which could 
further disrupt the stability of national forest harvests. 
If firms that bid on Forest Service timber begin to 

include in their expectations the idea that they will not 
be held to the terms of their contracts, harvests could 
fluctuate much more than they do at present. High bids 
could be encouraged which in turn would make resulting 
contracts appear even less profitable. Pressure for 

contract extension or modification would again ensue. In 

an attempt to maintain even-flow, each year the Forest 
Service targets an "allowable cut." If harvests were 
postponed in one period as a result of contract extension 

or default, even larger harvests would be required next 
^period to make up for any deficiencies in the prior 

harvesting period. In such a manner, period to period 
fluctuation in harvest levels increases.

A model will also be introduced which provides a 

possible explanation of the behavior of timber firms con

tracting with the Forest Service. From this model it 

will be shown that Forest Service timber harvests might
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respond differently to increases in price than to decreases 
in price, and that ultimately national forest harvest 
variability might be partially traced to this unusual type 
of price responsiveness.
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FOOTNOTES

•*"T .P. Waggener. "Community Stability as a Forest 
Management Objective". Journal of Forestry 75 (November 
1977): 710-714.

^Some forests have timber whose value is close to 
zero and the Forest Service cannot sell below stipulated 
prices.

3u.S . Department of Agriculture, Forest Service, 
Forest Service Manual, Section 2451.82 (1980).

^R.N. Johnson. "The Response of Timber Harvest to 
Product Price Change". Unpublished paper, University 
of Washington, 1976.

5u.S. Department of Agriculture, Forest Service, 
Forest Service Manual, Section 2431.55 (1980).

6Ibid., Section 2431.51.
^Ibid., Section 2431.54.

^Ibid., Section 2431.56.

9Ibid., Section 2431.72.
^9U.S. Department of Agriculture, Forest Service, 

Forest Service Manual, "Timber Sale Agreement",
Item 83.311 (1980).

Hlbid., Subsection B8.21.
12p _v . Peterson. "National Highlights". The Journal 

of Forestry 80 (October 1982): 636-637.
13U .S . Congress, Senate, A Bill to Provide for the 

Orderly Termination, Extension, or Modification of 
Certain Contracts for the Sale of Federal Timber,
9 7 th Congress, 2nd Session, 19 8 2 , S . 2805.

14Ibid.
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CHAPTER 3

THE FOREST SERVICE AND 
THE NONDECLINING EVEN FLOW HYPOTHESIS

If it is true that the Forest Service operates on the 
basis of sustained yield, even-flow, then harvest rates 
should be relatively stable, and much less responsive to 
price movements than private harvest rates which are under 
no such constraint. Accordingly., one would expect to see 

less variability in national forest timber output if in 
fact the policy of even-flow was practiced.

Harvest variability will be examined from two slightly 
different perspectives. First, national forest and private 

harvests will be compared to determine if the variability 
about the mean harvest level is significantly greater for 
one. Secondly, harvest will be regressed against some 
function of time to see if a significant trend emerges 

and then a comparison will be made between public and 
private harvest variation based upon deviation from the 

trend. If there is a significant trend in harvest rates 
over time, then this would indicate that harvests were not 

stable over the long run. It would refute the suggestion 

that the Forest Service allows short run variation 
but not long run variation in harvest levels. Since this 

latter test also allows the examination of short run
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variability independent of any significant trends, it 
is probably a better way to analyze harvest variability.
The first type of variability described shall be termed 
"simple variability" and the latter "trend variability."
It should be remembered that the primary concern here is 
with short run variability since short run harvest vari

ability directly affects employment stability.
To examine these two types of variability, time series 

data on timber harvest divided by ownership class from 
various states were necessary. Only limited data of this 

kind were available. Very few states keep extensive 
records of harvest by ownership class. Some had records 
as far back as the 1950s, some the 1960s, and some only 
since the 1970s. Hence lack of uniformity of sample 

size was a problem.
The states chosen were Oregon, Washington, California, 

Montana, Idaho, Louisiana, Texas, Mississippi, Alabama, 

Virginia, and New Hampshire. These states were selected 

because it was possible to separate harvest data by owner
ship class. Calendar year data were used for Washington 

from 1955 to 1980, for Oregon from 1958 to 1980, for 

California from 1952 to 1980, for Idaho and Montana from 

1970 to 1981, for Louisiana, Mississippi, and Virginia 

from 1966 to 1980, for Alabama from 1968 to 1980, for 
Texas from 1971 to 1980, and fiscal year data for 

New Hampshire from 1964 to 19 7 8 .-*-



27

These particular states were chosen because they
provided cross-sectional data covering most of the major
timber producing states in the country, containing both

private and Forest Service timber production. According
to the Forest Service publication. Timber in the United
States Economy 1963, 1967, and 1972, the top ten timber
producing states are as follows from highest to lowest:
Oregon, Washington, California, Alabama, Georgia, Louisiana,

2Mississippi, Arkansas, North Carolina, and Texas.
Montana and Idaho are major Rocky Mountain producers. 

Louisiana, Texas, Alabama, Mississippi, and Virginia were 
chosen as representatives of the Southeast due to data 
availability and their importance in timber production.

New Hampshire was selected as a representative of the 
New England area; comparable data were not available from 
other New England states^ Lack of data was also a problem 

for the Lake States region, thus none of these states 

were included in the analysis.
For the states of Alabama, Louisiana, Mississippi, 

Virginia, and Texas it was the opinion of the respective 

Forestry Commissions that harvests other than private 

and national forest harvests, such as state harvests and 

harvests on lands belonging to federal agencies excluding 

the Forest Service, were relatively insignificant. Hence,
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estimates of private harvests were obtained by subtracting 
the national forest harvests from total state harvests.
It was also necessary to convert pulpwood from standard 
cords to board feet for these calculations. The conver
sion factor was one thousand board feet per two Standard 
Cords. Calendar year harvest data were utilized for 

these states.
Data from the Northwest, the most important timber 

producing region, however, was quite extensive and was 

available from the U.S. Forest Service's Pacific North
west Forest and Range Experiment Station in Portland, 
Oregon. Data on harvest by ownership class were obtained, 

no conversions were necessary. These states included 

California, Oregon, Washington, Montana, and Idaho.
Fiscal year data for New Hampshire's total harvest and 

national forest harvest were utilizied. Once again, an 

estimate of private harvest was obtained by subtracting 
national forest harvest from the total. (See Appendix • 

for data tables.)
Given the possibility that the average private forest 

harvest might be much larger than the average national 
forest harvest (or vice versa), one might expect a much 

larger standard error for either the public or private 

sector. The data were therefore log linearized in order
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to normalize the error structures. In this manner, 
variances could be more meaningfully compared by means 
of an "F" statistic. The F-statistic was calculated 
as the simple ratio of the two variances with the larger 
variance in the numerator.3 Table I gives the results 

of this particular test.

Table I. Simple Harvest Variability.

State

Variance of 
Private 
Harvest.

Variance of 
National Forest

Harvest F-value d.f.

Alabama .0136843 .0222577 1.627 12

California .0680897- .1309643 1.923* 28

Idaho .0212285 .0268075 1.263 11

Louisiana .0184443 .0845472 4.584* 14 .

Mississippi .0324612 .0851239 2 .622* 14

Montana .0328371 .0356757 1.086 11

N. Hampshire .0395294 .0558046 1.411 14

Oregon .0126180 .0263998 2.090* 22

Texas .0161570 .0794620 4.918* 9

Virginia .0076743 .1637983 21.344* 14

Washington .0362826 .0423783 1.168 25

indicates one variance is significantly greater at the 5% level.
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The results indicate that in all cases the variability 

of national forest harvests was greater than that of the 
private harvests, and six of eleven times it was signifi

cantly greater at the 5% level. Of the three major timber 
producing states, Oregon, Washington, and California, two 
states showed significantly greater variation in Forest 
Service timber harvest (Oregon and California). The con
clusion is that the variability of national forest timber 

supply is generally greater than that of private timber 
supply, thus casting doubt on the effectiveness of the 
Forest Service's even-flow policy in the short run.

Examining the trend variability was slightly more 
complicated. Logarithms of harvest were regressed on the 

logarithm of time (t) for both sectors and a simple one- 
tailed F-test was used to determine if national forest 

harvests had greater variability around the trend line.

The F-statistic was once again calculated as the ratio of 

the two variances with the larger variance in the numera- 
rator. Table 2 shows the results. All tests were 

conducted at the 5% level. The test equation is:

(I) Ln(Harvestt) = ag + a^Ln(t) + et .

\
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Table 2. Variance Ccmparisons from Regressing Private and 
National Forest Harvest on Time

State

Variance of 
Private 
Harvest

Variance of 
National Forest

Harvest F^value d.f.
Alabama .0058196 .0209092 3.594* 11
California .0083521 .0521666 6.246* 27
Idaho .0194602 .0246020 . 1.076 10
Louisiana .0069389 .0343361 4.948* 13
Mississippi .0323640 ' .0621006 1.919' 13
Montana .0227406 .0069806 3.258* 10
N. Hampshire .0225901 .0470890 2.084 13
Oregon .0046145 .0258889 5.610* 21
Texas .0135956 .0630010 4.634* 8
Virginia .0082392 .0697488 8.466* 13
Washington .0127690 .0413716 3.240* 24

*Indicates one variance is significantly greater at the 5% level. .

The results indicate that in ten of eleven cases the 

variability of national forest harvests was greater than 

that of private harvests, and the variance was signifi
cantly greater for national forest harvests in eight of 
the eleven cases. The three major timber producing 

states, Oregon, Washington, and California, all show 

Forest Service timber supply to be significantly more 
variable. Table . 4 shows that in five cases, national
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forest harvests were significantly related to time. This 
indicates that in some states there are trends in national 
forest harvest levels. For example, in Montana and 
Virginia, national forest harvests were negatively 
related to time implying that harvests generally declined 

over time.

Taken together, the results indicate a greater 

variability in national forest harvests, both in terms of 

simple variability and trend variability. The trend

results also show evidence that the Forest Service does 
not operate on the basis of sustained yield, even^flow. 

Even though Table 3 shows that there are significant 
trends in private harvests, fluctuations about the trend 

line are greater for national forest harvests.
It may be the case that Forest Service harvests are 

locally unstable but that in aggregate harvests are rela
tively stable from year-to-year. To argue that the Forest 

Service does not operate on the basis of sustained yield 
on a localized or a state level, but that in aggregate the 
Forest Service harvests are relatively stable diminishes 
the importance of the community stability issue. Stabi

lizing national harvest levels while allowing local 
variation cannot do much to stabilize employment at the 

local levels. Nonetheless, in order to test the hypo-
•t

thesis of whether total national forest harvest were
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stable or whether they responded to changes in the 
economy, aggregate fiscal year harvest data were analyzed. 
Using logarithms of data for 1960 to 1980, total national 
forest harvest was regressed on lagged housing starts and 
time. A second regression was also performed regressing

Table 3. Estimates of Coefficients and Adjusted R^s 
_________from Regressing Private Harvest on Time
State Constant ■ aI Ad. R2

Alabama 1.02 1.73* .575
(1.797) (.4177)

California 16. O'* -1.88* .877
(.5537) (.1323)'

Idaho 8.05 1.25 .084
(3.801) (.8792)

Louisiana .207 1.78* .624
(1.555) (.3625)

Mississippi 11.1* ' -.797 .003
(3.359) (.7831)

Montana 3.11 2.31* .308
(4.109) (.9504)

N. Hampshire 3.19 2.16* .429
(2.711) (.6361)

Oregon 19.1*- -.916* .634
(.6193) (.1464)

Texas 1.06 1.59 .158
(4.187) (.9684)

Virginia 7.91* -.0804 -.074
(1.694) (.3950)

Washington 9.37* 1.36* .684
(.8318) (.1977)

*Indicates significantly different from zero at the 5% level. 
Standard errors for all coefficients are in parenthesis.
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Table 4. Estimates of Coefficients and Adjusted R2S
from Regressing National Forest Harvest on Time

State Constant aI Ad.

Alabama -.541
(3.407)

1.05
(.7919)

' .060

California -1.80
(1.384)

2.18* . 
(.3308)

.602

Idaho 21.5*
(3.943)

-1.84
(.9119)

.219

Louisiana -11.3*
(3.4.60)

3.74*
(.8066)

.594

Mississippi -6.50 
■ (4.651)

2.70*
(1.084)

.271

Montana 28.6*
(2.277)

-3.58* 
(.5268)

.804

N. Hampshire 17.5*
(3.913)

-1.74 
(.9183)

.156

Oregon 13.2*
(1.467)

.415
(.3467)

.019

Texas 20.8*
(9.011)

-3.82
(2.084)

.207

Virginia 25.8* 
(4;930)

-5.12*
(1.149)

.574

Washington 12.2*
(1.497)

.451
(.3559)

.024

*Indicates significantly different from zero at the 5% level. 
Standard errors for all coefficients are in parenthesis.
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harvests on lagged GNP and time. The equations are 
as follows:^

(2) Ln(Harvestt) = a0 + an Ln(Housing Startst_ g) +
S2LnCt) + et,

(3) Ln(Harvestt) = S g +  a^Ln(GNPt_t) +
agLN (t) + et .

This would reveal whether or not there was a significant 
trend in total national forest harvests and also whether 
or not national forest harvests respond to changes in the 
economy as reflected in housing starts and GNP.  ̂ Figure 3 

shows a plot of aggregate sales and harvests over time. 
Significance with respect to time would reveal a trend and 
therefore long run instability in aggregate national 
forest harvests. Significance with respect to either or 

both of the economic variables would reveal short run 
fluctuations in harvest levels in response to fluctuations

in the economy. The results are shown in Table 5.
In the first equation, a  ̂ is significantly greater 

than zero at the 5% level. In the second equation aj_ and • 

a2 are both significantly different from zero at the 5% 
level. These results show that there is a significant 

trend in national forest harvests and thus variability in
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the long run. Harvest levels are also significantly 
related to the economic indicators, Housing Starts and 
GNP. This suggests that harvest rates also vary in the 
short run in response to fluctuations in the economy. 
Note that even though harvests respond to the economy in 

an aggregate sense, cyclical fluctuations do not ade

quately explain the variability of national forest 
harvests. There is still a large amount of unexplained 
variability evidenced by the extremely low 1s.
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Figure 3. Aggregate National Forest Harvest and Sales Over Time.
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Table 5. Regressing Aggregate National Forest 
Housing Starts and Lagged GNP

Harvest on Lagged

Regression on Lagged Housing Starts

Constant ..aI a2 Ad. R2 Durbin Watson 
Statistic

15.420*
(1.3089)

.25468** -.26450
(.13915) (.32553)

.0663 .4576+

Regression on Lagged GNP

Constant a 4 a5 Ad. R2 Durbin Watson 
Statistic

23.416*
(2.9077)

2.1996* -5.3052*
(.81327) (1.9792)

.2186 1.1153

Note - Standard errors for all coefficients are in parenthesis.
Degrees of freedom =17.

**Indicates that the values of the coefficients are significantly 
greater than zero at the 5% level.
*Indicates that the values of the coefficients are significantly 
different from zero at the 5% level.
+Durbin Watson statistic is low suggesting positive autocorrelation 
in the disturbances, thus the significance of the first regression 
is reduced.
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FOOTNOTES

Calendar year data were not available for 
New Hampshire.

2U.S. Department of Agriculture, Forest Service, 
Timber in the United States Economy 1963, 1967, and 
1972. General Technical Report WO-21.

^G.W. Snedecor and W.G. Cochrane. Statistical 
Methods. (Ames, Iowa: The Iowa State University Press,
1980), p. 98.

4Lagged GNP and Lagged Housing Starts were used 
because harvests responded more significantly to them 
than to simple current levels or percentage changes in 
these variables.

5Harvest data were obtained from the U.S. Forest 
Service's Report of the Chief, Figures for GNP and 
Housing Starts are from the Commerce 'Department's 
publication. Survey of Current Business.
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CHAPTER 4

TIMBER SALES AS A POSSIBLE SOURCE 
OF HARVEST VARIATION

The next relevant question concerns the source of 
the variability in national forest timber harvests.
Does the variation arise from variability in timber sales 
or from some irregularity in the Forest Service timber 
contract or from both? If sales variability causes 
harvest variability, why would the Forest Service allow 

sales to vary if its goal is to stabilize harvests? .One 

possible answer is that information problems make it 
costly for the Forest Service to control sales. There 

are the problems of determining the amount to be sold, 
but there are also problems of implementing the sales, 
problems of- assessment, and there are time lags between 
the initial assessment and the signing of the timber 

sale agreement. Such normal, operational obstacles make 

it more difficult to keep sales on an even level.
Initially it will be determined if either sales or 

harvest variability is significantly greater. If sales 
variability is significantly greater than harvest vari

ability, this would suggest that the behavior of timber 
buyers is smoothing out this variation and that harvests 

are remaining relatively stable despite the variability
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of timber sales. If harvest variability is greater, 
this would suggest that markets are varying the harvest 
levels as the economy varies. Both simple and trend 
variability will be examined. Fiscal year data for 
volume of timber sold and cut on national forest lands 

were taken from the Report of the Chief.̂  The same 
eleven states were used in the sample which contained 
observations from 1966 to 1980 from each state. Only 
data as far back as 1966 were available. Table 6 shows 

the results from the analysis. Once again logarithms 
of the data were used, and all tests were at the 5% level.

Only three states show that one variance is signi
ficantly greater than the other. In Oregon and Texas, 
sales variance is signficiantly greater than harvest 
variance. In Washington, harvest variance is greater than 

sales variance. Although the Forest Service is stabi
lizing sales in Washington, there is apparently enough 
freedom in the time constraints of the contracts to allow 

harvests to fluctuate with changing market conditions.
The results also present a rather interesting overall 

picture of national forest sales and harvest variability. 

It should be noted that the range for the variance of 
sales is from .0046 to .3370, while the range in harvest 

variance is only from .0172 to .1437. Even if the Forest 

Service allows a large range in the variance of timber



42

Table 6. Harvest vs. Sales— Sirtple Variability.

State Variance of Harvest Variance of Sales F-value

Alabama .0199200 .0233420 1.172

California .0171929 .0076371 2.251

Idaho .0193599 .0298668 1.543

Louisiana .0893890 .0813619 1.099

Mississippi .0710169 .0319601 . 2.222

Montana .0500322 .0819562 1.638

N. Hartpshire .0560458 .0403568 1.389

Oregon. .0175351 .3370267 19.220*

Texas .0654541 .2700257 4.125*

Virginia .1436865 .2997234 2.086

Washington .0294020 .0046427 6.333*

indicates one variance is significantly greater at the 5% level. 
Analysis uses Fiscal Year data, 1966-1980, from the U.S- Forest 
Service's Report of the Chief.
Degrees of freedom = 14

sales, the overall variance in harvest levels is reduced 
by the private action of the timber buyers. Despite 

the inconsistency and instability of Forest Service 

sales, the market appears to be reducing the potential 
variability in harvests. The time constraints, again, 
are lenient enough to allow fluctuation with the economy. 

That is, where sales variance is high, the behavior of
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timber operators is to reduce the corresponding variance 
of harvest. On the other hand, where sales variance is 
low, contract holders increase the variance in their 
harvest rates in response to changing market conditions.

The results of comparing the difference in harvest 
and sales variability using a trend model, where Ln(Harvest) 
or Ln(Sales) is a function of time, are given in Table 5. 

Once more the F-values show if one variance is signifi

cantly larger. All tests were at the 5% level. The 

test equations are:

(•4) Ln (Harvest.)-) = ag + a^Ln(t) + et

and

(5) Ln(Salest) = a0 + a^Lnft) + et .

In this case eight states out of the eleven showed 
one variance significantly greater than the other. Montana, 

Oregon, Virginia, Louisiana, and Texas show sales vari

ability to be significantly greater than harvest vari
ability. In these states markets are once more 
apparently smoothing out the variation in sales by making ■ 
harvests more stable. Washington, Alabama, and Mississippi 

show harvest variability to be significantly greater than
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sales variability. In these states the markets are pro
bably varying levels in response to changing economic 
conditions despite the more constant level of sales. 
California, Idaho, and New Hampshire show neither to be 
significantly greater. Time was signifiantly related 
to sales and (or) harvest in all states except for Oregon. 
The presence of significant trends again demonstrates that. 
the Forest Service is not practicing a policy of stability 

in sales or harvests in the long run.
Additionally, it is observed that the estimate of 

the harvest variance for Louisiana national forests is 
noticeably different from the same estimate in Table 2.

This is unusual since the time periods examined were the 

same. In both cases, logarithms of national forest data 

were regressed on logarithmic values of time. The only 
difference is that this latter regression uses fiscal year 

data, not calendar year data.
In looking at these results from a broader perspective 

the range in sales variance is again noticeably wider than 

the range in harvest variance, .0049 to .3491 as compared 
to .0067 to .0546. This reconfirms the earlier suggestion 
that the market seems to be exercising a moderating effect 

on harvest variability even though the range in sales
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Table 7. Variance Comparisons from Regressing Timber 
Harvested and Sold on Time— Using Logarithms 
of Fiscal Year Data, 1966 to 1980.

State Variance of Sales Variance of Harvest F-value
Alabama .0066131 .0212170 3.210*
California .0077949 ■ .0122620 1.573
Idaho .0216000 .0108730 1.150
Louisiana .0249160 .0083700 2.977*
Mississippi .0099112 .0494550 4.990*
Montana .0558450 .0067230 8.307*
N. Hampshire .0408460 .0472190 1.156
Oregon .3490800 .0147070 23.736*
Texas .2904400 .0534940 5.429*
Virginia .2393700 .0546210 4.380*
Washington ' .0048915 .0141040 2.883*

indicates one variance is significantly greater at the 5% level. 
Degrees of freedom =-13
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Table 8. Estimates of Coefficients and Adjusted R2,s from 
Regressing Timber Harvested on Time— Using 
Logarithms of Fiscal Year Data, 1966 to 19.80.

State Constant ' aI Ad. R2

Alabama 9.716* .276 -.062
(2.7189) (.6339)

California 19.789* -1.244* .288
(2.069) (.4819)

Idaho 20.387* -1.567* .438
(1.9464) (.4538)

Louisiana -8.356* 4.652* .906
(1.7077) (.3982)

Mississippi .896 2.580* .304
(4.151) (.9678)

Montana 28.857* -3.632* .880
(1.531) (.3568)

N. Hampshire 17.786* -1.798 .158
(4.0561) (.9457)

Oregon . 19.333* -1.014 .161
(2.2637) (.5278)

Texas 19.996* -2.046 .183
(4.3172) (1.0065)

Virginia 32.032* -4.965* .620
(4.3624) (1.0171)

Washington 23.049* -2.079* .520
(2.2168) (.5168)

^Indicates coefficients are significantly different from zero (at the 
5% level). Standard errors are in parentheses, 
degrees-.of freedom = 13



Table 9. Estimates of Coefficients and Adjusted R^'s from
Regressing Timber Sold on Time— Using Logarithms 
of Fiscal Year Data, 1966 to 1980.

State Constant aI Ad. R2

Alabama 1.847 2.136* .717
(1.5179) (.3539)

California 15.878* -.325 -.021
(1.648) (.3842)

Idaho 20.599* -1.613* .277
(2.7433) (.6396)

Louisiana -5.099 3.929* .694
(2.9464) (.6869)

Mississippi 1.921 2.359* .672
(1.8583) (.4333)

Montana 25.404* -2.825* .319
(4.411) (1.028)

N. Hampshire 13.637* -.802 -.012 .
(3.7725) (.8795) '

Oregon 22.826 -1.849 -.036
(11.028) (2.5712)

Texas 9.958 .293 -.076
(10.060) (2.3454)

Virginia 30.139* -4.532 .201
(9.1323) (2.1292)

Washington 13.472* .163 -.054
(1.3055) (.3044)

indicates coefficients are significantly different from zero at- the 
5% level.
Standard errors are in parentheses, 
degrees of freedom =13
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variability is quite broad. Overall, this points to the 
conclusion that the market has more of a stabilizing 
influence on harvests than do the sales administration 

practices of the U.S. Forest Service.
• To determine if sales variability is causing variation 

in harvest, it is important to consider the time constraints 
governing the Forest Service contracts. Timber companies 

that buy national forest timber are given a certain period 
of time during which they must remove the purchased timber. 
These contract lengths range anywhere from two to seven 

years depending upon the size of the sale.^
In establishing the guidelines for determining the 

period of the timber contract, the Forest Service Manual 

states:

The contract period will be established 
with consideration of the size and type of 
offering. It should be long enough to minimize 
the need for extension action. If there is 
no urgent need for prompt cutting, it should 
be long enough to ensure that no qualified 
bidder is excluded. Consistency is impor
tant . . .

Contract periods should provide for well- 
planned operations by typical operators 
within the local area. Sale periods must 
provide adequate time for completion of 
logging and other contractual obligations 
after construction of specified roads by 
the Forest Service, should the bidder 
so elect. Contract lengths should be
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set with recognition that an adequate 
volume of timber under contract is 
essential to provide the purchaser a 
basis for reasonable flexibility to 
respond to market fluctuations. On the 
otherhand, a continuous flow of National■ 
Forest timber onto the market is desir
able, and sale periods should not be 
so long as to encourage speculative 
buying.3

Further guidelines for establishing contract lengths 

are also outlined:

1. Additional time should be considered for
such special requirements or conditions as 
extensive road construction, special logging 
systems, the need to avoid peak recreation 
periods . . .

2. Shorter periods should be considered for
salvage sales . . . Shorter sale periods
may also be appropriate when necessary 
to meet clearing deadlines in connection 
with development projects.

3. Sales of products for which markets are • 
not assured, such as pulpwood, bolts, or 
poles, should be given special considera
tion .

4. Sales in heavily competitive areas which 
do not require road construction should 
generally be of shorter duration than 
sales requiring road construction.

On the basis of guidelines such as these, the estab

lishment of the contract period is quite flexible. It 

is clear that time is to be allowed for "market fluctua

tions," and thus variability is allowed. Reconciling this



with the concept of even-flow is therefore quite a pro
blem. Allowing timber harvests to fluctuate and keeping 
them stable are essentially contradictory goals.' Achieving 

one logically implies violating the other.
In an effort to acquire some general knowledge about 

the specific lengths of timber contracts in different 
regions, various regional offices of the Forest Service 
were contacted. According to the Southern Regional Office, 

major timber sale agreements are 2 to 2.5 years in length. 
In Montana and Idaho, average contracts are about 3 years 

in length, according to the Timber Management Office 
of Region I. In Oregon, Washington, and California, recent 

contracts have ranged from 3 to 6 years in length.
The length of the contract has _a substantial effect 

on the behavior of the firm removing the timber. Consider 

conditions under which the time constraints are fairly 
lax, where the period allowed for timber removal is fairly 

long. In such a case, the timber operator is not required 
to remove the timber as quickly as possible. He may hold 

the timber and wait for more favorable market conditions. 

Thus the more lax the time constraints, the more often 
timber firms will adjust their harvest levels in accord 

with changing economic conditions. Consequently, the 
variability of timber harvests increases, provided timber 

sales are fairly constant.
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On the other hand, if the time constraints are 
fairly binding, the timber operator does not have the 
opportunity to hold the timber and wait for favorable 
market conditions. He must remove the timber or else 

face the costs of defaulting. He is not allowed to freely 
adjust harvest levels to fluctuating market conditions. 

Under such a contract, harvests would be more stable, 

provided the amount of timber sold is fairly constant.
It can be seen that the shorter the contract, the 

more binding it becomes on the timber operator. Under 
these conditions, harvest fluctuations should mirror 
sales fluctuations. Statistically, if contracts are 

short enough to be binding-, harvests should be signifi
cantly related to sales. If harvests are not signifi

cantly related to sales, then .perhaps the contracts are 
less binding, and the operator does have some time to 

adjust to changes in the market. The evidence in Table 5 
suggests that where sales variance is extremely low, 

harvest variability tends to be greater than sales 

variability.
Thus far, the idea that sales variability might 

generate harvest variability was not examined directly.

To shed light on this, the hypothesis that harvest was a 

function of sales or some pattern of sales was tested.



National forest timber harvests were regressed on 

current sales and sales lagged one time period. Since 
previous regressions showed significant trends in national 
forest harvest rates (and sale rates), time was also 
included as a variable. Time must be included because . 
over the long run, harvest and sales must move together.

A trend variable is used to eliminate any spurious corre
lation between sales and harvest just because they move 
together in the long run. An economic variable, lagged 

housing starts was also included.^ If the results had 
shown that harvests significantly mirrored some pattern 
of sales, this would suggest that the time constraints 
of the contract might be fairly binding and that irre

gularity in sales might be causing some variability 

in harvests. The test equations are:

(6) Ln(Harvestt) = ag + B^Ln(Salest) + a^Ln(t) + et,

(7) Ln(Harvestt) = ag + a^Ln (Housing Startst_]_) +
B2Ln(Salest) + a^Lnft) + et ,

(8) Ln(Harvestt) = Bg + a^Ln (Housing Startst_j_) +
a2 Ln(Salest_j_) + a4Ln(t) + et ,

and

(9) Ln(Karvestt) = aQ + a^Ln(Housing Starts^_^) +
B2Ln(Salest) + a-,Ln (Sales 4-_i ) + 
a4Ln(t) + et .
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Tables 10-13 give the results of these tests. Fiscal 
year data from the Report of the Chief were analyzed.̂

One interesting point is that in Mississippi and 
Louisiana, harvest is generally a significant function of 

sales or lagged sales at the 5% level. This might be due 

to the fact that in the East and Southeast, national forest 

sales are generally much smaller. Correspondingly, the 
contract lengths would tend to be much shorter, and more 

binding. As previously explained, if contracts are binding, 
harvests should be a function of sales, they vary as sales 
vary. If there is less timber to be removed, less time 

is required, to remove it. It is much less likely that the 
time constraints would be lax. Thus in the East and 

Southeast, harvest may tend to mirror sales in some fashion. 
Variability in sales in these states may, in fact, be 
generating harvest variability, although this is apparently 

the exception and not the rule.

Primarily, in the major timber producing states,

Oregon, Washington, and California, harvests do not appear

to be related to sales. This seems to suggest that the
time constraints on national forest harvests are not nearly

so binding and that 'Forest Service harvest variability •

in. these states might be due to reasons other than sales 
7variability.



Table 10. Regressing Harvests on Sales and Time, 1966 to 1980.

State Constant a2 a4 Ad. R2
Durbin+ 
Watson 
Statistic

Alabama 9.4475*
(2.9768)

.14517
(.51536)

-.034167
(1.2821)

-.142 1.686

California 26.078*
(5.8238)

-.39611
(.34353)

1.3723*
(.48885)

.305 2.023

Idaho 18.691*
(4.6485)

.08233
(.20343)

-1.4344*
(.57247)

.400 2.131

Louisiana -6.8052*
(1.6781)

.30423** 
(.14241)

3.4566*
(.66147)

.927 2.009

Mississippi -2.5657
(2.6551)

1.8024*
(.38093)

-1.6726
(1.0779)

.737 1.588

Montana
\

26.746*
(2.9147)

.083088
(.09725)

-3.3977*
(.45335)

.877 1.424

N. Hampshire 17.828*
(5.9861)

-.003129
(.31038)

-1.8009
(1.0153)

.087 .920

Oregon 19.484*
(2.7153)

—.006604 
(.05922)

-1.0262**
(.55984)

.092 1.722

Texas 20.026*
(4.6595)

-.003010
(.12389)

-2.0446**
(1.0483)

.115 1.890

Virginia 28.555*
(5.9733)

.11537
(.13382)

-4.4422*
(1.1929)

.612 .650

Washington 14.491*
(6.4875)

.63519
(.45459)

-2.1829*
(.50438)

.553 2.160

Note - Standard errors for all coefficients are in 
parentheses; Degrees of freedom = 11.

*Indicates coefficients are significantly different from 
zero at the 5% level.

**Indicates coefficients are significantly different from 
zero at the 10% level.

4Durbin Watson statistics are generally high enough to suggest 
little evidence of positive autocorrelation in the disturbances.
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Table 11. Regressing Harvests on Lagged Housing Starts, Sales, 
_________ and Time, 1966 to 1980.

State Constant aI a2 a4 'Ad. R2
Durbin+ 
Watson 
Statistic

Alabama 7.2791*
(2.8935)

.1212
(.18727)

-.25657
(.52643)

1.2882
(1.505)

-.045 1.975

California 24.514*
(4.8554)

.33519*
(.12232)

-.28954
(.28725)

-1.9442*
(.48100)

.547 2.135

Idaho 18.183*
(5.1584)

.13361
(.15483)

.10723
(.21764)

-1.6253*
(.69094)

.323 1.994

Louisiana -5.934*
(1.8771)

.017901
(.11255)

.29838**
(.14708)

3.2405*
(.73437)

.903 2.064

Mississippi -3.3832
(2.2538)

.56296*
(.17841)

2.5585*
(.38651)

-4.5722*
(1.298)

.852 2.400

Montana 25.666*
(2.8115)

•.'.23714*-, 
(.10088) ■

.13405 
(.088852).

-3.7114*
(.44548)

.901 1.858.

N. Hampshire 21.265*
(6.3223)

■ .059327 
(.29972)

-.022895
(.30536)

-2.651**
(1.2091)

.163 .857

Oregon 19.101*
(1.9142)

.47238*
(.11069)

-.035882
(.038635)

-1.6504*
(.44287)

.603 2.224

Texas 18.686*
(5.2096)

-.3211
(.33383)

-.011716
(-13124)

-1.1595
(1-3141)

—. 006 2.067

Virginia 32.946*
(7.3933)

.048871
(.10608)

.079481
(.14336)

-5.4576*
(1.5325)

. 606 .715

Washington 11.983**
(5.8047)

.32585* 
(.1371)

.82541**
(.42232)

-2.7874*
(.55996)

’. 629 2.544

Note - Standard errors for all coefficients are in 
parentheses; Degrees of freedom - 10
*Indicates coefficients are significantly different from 
zero at the 5% level.

**Indicates coefficients are significantly different from 
zero at the 10% level.
4Burbin Watson statistics are generally high enough to 
suggest little evidence of positive autocorrelation in the 
disturbances.
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Table 12. Regressing Harvest on Lagged Housing Starts, Sales 
Lagged One Time Period, and Time r 1966 to 1980

State Constant aI a3 a4 Ad. R2
Durbin + 
Watson 
Statistic

Alabama 7.3311*
(3.066)

.12207
(.19615)

-.11393
(.49938)

.90828 
(1.3653)

-.064 1.910

California 23.188*
(6.0108)

.31703*
(.13869)

-.18938
(.33817)

-1.9418*
(.50141)

.516 2.009

Idaho 23.809*
(5.3043)

.10871
(.15271)

-.15514
(.21882)

-2.0565*
(.70492)

.340 1.933

Louisiana -4.2689*
(1.796)

.044082
(.096898)

.4233*
(.1382)

2.4692*
(.74308)

.929 2.814

Mississippi -6.8432**
(3.7605)

-.10473
(.21604)

1.8919*
(.51516)

-.73106
(1.3614)

. 660 1.711 ■

Montana 24.421*
(2.7162)

.23733*
(.092165)

.17338*
(.083709)

-3.545*
(.43184)

.915 2.412

N. Hampshire 17.639*
(6.3746)

.071425
(.29234)

.22299
(.30227)

-2.4133**
(1.1881)

.206 .817

Oregon 18.288*
(2.0809)

.45278*
(.11431)

-.000871
(.040822)

-1.5487*. 
(.45585)

.568 1.901

Texas 17.627*
(5.3241)

-.30866
(.32725)

.077224
(.12687)

-1.1662
(1.286)

.029 2.098

Virginia 25.706*
(7.4756)

-.001481
(.098591)

.24796
(.14189)

-4.1029*
(1.5756)

.689 1.112

Washington 25.826*
(6.9197)

.25568
(.1638)

-.2436
(.48325)

-2.3629*
(.64048)

.500 2.523

Note - Standard errors for all coefficients are in 
parentheses; Degrees of freedom = 10.
*Indicates coefficients are significantly different 
from zero at the 5% level.

^Indicates coefficients are significantly different 
from zero at the 10% level.

+Durbin Watson statistics are generally high enough 
to suggest little evidence of positive autocorrelation 
in the disturbance's.



Table 13. Regressing Harvest on Lagged Housing Starts, Sales, 
Sales Lagged One Time Period and Time, 1966 to 1980

State Constant aI a2 a3 a4 M. R2
Durbin
I-Iatson

Statistics

Alabama 8.056*
(3.3256)

.071428
(.21484)

-.43505
(.63755)

-.32501
(.59929)

2.432
(2.6987)

-.124 1.887

California 27.071*
(7.3667)

.30732**
(.14009)

-.27766
(.30006)

-.16312
(.3418)

-1.9818*
(.50689)

.509 2.173

Idaho 22.061*
(8.9487)

.11675
(.16361)

.06383
(.24183)

-.13311
(.24621)

-1.9257**
(.90694)

.271 1.970

Iouisiana -4.2516*
(1.8397)

.044395
(.099247)

.11483
(.15737)

.35038**
(.17327)

2.349*
(.77872)

.926 2.729

Mississippi -4.2384
(2.6612)

.4821**
(.22115)

2.2376*
(.63012)

.36439
(.55484)

-4.3528*
(1.3776)

.843 2.271

Montana 22.633*
(3.1269)

.26125*
(.093467)

.094302
(.084633)

.14705
(.086027)

-3.3792*
(.45193)

.917 2.410

N. Itinpshire 14.580
(10.607)

.077891
(.30633)

.13786
(.37176)

.29922 
(.37715) .

-2.2222
(1.3455)

.131 .817

Oregon 19.267*
(2-3719)

.47071*
(.11724)

-.036561
(.041007)

-.005506
(.041573)

-1.6646*
(.47861)

.559 2.246

Texas 17.636*
(5.6995)

-.30839
(.3464).

-.0011791
(.13714)

.077068
(.13496)

-1.1652
(1.3608)

-.079 2.099

Virginia 22.482*
(9.0963)

-.018318
(.10459)

-.087128
(.13118)

.25125
(.14611)

-3.5479**
(1.8242)

.671 1.012

Washington 12.085
(9.9902)

.32517**
(.15383)

.82365
(.46555)

-.005926
(.45889)

-2.7846*
(.62847)

.588 2.547

Note - Standard errors for all coefficients are in 
parentheses; Degrees of freedom = 9. 
indicates coefficients are.significantly different 
from zero at the 5% level.

**Indicates coefficients are significantly different 
from zero at the 10% level.
+Durbin Watson statistics are generally high enough 
to suggest little evidence of positive autocorrelation 
in the disturbances.
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FOOTNOTES

^U.S. Department of Agriculture, Forest Service, 
Report of the Chief, 1980.

2j. Thorne, Timber Management, U .S . Forest Service, 
Washington., D . C .

3u . S . Department of Agriculture, Forest Service., 
Forest Service Manual, Section 2451.82 (1980).

^ibid., Section 2451.82

^Lagged Housing Starts was included since 'it was 
significantly related to harvests on an aggregate level.

.S . Department of Agriculture, Forest Service, 
Report of the Chief, 1980.

^Tests were also conducted examining percentage 
changes in harvests as a function of percentage changes 
in sales. Little significance was found in the explanat
o r y  power of the independent variables.
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CHAPTER 5

BEHAVIOR OF TIMBER FIRMS AND 
THE FOREST SERVICE CONTRACT

In order to understand the variation which might 

arise due to the nature of the Forest Service timber 
contract, it is necessary to understand the fundamentals 

of economic theory as applied to timber firms which are 

operating under these constraints. It will be assumed 
that the individual firm is a price taker, and the 

industry is competitive. Timber growth was left out of 

the model. Growth would make this particular issue a 
little too difficult to handle. The presence of much 
old growth timber in Oregon and Washington would further 

complicate the analysis. At any rate, a firm which 

purchases timber from the Forest Service is probably 
not concerned with how much -the timber will grow between 
the time of purchase and the required deadline for harvest. 

The time horizon is simply not long enough to warrant 

such considerations. Consequently, it is assumed that 
once the firm purchases the timber, it essentially "mines" 

it as if it were a nonreplenishable resource.

The theory of the mine has been examined in a paper 
by Anthony Scott.1 Scott points out that even though the
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analytics of the theory are applied specifically to 
mineral extraction, the same concepts are important in 

determining timber harvest rates.
The assumptions of the theory are stated as- follows:

The contents (reserves) in the mine are 
completely known.

The owner invests, borrows, and lends 
at the same (market) rate of interest . . .

The owner's objective is to maximize 
the present value of the asset, both initially 
and in every period in which he must make 
decisions.

In order to accomplish (the above) he 
may adjust only the rate of extraction . . . 
and, in the long run, the amount of investment 
in size (capacity) of mine and mill.

Conditions are constant through time.
This assumption has three aspects: (I) The
reserves are of uniform grade throughout 
their known total volume . . . (2) Supply
prices of all inputs . . . are given, fixed
and unchanging through time. (3) The 
owner knows the costs and prices in (2) with 
complete certainty.

Many of these assumptions were relaxed in the latter 

portion of his paper, but were retained in the early 

explanation of the fundamentals of the model. It is the 

purpose of this chapter to explain these fundamentals.

Assuming a U-shaped cost curve, as in Figure 4,

Scott describes three different concepts of the optimum 
rate of extraction. In the first case the owner is
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interested in maximizing the total profit that can be 
obtained in one period. In other words, the owner 
is not considering the value of output in the next 
period. The question becomes, at what rate would the 

owner remove the resource if he was only allowed one 
period in which to mine? In such a case his optimum 

rate of extraction is at point B . At B , his profit 
in a single period is maximized, this is the point where 

marginal cost equals marginal revenue.

In the second case the optimum involves maximizing 

the total profit he can derive from the mine, without 
discounting future returns. This is accomplished at 

rate A where the costs of extraction (per ton) are 
minimized. The owner mines at this rate each period..

In the last case we bring in the assumption that 
the objective is to maximize the present value of the 
resource. The future profits are therefore discounted. 

Thus given a positive rate of interest, the owner will 

tend to mine at a higher rate than A. At rate A, the 
owner would have', maximized the total profit from the 

mine. By increasing the rate above A, he can capture 
some of the future profits today. The higher the discount 

rate, the more the mining rate approaches B , which is 

the maximum profit rate for a single period, and conse

quently the shorter the life of the mine. At lower
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interest rates, the future is discounted less, more 
production will be shifted to the future. Accordingly, 
the rate of extraction initially must lie between points 

A and B and decline over time.
Assuming that the purpose of the firm is to maximize 

the present value of the resource, then the objective 

function can be written as

fT(10) max P .V . = j(Ptxt - C(xt))e rt.
j O

Subject to: y (t) = -x(t) , y (0) = k, y (T) = 0, x(t) =» 0,

where x(t) is the rate of output at time t, y(t) is the 
stock of timber at time t, and k is the initial stock 
of timber. The timber operator must be indifferent 
between removing timber in different time periods, or 
else he would shift production to that particular pre

ferred time period. This implies that

(11) (Pi - MCi)e-ri = (Pj - MCj)e-r3 ,

for all time periods i r j. Thus the difference 
between price and marginal cost must be rising at 

the rate of interest. With constant price as shown 

in Figure 4, this implies declining extraction 

rates over time.



NE
T 

PR
IC
E

RE
TU
RN
S 
AB
OV
E 

TO
TA
L 
RE
VE
NU
E 

AV
ER
AG
E 
AN
D

HA
RV
ES
T 
CO
ST
S 

AN
D 
CO
ST
 

MA
RG
IN
AL
 C
OS
T

63

RATE

RATE

RATE

Figure 4. Three Concepts of the Optimum Rate of Extraction.



FOOTNOTES

A .T . Scott, "The Theory of the Mine Under 
Conditions of Uncertainty." Extractive Resources 
and Taxation, Gafney, M . (Madison: The University 
of Wisconsin Press, 1967) pp. 25-61.
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CHAPTER 6

THE OPTIMAL TIME PATH OF HARVEST RATES 
AND THE FOREST SERVICE CONTRACT

The next question is whether or not there is something 

about the Forest Service contract that would alter the 

behavior of a firm. Is there something unique about the 
Forest Service's contract that is not characteristic of 

a comparable private contract?
One point concerns the method of payment described 

by the contract. Part B4.0, Section B4.2, of the Forest 

Service timber sale agreement states:

Charges for timber cut shall be made 
when Forest Service prepares and furnishes 
to Purchaser, periodic statements of volume 
of such timber cut and scaled.^

Item B .4221 states further:

Forest Service requests for advance cash 
deposit shall be made in such amount as to 
cover, together with available Purchaser Credit 
as described in B4.222, the applicable charges 
for timber estimated to be cut in not less 
than 30 calendar days and not more than 60 
calendar days.2

In effect, timber firms are given a pay-as-you-cut contract 

on a one to two month basis. In addition, timber firms 

pay only for what they harvest. Subsection B4.24 states:
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Any cash deposit in excess of that 
required to meet charges under B4.2 shall be 
refunded or transferred within 15 calendar 
days of Purchaser's request after scaling 
is completed

At this point, it is worth mentioning that there 
may be some problems with requiring that timber companies 
pay only for what they harvest. It may mean poorer 
utilization of the raw material. A substantial amount 

of material may be left behind as a residue because it 

was of poorer quality. If the firm is required to pay 
for all the timber in the stand, more than likely, less 

timber will be left behind. The Forest Service, however, 
does monitor logging operations.

But more importantly, implications follow from the 
"pay-as-you-cut" method when compared, for instance, to 

a "lump sum" payment scheme. Stuart Burness' paper,
"On the Taxation Of Nonreplenishable Natural Resources" 

forms the basis of this comparison.  ̂ In this paper, the 

model has been adapted to meet the basic specifications 
of these two different types of contracts.̂

It will be assumed that the firm maximizes the net 

present value of the resource. Further, firms are assumed 

to be price takers and price remains constant (dP/dt=0). 

Let r be the discount rate, x the amount harvested at time



67

t, C (x) the cost of harvesting x., and p the price which 

can be received on the market per unit of x. Here, px 

represents total revenue. When considering the "lump 

sum" scheme, the problem is to maximize

fT(12) I e~rt (pX (t) - C (x(t)))dt - B .
J 0

Where, B is the lump sum to be paid for the timber. The 

constraints are y(t) = - x (t), where y is the state 

variable (the stock of timber), y (0) = k, y (T) = 0, k is 

the initial stock of timber, and x(t)=»0. The control 

variable is x(t), the rate of harvest. The Hamiltonian 

for the present value problem is:

(13) H = e-r"t: (px - C'(X)) - X x - B .

The necessary conditions are:

(14) X =  (- 6H/Ay) = 0

and (15) 6 H/ ^ x = O  = e~rt (p - C  (x) ) - X .

It follows that
(16) X =  e-rt (p - C'(x)),

where X can be interpreted as the discounted difference 

between price and marginal cost,.the shadow price or 

marginal user cost. Since X is constant over time it

follows that:
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(17) ^ X Z a t  = O = -re-rt (p-C' (x) ) - e-rt C" (x) dx/dt

and

(18) xe-rt C" (x) = -re_rt (p - C ' (x)) 

or

(19) x = -r(p - C  (x))/(C"(x)).

Given that p=-C'(x) and that C" (x) => 0, we have shown 

mathematically that x«=0. The rate of harvest declines 
over time. A hypothetical optimal time path of extraction 

is shown in Figure 5.

TIME

Figure 5. Time Path of Extraction of Lump Sum Method.
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This is the result that was predicted previously-. 
Production is biased towards the present. Note that 

B , the lump sum payment, drops out of the model in 
deriving the necessary conditions such that x is not a 
function of B (assuming B is less than the net present 
value of the resource).

The "pay-as-you-cut" model is slightly different, 
however. The objective is to maximize 

r T
(20) I e rt(px(t) - C (x (t) ) - cxx (t) ) dt

J O

where ©<is the payment per unit harvested. In this case, 

cxx, the total payment per period is also discounted. In 
the lump sum model, the payment B was not discounted and 

was not a function of x. The Hamiltonian for the present 

■value problem is:

(21) H - e-rt (px - C (x) - cxx) - X x .

The constraints are y = -x(t), y (0) = k , and y (T) = 0.
The necessary conditions for a maximum are:

X = O
and

(22) a H/ ax = 0 = e~rt (p - C '(x) - cx) - A

or

= e(23) X -rt (p - C  (x) -c*).
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Differentiating with respect to time yields:

(24) <i X / d t = 0 = -re-rt (p-C'(x) - =x ) -
e-rt c"(x)dx/dt

or
(25) x = -r(p - C 1 (X) - <=•< ) / (C" (x) ) .

Since «  is a payment made each period, not an 

initial lump sum, x is now a function ofc*, such that 
x *= 0. In this case, however, x is more positive than in 
the lump sum case. That is, x falls less rapidly implying 
a longer harvest period (T̂ =» Tq ) . As a result, the optimal 
time path of harvest is longer in the case of the pay-as- 

you-cut scheme as is illustrated in figure 5.

LUMP SUM

PAY-AS-YOU-CUT

TIME

Figure 6. Time Path of Extraction: Lump Sum and
Pay-As-You-Cut models.



71

Note that in both equations (19) and (25) if there 
is an unexpected increase in price, x becomes even more 

. Present harvest rates would have to increase 
and the period of extraction is further reduced. Accord- 

inqly a decrease in price would have the reverse effect, 
lenthening the extraction period and decreasing the present 
harvest rates. Forest Service contracts could not be 
extremely binding if such flexibility in harvest rates were 
allowed to occur. The fact that national forest timber 

harvests are not generally related to sales, particularly 

in the major timber states such as. Oregon, Washington., 

and California, suggests that there is considerable slack 
in the contract period which could allow for such vari

ability. A significant relationship to lagged housing 

starts in these states suggests that harvests are responding 
to changes in the economy which further re-enforces the 
idea that such flexibility in the contract period exists.

\
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FOOTNOTES

1U 1S. Department of Agriculture, Forest Service, 
Forest Service Manual, Section B4.2 (1980).

2u.S. Department of Agriculture, Forest Service, 
Forest Service Manual, "Timber Sale Agreement",
Item B4.22 (1980).

^ibid., Subsection B4.24.

4S.H. Burness, "On the Taxation of Nonreplenish- 
able Natural Resources". Journal of Environmental 
Economics and Management 3 (1976): 289-311.

^The "lump sum" payment is analagous to the lump 
sum tax in the Burness paper, and the "pay-as-you-cut" 
model is analagous to the discussion of a per unit tax.

Z
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CHAPTER I

CONTRACT ESCALATION AND ITS EFFECT 
ON HARVEST VARIABILITY

In the previous section it has been demonstrated 
that changes in price will cause changes in harvest rates. 
There are institutional factors, however, that can affect 

this prediction. These factors may have a moderating 

impact on harvest variability. It is necessary to control 
for such factors as best as possible so that causes in 

harvest variability may be more easily seen.
For example, some Forest Service sales are covered 

by a contract escalation clause by which the contracted 

prices are adjusted as the general level of timber product 

prices rises and falls. If timber product prices rise, 
timber firms would normally increase their harvest rates 
as previously explained, and if product prices fall, 

harvests would accordingly fall. But if Forest Service 
contracts are escalated as product prices rise and 
adjusted in a downward fashion as prices fall, the 

difference between price and marginal cost remains 

relatively constant. Thus harvest rates would tend to 

be less variable. The study will next focus on Oregon 
and Washington to determine if there is evidence to 
indicate that contract escalation significantly reduces
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variability in national forest harvests. Oregon and 
Washington were selected because data were easily divided 

into harvests under escalated and nonescalated contracts.
The policy of the Forest Service is to allow a downward 

adjustment in the contract prices if product prices are 
generally declining. Similarly, if product prices go up, 
the price to be paid the Forest Service also rises. The 
adjustment in the upward direction, however, is only 50% of 
the difference between the Base Index (specified in the 

contract) and the current price index. The downward 
adjustment is 100%. Thus purchasers are largely protected 
from price declines but are still allowed to capture some of 

the profits from a rise in product prices.
One would predict that harvests would be much more 

stable under such conditions. Price increases and decreases 

would be much less dramatic, supply would accordingly 

fluctuate in a less responsive fashion.
Medema points out that East Side sales in the Pacific 

Northwest are subject to this policy of escalation.  ̂ But 

the West Side is excluded.2 The reasons for excluding West 

Side sales are not specifically stated. However, it is 
generally known that industry representatives were dissatis

fied with the policy in the West. Bill Wallace of the 
Crown Zellerbach Corporation, Portland, Oregon, explained 

that the West Side escalation policy was dropped after
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complaints from local industry.  ̂ Specifically, the 
charges were that the escalation rates did not track the 
market accurately. Regardless of the reason behind this 
lack of uniformity in applied policy, harvest data from 

1967 to 1980 should show greater variation for West Side 
national forest timber harvests than for East Side.

The analysis of this hypothesis was once again con

ducted from two different perspectives, simple and trend 
variability were both examined. Private and public harvest 
data were divided East and West. Variances for national 

forest East Side harvests were compared with those for 

national forest West Side harvests to test if either 
was significantly greater. Private and public 

harvests were compared. East Side and West Side in 
order to determine if contract escalation reduced 
harvest variability for the national forests below 
that of private harvests. Calendar year harvest 
data from 1967 to 1980 were used. Logarithms of 

values were again used to normalize the error 
structures. Table 14 gives the results for the 
test of simple variation.

For national forest harvests, the results indicate 
that in each case harvest variability is greater in the 

West than on the East Side. But none of the F-statistics 

are significant at the 5% level. However, at the 10% 
level, they are significant for Oregon and for the total
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national forest harvest. That is harvests from West Side 

national forests in Oregon and total West Side national 
forests are significantly more variable than their respec
tive East Side counterparts at the 10% level. The evidence 
then suggests that contract escalation reduces variability 
in national forest timber harvests.

In comparing national forest and private harvests, the 

variance of West Side harvests for national forests was 
significantly greater than the variance of West Side private 
harvests in each case at the 5% level. Comparison of East 
Side harvests show little difference in the variability of 

private and public harvests. These results suggest that in 
the absence of escalation clauses public harvests are more 
variable than private harvests. The inclusion of escalation, 

as in the case of the East Side national forests, seems to 

reduce the variance so that public and private harvests are 

generally of comparable variability.
With respect to trend variability, the results are not 

quite as strong. Tables 15-16 give these results. In the 
upper half- of Table 15, the F-statistics compare the 

significant difference in the variation of West Side and 
East Side national forests. The results show national forest 

variability to be greater in the West than in the East, but 

not significantly so at the 10% level.'
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Table 14. Sinple Variability —  East vs. West, 1967-1980 for 
Oregon and Washington.

National Forest Harvests
State-Side Harvest Variance E-value
Oregon East - .020929

2.173**
Oregon West .045471
Washington East .028103

1.514
Washington West .042551
Total East ..019946

2.122**
Total West • .042317

Private Harvests vs. National Forests

State-Side
Private

Harvest Variance
National Forest 
Harvest Variance F-value

Oregon East .045326 .020929 2.166**
Oregon West .015899 .045471 2.860*
Washington East .042066 .028103 1.497

Washington West .011722 .042551 ■ 3.630*

Total East .014930 .019946 1.336
Total West .010002 .042317 4.231*

**Indicates one variance is significantly greater at the 10% level. 
^Indicates one variance is significantly greater at the 5% level. 
Degrees of freedom = 14
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Comparing national forest and private harvest 
variability in Table 16 shows that national forest 
harvests are significantly more variable than private 
harvests in Western Oregon and for total West Side 
harvests. On the East Side private and public 

harvests are of comparable variability. This again 
suggests that without escalation, national forest 

harvests are significantly more variable than private 
harvests, and that with escalation, private and public 
harvests are of similar variability.



Table 15. Regressing Harvest on Time Using Logarithms of Values, 1967-1980 
__________ for Oregon and Washington.__________

National Forest Harvests

State-Side Variance of Harvest F-value Constant a. Durbin Watson

Oregon East .012036 17.568*
-I

-.844 .104
Statistic
1.1232.047 (2.2919) (.53349)Oregon West .024642 20.068* -1.291 .125 1.677(3.2795) (.76336)Washington East x .011590 22.215* -2.182* .558 1.6641.215 (2.2491) (.52351)Washington Vtest .014084 22.630* -2.060* .475 1.788(2.4793) (.57710)Total East .010094 19.287* -1.177* .270 1.3001.868 (2.0989) (.48855)Total West .018852 21.592* -1.555* .254 1.718(2.8684) (.66767)

Private Harvests

State-Side 
Oregon East 
Oregon West 
Washington East 
Washington West 
Total East 
Total West

Variance of Harvest 
.042835 
.002189 
.007912 
.009271 
.015040 
.003562

Constant Si
18.707* -1.256
(4.3238) (1.0064)
21.192* -I.452*
(.97734) (.22749)
-1.879 1.858*
(1.8583) (.43254)
15.305* -.044
(2.0115) (.46822)
11.518* .526
(2.5620) (.59636)
18.805* -.715 *
(1.2469) (.29023)

M. R2
Durbin Watson 
.Statistic

.041 1.266

.754 1.691

.824 1.754
-.083 1.007
-.017 1.285
,280 1.108

to

*Indicates coefficients are significantly different from zero at 5% level 
Standard errors are in parentheses. Degrees of freedom = 12
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Table 16. Private vs. National Forest Harvest Variability-

State-Side
Variance of 

Private Harvest
Variance of National 

Forest .Harvest F-value

Oregon East .042835 .012036 3.559*

Oregon West .002189 .024642 11.257*

Washington East .007912 .011590 1.465

Washington West .009271 .014084 1.519

Total East .015040 .010094 1.490

Total West .003562 .018852 5.293*

indicates one variance is significantly greater at the 5% level.-



FOOTNOTES

81 '

E .L . Medema, "Price Uncertainty in Asset 
Markets: An Economic Evaluation of U .S . Forest 
Service Stumpage Rate Adjustment and Procedures".
PhD dissertation. University of Washington, 1977.

2nWest Side" timber in the Pacific Northwest 
refers to timber west of the Cascades as a general 
rule. "East Side" timber refers to timber East of the 
Cascades.

3Bill Wallace, The Crown Zellerbach Corporation, 
Portland, Oregon, personal communication, September 1982.
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CHAPTER 8

THE RESPONSE OF HARVEST TO PRICE

The evidence so far suggests that Forest Service 
harvests are not particularly stable. In part that 
result can be attributed to flexibility in the contract 

that allows timber purchasers to adjust to changes in 
the price of sawlogs and to variance in Forest Service 
sales. To further develop this point and compare 
private and national forest harvest variability, their 

likely responses to price changes will be considered.
Under the constraints of Forest Service policy as 

previously outlined, a firm's bid is in terms of pride 

per unit ($/bd.ft.) which essentially they pay as 
they harvest the timber.1 Given a history of contract 

extension, rate redetermination, and evidence of slack 

in the contract, a different response to a price change 

can be expected from national forest timber purchasers 

than from private owners.
As mentioned, firms engaged in "mining" a resource, 

such as timber, normally shift production toward the 
present. Harvest rates are higher in the present and 
lower in the future. Output declines over time. But 

consider the firm represented in Figure 7, and assume the
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market price for sawlogs is constant at Pq. If the firm 

is bidding on an nonescalated, pay-as-you-cut contract, 
the maximum amount this firm would bid for Forest Service 
timber would be "a." By bidding more than "a," it would 

not be profitable to harvest the timber at any rate.

By bidding less, he reduces his chances of winning the 
contract, particularly if his competitors face the same 
(or similar) set of cost curves. If the expected price 
is Pq and the firm suspects that the terms of the contract 
will not be enforced but relaxed to its advantage, the 

greater is the incentive to escalate the bid toward 
"a." In other words, thinking they will be released 

from the contract if price falls, the risk associated 
with bidding the maximum is substantially reduced.

RATE
Figure 7. Maximum Bid on Pay-As-You-Cut Contract.
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Next assume that a firm purchases a tract of 

Forest Service timber for a bid price of "a" under a 
nonescalated contract. If the market price for the

timber is Pq, the price this particular firm would receive 
is, in effect, Pq less the amount bid, Pq - a, or P^. At 
Pq , however, the firm can operate only at a constant rate, 
A, not some combination of declining rates over time. It 
should be noted that in the face of price uncertainty, a 

firm would probably not bid "a." Possible variance in 
price would constrain the bid to be less than "a." 
Nonetheless, assuming P^ is the expected price, a bid 
of "a" will be used to illustrate an unusual type of 

supply response. In this case the magnitude of the 
firm's response to a price increase is expected to be 
significantly different from the magnitude of its response 

to a decrease in price. If the price suddenly rises 

from Pq to P^, the firm's relevent price rises to Pj_, or 

P^ - a, output increases from A to C as in Figure 8.

However, if price falls from Pq to Pg, the firm's 
relevant price falls to P^, Pg - a, and operations become 

unprofitable as in Figure 9. Harvesting ceases altogether. 
The price which the firm would receive is below operating

costs.
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RATE

Fiaure 8. Response to Price Increase.

If price falls below Pq, two possible types of responses 

may occur depending upon whether the time constraints 
of the contract are binding to the timber operator.

If the constraints are binding, the supply curve for 
this particular firm is vertical for price decreases, 

and harvest must remain constant, even in the face of 

a price decline. If the time constraints are not 

binding, the harvest will be zero if price falls.
For price increases the response will be positive. 

Accordingly the supply function will be discontinuous
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RATE

Figure 9. Response to Price Decrease.

at Pq . Figures 10 and 11 illustrate these two types of 
supply functions.

If the constaints in the Forest Service contract 

are not binding, then this particular model gives us 

a possible explanation for the high variability in 

national forest harvests as compared to private harvests. 
It should be remembered, however, that this model 

represents the extreme case. In the real world, the 
bidding process may not extract all rents. Nonethe
less, the bids may be approaching "a" such that evidence 
of this kind of behavior is present.
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CONTRACT 
NOT BINDING

CONTRACT
BINDING

PRICE b Q b 0
4

OAX / =* 0I 6 P b P

PRICE 6 Q 6 0
/ = + CO / = 0

I 6 P b P

Figure 10. Alternative Types of Supply Response.

NOT
BINDING BINDING

Figure 11. Graphic Representation of Supply Response.
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At any point in time there may be many firms in 
such a position. Firms■in this particular situation 
would be marginal firms. It should be clear, however, 

that not all firms will be in this predicament at the 
same time. Firms which obtain contracts in different 

periods can have different minimum prices below which 

harvest becomes unprofitable. With rising prices, 
some firms will be operating above their bid price.

In aggregate then, when prices fall, not all firms 

are expected to cease operations, only those which 
are marginal at that particular point in time. The 

aggregate supply curve, however, can be expected to 
reveal dramatic reductions in quantity supplied in 
response to price decreases as marginal firms go out 

of operation.

Such an aggregate supply function is depicted 
in figure 12. In this example, if price goes from Pi to 
P2, output increases positively, from Q1 to Qg along the 

supply function from point I to point 2. If price falls 

from P2 to P3, the firms which are marginal at that 
point in time cease operations. The decline in quantity 

supplied is much sharper, i.e., the relative price 
elasticity is much greater. So the response follows 

a much steeper supply function with respect to the
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I —X  4

Figure 12. Hypothetical Aggregate Supply Function.

price decrease from point 2 to point 3. Output falls 

dramatically with respect to a relatively small change 

in price. If price increases from P3 to P4, and then 
again to P3, output increases along the flatter supply 

function from point 3 to point 4 and then to point 5. 
Output rises accordingly to Q5. As price falls slightly 

from P3 to P3, once more a comparatively dramatic 

decrease in quantity supplied follows from Q3 to Qg.

Thus two different supply functions have been traced 

out, one for price increases and one for price decreases, 
the latter being much steeper in slope.
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FOOTNOTES

1Some Forest Service sales are lump sum. 
however, are pay-as-you-cut.

Most,
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CHAPTER 9

ESTIMATING SUPPLY RESPONSE

As it turns out, there are several techniques for 

esimating such supply functions. Each method implies a 
different underlying theoretical structure. The method 
employed by this study was outlined by Houck in 1977.1 It 
was essentially an improvement of the Wolframm model 

formulated six years earlier and is particularly well-suited 
for tracing out the particular type of function previously 
described.2 Houck explains how to test changes in the level 

of a dependent variable, Y , in response to changes in the 
level of some independent variable, X, when the response of 

Y to an increase in the value of X is significantly differ
ent from its response to decreases in the value of X.

The equation to be estimated is of the form:

(26) Y* = a ĵ R* + a 2D* + ag t + s-j-.,

where Y*̂ . = Y^ - Y q = £ A Y^ and R*̂ _ = ZZ X ' , X ' represents 

positive changes in X from the previous period. Here,

D*t = Z  X", X" represents negative changes in X from 
the previous period.

In using this technique changes in the level of Y in 
response to changes in X are being tested. The levels 

themselves are not of immediate concern. In this case, the 

X variable will be price and the Y variable will be timber
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harvest. R* will be the sum of all price increases to that 
point, and D* will be the sum of all price decreases. The 
theory to be tested predicts that if contracts are not 
binding, harvests for marginal firms will cease altogether 
following a fall in the price of sawlogs, and correspondingly 
output will decrease dramatically. If the theory is 

reasonably correct, the coefficient for D* should be 

significantly different from zero and significantly greater 

than the coefficient for R*, i.e. a2 should be significantly 
greater than a^.

Table 17 gives Houck's own example of segmenting 
variable X. It shows clearly the manner in which the data 

points are constructed to test for the presence of this 

particular underlying structure. Once again X 1 represents 
positive changes and X" represents negative changes in the 
variable X, with R*^ 0 and D*2 0.^
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Table 17. Houck Method of Segmentation.

Variable X.i
I

X
Il

X R* D*

xo = 10 — ----L —

Xl = 13 3 0 3 0

X2 = 11 0 -2 3 -2

X3 = 14 3 0 6 -2

X4 = 17 3 0 9 -2

IlX
n 12 0 -5 9 -7

<*
* Il 9 0 ™3 9 -10

IlxT 16 7 0 16 -10

OO
^ Il 20 4 0 20 -10

X9 = 18 0 -2 20 -12

Source:■ J.P. Houck, "An Approach to Specifying and Estimating 
Nonreversible Functions." American Journal of 
Agricultural Economics 59 (August 1977): 571.
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FOOTNOTES

'̂J.P. Houck, "An Approach to Specifying and 
Estimating Nonreversible Functions." American 
Journal of Agricultural Economics 59 (August 1977): 
570-572.

2Rudolf Wolffram,- "Positivistic Measures of 
Aggregate Supply Elasticities: Some New Approaches--
Some Critical Notes." American Journal of Agricultural 
Economics 53 (1971): 356-359.

^An attempt was made to test for this type of 
supply response using an approach outlined by Traill, 
Colman, and Young (August 1978). It was found that 
the approach was not suited theoretically to this 
particular model.
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CHAPTER 10

TESTING THE HOUCK MODEL

In order to examine this hypothesis, national forest 
calendar year harvest data from 1967 to 1980, divided 
into its East Side and West Side components were used.
In doing so, the response of harvest to declining prices 
is expected to be greater on the West Side than the East 

Side since contracts in this area were not escalated 
during this period. In the East, where contracts are 
100% escalated for price declines, there should be no 

decline in harvest rates, at least theoretically.

Given the following test equation,

(27) Y*t = a^R* + a2D* + a3t + et,

where Y* = - Y = H AY^, Y^ = harvest level at time t,
R* = sum of price increases to date, D* = sum of price 

decreases to date, and t = time. The trend value is 

included to help correct for shifts in the function over 
time .

The predicted result for the West Side is that a 
is significantly different from zero, if the time con

straints are not binding and further, a should be signi
ficantly greater than a^, in order to support this 

particular hypothesis. In the East, the difference in
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the coefficients is expected to be less due to the presence 
of escalation.

Private harvest data, for the same time period, 
similarly divided into East and West components were also 
analyzed. The expectation in this case is that this unusual 
type of supply response does not occur. Neither a2 nor ap 
should prove to be significantly greater. However, in 

comparing the a2 coefficient for national forest harvests 
with the analogous coefficient for private harvests, the 
national forest coefficient should more than likely turn out 
to be significantly greater than the private harvest coeffi
cient if Forest Service harvests are extremely elastic with 
respect to price declines.

Since Douglas-fir is .the major timber species•in the 

area, the regressions were run in each case using real 

prices of Douglas-fir saw logs. Data were run both linearly 
and nonlinearly. Tables 18-20 give the results of these 

tests. An F-test was used to determine if either of the 
slope coefficients was greater.-'- The statistic was calcu
lated as follows:

(28) F = ((SSER - SSEG)/SSEG)*(d.f./# restrictions).

Where, SSER is the restricted sum of squared errors 

from regressing Y* or R*, D*, and time. One restriction 

occurs, R*=D*. SSEG is the residual sum of squared errors 
obtained from the original test equation.
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The results for national forests in Oregon and 
Washington show a2 to be significantly greater than ay 

in the linear model. The a2 coefficient was also 
significantly greater than zero in each case. This 
provides some support for the hypothesis, but the results 
are somewhat weak considering that significance was lost 
when the data were log linearized. Also as predicted,

East Side national forest harvests show less responsiveness 
to declining prices than do West Side national forest 
harvests due to the presence of escalation in the East.

The results, however, also indicate that the 
supply response of private harvests is not symmetric.

In western Washington, results show a2 to be signifi
cantly greater than ay for the linear model, but a2 

is not significantly greater than zero. In eastern 
Washington, the price increase coefficient ay is 

significantly greater than a2• Western Oregon shows 

the strongest evidence of a2 being greater than ay, 
but once again a2 is not significantly greater than 

zero.
The price decrease coefficients for national forest and 

private harvests were compared in Table 20 using the saw 

log price data in an attempt to determine if either the
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national forest or the private price decrease coefficients 
was significantly greater. The following t-statistic was 

calculated for this test:

(29) t-value = (a2L - ^ s2a2L + s2a2s '

where a2L is the larger coefficient and a2S is the smaller 
coefficient; S^a21j and S^a2s are the respective variances. 
Using linear data, western Oregon showed national forests 

to be significantly more elastic with respect to price 
declines. In other cases, no significant results emerged. 

However, all but one equation showed the national forest 

price decrease coefficient to be greater than the private 

coefficient.
The major problem with the results is the occasional 

recurrence of negative values for the estimates of a  ̂and 

a2. The model predicts positive supply response in all 
cases. This may suggest that shifts in supply are not 

being adequately accounted for by the trend variable and 
that a variable which more suitably accounts for such 

shifts should be included. A "stock" variable would be 

best. The results, however, lend some support to the 
hypothesis that western national forest timber harvests 
show a significantly greater response to declining prices 
than to rising prices, even though they are weakened by the 
presence of negative estimates of a  ̂ and a2. Additionally,



weakness may be due to the fact that the Houck model is 
not well suited analytically to explaining the behavior of 

timber firms operating in national forests.

99



Table 18. Results From Testing the Houck Model Using National Forest Data, 1967-1980

State-Side Model Specification aI a2 a3 F-value tid. R2 D-W

Oregon
National Forest 
East Linear Model -1295.7 2715.9 11399* 3.028 .185 1.192

logaritlimic Model
(1767.8)
-.047686

(3733.2)
.015607

(889.55)
.26031* 1.579 -.048 .971

(.083711) (.048427) (.053950)

Oregon
National Forest 
West Linear Model 

logarithmic Model
8225.1*
(3610.2)
.018358
(.106770)

25897*
(7624.2)
.077821
(.061765)

-15892*
(1816.7)
-.083156
(.068809)

13.147
.858

.560

.187
1.717
1.464

Washington
National Forest 
East Linear Model 416.85 1961.0 2847.6* 8.116* .537 1.646

logarithmic Model
(639.97)
-.086597

(1351.5)
.044757

(322.04)
.20093* 7.474* .460 1.199

(.079874) (.046207) (.051477)

Washington
National Forest 
West Linear Model 4888.9* 10437* -28837* 12.730* .769 2.281

Logarithmic Model
(1192.5)
.044406

(2518.3)
.107130*

(600.06)
-.24119* 2.082 .568 2.331

(.072264) (.041805) (.046573)

* Indicates coefficients are significantly greater than zero at the 5% level. 
If F-values are marked with an asterisk, one variance is significantly 
greater than the other at the 5% level.
10 d.f.
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Table 19. Results From Testing the Houck Model Using Private Data, 1 9 6 7 - 1 9 8 0 .

State-Side Model Specification ai a2 a3 F-value M. R2 D-W

Oregon
Private East Linear Model -3784.5*

(1551.8)
-3702.2
(3277-3)

4296.8*
(780.9)

.002 .389 1.877
Logaritlimic Model -.26258

(.1195)
-.076026
(.069129)

.25649*
(.077014)

6.736* .269 1.817

Oregon
Private West Linear Model -3904*

(2269.1)
4948.4
(4792.0)

2254.3
(1141.8)

8.948* .752 1.121
Logarithmic Model -.077816*

(.030465)
.019962
(.017264)

.066399*
(.019634)

28.470* .779 1.137

Washington
Private East Linear Model 1770.7*

(442.49)
778.47
(892.25)

119.41
(212.6)

3.242 .846 1.269
Logarithmic Model .26606*

(.054299)
.025386
(.031412)

-.14899*
(.034995)

54.297* .838 1.873

Washington
Private West Linear Model 3135.9

(4108.3)
14855
(8676.2)

12014*
(2067.4)

4.784 .151 .892
Logarithmic Model .018013

(.057072)
.024128
(.033016)

.042830
(.036782)

.032 -.135 1.002

*Indicates coefficients are significantly greater than zero at the 5% level. 
If F-values are marked with an asterisk, one variance is significantly
greater than the other at the 5% level. 
10 d.f.

TO
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Table 20. Comparing Price Decrease Coefficients for Private and 
_________ National Forest Harvests._________________________

State-Side a2 Private a2 N. F. t-value

Linear Saw Log Model
Oregon East -3702.2 2715.9 1.292
Oregon West 4948.4 25897 2.326*
Washington East •778.47 1961.0 .383
Washington West 14855 10437 .489

Logarithmic Saw Log Model

Oregon East -.075026 .015607 1.173
Oregon West .019962 .077821 .901
Washington East .025386 .044757 .347
Washington West .024128 .10713 1.558

^Indicates one coefficient is significantly greater at the 5% level, 
d.f. = 20
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FOOTNOTES

-Lp. Rao and R.L . Miller, Applied Econometrics . 
Belmont, California: Wadsworth Publishing Company,
Inc., 1971.■
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CHAPTER 11

INCORPORATING TIMBER UNDER CONTRACT

It is recognized that using time as a shift variable 
may not be adequate. Since supply shifts as the stock 

of timber changes, an attempt was made to account for 
such shifts by estimating another equation for national 
forest harvests which included a variable for the total 
timber under contract. This particular variable repre

sents the "stock" of Forest Service timber. No comparable 
figures were available for private timber holdings, so 
such an equation was not estimated for the private sector.

A problem with the timber under contract (T.U.C.) 

variable was that most of the data were not subdivided 
into East and West Side components for calendar years 
1967 to 1974. In testing the portion that was appro
priately divided, there was,, however, a significant 

relationship between East and West Side T.U.C. Based on 
those results, East and West Side T.U.C. were assumed 
to be relatively constant percentages of the total T.U.C.

Consequently, the total timber under contract for 
each state, 1967 through 1980, was incorporated as a 

stock variable in order to re-examine the Houck model.

The weakness of this T.U.C. variable is apparent, it is 
not properly divided into East and West Side components.
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The purpose here is to point out that some sort of stock 
variable is desirable, and that, the inclusion of a 
correctly measured stock variable would improve the 

reliability of the results in estimating these supply- 
functions .

Tables 21-22 give the results of testing the model 
including the T.U.C. variable. The analysis was conducted 

both including and excluding the time trend variable.
Only West Side national forest harvests were tested. The 
following equations were utilized in linear and log 

linear form, using saw log price data:

(30) Y* = a1R*t + a2D*t + a^TUC + et

(31) Y£ = a1R*t + a2D*t + a^t + a^TUC + et .

The difference between equations '30 and 31 is that the 

latter contains a trend variable (t).

By regressing harvests on the segmented price variable 
and TUC (excluding the time trend) ,. the results are 
similar to the prior regression results in which estimates 
of timber under contract were not included. The a2 
coefficient is significantly greater than a  ̂ in the 

linear case but not in the logarithmic case. Similarly, 
a2 is significantly different from zero. This is also



Table 21. Houck Model —  Without Time Trend and With T.U.C., 1967-1980.

State-Side Model Specification aI a2 a4 F-value M. R2 D-W

Oregon
National Forest 
West Linear Model 7889.1*

(3402.4)
28140*
(7249.6)

35.006
(17.10)

19.641* .602 1.723

Logarithmic Model .013862
(110336)

.079576
(.060762)

.018101
(.(031977)

1.113 .188 1.464

Washington
National Forest 
West Linear Model 3477.9*

(1284.8)
12498*
(2677.6)

-18.217
(13.903)

28.485* .738 2.037

Logarithmic Model ...034818
(.071944)

.11002*
(.041756)

-.0017451
(.024280)

3.014 .566 2.340

Total 'i
National ForestWest Linear Model 11274* 40475* 17.731 29-858* .718 1.927

(4005.3) (8470.8) (13.794)
Logarithmic Model .018004 .08827 .011804 1.723 .330 1.564

(.089034) (.052197) (.026363)

*Indicates coefficients are significantly greater than zero at the 5% level. If F-values 
are marked with an asterisk, one variance is significantly greater than the other at 
the 5% level.
10 d.f.
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Table 22. Houck Model —  With Trend Variable and T.U.C., 1967 - 1980.

State-Side
Model

Specification. aI a2 a3 a4 F-value Ad. D-W

Oregon 
National 
Forest West Linear Model ■

Logarithmic '<■ 
Model

8039.8
(3624)
.028859
(.13785)

28738*
(7979)
.086281
(.074308)

-2795.2
(11135)

-.27923
(1.5769)

62.307
(110.21)
.14779
(.73315)

16.344* .561

.508 .101

1.710

1.47/9

Washington
National 24.153* .716 2.115Forest West Linear Model 3385.9 12734* 1928.9 23.274

(1354) (2837.7) (4226.4) (92.061)
Logarithmic .030042 .10773 .32936 -.17267 2.879 .525 2.398
Model (.076306) (.044091) (.87449) (.45455)

Total
■National 22.394* .687 1.915Forest West Linear Model 11300* 40777* -1622.8 28.715

(4226.7) (9387.1) (15678) (107.11)
Logarithmic .007347 .083982 .26252 -.10585 1.185 .257 1.560
Model (.11734) (.06186) (1.7390) (.77986)

*Indicates coefficients are significantly greater than zero at the 5% level. If F-values 
are marked with an asterisk, one variance is significantly greater than the other at 
the 5% level.
9 d.f.
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primarily confined to the linear case. The Adjusted R2 's 

are slightly higher than they were without the T.U.C. 

variable, thereby implying that the '"fit of the model 

has been improved. Both the a  ̂ and ag coefficients are 

positive as they were before without the T.U.C. variable 

(for West Side national forests).

Table 22 gives the results with the inclusion of T.U.C. 

and a time trend in the model.. Adjusted R2 's decline 

noticeably. Thus by incorporating both the trend variable 

and T.U.C., the fit is not., improved. The relative signifi

cance of the a2 coefficient again remains unchanged. The a2 
coefficient is significantly greater only in the linear 

case. Consequently, in both of these models there is some 

evidence that marginal firms are falling out of operation in 

response to price declines, however, the results are not 

strong. The inclusion of the T.U.C. variable does improve 

the performance of the model somewhat, providing the trend 

variable is left out.
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CHAPTER 12

CONCLUSION ■ •

In the beginning, the history of the concept of 
sustained yield and its connection with the notion of 
community stability was traced. That brief historical 

analysis ended by documenting the Forest Service's 

present-day policy of attempting to stabilize timber 

dependent communities by maintaining a nondeclining 
even-flow of timber from the national forests.

Putting aside the complex issue of how the Forest 
Service might go about stabilizing communities, the 
question of whether or not the Forest Service was actually 

achieving its goal of stabilizing the flow of timber was 
examined. Data were analyzed- from both the Southeast 
and the Northwest, as well as two Rocky Mountain states 

and one New England state. By analyzing both simple and 

trend variability, it was concluded that Forest Service 

harvests were more variable than private harvests, thus 
casting doubt on the hypothesis that the Forest Service 
actually maintains an even-flow of timber.

Possible sources of the variation in national forest 

harvests were then investigated. The possibility that 

irregularities in Forest Service sales might be generating
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harvest variability was scrutinized. In testing this 
hypothesis, sales variability was compared with harvest 

variability. Across states, the range in harvest 
variability was strikingly less than the range of sales 
variability, suggesting that markets were the stabilizing 
influence, not Forest Service sales policies. If sales 

were constant, the markets varied timber harvests with 

the economy, if sales were eratic, market conditions 
tended to moderate this excess variability. The hypothesis 
that harvests were a function of some pattern of sales was 
also tested. In some of the eastern states it was found 
that harvests did tend to mirror sales, due in part to the 

presence of shorter contracts. Thus sales variability 

might be causing harvest variability in those states.
But in the Northwest, in the major timber producing states, 

no such relationship was found. This suggested that there 

might be an additional source of variation.
The next step was to investigate the Forest Service 

contract as a possible source of harvest variation. Upon 

modelling the behavior the firms engaged in "mining" a 

resource, it was concluded that in a simple framework, 

production was shifted to the present, and rates of 
extraction declined over time with the difference between 

price and marginal cost rising at the rate of interest.
It was learned that if the time constraints of the contract
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were free, the time path of resource extraction under the 

Forest Service's "pay-as-you-ciit" contract would be less 

steeply sloped than the time path for a lump sum payment 

scheme. The pay-as-you-cut contract would therefore extend 

the life of the operation. Evidence of Forest Service 

harvests responding to changes in the economy suggested that 

there was in' fact considerable slack in the contract period.

The impact of contract escalation on national forest 

timber harvests was then analyzed. It was determined that 

escalating the bid price as the general price level rose and 

making a downward adjustment as the price level fell did 

tend to stabilize the harvest levels. East Side and West 

Side national forest harvests were compared in Oregon and 

Washington to determine if the West Side harvests, which 

have not been subject to an escalation clause since 1967, 

were more variable than the East Side harvests (which were 

sold under escalated contracts for the same time period).

The results were that West Side harvests were more variable.

By focusing attention on the West Side, a potential 

source of instability was more closely analyzed. It was 

hypothesized that the response of national forest timber 

harvest on the West Side would be 'dramatically different 

than'the supply response on the East Side. Output
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would respond positively to price increases but drop 
dramatically if prices fell. High bids would reduce 
revenue such that a decline in price would make operations 
for marginal firms infeasible thereby forcing a drastic cut 
in production.

This hypothesis was tested in the framework of the 
Houck model. Evidence suggested that a supply response of 

this sort was occurring, and thus the theory might explain 

some of the Forest Service harvest variability. The problem 
of the testing procedure was the inability to account for 
supply shifts. A stock variable, timber under contract, was 
introduced for national forest harvests. The inclusion of 

the stock variable did improve the performance of the model. 
However, in both cases evidence of this type of supply 
response was significant only in the linear case.

In light of the fact that "community stability" was set 

forth as a "raison d'etre" for the establishment of the 
National Forests —  based upon the assumption that 
private industry exerted primarily a destabilizing influ
ence on timber dependent communities--this study brings 

out a very important point. It is apparent that over 
the time periods herein examined. Forest Service policies 

resulted in greater variability in harvest than was found 
in the private sector. That variability is, at least in 

part, due to the lack of rigidity in the Forest Service
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timber contract. But regardless of the source of the 
instability in national forest harvests, it is clear 
that the Forest Service is not achieving its goal of 
even-flow. Since even-flow is one of the prerequisites 
for achieving community stability, the results presented 
here imply the Forest Service is failing to achieve its 
policy goal. By comparison, the private sector appears 
to be the stabilizing influence in the timber industry, 
not the Forest Service. This is precisely the opposite 

of what has been assumed in much of traditional forestry 
literature. Any attempt, therefore, by the Forest Service 

to justify its actions based upon its supposedly successful 
record as a stabilizing force should be met with reasonable 
doubt.
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Table 23. Price Data.

Year

Doug Fir* 
Saw Log Price

1967$
1967 68.M
1968 80.00
1969 92.70
1970 80.90
1971 79.10
1972 79.80
1973 127.90
1974 112.70
1975 96.50
1976 110.90
1977 125.00
1978 136.00
1979 162.20
1980 141.30

*Douglas Fir Saw Log prices are in $/MBF, Scribner Log Scale, for saw 
logs sold in Western Washington and Northwest Oregon and taken from 
U.S.D.A. miscellaneous publication Nb.. 1408, U.S. Timber Production, 
Trade, Consumption and Price Statistics 1950 - 1980.
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Table 2 4 . Alabama Calendar Year Harvest "Data MMBF.

Year Private Harvest N. F. Harvest - Total Harvest

1968 4090.3 52.7 4143.0

1969 4407 46.9 4453.9

1970 4223.2 51.2 4274.4

1971 4334.9 54.3 4389.2

1972 4738.8 48.8 4787.6

1973 5590.0 • 66.0 5656.0

1974 4742.2 57.1. 4799.3

1975 4200.1 40.3 4240.4

1976 4879.8 58.5 4938.3
1977 5205.9 60.9 5266.8

1978 5164.0 49.8 5213.8

1979 5579.4 54.0 5633.4

1980 5680.0 71.3 5751.3

Source: Alabama State Forestry Commission, Production of 
Forest Products by Counties in Alabama 
Montgomery, AL: 1968-1980).
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Table 25. California Calendar Year Harvest Data (MMBF) .

Year Private Harvest N. F. Harvest Total Har
1952 4398 613 5057
1953 5317 633 5990
1954 4789 757 5600
1955 4928 1027 6015
1956 4687 1096 5862
1957 4356 918 5347
1958 4470 1114 5675
1959 ' 4293 ‘ 1475 5886
1960 3699 1330 5137
1961 3847 1378 5342 ■
1962 4053 1376 5539
1963 3688 1661 5461
1964 3504 1864 5476
1965 3215 ■ 1917 5271
1966 2967 1931 5008
1967 3057 1895 5062
1968 2817 2364 5344 .
1969 2879 2001 5001
1970 2624 1841 4566
1971 2594 2063 4790
1972 2664 2215 5001
1973 2813 2014 4923
1974 2862 1735 4704
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Table 25. California Calendar Year Harvest Data (MMBF)

Year Private Harvest N. F. Harvest Total Harvest
1975 2712 1523 4334
1976 2757 1890 • 4731
1977 2694 1738 4787

1978 2783 1798 4664
1979 2265 ' 1727 4084

1980 .1863 1508 3441

Source: Correspondence Brian Wall, U.S. Forest Service, Pacific 
Northwest Forest and Range Experiment Station, Portland, 
Oregon.
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Table 26. Idaho Calendar Year Harvest Data (MBF). .

Year Private Harvest N. F. Harvest Total Harvest

1970 565900 852100 1575100

1971 607600 846600 1648200

1972 653800 855200 1682383

1973 642887 826425 1653402

1974 686289 791833 1683933

1975 790821 677510 1592723

1976 700685 1009531 1927929

1977 734833 826493 1747847

1978 767575 841593 1856868
1979 786043 833509 1806907

1980 857597 605969 1624716 '

1981 527672 564003 1268696

Source: Correspondence, Brian Wall, U.S. Forest Service, Pacific 
Northwest- Forest and Range Experiment Station, Portland, 
Oregon.
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Table 27. Louisiana Calendar Year Harvest Data (MMBF)

Year Private Harvest N. F. Harvest Total Harvest
1966 2043.9 91.8 2135.7
1967 2001.5 79.0 2080.5
1968 2150.4 84.6 2235.0
1969 2454.3 91.3 2545.6

1970 2588.3 74.6 2662.9
1971 2611.4 84.9 2696.3
1972 2798.2 145.5 2943.7

1973 2851.1 97.4 2948.5

1974 2920.7 147.0 3067.7
1975 2341.4 • 126.0 2467.4

1976 2794.8 161.0 2955.8

1977 2831.8 135.9 2967.7

1978 2975.9 172.6 3148.5

1979 2996.4 159.9 3156.3

1980 2760.5 119.3 2879.8

Source: Louisiana Forestry Commission, Timber Production in
Iauisiana (Baton Rouge, LA: 1966-1980).
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Table 28. Mississippi Calendar Year Harvest Data (MMBF) .

Year Private Harvest N. F. Harvest Total Harvest

1966 1964.4 145.5 2109.9

1967 1942.8 127.0 2069.8

1968 2272.4 163.0 2435.4

1969 2909.5 149.4 3058.9

1970 2919.1 144.6 3063.7

1971 2960.8 147.3 3108.1

1972 3045.4 145.1 3190.5

1973 2057.6 105.3 2162.9

1974 2174.0 141.2 2315.2

1975 .1766.8 98.7 1865.5

1976 1973.3 207.8 2181.1

1977 2077.1 183.0 2260.1

1978 2160.1 249.5 2409.5
1979 2302.1 197.2 2499.3
1980 1949.4 288.2 2237.6

Source: Correspondence, Mississippi Forestry Commission.
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Table '29. Montana Calendar Year Timber Harvest Data (MBF).

Year Private Harvest N. F. Iiarvest Total Harvest

1970 346100 654400 1088100

1971 402100 738600 1242700

1972 406628 558003 1083600
1973 429415 564131 1117423

1974 499400 495341 1088283

1975 500903 444542 1008700

1976 596903 470361 1106144

1977 556809 498862 1124577

1978 626714 458560 1171420

1979 567466 451685 1095429

1980 466602 408619 ,944802
1981 434011 387285 897208

Source: Correspondence, Brian Wall, U.S. Forest Service, Pacific 
Northwest Forest and Range Experiment Station, Portland, 
Oregon.
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Table 30. New Hampshire Fiscal Year Harvest Data (MBF) .

Year Private Harvest N. F. Harvest** Total Harvest
1964 203980.0 28693.0 232673.0
1965 219091.5 21935.0 241026.5
1966 217108.5 21087.0 238195.5
1967 267196.0 24367.0 291560.0
1968 179227.5 33178.0 212405.5
1969 213661.0 32449.0 ■ 246110.0
1970 195106.0 30582.0 225688.0
1971 202243.5 27409.0 229652.5
1972 207710.0 27528.0 234968.0
1973 267959.5 16619.0 284578.5
1974 252663.5 20448.0 273111.5
1975 246435.0 16583.0 263018.0
1976 272240.5 16714.0 288954.5
1977 298775.0 21482.0 320257.5
1978 386787.5 24072.0 410859.5

:* Source: New Hampshire State Department of Resources,
Timber Harvest Sumxiary (Concord, NH: 1964-1978).

** Source: U.S. Department of Agriculture, Forest Service,
■ Report of the Chief (1964-1978).
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Table 31.. Oregon Calendar Year Harvest Data (MBF).

Year Private Harvest N.F. Harvest Total Harvest

1958 ■ 4594959 2144726 7709235

1959 4823629 2934720 8940585

1960 4957064 2314943 • 8385444

1961 3854750 2442280 7414532

1962 4099182 3074900 8500138

1963 3776873 3247300 8675428

1964 4014032 3431300 ' 9417980

1965 4033547 3781300 9393607

1966 4123375 3269300 8921406

1967 3832875 3180822 8357262

1968 .4353475 3641622 9742762

1969 4165246 3464317 9150380

1970 3874480 2831815 7980952

1971 4229962 3196524 , 9027671

1972 3918824 3943569 9629634

1973 3610157 3835775 9364630

1974 3822368 3162609 8361401

1975 3781431 2660681 7370705
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Table 31. Oregon Calendar Year Harvest Data (MBF). (continued)

Year Private Harvest N.F. Harvest Total Harvest

1976 3561412 3173974 8153511
1977 3589875 2912687 7876388
1978 3549485 3232231 7996676

1979 3208847 3167043 7694348

1980 ' 3134041 2398708 6639449 •

Source: Correspondence, Brian Wall, U.S. Forest Service, 
Pacific Northwest Forest and Range Experiment 
Station, Portland, Oregon.
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Table 32. Texas Calendar Year Harvest Data (MMBF) .

Year ■ Private Harvest N. F. Harvest Total Harvest

1971 '2229.0 83.1 2312.1

1972 3296.6 102.0 3398.6

1973 2383.6 63.5 2447.1

1974 2706.3 83.1 2789.4

1975 2555,9 61.3 2617.2

1976 2695.8 113.1 2808.9

1977 2892.6 83.1 2975.7

1978 3283.3 62.9 3346.2

1979 2840.0 44.9 2884.9

1980 2996.6 58.0 3054.6

Source: Texas Forest Service, Texas Forest Resource .Harvest 
Trends (College Station, TX: 1971-1980).
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Table 33. Vlcqinia Calendar Year Harvests (MMBF).

Year Private Harvests N. F. Harvests Total Harvests
1966 2124.6 56.8 2181.4

1967 2001.2 63.8 2065.0
1968 1733.7 68.9 1802.6
1969 2146.6 71.9 . 2218.5
1970 2082.9 66.6 2149.5
1971 1820.9 80.7 1901.6
1972 1767.0 66.7 1833-7
1973 1943.2 46.9 1990.1
1974 1816.7 47.9 1864.6
1975 1579.3 40.1 1619.4
1976 1866.1 26.5 1392.6
1977 2009.0 22.7 2031.7
1978 ■ 2029.5 29.1 '2058.6

1979 1976.9 30.8 ■ 2007.7
1980 2099.7 42.7 2142.4

Source: Correspondence, State of Virginia, Department of 
Conservation and Economic Development.
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Table 34. Washington Calendar Year Harvest Data ,(MBF).

Year Private Harvest N. F. Harvest Total Harvest

1955 2994015 862429 4550716

1956 3261159 944490 5035002
1957 2530704 900084 4050116

1958 2291683 1026871 3879678

1959 2817578 1437577 4869270

I960 3000124 1180976 4726780

196.1 2652237 1180103 4435730

1962 2918138 1496162 5051344

1963 293.460.8 1583325 5427711

1964 3503560 1724766 ' 6241219

1965 3590923 1720090 6521775 •

1966 3459747 1572825 6075524

1967 3310594 1599402 5936217

1968 3856059 1794816 6970776

1969 423.0311 1519025 7004158

1970 4045466 1378269 ’ 6459871

1971 3946082 1261437 64,50530

1972 4014786 1487561 7079521

1973 4728131 1613131 7809396

1974 4336927 1289564 6876271

1975 4061951 1098345 6185051
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Table 34.. Washington Calendar Year Harvest Data (MBF). (cont'd)

Year' Private Harvest N. F. Harvest Total Harvest

1976 4414397 1214444 6969726

1977 4067953 1170577 6590904

1978 4036139' 1260713 6782679

1979 ■ 4067789 1275615 5693650

1930 3507433 1088760 5719952

Source: Correspondence, Brian Wall., U.S. Forest Service, Pacific 
Northwest Forest and Range Experiment Station, Portland, 
Oregon,
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Table 35. Fiscal Year National Forest Harvest Data for 
__________Alabama (MBF) .____________

Year Sold Cut

1966 54377 66454

1967 51319 50417

1968 47309 51423

1969 54769 54598

1970 53755 43075

1971 60193 49944

1972 50879 57294

1973 56381 61211

1974 ' 69987 52131

1975 56968 50901

1976 70724 50350

1977 66142 56280

1978 ■ 72413 50690

1979 72344 47915

1980 75314 76744

Source: U.S. Department of Agriculture, Forest Service,
Report of the Chief (1966-1980) . ..
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'Table 36. Fiscal Year National Forest Harvest Data for California (MBF).

Year Sold Cut

1966 2075081 2061440

1967 2135546 1761195

1968 2043085 2250483

1969 1901839 2169938

1970 2236114 2047090

1971 1800391 1843272

1972 . 1826473 2215048

1973 1822353 2165050

1974 1851136 1920420

1975 1945415 ' 1506731

1976 1900965 1731612

1977 1598670 1902236

1978 1961008 1806841

1979 2182467 1833436

1980 2049533 1461090

Source: U.S. Department of Agriculture, Forest Service,
Report of the Chief (1966-1980).
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Table 37.

Source:

Fiscal Year National Forest Harvest Data for Idaho (MBF).

Year Sold Cut

1966 . 993089 994156
1967 1108882 913766

1968 1052349 999332

1969 768665 1031352

1970 1383023 997604

1971 826061 800566

1972 805641 881489

1973 812472 907586
1974 781203 771697
1975 777173 724003
1976 773360 777107
1977 761983 932700
1978 830540 772730
1979 828133 891229
1980 ' 829245 637967

U.S. Department of Agriculture, Forest Service,
Report of the Chief (1966-1980).



141

Table 38. Fiscal Year National Forest Harvest Data for Iouisiana (MBF) . 

Year_____  Sold______  Cut

1966 84105 62498
1967 97068 76635
1968 89793 86707
1969 75906 78354
1970 99185 84502
1971 124247 87157
1972 139174 107029
1973 139718 110880
1974 151021 134525
1975 191898 127107
1976 172156 148268
1977 150091 137564
1978 157682 161416
1979 154167 147571
1980 149940 144328

Source: U.S. Department of Agriculture, Forest Service,
Report of the Chief (1966-1980).
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Table 39.' Fiscal Year National Forest. Harvest Data for Mississippi (MBF).

Year Sold Cut
1966 146828 139810
1967 153159 130840
1968 141595 ■ 142907
1969 145542 144132
1970 159481 163335
1971 165118 153137
1972 153176 145626
1973 144242 114396
1974 141743 - . 118388
1975 172953 119140
1976 1916.58 144400
1977 197261 189373
1978 207145 225160
1979 209315 194060
1980 246541 307245

Source: U.S. Department of Agriculture-, Forest Service,
Report of the Chief (1966-1980).



Table 40. Fiscal Year National Forest Ifarvest Data For Montana (MBF).

Year Sold Cut
1966 703042 798701
1967 729013 730948

1968 800149 732697
1969 762490 777952
1970 1218917 731920

1971 599542 683540
1972 425908 ■676170

1973 465824 583440

1974 457040 537472

1975 • 524047 453066
1976 448542 444166
1977 520835 527718

1978 481642 445179
1979 532743 451099

1980 558648 420487

Source: U.S. Department of Agriculture, Forest Service,
Report of the Chief (1966-1980).
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Table 41. Fiscal Year National Forest Harvest Data for New Hanpshire 
__________ (MBF) ._____ /

Year. Sold Cut

1966 29250 21087

1967 ~ 31174 29367
1968 41026 33178
1969 22015 32449
1970 28725 30582

1971 29632 27409

1972 20271 27258
1973 31739 16619

1974 31223 20448
1975 23311 ' 16583

1976 28415 16714

1977 21146 21482

1978 35405 24072

1979 22667 23376
1980 28679 23942

Source: U.S. Department of Agriculture, Forest Service,
Report of the Chief (1966-1980).
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42.__Fiscal Year National Forest Harvest Data For Oregon (MBF)

Year . Sold Cut
1966 3282713 3825102
1967 . 3196513 3026065
1968 3231852 3544310
1969 3000008 3327489
1970 ' 3894887 3223266
1971 3576327 2874288
1972 3498728 3660278
1973 ■ 3391578 4164999
1974 3440781

f :
3415333

1975 3392786 2714623
1976 3458754 2929847
1977 3366466 3068815
1978 3470506 3148150
1979 3518819 3230588
1980 3714569 2511401

U-S.. Department of Agriculture, Forest Service.,
Report of the Chief (1966-1980).

Source:
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Table 43. Fiscal Year National Forest Harvest Data for Texas (MBF).

Year Sold Cut
1966 106790 106029
1967 -71021 107499
1968 68616 ' 66957
1969 96118 70827
1970 78494 65069
1971 92745 - 82055
1972 96609 92156
1973 94648 63832
1974 82262 83340
1975 106831 59420
1976 100544 97948
1977 26759 92109
1978 64236 63501
1979 96680 42602
1980 101329 63507

Source: U.S. Department of Agriculture, Forest Service 
Report of the Chief (1966-19-80) .



Table 44. Fiscal Year National Forest Harvest Data for Virginia (MBF). 

Year_____ Sold________ Cut
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1966 56979 59045

1967 77115 59247

1968 70837 59991

1969 86626 64028

1970 54846 66281

1971 47511 69670

1972 43327 70577

1973 47605 50579

1974 37903 48217

1975 39931 40274

1976 8003 30196

1.977 33972 24355

1978 ■ 47875 24129

1979 36432 31130

1980 51341 37921

Source: U.S. Department of Agriculture, Forest Service,
Report of the Chief (1966-1980).
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Table 45.

Source:

Fiscal Year National Forest Harvest Data for Washington (MBF) . 

Year Sold Cut

1966 1498628 1734549
1967 1374240 1557003
1968 1491858 1702168

1969 1347411 1525900

1970 1599732 ' 1650690

1971 1298408 1219491

1972 1387984 1318189

1973 1338547 1735635
1974 1297438 1332931

1975. ■ . 1491957 1284466

1976 1391787 1016184.

1977 1412315 1268623

1978 1513877 1184427

1979 1604994 1298057

1980 1433983 1121085

S. Department o:f Agriculture, Forest Service
Report of the Chief (1966-1980).
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. Total Fiscal Year National Forest Harvests and

N. F. Harvests N. F. Sales
Year MJVMBF MMMBF

1960 9.37 12.20

1961 8.38. 8.90

1962 9.03 10.30

1963 10.02 12.20 .

1964 10.95 11.70

1965 11.24 11.50

1966 12.14 11.38

1967 10.85 11.65

1968 12.13 11.65

1969 11.78 18.93

1970 11.53 13.38

1971 . 10.34 10.64 ■

1972 11.70 10.40

1973 12.36 10.20

1974 10.96 • 10.24

1975 9.17 10.82

1976 9.58 10.29

1977 10.48 9.92 '

1978 10.08 11.00
1979 10.38 ■ 11.33

1980 9.15 11.40

Source: U.S. Department of .Agriculture, Forest Service,
Report of the Chief (1966-1980).
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Table 47.

Source:

GNP and Housing Starts.

GNP (Real 67$) Housing Starts
Year (Billions) (1000's)

1960 736.8 1269.1

1961 755.3 . 1365.0

1962 799.1 1492.5

1963 830.7 1634.9

1964 874.4 1561.9 •

1965 925.9 1509.7

1966 981.0 1195.8

1967 1007.7 1321-9

1968 1051.8 1545.4

1969 1078.8 1499.5

1970 1075.3 1469.0

1971 1107.5 . 2084.5

1972 1171.1Z
2378.5

1973 ' 1235.0 2057.5

1974 1217.0 1352.5 -

1975 1202.1 1171.4

1976 1274.7 1547.6

1977 1340.5 1989.8

1978 1399.2 ' 2023.3

1979 1483.0 1760.0

1980 1480.7 1312.6

. Department of Commerce, Survey of Current Business
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Table 48. Private Harvest Calendar Year Data (MBF) East West,

Year
Oregon
East

Oregon
West

Washington
East

Washington 
Wr st.

1967 468411 3364464 250959 3059635

1968 617817 3735658 290450 3565609

1969 699619 ' 3456627 277083 3953228

1970 662096 3212384 . 280866 3764598

1971 843615 3386347 280658 3665424 '

1972 704515 3214309 285712 3729074

1973 559961 3050196 385177 4342954

1974 847782 2974586 382979 3953948

1975 715784 3065647 338294 3723657

1976 517914 2989498 415582 3998815

1977 526642 3063233 432090 3635863

1978 485332 3064153 459861 3576278

1979 435030 2773817 446025 3621704

1980 . 572910 2561131 408799 3098634

1981 476270 2225969 366854 2899310

Source: Correspondence, Brian Wall, U.S. Forest
Service, Pacific Northwest, Forest and Range 
Experiment Station, Portland, Oregon.
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Table 49 National Forest Harvest 
East West.

Calendar Year Data (MBF) :

Year
Oregon
East

Oregon
West

Washington
East

Washington
West

1967 1133900 2046900 448002 1151400

1968 1182548 2459074 472543 1322273

1969 1230907 2233410 426611 1092414 .

1970 1017762 1814053 332863 1045406

1971 1147075 2049449 385967 ' 875470

1972 1319580 2623989 481759 1005802

1973 1237425 2598350 439170 1173961

1974 1178107 1984502 382870 906694

1975 1151508 1509173 339847 758498

1976 1257108 1916866 363896 850548

1977 1123840 1788847 ' 321803 848754

1978 1191396 2040835 339443 921270

1979 998422 2168621 291369 984246

1980 836395 1562313 316864 771896

.1981 795876 1185197 297105 577876

Source: Correspondence, Brian Wall, U.S. Forest Service, Pacii
Northwest Forest and Range Experiment Station, Portland. 
Oregon.
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Table Sn.. Timber Under Contract and Housing Starts.

Year
Oregon T.U.C. 

(MMBF) . Washington T.U.C. 
(MMBF) Housing Starts 

(1000's)
1966 —- —- 1195.8
1967 6591.5 3404.7 1321.9
1968 6329.8 3226.I 1545.4
1969 6451.1 3264.6 1499.5
1970 7627.1 3541.3 1469.0
1971 8076.4 3534.9 2084.5
1972 8006.0 3504.3 2378.5
1973 7549.1 3196.3 2057.5
1974 7004.2 3255.1 1352.5
1975 7752.2 3704.8 1171.4
1976 7755.8 3822.3 1547.6
1977 7351.5 4293.5 1989.8
1978 8538.3 3948.3 . 2023.3
1979 8610.5 4730.6 ■ 1760.0
1980 9939.3 4526.7 1312.6

Source: T.U.C. data is from correspondence with Brian Wall, U.S. Forest
Service, Pacific Northwest Forest and Range Experiment Station, 
Portland, Oregon. Housing Starts are taken from the Survey of 
Current Business, published by the U.S. Department of Commerce.
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