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Sawnwood accounts for about ten per cent of the tctal value
of Finnish exports (65 per cent of total sawnwood production
is exported). Sawlog sales have been little 1less than 50
per cent of the private nonindustrial forest owners'
stumpage income during the 1970's. Private forest owners
supply 80 per cent of the tectal raw material input of forest
industries.

The model of the representative firm is adapted from Mills
(1962), whe considered producticn and stock holding
decisions of an imperfectly competitive firm under
stochastic final good demand. The present study shows that
ex ante raw material stcck holding decisions determine the
sawlog demand of the representative firm. In the model,
uncertainty concerning sawnwood demand in export markets
causes the optimal ex ante raw material stock tc deviate
from the level suggested by a simple accelerator of expected
demand. For the expected profit maximizing firm the ex ante
stock is an increasing functicn of expected sawnwood demand
and price, expected stumpage price and initial steck
(adjustment costs) and a decreasing function of present
stumpage price and the carrying costs of stocks. 1In the
presence of uncertainty and adjustment costs, the firm does
not necessarily want, ex ante, to produce the expected mean
demand.

For a one pericd utility maximizing fcrest owner, the supply
of sawlogs is shown to be an increasing function of stumpage
price and standing stock (standing timber inventory) and a
decreasing function of exogenous income (Binkley, 1981).
The intertemporal utility maximizing apprcach 1is discussed
and the above one period model and the present value
maximizer's model are concluded to be special cases of this
more general approach. Ambiguity of the results of the
intertemporal utility maximizing model leads to the
selection of a one period model as the basis for empirical
work. Further more, institutional factors and market
imperfections do not support the present value maximizing
approach in the present empirical context. The estimated
supply equation is an application of Houthakker's and
Taylor's (1970) stock adjustment medel.

The estimated raw material stock adjustment equation and
simultaneous sawlcg market models support the implicit
relationships derived in the theoretical part of the study.
The demand for sawlogs 1is concluded to be inelastic with
respect to stumpage price and elastic with respect to
expected sawnwocd expert price. The supply cof sawlogs is
elastic with respect to stumpage price.

Actual sawlcog sales (purchases) produce larger estimates for
price elasticities in absolute terms than ccmmercial
fellings which are concluded not to be a very goocd market
situation indicator in the short run.
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LIST OF FREQUENTLY USED SYMBOLS (Chapters 4,5 and 6)
Lower case letters refer to the representative firm or forest
owner, upper case letters to aggregated relationships unless

indicated otherwise.

t Time subscript (in order to avoid extensively long
equations, subscribt +1 is used to denote t+1 in

the model of the representative firm)

a Parameter of the cumulative distribution function F(v)

Bi Coefficients of the estimable supply equation of sawlogs
(i=1,.. ,5)

< Constant penalty of shortage

£ Consumption of goods and services of the representative

private nonindustrial forest owner

dt+1 Vector of shift variables in the deterministic part of
the sawnwood demand function

E;, Error term (i=1, ,7)

1) Expectations superscript
2) Base of the natural log
F(v) Distribution function of the stochastic component
in the sawnwood demand function °
f(v) Density function of the stochastic component of the
sawnwood demand function
h(yt+1'5t+1) Mean of the unsatisfied demand in the éxpected
revenue function
t Marginal rate of interest on Central Bank debt
Time preference, private nonindustrial forest owner

Aggregate stocks of sawlogs at the beginning of period t

t

I
i
K
kt

Stock of sawlogs at the beginning of period t,
representative firm (note definitions of St and s,
below)

M Aggregate exogenous income, private nonindustrial

o

forest owners
Exogenous income, first difference (AMt=Mt-Mt_1)

R

Aggregate commercial fellings of softwood sawlogs
Exogenous income, private nonindustrial forest owner
Slope of the adjustment cost function (associated to

S 8

changes in raw material stock of the representative firm)



e
PE, et

P.,; Production period sawnwood export price

Aggregate expected sawnwood export price

P Price of goods and services in the model of the
private nonindustrial forest owner

PV, Present value of stumpage income, private nonindustrial
forest owner

Qt Aggregate stumpage price of sawlogs
Q:,t+l Aggregate expected stumpage price
QOt Stumpage price of sawlogs, first difference (4Q,=Q,-Q,_,)
q, Stumpage price of sawlogs
T, Carrying costs of raw material stocks
Ri,t+1 Aggregate expected carrying cost of stocks
RQt Aggregate user cost of capital
S, Aggregate stock of standing timber at the end of
period t, private nonindustrial forest owners
S¢ Stock of standing timber at the end of period ¢t,

representative private nonindustrial forest owner
T End of the private nonindustrial forest
owner's ‘planning horizon
Forest owner's intertemporal utility function
u Forest owner's one period utility function
U Aggregated consumption of sawlogs in
sawnwood prodqction
u Consumption of sawlogs in sawnwood production
v Stochastic component of the additively stochastic
sawnwood demand function
Demand for sawlogs

>

o OF 3+ Ut O

Supply of sawlogs from private nonindustrial forest
S

>

Total supply of sawlogs

>

Supply of sawlogs from other forest owner groups

than private nonindustrial forests

Xy Sawlog sales or purchases, representative
forest owner and representative firm respectively
Yt Aggregate production of sawnwood
Y Actual production of sawnwood during period t,
representative firm
Y: Planned production of sawnwood during period t,

representative firm



Yi4yy Planned production of sawnwood during period t+1,

representative firm

Z Aggregate expected demand for sawnwood

e

t, t+1
ft+1
Zt+1

Demand for sawnwood, representative firm

Deterministic part of the sawnwood demand function

a Coefficient of proportionality of the sawnwood production
function ‘

I Parameters of the aggregate structural sawlog
supply equation, (i=0,1,.. ,3)

A Difference operator

) Adjustment coefficient of the stock equation (both
representative firm and aggregate model)

0. Structural parameters of the equation of aggregate

beginning-of-production-period desired raw material stock,

(i=0,.. ,5)

Parameter in the linear approximation of f(v)

Uncertainty parameter in linear approximation of F(v)

Lagrange multiplier

0OR e Uw

Coefficients of the aggregate estimable sawlog
demand equation (i=0,... ,7), (note, II, is the
coefficient of the sum of initial raw material stocks
and consumption of raw material during period t)
P 1) Function giving the value of the end-of-
production-period raw material stock or the cost
of shortage, p(l/a )(yt+l—zt+1)
2) Parameter estimate of the coefficient of serial correlation
. Coefficients of the aggregated estimable stock equation
(i=1,...5)



DEFINITIONS

Export price - the price that the firm or industry gets
from sawnwood in export markets. In empirical analysis unit
value of export shipments (Standard International Trade
Classification, SITC 248, 2) is used as a proxy.

Contract price - the price of sawnwood agreed on when

signing the sales contract.

Sawlog - piece of large sized softwood timber used as
raw material by the sawmill industry.

Sawnwood - final good of sawmills and planing mills
(STIC 248, 2)

Stock of standing timber - growing trees in the forest

of private nonindustrial forest owner (in the literature
often refered to as standing timber inventory). Because the
present work is only concerned with the supply and demand of
sawlogs, the term often refers only to the part of the stock

consisting of sawtimber trees.

Stock of sawlogs (also referred to as stock of raw

material when there is no danger to confusion) - aggregate
sawlogs stocks of sawmill industry (or firm), corsisting of
purchased growing and felled sawtimber trees and stocks of

sawlogs alongside roads and at factories.

Timber (or roundwood) - includes both 1large sized timber
and pulpwood (note the definition of the stock of standing
timber, above).



1. INTRODUCTION
1.1. The problem area

The present study is concerned with the trade of softwood
sawlogs in the Finnish roundwood markets. Sawlogs are used
as raw material of the sawmill industry. The proportion of
the gross value of production of manufacturing industries
accounted for by sawmills and planing mills has been
decreasing during the past two decades, and was in 1983 a
little less than 5 per cent. Its share of the value added
was slightly more. During 1970's about 65 per cent of the
total production of sawnwood was exported, and the export
trade has clearly dominated the production decisions and
price development in this branch of industry. Sawnwood has
accounted for 10 per cent of the value of total Finnish
exports in the 1970's and slightly more in the 1960's.

Because sawlogs form the most valuable part of the
roundwood, their stumpage price development is an important
determinant of roundwood supply decisions. The sawlog
stumpage price 1is about twice the price of pulpwood. For
example during 1970-1974 the share of stumpage incomes
coming from sawlogs was about 50 per cent of the total
stumpage income of the private nonindustrial forest owners.
The private nonindustrial forest owners are the major
suppliers of raw material to the sawmill industry.
Commercial fellings from private nonindustrial forests were
about 85 per cent of the total fellings in 1971-1975. Their
share has also been increasing, being only 62 per cent in
1955-1959 (Tervo, 1978 p. 31).

Present study investigates the factors affecting the demand

for and supply of sawlogs. Empirically interesting features



in the sawlog market, which so far have not gained enough
attention are the influence of the stock holding decisions
of the sawmill industry and the development of the amount of
sawlogs actually traded (compared to the development of
commercial fellings). Because the share of stumpage sales,
and therefore the share of standing roundwood stocks held by
the industry, has been increasing since the mid-1960's,
commercial fellings can no longer be considered a good
indicator of the amount of roundwood actually traded in the
short run. Standing stocks account for approximately 50 per
cent of the total sawlog stocks of sawmill industry. The
forest industry firm can cut the wood it has purchased on
the stump up to two years from signing the contract.
Therefore both timing and relative fluctuations of the
quantities actually traded and commercial fellings can
differ.

1.2. The purpose of the study

The present study analyses the behaviour of the sawmilling
industry firms and private nonindustrial forest owners in
the sawlog market in Finland. The study concerns the short
run market behaviour.

Empirical econometric investigations of the Finnish
roundwood markets usually give only implicit indications of
the micro economic structure behind the estimated model.
The present investigation will concentrate initially on the
behaviour of the agents in the sawlog market at the micro
level. Implicit sawlog demand and supply functions for the
representative sawmill industry firm and for the
representative private nonindustrial forest owner will be

derived.

The role of the raw material stocks are given special
emphasis. Thus, an attempt will be made to demonstrate the
implications of different motives for holdirg stocks on the



behaviour of the representative firm. It will be argued
that for the representative firm the reason for holding raw
material stocks above the technically required minimum is to
buffer uncertain final good demand and to anticipate price
changes. In the empirical part of the work only export
markets are considered. The reason for this is inadequate
data from domestic markets and the still dominant role of
the export trade in production decisions.

The short run sawlog supply will be considered from the
point of wview of the present value maximizer of stumpage
income and of the utility maximizing forest owner. When the
private nonindustrial forest owners are assumed to be
utility maximizers, their utility function has two
arguments: i) consumption of goods and services and ii) the
standing stock of their woodlots. Sawlog supply is obtained
from the solutions of the maximizing problems. Although the
microfoundations of sawlog demand and supply are discussed
in detail, the choice of the empirical estimable functions
remains to a certain extend a subjective matter. The
theoretical models of the representative firm and forest
owner only give implicit demand and supply relationships.

Linear approximations are used in estimations.

The paper proceeds as follows. After a review of literature
in chapter 2, the assumptions of the sawnwood and sawlog
markets are discussed in chapter 3. Reference 1is made to
the empirical evidence concerning the different nature of
these two markets. Motives for carrying stocks are also
discussed. In chapters 4 and 5 sawlog demand and supply
functions are derived. The data and the results of the
estimations are presented in chapter 6, followed by summary

and discussion in chapter 7.



2. SELECTED LITERATURE

The literature relevant to the present study is divided into
three main groups: i) empirical market models dealing with
the stumpage and/or final goods markets, 1ii) the timber
supply models from the point of view of the private
nonindustrial forest owner and 1iii) the studies of the
behaviour of the firm with special emphasis on the
production and stock holding decisions.

In the United States there exists an extensive tradition of
empirical econometric work on the stumpage and final goods
markets.l) In Finland Korpinen (1981) has estimated a
model for the sawlog market using annual data. The
roundwood supply behaviour of different forest owner groups
has been studied by Tervo (1978; 1981). Br&nnlund et al
(1983) estimated an econometric model for roundwood supply
in Sweden. For sawlogs they estimated both supply and
demand equations, but because the pulpwood price was
considered exogenous to the market system only the pulpwood
supply equation was estimated.

The problem with econometric stumpage market models has
often been that their supply and demand specifications are
ad hoc. They therefore give only implicit information
concerning how the roundwood supply and demand decisions are
made. These econometric models mainly aim at forecasting
the future development either in the short term (cf.
Gregory, 1960; McKillop, 1969; Adams and Blackwell, 1973;
Leuschner, 1973; Adams, 1974; Robinson, 1974) or in the
medium or long term (cf. Adams, 1975 and 1977: Haynes and
Adams, 1980). A policy analysis is also often emphasized,
specially in the long term models (cf. Adams, 1977: Adams



and Haynes, 1980), which are used to simulate the possible

future developments under different assumptions.

Binkley (1981) and Knapp (1981) model the roundwood supply
behaviour from a microeconomic point of view. They
formulate models of a representative forest owner explicitly
and derive supply functions. Binkley (op cit) stresses the
imputed utility of the forest property when the amenities do
not have markets but enter directly to the utility function
of the forest owner together with the consumption of goods
and services. In Knapp's work (op cit), on the other hand,
the main emphasis is on the long run steady state roundwood
supply given perfect markets for both amenities and

2) Knapp also derives a roundwood supply

roundwood.
function for the short term (disequilibrium supply), and
shows the dependence of the supply on prices, price
expectations and the beginning-of-period stock of standing
timber (op cit, p. 98). Both Binkley and Knapp use their
theoretical framework as a basis of empirical estimations of

roundwood supply.

The model of the representative sawmill industry firm in the
present study concentrates on raw material demand, stock
holding and production decisions assuming that firms do not
own forest land. This is justified because in Finland less
than 10 per cent of the raw material input of the forest
industry comes from its own forests (Tervo, 1978 p. 21).

The literature on the empirical stock models builds mainly
on the work by Holt et al (1960) on the optimal production
and inventory investment policy. Empirical stock models are
often applications of the flexible accelerator model
initiated by Lovell (1961). The linear dependence between
the expected sales and optimal 1level of stocks of final
goods is most often assumed in order to obtain estimable
equations. Recently the role of the capital costs, prices
and price expectations (inflation expectations) in stock

management decisions have also been studied (cf. Maccini,



1977; 1978:; Maccini and Rossana, 1981; Irvine, Jr, 1981a
and 1981Db). These studies claim that the adjustment of
expectations is sluggish, but that the stock adjustment, as
such, 1is rapid. This contradicts the earlier empirical
results of very slow adjustment to target stock levels (cf.
Lovell, 1961).

Feldstein and Auerbach (1976) stress the rapid adjustment of
actual stocks to target level by claiming that it is the
target adjustment which takes time. In many cases the
argument is tenable when realizing that even major changes
in, e.g., the final goods stocks, do not require more than a
fraction of a month's production. Feldstein and Auerbach
report empirical results supporting their target adjustment
argument (op cit).

Both theoretical and empirical studies are mainly concerned
with stocks of final goods. This holds also for more
macroeconomically orientated theoretical works of Blinder
(1978; 1980; 1981a; 1981b and 1982) and Maccini (1976).
While for example, Lovell (op cit) and Feldstein and
Auerbach (op cit), also report empirical results concerning
raw material stocks, the theoretical structure behind the
estimated equations is given less attention than in the case

of stocks of final goods.

Mills (1962) constructed a model for a representative firm
to study the price, production and final goods inventory
decisions. The study shows the interaction Dbetween price
and production decisions and the optimal ex ante level of
final goods stocks. He further shows that for an
imperfectly competitive firm the optimal production level,
also determining the optimal ex ante end of period stock,
depends on the trade-off between shortage costs and the
carrying costs of stocks. For the firm facing stochastic
demand, the motive for holding stocks is best described by
the buffer-stock motive. Atkinson (1981), using Mills'
approach, showed that most empirical flexible accelerator



models for final goods oversimplify, by assuming a constant
positive accelerator. Theoretically, the accelerator is not
constant and need not even be positive. Never-the-less,
Atkinson gives the assumptions needed for a positive
constant accelerator. The present investigation will
utilize Mills' approach to the raw material demand and
stockholding decisions of the representative sawmill firm.
However, it will be demonstrated that the motive for holding
raw material stocks in the present case is not only to

buffer uncertain demand, but also to anticipate prices.

Before considering the derivation of demand and supply
functions, some basic assumptions that will be made

concerning the sawlog and sawnwood markets are discussed.

Notes on chapter 2:

1) A review of econometric stumpage market studies is given
by Adams and Haynes (1980). They categorize these studies
into "gap", nonspatial market, quasi-spatial market and
spatial market models. This categorization 1is based on
whether or not the model provides estimates of equilibrium
prices and quantities ("gap" versus market models) and to
what extent the spatial aspects of forest product markets
are taken into account. In the Finnish roundwood markets
the behaviour of different forest owner groups is probably
more interesting than the spatial aspects (cf. Tervo,
1981).

2) Knapp shows that the perfect market assumption of
amenities can be relaxed without affecting land allocation,
if the land markets are perfect.



3. SAWLOG AND SAWNWOOD MARKETS
3.1. Flexprice or fixprice model

Stocks are an important feature of the roundwood markets.
The supply of roundwood in the short run is actually stock
supply and the stocks! of raw material of the sawmill
industry (including the stocks of standing sawtimber trees
and the stocks alongside roads and at factories) cover, on
average, the raw material input of more than half-a-year's
production. Two novelties of the sawlcg market are the
total lack of substitutes for sawlogs in sawnwood
production, and the fact that for the forest owner timber
production creates few variable production costs in the
short run. Therefore, whereas the seller is free to choose
the time and quantity of sales, the producers of sawnwood
are, in the short run, dependent on the availability of raw
material. For the forest owner, postponing sales causes
little more than the opportunity cost of sales income. This
is 1likely to affect the markét behaviour of the sellers and
buyers and therefore price formation and the raw material

stock management decisions of the firms.

Because of the lack of substitutes, the stumpage price has
sometimes been excluded from the short run roundwood demand
function entirely (Adams, 1975 p. 305; Leuschner 1973, p.
42). This would indicate wide price and quantity
fluctuations in response to shifts in demand curve, but
shifts in supply would only result in price changes. The
present work argues that when the final good demand is
stochastic and the raw material can be stored, stumpage
prices in fact affect the input demand in the short run even
if the firm's production function is directly proportional.

This is because all raw material goes to production via



stocks. Low stumpage prices (or their expected increase)
make it profitable to have bigger stocks, other things being
constant whereas high stumpage prices make it profitable to
carry smaller stocks.

. _~_ export sales
160 - . . unit value

60 —

+0 -

20

—— . — ———r—r
60 62 64 66 68 T0 a T4 e a8 80 82
year

Figure 1. Export sales of sawnwood (semiannual three term moving

averages) and the unit value of export shipments (semi-

annual observations deflated using whole sale price
index), 1960/2 - 1982/1. Both series are given as
indices (1970/2=100).

The carry-forward of stocks makes price rigidities possible.
If the demand exceeds supply during the ongoing period,
prices can more easily remain constant if there are stocks
from which the excess demand can be satisfied. This means
that price changes are replaced, at least in part, with
changes in the level of stocks (Hicks, 1965 chapters V-VII).

A fixprice assumption means that the prices are exogenous
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and are not determined inside the model (op cit, 1965 pp.
78-79).

The sawnwood export markets of the Finnish forest industries
are characterized by relatively large cyclical variations in
quantities but fairly even price development (Figure 1). It
seems likely, therefore, that in the export sawnwood markets
there are elements which are able to partly replace prices
in balancing the demand and supply. For example, the stocks
of sawnwood held by the importers and the dominance of
production to order are likely to cause price rigidities.

index
180 .
] - ~ sawlog sales
160 o .++*+. stumpage
] ol price
140 H
]
120 —J
100 +
80 —
]
60 —
40 —
20 T T T T T™""T T T T 7T 2}
60 62 64 66 e8 0 T T4 T8 8 80 8
year ]

Figure 2. Sawlog sales from private nonindustrial forests
(semiannual three term moving averages) and saw-
log stumpage prices (semiannual observations
deflated using whole sale price index),
1960/1-1981/1. Both series are given as indices
(1970/2=100).



_ll_

The development 1in the sawlog market is different (Figure
2). Both quantities and stumpage prices experience strong
cyclical variations. In spite of the extensive
carry-forward of stocks, prices are flexible and reflect the
changes in present and expected supply-demand situation in

the markets.

Samuelson (1965) has shown that properly anticipated prices
fluctuate randomly (see also Korhonen, 1977). Using
autocorrelation and partial autocorrelation functions of
sawlog and sawnwood prices it is possible to actually
observe a different type of price adjustment in these two

markets.

Autocorrelation and partial autocorrelation functions of the
deflated and nominal prices are presented in appendix 2, p.
118. According to these functions, the stumpage price
adjustment 1is much faster than sawnwood prices. Nominal
stumpage prices, in particular, seem to be close to a random
walk (cf. Granger & Newbold, 1977 p. 38). The
autocorrelation of levels decays rapidly and the partial
autocorrelation function has a cut off at the first lag.
Autocorrelation and partial autocorrelation functions of
first differences of the nominal stumpage prices both have
only one almost significant peak with no economic

interpretation.

It is considered to be out of the scope of the present study
to go into a detailed examination of the four price series.
Therefore it is only pointed out that contrary to the
stumpage prices, the export unit values of sawnwood
according the autocorrelation and partial autocorrelation
functions are clearly serially correlated. This indicates
an autoregressive or some mixed process in price adjustment.
Therefore the Dbehaviour in the sawlog market may be viewed
as resulting from asset motive (stocks are used to
anticipate prices) so that prices tend to be fairly flexible

(and also sensitive to expectations). On the contrary, in



_12_

sawnwood export markets prices tend to be rigid being very
much affected by the current flow demand and flow supply so
that stocks are buffer stocks (see Kanniainen and
Kuuluvainen, 1984 for the discussion of price formation 1in

these two markets).

3.2. Motives for holding stocks

For a competitive firm in price flexible markets, the motive
for holding stocks 1is often argued to Dbe speculative.
Because the firm can sell at the current price any amount it
chooses, the reason for holding stocks is to be able to sell
them at the most profitable point in time. The firm can of
course also speculate with the raw material prices,
especially if the raw material costs are relatively large
compared to other variable production costs (for a
discussion on the stock holding motives, see Blinder, 1980).

The situation is different if prices, for one reason or
another, are rigid, in which case the ruling price is not
necessarily the equilibrium price. Then the firm may not be
able to sell its production even at the going price. Arrow
(1959) has shown that in disequilibrium, firms behave like
monopolists, even in objectively competitive markets. In
imperfectly competitive markets, information is not totally
carried by the prices and the firms are tracing their demand
curves by trial and error.

If the firm does not know exactly how much will be demanded
per period at the ruling price, the firm is likely to
produce an amount that permits a remaining stock at the end
of the period (Mills, 1962 p. 82). The firm can obtain
zero stocks only by producing so little that, on average,
some profitable sales are missed. On the other hand, if
potential no sales are missed, stocks are 1likely to be
unprofitably large. This is the buffer stock motive, where
the problem is how much risk is worth taking by carrying
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different amounts of stocks. The optimal stock is
determined by carrying costs, final product prices and
production costs, probability distribution of demand and the

length of the firms planning horizon.

Mills (op cit) considered the case where the firm could
actually decide both the prices and the amount it produced.
The situation is essentially the same even if the price is
out of the firms control but the amount demanded at each

price is uncertain (Atkinson, 1981).

The present study assumes that the motive of the
representative firm to hold raw material stocks is partly a
buffer stock motive in face of uncertain demand for sawnwood
and partly a speculative motive in order to anticipate both
raw material and sawnwood price changes. This is justified
as follows. First, it is assumed that the sawlog market are
characterized by flexible prices so that the demand and
supply are equal in each period. Therefore the motive for
holding raw material stocks in the roundwood markets is a
speculative one. (The price elasticity of stocks, or their
change with respect to stumpage prices, should be nonzero.)
Of course, a certain minimum stock must be carried in order
to cover the technicél'delays’and to guarantee continuous

production.

Sawnwood export markets are characterized by rigid prices
resulting in uncertainty concerning the quantity demanded at
each price. Abstracting from the final goods stocks and
assuming that only raw material is stored, the motive for
holding raw material stocks is the buffer stock motive in
the face of uncertain final good demand. A strong buffer
stock motive probably makes stocks less elastic to raw

material price changes.
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4. DEMAND FOR SAWLOGS
4.1. The model of the representative firm
4.1.1. Stochastic sawnwood demand and sales revenue

The production function of the representative firm is
assumed to be directly proportional. The firm is using one
storable input, which is sawlogs. Capital and other inputs
are assumed to place no restrictions on production. All raw
material goes to production through stocks. The stocks have
to be bought before the production and the stocks of final
goods are abstracted away. Therefore amount of sawnwood
sold is that produced during the period.

The representative one period expected profit maximizing
firm is a price taker in the sawnwood‘markets. It makes no
decision concerning the price but uses the expected price
level when deciding the ex ante optimal production level for
the production perio&.‘ Prices are assumed to be rigid (cf.
Bruno, 1978 pp. 196-197). When prices are not fully
flexible the amount demanded at each price during the
production period is not known with certainty (cf.
Atkinson, 1981 p. 314). The uncertainty about the demand
facing the firm (given prices) may therefore be due to
fluctuating aggregate demand, assuming stable market shares.
All firms are equally affected when the aggregate demand
changes. The price level, however, adjusts to the changed
market situation slower than the quantities traded. The
reasons for rigid price adjustment have been discussed in

section 3.1. above.

The following additively stochastic demand function has been

earlier used in the inventory models, for example, by Karlin
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and Carr (1958; 1962), Mills (1962) and Atkinson (1981),

= z(p,q,d,y) * V=2, +V

(4.1) z +1

+1
Here, §t+1 is the given final product price which the
firm uses when it decides the optimal ex ante production
level. The other known demand determinants are denoted by
d so that

t+1’ ztE}
period's t+l demand“’. The stochastic component of the

is the deterministic part of the
demand, v, 1is independent of the price 5t+1' which
means that the firm makes equally good sales forecasts with
all prices. The production period (shipments period) is
denoted by t+l and t refers to the present period, when the
ex ante decisions are made. To avoid extensively long
equations subscript t+l1 is denoted by +1, when there 1is no
danger of confusion. It is to be recalled from chapter 2.
that the present model of representative firm is adapted
from the approach used by Mills (see Mills, 1962). He,
however, explicitly considered only the production period

and final good stocks.

Explicit consideration of only one period would have been
possible also here. In that «case, the ex ante optimal
production is decided -at the beginning of the period and the
raw material purchased simultaneously (before observing the
numerical value of v). The periodization (explicit
consideration of planning and production periods) is
considered to describe the actual decision environment
better. It also relates the theoretical model more closely
to empirical analysis of the study and to the actual data
used in estimations than the alternative one period model.
The cost is heavier notation in deriving the optimal ex ante
stock and demand for raw material.

The firm predicts Zii1 before observing the numerical
value of v, the stochastic component of the demand, "and
makes the coming period ex ante production decision

according to this prediction. When the production function
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is directly proportional so that substitution is not
possible, the ex ante production decision also uniquely
determines the raw material required for production.

Following Mills (1962), it is assumed that the firm knows
the probability distribution of demand at the price
§t+1 (and that the probability distribution is
independent of time). Given the above additively stochastic
demand function, when the probability density function of
f(v) for any giveq price §t+1 is known, the cumulative
distribution function F(v) can be calculated (Mills, 1962 p.
84)

(4.2) Fla) = [2f(v)av.

This gives the probability that v, the stochastic component
of demand, is not going to exceed some limit, a. To
guarantee non-negativity of the observed demand, it is
assumed that E(v)=0 and that f(v) is defined over a closed
interval —zt+1(pt+1'dt+1)ivi(° (Atkinson, 1981 p. 314).

The firm simultaneously commits itself to a certain price
and quantity produced (even if it does not actively decide
on price). In some markets it is of course possible to wait
until demand has materialized Dbefore deciding wupon
production or price or both. If the firm first observes the
stochastic component of demand, and then makes decisions
concerning price and production there is no uncertainty.

Even if the firm commits itself only to one of the above
decisions, the analysis is not essentially affected by the
uncertainty. For example, assume that the firm decides on
production knowing only the probability distribution of
demand, and sets the price only after realizing the value of
v. In this case, the amount produced and the price are the
same as in the riskless case when the demand function of the
model is interpreted as the expected value of demand and the

stochastic component v is integrated out at each price.
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The uncertainty plays no role, because expected profits
depend only on expected price, which can be interpreted as
the stochastic mean of the price or as subjectively certain
prediction. A similar argument holds if price 1is decided
first and the amount produced 1is decided only after
observing the value of the stochastic component of demand
(Mills, 1962 p. 85).

Explicit consideration of uncertainty leads to a
considerable complication of the model. In the present
case, however, the model becomes more realistic and as will
be seen shortly, uncertainty is found to play essential role
in the raw material demand decisions. Without wuncertainty,
the raw material demand would be a directly proportional
function of the subjectively certain prediction of demand,
unaffected by price and cost variables. This is because the
firm is a price taker in the sawnwood markets, the
production function 1is directly proportional and the raw
material price is unaffected by the amount of raw material
purchased. Of course, the final good price must always
cover the variable production costs otherwise nothing will

be produced.

The total revenue from sales is defined as a minimum of
price times quantity demanded and produced (cf. Karlin and
Carr in Arrow et al., 1962 p. 161; Mills, 1962 p. 88).

(or3) e §+1z+1 when z+15y+1 = ak+1
: sales ~ | = _ = -
Byq¥yq = Byqokyy when 2,0y, = ok,

The firm does not carry final goods stocks. The total
revenue formulation in (4.3) is, however, meaningful because
raw material stocks dictate the maximum possible production
during the period t+1. When demand (zt+1) exceeds
production (the stock multiplied by the coefficient of
proportionality from the production function) the amount
produced is sold. The raw material is simply left in stock,



- 18 -

if the demand is less than possible production given the
beginning-of-production-period raw material stock. Later,
the assumption that the raw material consumption cannot
cannot exceed the amount in the stock at the beginning of
the production period will be relaxed in order to make the

model more realistic. In (4.3) k is the stock above

t+1
the technically required minimum (cf. Blinder, 1982 p.
336). The determination of the technically required minimum
stock 1is not considered. The directly proportional

production function is

(4.4) Yy = a,
where u is the amount of raw material required to produce
the quantity y of sawnwood. The expected revenue arises,
not from demand, but from expected sales. If the demand is
greater than the amount produced, the total revenue is price
times the amount produced. Therefore the total revenue does
not depend only on the expected demand, but also on all
moments of the probability distribution of f(v) (Mills, 1962
p. 88). The total revenue from (4.3).is price times demand
(Et+1zt+1) if production is greater than the amount
demanded, otherwise the total revenue is price times
production (§t+lyt+1)‘ ‘Therefore expected revenue
is not the price times expected demand, but price times
expected sales. Expected sales depend on the mean demand

(zy4,) truncated the point where V=Yi41"Zg4)r Decause

v—(yt+1-2t+l) is the shortage, when it is positive. Using
(4.1), (4.2) and (4.3) the expected total revenue from sales

can be written

Y+1- +1 =~ -
= 3 z = f(v)adv
(4.5) E(tr) o = Lo B,q(Z,+vV)IE(VIAV + fyﬂ_z+1 PyY4q ,
which is equivalent to
(4.6) X 5 ) v g T

. E(tr)sales = pﬂzﬂF(yﬂ—zﬂ) + p+-'1f v (v)dv

T Bty [1'F(Y+1'2+1) .
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This shows that the expected total revenue is a
probabilitity weighted average of price times mean demand
(the first term on the right hand side) and of price times
production (last term on the right hand side) corrected with
the integral in the middle to take into account the form of
the density function of the stochastic component of the
demand. Equation (4.6) is written in a more convenient form

as follows,

4.7 =57 (B -3 5
(4.7) g (tX) 1o = Prggq (Pypr&q) = Bh (Brpr¥q).

This equation will be used later when deriving the marginal
revenue from sales. The equivalence of (4.6) and (4.7) is
shown in note 3 to this chapter. Equation (4.7) says that
the expected revenue from sales is price multiplied by the
mean amount of expected demand (deterministic demand) minus
price multiplied by the mean amount of unsatisfied demand
h(§t+1'yt+1)' which depends on the ruling price and
the quantity produced (Atkinson, 1981 p. 315). When

written out, mean unsatisfied demand is

(4.8) h(y,,/B ®

P (v-x4+§q)f(v)dv,

f -
Y1720

Unsatisfied demand is always nonnegative. Mathematically,
this is clear from (4.8). According to (4.7) the economic
interpretation is as follows: If Yesl and §t+l are
large enough to make excess demand over production
impossible, no sales would be missed what ever the actual
demand. In this case the total revenue would simply be
price times mean total demand. Under normal conditions all
possible demands cannot be met. (If the firm attempted this
stocks would continuously be unprofitably large.) Therefore
h(5t+1'yt+l) is always a positive quantity (Mills,
1962 p. 88). Before deriving the marginal revenue
function, the one perioa assumption is relaxed in the

following section.
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4.1.2. Multiperiod planning horizon and the terminal raw

material stock

It was assumed above that the firm is able to produce only
the amount dictated by the beginning of the production
period raw material stock. In the following discussion,
this assumption is relaxed by introducing a function which
enables us to handle the firms multiperiod planning problem
by considering only the first period.

Arrow (1957) has shown that it 1is possible to solve a
multistage programming problem only by considering the first
period, i.e. the procedure where only the first period is
considered is .not formally different from solving the
multistage problem itself. The effects of the first period
activities on a more distant future are represented as a

function of present period events and states of nature.

Because all future decisions are made later in time than the
first period and since the causation cannot travel backwards
in time, future periods cannot affect the present one but of
course the future ekpéctationé do affect present decisions.
Therefore, for example, the expected value of the profits of
the planning horizon is the expected value of the present
period's profits plus a function representing the effect of
the first period events on the expected profits in later
periods. There exists a function of first period events
that collapses the multistage problem into a single period
problem (Arrow, 1957 p. 769).

Following Mills (1962, p. 118), the effect of the decisions
concerning production period t+l1 on expected future profits
is presented as a function of the terminal raw material
stock. The terminal stock is positive when the beginning of
the production period stock exceeds the raw material
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required to produce the amount demanded
(kt+l>zt+l/a ). The shortage, "negative stock",
occurs when (kt+1<zt+l/a ). i.e. when demand is
greater than possible production. Positive stocks impute

positive value on expected profits, whereas shortage means

costs. This 1is described by function p(1/a(yt+l-zt+1).

Now the firm's optimum production period policy can be
approximated by considering explicitely only the ex ante
decisions concerning the production period. The function
p has the sign of (Y1 Ze41) because positive
stocks impute a positive value on expected profits whereas
shortage gives a negative value. This formulation makes it
possible to relax the assumption that the only available raw
material is that in the stock at the beginning of the
production period t+l. Shortages can be met, but at cost.
Costs are caused by the "emergency procurement" by which the
raw material must be obtained, or they are simply the
premium for risk that the firm considers justified when

making the ex ante plans.

The total expected revenue from sales can now be written in

the following general form

(4:9)  E(tr)g e = By = By DRy
+ £ % |0/ g E ] £ @,
Equation (4.9) is the same as equation (4.7) except for the

last term, which gives the value of the terminal raw
material stock, or shortage, at the end of the production

period t+1. According to the last term, if

kt+l>(zt+1/a) then a positive value is added to

expected revenue, while kt+1<(zt+1/a ) means a

reduction in the expected revenue caused by the shortage.
4)

Marginal revenue from (4.9) is
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(4.10) IE:(mr)sales - E-""1 [1-F(y+1-2+1)]

+ [wmp’(1/a)(yﬂ-%ﬂ-V) f (v)dv.

The first term on the right hand side gives the marginal
revenue from sales, which in effect is the price times the
probability of being able to sell one more unit (Atkinson,
1981 p. 315). The second term is the marginal value of the
stock or the cost of shortage. The expected marginal
revenue 1is a decreasing function of the planned production.

The derivate of p with respect to Yegyr
p'=9/ay, ( pl/a )(yt+1—zt+1)) is not necessarily defined
at the point where Yeg1™ AR 15Zp4r - Therefore it

must be formulated using two functions representing the
value of stock and the cost of shortage, truncated at the
point where production and sales are equal (Mills, 1962 p.
115).

4.1.3. Value of the terminal stock and the
penalty of shortage

The value of the terminal stock at the end of the production
period cannot be 1less than the price that the firm would
have to pay to obtain an equal amount of the raw material at
that time minus the carrying cost of the stock. It is
assumed that the production continues, or if it does not,
that the firm is able to sell the stock at the current
price. Because the stumpage price is not necessarily the
same at the end of the period t and t+l1 the firm takes this

into account.

The function p 1is represented by writing separately the
value of stock and the penalty of shortage. As stated above
function p normally takes the sign of (yt+1_zt+l)=(akt+1'zt+1)‘
Following explicit formulation for this function will be used



(q+1_r+1) (y+‘|—2+1) fa when Y+122+1

(a.11) o [0/a) 2| =
(C—(qt_qﬂ))(yn_%q)/a when v ,<z .,

where q,, - stumpage price of period t+1
T - carrying cost of stock (including rate of
return from alternative investment)
c - penalty of raw material bought during
the périod t+l, or the cost of shortage
(including rate of return from

alternative investment).

The value of the terminal raw material stock at the end of
the production period is given by the upper term on the
right hand side of (4.11). It says that the value of stock
per unit at the end of period t+l is that period stumpage
price subtracted by the carrying cost of stocks. The cost
of shortage, given by the 1lower term, is the additional
expences caused by the "emergency procurement" of the raw
material during the production period subtracted by the
capital loss or gain caused by the stumpage price change.

According to (4.11), the rise in the expected stumpage price
increases both the value of terminal stock and the cost of
shortage. Therefore, with rising stumpage price
expectations, the firm 1is 1likely to reduce the risk of
running out of stocks, whereas falling price expectations
make the initial raw material stock smaller than otherwise,
ceteris paribus. The important simplification made is that

the unit costs Qer Tryq and ¢ are not dependent on the
level of stocks, kt+1' Further more, it is assumed that
Q41 Te4y > O and E-(qt-qt+l) >0 so that the

value of the stock and the cost of shortage are always

positive quantities.

The penalty of shortage C lends itself to two alternative
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interpretations with respect to the cost of shortage. 1If
the shortage means that part of the demand 1is simply
unsatisfied, the effect of the shortage on future profits is
determined by customers’ reactions. Unsatisfied customers
are likely to shop elsewhere in the future, thereby reducing
the expected future profits. In this case, function p is

an approximation of a more complicated formulation.

The second possibility, which is assumed to hold in the
present case, is that the firm actually meets the shortage.
This means that the firm can buy and use raw material during
the same period. If the delivery lags are small and the
costs of the raw material procurement during the production
period are the same as during the previous period, it would
not pay to carry stocks. The present model assumes,
therefore, that it is more costly to acquire raw material
during the production period than to add it to the stock
before hand. In this case, P is actually an exact
representation of the situation when the shortage occurs.
The cost of shortage is the difference between the
procurement during the period t and during the production
period t+1 (Mills, 1962 p. 110).

4.1.4. Production costs

Because raw material is assumed to be the only scarce input,
the production costs relevant to the expected profit
maximizing firm are of the raw material costs. The total
available supply during the period t+1 is determined by the
available raw material during that period. Because an end
of the period stock is possible, the raw material left from
the previous period must also be taken into account.
Available raw material during period t+1 is the stock left
over from the previous period (=kt-Gt, where ke is the
beginning of present period stock and Et is the given raw
material consumption during present period) added to the

purchases of the raw material during the present period t.
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This results in the following stock identity
(4.12) kt+1—kt=xt-ut,

where x is the amount of sawlogs purchased during the

t
period. The production function (4.4) then gives the

maximum ex ante supply during period t+1.

The total production costs in the ex ante planning are the
raw material costs added to the adjustment costs associated
to the change in the level of stocks. The cost of the raw
material is price times the amount purchased plus the timber
procurement costs. The timber procurement costs are assumed
constant and independent of the level of activity and are
ignored. Stumpage markets are competitive, so that stumpage
prices are independent of the amount purchased by the
individual firm. The total cost function 1is now the
following

2

(4.13) tc = qux + (n/2) (k 4=k )",

prod

The last term in (4.13) concerns the costs associated with
the changes in the production level, e.g. timber
procurement capacity is planned for some normal level and
both over and under employment of the capacity costs. The
same holds for the production capacity of sawnwood, although
the capacity usage rate adjustment is fairly easy compared
with many other branches of industry. These adjustment
costs are presented here as a function of the change in the
raw material stock (cf. Feige, 1967). Here n is a constant
positive parameter, which gives the slope of the quadratic

adjustment cost function.

Using the stock identity (4.12), and directly proportional
production function (4.4), it is possible to

write the purchased raw material X, wusing present period
planned and actual production and coming period planned

production
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(4.14)  x¢= k4 -k, + 8, =y, /a - vi/a + y /o

Here the coefficient of proportionality is used in order to
present the raw material purchases as a function of the ex
ante production Ye4pr the decision variable. The* ex ante
planned production of the present period Ye is not
necessarily the same as the ex post realized production Y-
When deciding the period t+1 production both yt/a =k,
and yt/a =Gt are given exogenous variables. Now the
total cost of production can be explicitly written as a

function of the decision variable the planned

Yevrr
production as follows,

x, 2
(4.15) tCoroa = ¢ (¥,/a - y:/a +y /o) + (n/2)(y, /o - y /o).

The marginal production cost, the derivate of the total cost
function in (4.15) with respect to the planned production,
Yegype 1S

(4.16) mC g = 9¢/a + (n/a) (y,/a - yt/ah

In the next chapter the optimal ex ante production level
will be derived using this marginal cost function and the
expected marginal revenue function (4.9).

4.1.5. Ex ante raw material stock

The first order condition for the expected profits to be
maximized is that marginal cost of production equals the
marginal revenue. Substituting (4.11) into (4.9) and

differentiating with respect to planned production, Yegrr
to get the expected marginal revenue (now using the explicit
6)
)

functional form of p and setting this equal to

marginal costs from (4.16) results in
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(qq L, F (Y, 72

= 1
(4.17) p+1[1-F(y+1-z+1)] t g

- - x
+ (C-qt+qﬂ) [1—F(yﬂ-§44 = %[qt + n(xq/a - Yt/a).

In (4.17) the first term on the left hand side is price
times the probability of shortage, that is price times the
probability of being able to sell one more unit. The large
bracket term on the left hand side gives the marginal value
of the possibly remaining raw material stock at the end of
the production period t+l. The first term in large brackets
is the value of the terminal stock multiplied by the
probability that production (dictated by the initial stock
at t+l) exceeds the demand. The second term is the cost of
shortage multiplied by the probability of shortage. The
right hand side repeats the marginal cost (known with

certainty) from (4.16).

In order to solve the optimal ex ante production 1level
during the period t+1 (the optimal raw material stock level
at the beginning of the period £+1) the distribution
function F(.) 1is approximated by a linear function of its
argument. This means that the frequency function is
approximated by a constant (Mills, 1962 p. 131). For a
general treatment of the present type of model see Arrow et
al (1958). The frequency function is defined as follows
(Mills, 1962 p. 96)

0 when E < = A
(4.18) f(v) = 1/2X when - X < £ < ),
0 when E > A
so that F(a)=(atA1)/2A , where a=yt+l--£t+l' The

equilibrium condition now becomes by substituting F(a) into

equation (4.17)
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= _ _= 1
(4.19) B,, l1 (¥, a4+x)/2xl t 3

(q,r, [(yﬂ—iﬂﬂ)/u]

+ (E‘Qt‘qn) [1 -(yﬂ-2”+x)/2A] = % [qt + n(yﬂ/a - yz/a4.

This is the optimum production rule for the firm, and the ex
ante stock can be explicitly solved as a function of the
exogenous variables. Using the identity Yip1= XKy
(which means that the firm ex ante plans the beginning of
the production period stock to exactly match to the planned

*
production) and Y= aky and solving for Kes

yieldss)

A(a5*1+ 2q,, - 3q, - 1, *+ 3 ap + r. +C - q. _

(4.20) x = +1 + =X +1 z
+1 B B +1
2An
* TR ke
where B= a((1§+1+r+1+3-qt)+22,n, and is always

positive from the seécond order condition.s) Equation
(4.20) 1is a linear-approximation of a non-linear decision
rule in (4.17) with respect to Et+1 and k., but it is
still non-linear with respect to prices and costs. If the
Zi4 and k

temporarily stable, an estimable function for kt+1 would be

coefficients of ¢ are assumed to be

(4.21) K.= K. *+ K1§ + szt'

+1 0 +1
Because B 1is positive and parameters @ n, and A are
also positive it follows that Kl, KZ >0. If the firm

is a true monopolist, so that it can decide §t+1' then
(4.20) along with the price equation (not derived here)
provides sufficient approximation as is shown by Mills (1962
p. 132 and chapter 8). However, here both prices are
beyond the control of the firm. For this reason their
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effect on the ex ante stock must be considered. Using the
second order condition for the maximum, it is possible to
examine the effects of prices and costs on the optimal ex
ante raw material stock. Initially, however, the condition
for beginning-of-production-period stock to be greater than
required to produce the mean demand, is considered. First

(4.20) is rearranged

a5+1+r+1+a-qt32 +2>\[l_ (qt'q+1)+r+1—nkt]}
2 oy ot .
B + ap, *+ T, *C-q

(4.22) k,, =

In equation (4.22) (1/a )z is the equilibrium raw

t+1
material stock, when A =0, that 1is when there 1is no
uncertainty. In the presence of wuncertainty (A>0) the

condition for the firm to want to produce the amount of mean

demand or more, can be reduced to following7)

a P, 23q,-2q,,+r +2n((1/a )z -k, )-c

In this case the right hand side of (4.22) is greater than
or equal to (1/a )(Et+l). Rearranging this condition

to a more intuitive form
a§+1 3_ 2 qt+n((l/a )—Z__kt) ‘(q+1-r+l)‘(_c--(qt'q+1)),

shows that final good price (multiplied by the coefficient
of proportionality) has to be twice the marginal production
cost (stumpage price) added to the marginal adjustment cost
and subtracted by the marginal value of stock and the
marginal cost of shortage. Only in this case it 1is
profitable for the firm to buy enough raw material to
produce at least the mean expected demand. When this
condition does not hold the firm always buys less raw
material ex ante than 1is required to produce the mean

demand.
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It is intuitively understandable that the above inequality
is 1less 1likely to hold if the firm can not carry unused
stock forward to following periods. In that case, the right
hand side would be larger, because the stock would have no
value at the end of the production period. The firm would,
therefore be less likely to risk excess in stocks. The

formal proof is omitted.

The condition also demonstrates the unsymmetrical effect of
the adjustment costs. The firm is more likely to attempt to
clear the markets if the initial stock (kt) is large (large
ex ante present period production) than if it is small
compared to the following period expected mean demand.
Also, the expected large stumpage price increases are likely
to encourage the firm to risk excess stocks. Because other
production costs than raw material costs have been ignored,
the results can be considered to be only qualitative. For
detailed discussion of the comparison between single period
case and multiperiod case and between stochastic and certain
cases in the present type of model, see Mills 1962, (chapters
5 and 6).

In order to consider the effects of exogenous variables on
the optimal stock "léevel kt;l equation (4.20) 1is |used.
Both sides of (4.20) are multiplied by B and the comparative
statics results of the model are obtained by implicit
differentiation. Because the optimal decision rule for
kt+1 is non-linear in prices and costs in empirical
analysis some further approximations are required.

The implicit differentiation of (4.20) after multiplying
both sides with B gives the following partial derivatives

( A>0)

(4.23a) 1 - 24 >y

q
= t > OWhen ap+1 + r

(4.23b) +1

+<—:>qt
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dk
(4.23c) Ll _g_n >0
dk,
dk al(X + 2 .- k)
(4.238) —1 - a *L >0 when A + Z_ >ak
dp B
+1
dk -3X - Z_ + ak
(4.23e) L id ‘1 <0 when 3) + z, >ak
dqt B +1 +1
dk z - A - ak
(4.23f) 1 - 1 *1 ¢ 0 when Z,, - A < ak,,,
+1 B

According (4.23) the ex ante beginning of the production
period stock is an increasing function of the production
period stumpage price (qt+1)' the production period mean
demand (2t+1)’ initial stock level (kt) and the
production period sawnwood price (§t+1). It is a
decreasing function of present stumpage price (qt) and the

carrying costs of stock (rt+1).

The effect of the production period stumpage price and of
the 1initial stock level are unambiguous, when there is
uncertainty concerning the demand. The positive effect of
the production period mean demand (expected demand) is
conditional on the present period stumpage price being less
than the final product price multiplied by the coefficient
of proportionality and added to carrying costs of stocks and
the penalty of shortage. This condition must hold,
otherwise the firm would be producing with loss. If there
are now adjustment costs, mean demand would affect the ex
ante stock level directly by the amount of the inverted
coefficient of proportionality of the production function

(in that case dkt+1/dzt+l=1/ﬂ ).

The signs of the effects of the sawnwood price and present
period stumpage price are those given 1in (4.23d) and
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(4.23e), at least, when (1/a Y( A +Et+l) > Kegp-
Condition for this can be derived from (4.22) and is the

following 8)

qyq € Qtr+n((l/e ) (z+ A)-k,),

which means that high expected stumpage changes (or large
initial stock) may reverse the signs of the comparative
statics effects of. sawnwood price and present period
stumpage price. In the same way, the effect of the carrying
cost of stock is negative as given in (4.23f) if
(1/a )(z,;,-A) < k,;, which says that the firm is
prepared to produce at least the amount it can sell under

all circumstances.

This shows that the model behaves "well" only when the firm

is planning production between the limits of minimum and

maximum possible demand, i.e. in the interval
(E+1-.l vzt A) But actually, the second order
conditionAB=a(a§+1+ Lyt g - qt) + 2An.»0), derived in

note 6, only holds in this interval.

The above discussion shows that the model cannot properly
handle the stumpage price expectations and the adjustment
costs. Without them the planned production would
necessarily stay between the limits of minimum and maximum
possible demand. When the comparative static results are
used for the implicit function for the
beginning-of-production-period stock, it 1is assumed that
adjustment costs and expected stumpage prices allow the
solution to stay in the well defined area

(E"’l_ A« :E+l+ .A ) .

If the periodization to present and coming (production)
period had not been made, coming period stumpage price would
not have entered the model. Because in empirical work the
observation period wused 1is fairly long (semi year) it is,

however, reasonable to believe that stumpage price changes



between two periods can be large enough to affect optimal

decisions.

Indirectly, it 1is ©possible to test the intertemporal
stability of the coefficients of (4.21), by first estimating
the stock equation in that form. The following stage is
then to add the price and cost variables and see whether
some or all of them obtain statistically significant
coefficients with the right signs. If this is not the case,

(4.21) may provide a valid approximation.

4.2. Estimable stock adjustment and demand equations

Collecting the results from (4.23), the implicit complete

equation for the beginning of the period stock becomes

(4.24) x_ . = x(z%., p., q., a., 2., k).
+1 ++1' ++1' 2t A R .t

The wvariables with subscript t+1 are now denoted for
empirical purposes with superscript e to distinguish from
the fact that their real values are unknown in ex ante
planning and some expected values must be used. Except the
expected demand, expectation variables are due to the
periodization used in the model. 1If one period model had
been used and assumed that the raw material has to be bought
at- the beginning of the production period, the only
expectation variable 1left would have been the expected
demand. This would be a realistic assumption only for very
short observation periods. The present formulation shows
explicitly that in ex ante planning there is almost always
some uncertainty concerning most exogenous variables, even
though the present model handles these other variables as

subjectively certain predictions.

Equation (4.24) gives the evolution of the
beginning-of-production-period actual stock because the firm

has already considered the adjustment costs while making the
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decision on k. Actually, (4.24) is a partial

adjustment formula familiar from stock adjustment models.

*

The desired or target stock K1 is in this case the

stock when there is no adjustment costs (n=0).

The assumptions of the aggregation are discussed briefly in
chapter 6.1. For the time being it is assumed that the
requirements for aggregation are fulfilled so that the
relationships derived for the representative firm can be
used as such on the sectorial level. Capital letters are
used for aggregated relationships. According to the stock
adjustment model, the actual change in stocks is a fraction
of the discrepancy between desired and actual stock. Error
Elt and E2t are added to both the partial
adjustment formula and to the desired stock equation (cf.

terms

Koutsoyiannis, 1977 p. 310).

4.25 - - x
( ) Keyq - Ky 8(Kiyq = K + E,
where k= = 0 € e e
£+ %0 T 912 eer %P eer T 939 T OaRe e
+ 0 e
SQt,t+1 + E1t .

By substituting for K in (4.25) and subtracting Ky

*
t+1
from both sides, the equation for the beginning of the

production period raw material stock becomes

(4.26) g = 50, + 302 50.pe : 59 R®
t+1 0 B¢, te1 T 3O2P¢ kur T8930 L4q * SO4RE, £
+ 20,05 + (1-6)K_ + 8E,, + E
5%t , t+1 t 1t 2t
= ¢, + ¢,2° e e e
0 126,641 7 P2Pe,ker T P30 OURE pug * 9500 oy

v (1-8)K, + Eqp .
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where E3t= 8Elt+E2t and ¢:s are the coefficients to
be estimated. This type of adjustment equation was probably
first presented by Nerlove (1958), 1in search to avoid
estimation difficulties of the Koyck distributed lag model.
Using the stock identity, it is also possible to write the

demand for the raw material during the period t, as follows

.27 D _ 5 - - e e
(4.27)  x{ = O *+ Reyy - K =y + T1Ze,e41 © "2P¢, e
e e _ =
T30t TyRE pig t TsQp, e T SKe Ut By

This equation gives the demand as a linear function of
exogenous and predetermined variables. The behavioral part
of the equation is the same as in the stock equation above.
The demand is therefore stock demand added to the
consumption of the raw material during the present period.
Because the desired change in the stocks may well be
negative, it is possible that the demand of a period is
smaller than the consumption of raw material in production.
The error term E4t is formally the same as E3t in the
stock adjustment equation. Both stock and demand equations
will be estimated.

Notes on chapter 4:

1) Most of the sawnwood for export sales are produced to
order. The capacity usage rate adjustment is relatively
easy (although in reality not without costs). Therefore the
representative firm can use the raw material (specially
standing timber) stocks rather than finished goods stocks to
buffer the fluctuating final product demand. However, the
firm must have approximate knowledge about the quality,
quantity and prices of the available raw material before
completing the export sales.

As can be seen from appendix figure Al2 (appendix 5, p.
127), there 1is a very strong seasonal pattern in export
sales and in purchases of sawlogs. The purchases of sawlogs
normally peak in late autumn. The export sales for the
coming shipments period peak after this. Therefore, the
decision concerning the purchases of sawlogs for coming
period production are based on the expected sales and
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expected sawnwood prices of the coming shipments period.

Because only the ex ante decisions concerning the coming
period production are considered, it is assumed that the
firm knows the raw material requirement of the present
period. The consumption of the raw material during the
present period as well as the initial stock are given
parameters when the ex ante production of the coming period
is decided. The decision concerning coming period
production therefore also uniquely determines the raw
material which is bought into the stock to be wused during
the coming period.

Semiannual data is used in the empirical part of the study.
While taking into account the seasonal pattern of sawnwood
and sawlogs trade, the selection of a semiannual observation
period is quite natural (although the available data does
not actually permit shorter observation period). It might,
however, be more realistic to model the firms behaviour
differently for the first and second half of the year. Both
in the sawnwood and sawlogs trade one might view autumn to
be dominantly the ex ante planning period, while spring and
early summer are the time for corrective ex post decisions.
This would complicate both theoretical and empirical work
considerably. The model used maybe best +to describe the
behaviour of large and middle sized export sawmills.

2) Another interpretation of the demand formulation (4.1) is
that in the short run the firm actually has market power but
"chooses not to change the price as long as the 1long run
forecasts and the wunderlying cost considerations do not
change" (Atkinson, 1981 p. 314).

3) Equivalence of (4.6) and (4.7) is seen by substituting
h(yt+11pt+1) from (4-8) into (4.7) to get

= D > - D *® - bt Z d
E(tr)sales D P fy - (v y + Z )f(v)dv
= p.z2. - .S vE(vidv - B, (-y +2_) /. - f(v)dv
+1%1 R4 %1~ % +1 +1 +1 ){H z”
= §1Z4 - ﬁﬂqu'Zq vE iy (§4x4 - §4%1)(1-F(21—24))
= 2 . —_ - - == -
P pﬂfy g VEWIav + By, - Bagy - By Fly,7E)
+1 T+ .
CBEFO,
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Y.~z

Because /' +1vf(v)dv + - vi(v)dv = 0, (4.7) follows
- Yo %
- S AR
(4.7) E(tr)jes = pﬂzﬂF(yﬂ-zﬂ) + p+.1f v (v)dv

-0

A [1'F‘Y-1'E+1)]'

4) The derivative of function h(.)in (4.9) with respect to
planned production is obtained as follows

dh 3

o Wy Gl

(v=y,1 * Zq £(v)dv

_ _ w 3 -
= -(v-yﬂ+z+#f(y+fz ) + J -———(v—yﬂ+;ﬂ)f(v)dv,

+1 _s 9y
yﬂ %1 *+

At the limit (v—xq+2”) =0 , and therefore the derivate of
h with respect to Vil is

oh

AN l1_F(y41'z+1’ .

Here, and below in note 6, the following rule of
differentiating definit integrals is used. Suppose

I(a) = fg f(x,a)dx,

'

where f(x, a ) is an integrable function of x in the range
a<x<b, and a and b are in general continuous and at least
once differentiable functions of a. Then it 1is possible
to show that

2) - fb,a) P - fla,a) 2 4 02X

o da da a da dx .

See for example Stephenson (1973 p. 182). If the limits of
integration do not depend on a, then

b 3f(x,a)

b
fa f(x,a)dx a o dx.,

d =
I /
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5) Probably the easiest way to derive (4.20) 1is to
manipulate (4.17) to get

— —_ *
p+1—2qt+q+1+c—n(y+1/a —ye/a )
= (apy +ry +c-q )F(y,,-2,,).

Substituting k+1=y+1/a , kt=y:/n and
F(y,;-241)=(y4,-24,;*A )/24 and rearranging
leads to (4.20).

6) The derivation of the second order condition for expected
profits to be maximized is given below. First (4.9) is
written out in integral form and differentiated to obtain
expected marginal revenue E(mr) given in (4.9). Here the
explicit form of function p is used according the fact
that

_ § (/a2 )(qg -1 1) (¥41-241-V), when yiy+1-2+1_

P (1/a )(E-(qt-q+l))(y+l-2+1—v), when vy -z, .

The expected total revenue is therefore

o= = _ © Y -Z
E(tr) = B,,2,; - By =z, (Y 2 Eway + 7 T by, o2 v £y
+ 17 - by - . b, = (q.- -
Y2, z(y” z~v)f(v)dv ; b, (q,, r,,)/a and b2 = (c—qt—qn)/a.

Expected marginal revenue from sales is then, when the total
revenue 1is differentiated with respect to the planned
production, Ve

oo

£(v)dv + fy”_z” b £(v)dv + / b.f
v ) 1 v v y 5 > (v)dv

E(mr) = 54.1 Im _
+1 741

Yi17 %

= §+1 [1—F(y+1-§+?] * b‘l F(y+1-§+1) * b2 [1-F(y+1-5+1)]-

Differentiating this with respect to Ye+1 gives

9 3 - o y -Z
E(mr) = — +1 +1
3&4 By” p+1fy+1_i+1f(v)dv + I b1f(v)dv
+ fyﬂ_E+1 b,f(v)dv =—p+1f(y+1—z”) + (b.l-bz)f(yﬂ—zﬂ).
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From marginal cost function (4.16) by differentiating with
respect to Yigp1 follows,

3
Y1

1
mc = — n,
o

For expected profits to be maximized

5 39
E(mr) - mc < 0
8y+1 ay*1

must hold, therefore

- - - 2
-Bqf (xq-zﬂ) + (b1-b2)f(yq—zﬂ) - n/a” < 0.

Using the approximation of f(v) in (4.18) on p. 27 we
get for the closed interval [-A, A ],

- 2
B p+1(1/2k) + (b1—b2)(1/2A) - n/a” < 0.

Substituting for bl and b2 this finally leads to

aﬁﬂ =g *r+c+2kn/a >0,

Outside [- A .A] the second order condition is n/<12>0, but
only the case f(v)>0 is considered.

7) The condition for kt+1l(1/a )Et+1 is obtained by
demanding that

(1/a )z, <

B

where B = a(ap+1+ It c - qt) + 2An,

and the right hand side is equal to the right hand side of
(4.22). Multiplying the 1large bracket term with its
coefficient on the right hand side this 1leads after some
manipulation

Py123qp-2q,+1, +2n((1/a ) (z,,) -k ) -c.
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8) The condition for (1/a )( A +Et+1) > kyy; can  Dbe
derived by demanding that

(1/a)(A+Z,) >

a5+1 * r4-1 * c—qt

- 1 (qt- q+1) * I+1 —n kt
z'.1 + 2) v ~ —
ap, + r+1 tCco-qp

B

As above the right hand side is the same as in (4.22).
After some manipulation this reduces to

Ay <qtryy+n(1/0 ) (Z,,+ )k, 1.
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5. SUPPLY OF SAWLOGS
5.1. Steady state model of the roundwood supply

The present investigation of the roundwood markets concerns
the short run’ sawlog supply and its determinants.
Therefore, only a short review of the main results of the
optimum rotation 1literature is given in order to provide a

reference to the short run 'disequilibrium' problems.

The optimal rotation thinking was initiated as early as 1849
by the Austrian Martin Faustmann. Samuelson (1976) showed
that the Faustmann formula is the only correct way to
determine the economically optimal rotation over an infinite
number of rotation cycles. The optimal age of the harvest
is that which maximizes "the present discounted value of all
net cash receipts excluding explicit or implicit land rents
but calculated over the infinite chain of cycles of planting
on a given acre of land from now until Kingdom Come"
(Samuelson, 1976 p. 471). This 1is the equivalent of
maximizing discounted value of net algebraic receipts over
the first cycle, but including the market land rental in

those receipts (op cit, p. 472).

Suppose competitive markets, perfect foresights and perfect
capital markets and no production costs, then the discounted
value of the future returns in continuous time is

(5.1) pv(t)=gs(t)exp(-it)[1+exp(-it)+(exp(-it))23+,... 1,

which is equal to

(5.2) pv(t)=(gs(t)exp(-it))/(l-exp(-it)),
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where pv - present discounted value of all future
returns from the forest land

(=stumpage income, in this case)

q - stumpage price
i = return from alternative investment
s - stock of standing timber per unit of land
t =~ rotation period (in continuous time)
Equation (5.1) 1is the correct Faustman - Gaffney -

Hirshleifer formula without labour and other input costs
(Samuelson, 1976 p. 479). The powers 1, 2,... in square
brackets of (5.1) refer to rotation cycles.

The first order condition for the maximum of 1 is
(5.3) s’ (t)/s(t)=i/(1-exp(-it)),

-which 1is obtained from (5.2) by differentiating it with
respect to time. This shows that the optimal financial
maturity is independent of the market price of timber in
natural forests. Adding silvicultural costs to the model
makes the optimum rotation shorter thereby reducing the long
run timber "supply". With silvicultural costs in the model,
every increase in the stumpage price increases supply in the
short run, but the long run supply will decrease as a result
of shorter optimum rotation age caused by the price increase
(cf Hyde, 1980 p. 60). If the land area is allowed to vary
and 1land markets are perfect, timber supply in the long run
also becomes an increasing function of time. This derives
from the fact that increasing stumpage prices bid up the
land prices, thereby allocating more land to forestry (cf
Knapp, 1981 chapter III).

Optimum rotation models are only concerned with steady
states and do not deal with short run adjustments in which
the present study is interested.
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In the short run, for example, standing stock need not be in
long run equilibrium. Also, income from the forestry is
usually not the only income source to the forest owner. In
the short run, stumpage income from the forestry is in many
cases the most flexible income source, the use of which is
affected by the exogenous changes in other incomes. The
effects of these, in the short run, exogenous variables on

the sawlog supply will be discussed in the next section.

5.2. Sawlog suppiy in the short run
5.2.1. Introduction

The production of sawlogs 1is a joint product problem in
several respects. More than half of the forest owners in
Finland are farmers. For a farmer, roundwood production is
often an inteqrated part of the income flow of the farm.
Investments in machinery can in many cases be used both in
agriculture and forestry and stumpage income is often used
as the source of finance of these investments. Further
more, the woodlot also produces other outputs than
roundwood. These material or nonmaterial nontimber outputs
probably also affect the forest management decisions.

In the steady state timber supply models (cf, Knapp, 1981),
perfect markets of the forest 1land cause efficient
allocation of resources in cases where amenity markets are
imperfect. The land prices are affected by stumpage income

and the imputed income from amenities.

For 1legislative and institutional reasons it is not
necessary to own forest land in Finland in order to be able
to use a part of the non-timber outputs of the forests (for
example berry picking and recreation). On the other hand,
there are values associated to the stock of standing timber
which affect the forest management decisions, but which are
difficult or impossible to measure. Even if part of the

amenities had markets, some of the non-material values of
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the forest stand to the owner will remain outside the market
system, but still affect the supply of timber. For example,
emotional values of the forest and the security given by the
standing stock (and negative attitudes towards clear cut
areas) are difficult to quantify but undoubtedly affect the

supply.

Only the combined production of timber (sawlogs) and
nontimber outputs of the forests are considered in the
present study. Also, the possibility that sawmill firms own

forests will be ignored.

The disregard of combined agriculture and forestry is of
course a severe simplification. A related problem is that
the life cycle planning and possibility of savings will not
be considered. These features would normally be
important both for farmers and forest farm owners. One can
well imagine that the forest owner, who is, for example
rationed in the capital or labor markets, manages his
forests differently than the one who faces perfect markets.

These problems are related to the model of "self active
forest farmer" presented by Lfgren and Johansson (1982).
This model presents the problem of the forest owner who can
allocate his working hours between industry, agriculture and
forestry. After presenting a model with perfect markets,
where the supply of roundwood is concluded to be
nondecreasing function of its price, also a problem with
income constraints is considered. They conclude that the
backward bendihg supply curve for roundwood seems to be
result of the assumption that income constraint can only be
satisfied with income from forestry. Very institutionalized
working hours in industry may actually make this type of
behaviour not too unrealistic (op cit, p. 163).

The flow of stumpage income is controlled by the forest
owner through sales and management decisions. Timber
production costs are small, and at present in Finland, the
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only costs of major importance are the lump sum area tax
paid by the forest owner for the forest property together
with explicit or implicit capital costs. Other income
(labour or agricultural income) 1is often more or less
exogenous to the forest owner after the initial decision to
participate the labour force has been made
(institutionalized working hours). The flexibility of the
stumpage income in the short run 1is therefore of great

importance to the forest owner.

Undoubtedly the security against inflation given by the
forest property also affects the management decisions. The
stock of standing timber is actually an asset in the forest
owner's portfolio. Therefore rate of return from
alternative investment and short run price changes (and
price expectations) can be important determinants of the

short run forest management decisions.

The above discussion suggest that the short run supply of
sawlogs can be derived using different type of approaches,
depending on, which features of the problem are considered
most relevant. For example, the asset motive would suggest
an approach where the forest owner is maximizing the present
value of stumpage sales incomg assuming that all markets are

perfect.

If the income constraints and imputed utility of the forest
property are considered important the approach might rather
be the one, where the forest owner 1is maximizing utility
derived from consumption of goods and services and from
nontimber outputs of the forest property. Both utility
maximizing and present value maximizing approaches will be
discussed. It will be demonstrated, however, that the model
of the present value maximizer is only a special case of
intertemporal utility maximizing model under certain

assumptions.

Before presenting the present value maximizing approach it



- 46 -

is finally noted that also the pulpwood production is
ignored in the present study. The production of sawlogs is
not possible without the production of a certain amount of
pulpwood. Ignoring pulpwood production means that sawlog
prices and sales dominate the forest management decisions.
In most of the cases, this assumption is probably justified,
but of course it is an oversimplification. Thinnings, when
only pulpwood is sold, form but a small part of the total
commercial fellings (in 1979 thinnings were 28.5 % of the

total area harvested).

5.2.2. Present value approach

The discussion in this and in the next section serves as the
basis for the estimable sawlog supply equation. Therefore
the term sawlog is used, even 1if the model makes no
difference between sawlog trees and pulpwood and the model
could actually be used in the situation were the forest
owner is 'planning the production of all roundwood (both
sawlogs, pulpwood and fuelwood). Perfect capital and
sawlog markets are assumed and the forest owner does not
consider outputs of the forest other than sawlogs. Suppose
that the forest owner is maximizing the present value of his
sawlog sales during éhé arbitrary planning horizon (t=1,..
T). The problem is therefore

L sy 1-t
(5.4) Max pvt=€§l(1+1) Qe Xy

subject to
(5.5a) S =8¢ _1+9(sy_1)-x¢
and

(5.5b) s,=s>0,

T

where
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pv, - Present value of stumpage income

i - forest owners time preference

s, - standing stock at the end of period t
per unit of land

9, - market stumpage price

X, - sawlog sales

g - strictly concave growth function.

The forest owner 1is constrained by the standing stock
identity relating growth and cuttings to the evolution of
stock over time (5.5a). The end of planning period stock is
constrained to some positive constant (;t) assuming that
the forest owner puts a value on the terminal stock and
therefore does not cut it all at time T. The constraint
(5.5b) is not formally considered because it does not affect
the qualitative empirical implications of the model.

The following assumptions are made about the growth function

g'=g >0 when s<s
g'=g_ <0 when s>s
g"=gss>0 when s<sl<s and s>s2>s

g''=g <0 when slisisz.

Stock giving maximum biological yield is denoted by s.
Only the concave section of the growth function
(slisisz) is considered (figure 3). The representative
forest owner follows regulated, uneven aged forest
management so that on average his forest 1is neither
extremely young (standing volume close to zero) nor very old
(very large volume per hectare). In the present model
standing stock, s, includes all vintages from bare 1land to
the oldest age <class. For the purposes of the short term
model, this is considered a sufficient approximation.
Equation (5.5a) is the standing stock identity. The sawlog
supply in the short run is constrained by the initial stock
of each planning period. The greater the stock at the
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Figure 3. Growth as a function of standing stock.

beginning of the period compared with the end of the period
optimum stock, the greater will be the supply of sawlogs
during that period. This is seen from the stock identity
when the end of the period short run equilibrium stock is

*

denoted by s, SO that

*
S¢=S¢1t9(s¢_p)-x.

If s:>st_1, it is clear ~ that the cuttings are
increased by increasing S,_; as long as g'(s¢_y) s
positive. If S¢_1 is already at the optimal level with
respect to the exogenous variables, growth and cuttings will
be equal. If the forest owner renews the future management
plan at the beginning of each period, S¢-1 is given
parameter in each period. The objective function (5.4)
gives the present value of the future stumpage incomes in
competitive markets. The Lagrangean of the model is

T
(5.6) L= (1+i)17%q

(se-8¢i_1-9(s_1)+x.)),
& Me 878179 8¢/ "%

X
t7t 1

(nd
nMa

and the first order conditions for the maximum are



dL 1-t
(5.7a) ;—— = qg(1+1) M, =0
X .
t
oL
(5.7b) 5— = - Ut ﬂt+1(l+g') =0
s
t
JL
(5.7¢c) 5;:-= —st+st_1+g(st_1)-xt = 0.
t

Substituting for My and My, in (5.7b) from (5.7a) the
following equilibrium condition is obtained

a9
(5.8) q (1+i) = q 4 (14g") ;' g'= —.
ds
t
Because time is the only production input the equilibrium

condition has an intuitive interpretation.l) Given

exogenous prices, (q), and the time preference, (i), the
condition (5.8) equates the marginal cost of one unit of
input to the marginal revenue obtained from using that
additional input. The marginal cost on the right hand side
is the current stumpage price multiplied by the time
preference (the interest rate in competitive capital
markets). Marginal revenue is the coming period stumpage
price times the change 1in growth rate resulting from the
change of the stock level at time t.

Condition (5.8) is the implicit sawlog supply function of
the present value maximizer of the stumpage income.
Implicit differentiation of the equilibrium condition gives
the comparative statics of the model. By substituting Sy

from (5.5a) into equilibrium condition

(5.8') q(1+1) = qt+1[1+g'(st-1+g(st__1)-xt)],

and differentiating, the effect of present period, stumpage
price on sawlog sales becomes

dxt 1+i
(5.9) — = - .

dqt qt.}.lg. '
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The denominator is negative because g'' is negative, when g
is strictly concave (as required for the second order
condition for maximum to hold). The numerator is always
positive. Therefore expression is unambiguously positive in
the concave section of the growth function. The higher the
stumpage price during this period the higher will be the
short run supply in order to get the end of period stock at
the equilibrium level. When stumpage price increases, part
of the stock must be liquidated to restore the equilibrium.
Sawlog supply increases in the short run, but only in the

short run.

The effect of the coming period stumpage price on the
present period sawlog sales is as follows

dx, 1+g'
(5.10) = .

sy 419

This expression is negative when both first and second order
conditions for the maximum hold. Intuitively, it says that
higher stumpage prices in the future increase marginal
revenue of future production and therefore it is profitable
to allocate production to that period.. Actually, a rise in
dp4y Means a relative decrease in q. and an increase in
the end of period optimal stock, so that the short run

sawlog supply decreases.

An increase in the forest owner's time preference quite
naturally increases the present period supply. This is
indicated by

dax i
(5.11) —=& = - ,

. Ae+19

which is positive. Therefore the higher the time preference
of the forest owner the 1lower the end-of-period optimum
stock.

The effects of the exogenous variables have been calculated

with respect to sales. Imposing the constraint to the
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maximizing problems gives the Lagrange multiplier u, which
has a convenient interpretation. It gives the shadow value
of the stock to the forest owner. It would have been
equally possible to substitute the value of Xy solved from
the constraint (5.5a) to the present value function
directly. In this case the function to be maximized would
be

T
(5.12) pvy=5 (1+1)1 7 q (s _y+a(s_))-s,)-

This representation has the advantage that it explicitly
shows that the forest owner actually has only one

independent decision variable Being a neoclassical

s, .
decision maker, the forest owner Buring the first period
decides simultaneously the optimal levels of all future
periods standing stocks. Therefore, only the beginning of
the first period sténding stock s is exogenously given.
If, however, we assume, not unrealistically, that the plan
is revised at the beginning of each period, given the
currently available information the partial derivate
dxt/dst-l (or dst/dst—l)
(5.8'). The effect of the beginning of the period stock on

supply is positive as long as the stock increase does not

can also be calculated from

lead to decrease in growth. This is seen from

dx dy.,9" "' (1+g")
(5.13) t - t+l ,
dsey de+19
which is positive. Implicitly including (5.13) in the

comparative statics of the model means that there are some
adjustment costs associated with the changes in the stock
level, so that successive stock 1levels become positively
autocorrelated. This seems a very realistic assumption when

considering the nature of the resource and its management.

The above comparative static results are illustrated in

figure 4. Rearrange (5.8) to get

(5.14)  (ag(1+4i))/qy, =1+g" -
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The left hand side of the equation (5.14) is equal to one if
qt(1+i) = dpyq- This is depicted by the straight line
in figure 4. The curve (l+g') is equal to one at the level
of the standing volume giving the maximum biological yield
(g'=0).
LTS

1+¢

! 9uli+i)
Qi+

1+¢’

[ 7 TR e

S
Figure 4. Present value maximizer's equilibrium

condition.

From figure 4 it can be seen that an increase in q, or i
makes the ratio qt_(1+i)/qt+1 greater than one and the
equilibrium stock at the end of the period t decreases,
thereby increasing the sawlog supply in the short run. If
the expected stumpage price decreases, this ratio becomes
smaller and the equilibrium stock increases, thereby

decreasing the short run supply.

The standing stock, s, is actually a long run steady state
equilibrium when the real interest rate is zero because in
steady state prices are constant. In a model with no
variable production costs the financial maturity is solely
determined by the interest rate if Q=G4 - In the
present model, therefore, all non-zero interest rates result
in an economically optimal sawlog supply in the 1long run
which 1is below the biological maximum yield. Notice that



the equilibrium condition is not the same as that in
Faustmann formula (p. 41), because the planning horizon is
finite and the 1land rent 1is not considered. (For a
discussion on the effects of negative interest rate in the
optimal rotation model see L&fgren and Johansson (1982 - pp.
116-118)).

5.2.3. Utility approach

If, instead of maximizing the present value of sawlog sales,
the forest owner maximizes wutility over the planning
horizon, the previous comparative statics results become
less obvious. The problem is considered in this section. I
suppose the forest owner is now maximizing his utility over
some planning period (life cycle, forest management plan's
duration) of 1length T. This wutility depends on the
consumption of goods and services (Ct) and on the
services (amenities) of the forest land, e.g. as a source
of physical and spiritual recreation, etc, assuming that the
latter services are proportional to the standing stock at
the forest 1land at the end of each period, s, The forest

t
owner's problem is therefore

T . -
(5.15) Max U = 5 (1+i)17%u(s e ).

t=1
This wutility function is closely related to the one used by
Binkley. He considered one period model, where the wutility
was an increasing function of consumption of goods and
services and the non-tradable amenity values of the forest
land. The latter were defined to be a decreasing function
of the amount of timber cut and an increasing function of
forest 1land area, with nonpositive second and negative or
positive cross derivatives (Binkley, 1981 p. 33). Utility
function (5.15) has the normal properties of being
diminishingly increasing with respect to both of its

arguments, so that
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u_ ,u_ >0; u

- s u <0 and u >0.

cc’ “ss cs

The forest owner 1is constrained by the budget and the
standing stock identities,

(5.16a) Py Cy = (mt+tht)

and
(5.16b) Sy =Sp_1+9(se_y)-x,,
where m, - exogenous income

q, - stumpage price
x, - sawlog sales
Py - price of goods and services
- goods and services consumed
S, - standing volume of the forest per unit of 1land
at the end of period t
g - strictly concave growth function.

Exogenous income and prices are both given. Implicitlyv, as
above, the only input used in the sawlog production is time.
The model therefore strictly only concerns natural forests.
(The silvicultural costs are about 15 - 25% of the stumpage
income in Finland (SéppSlé et- al., 1980 p. 102)). The
complication introduced by the forest taxation and capital
costs of sawlog production is ignored.

The budget constraint (5.16a) says that consumption in each
period must be equal to income, which consists of exogenous
income and stumpage income from sawlog sales. The standing
stock identity gives the wupper limit to the sales in the
short run. If exogenous variables were constant over time,
cuttings would settle to equilibrium level as is the case in

the optimum rotation models.

The Lagrangean of the forest owner's maximizing problem
becomes
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3 L 1-t
(5.17) L =€%1(1+1) u(s,,me+qex,)-

M

MelSemSe-179(se 4%, )
In (5.17) the budget constraint has been normalized by
dividing by P, and the money value of the consumption of
goods and services has been inserted into the utility

function. The first order conditions for the maximum are as

follows
JdL 1-t
oLt ' _
(5.18b) — = -(1+i) u,q - M4, = 0
ax
oLt
(5.18c) ;;— - —st+st_1+g(st_1)-xt = 0.
t

The derivates of the utility function with respect to its

first (St) and second (ct) argument are denoted by uy and

u, respectively. The first derivate of the growth function

with respect to standing volume (s) 1is denoted by g'.

Forest owners' equilibrium condition is therefore

(5.19) u} = ufq,-(1+i) 1(1+g")ui*lq .

This equilibrium condition is obtained by substituting for
M, and Mieyp in (5.7a) solved from (5.7b).

Superscript (t+l1) 1is wused to remind us that the first

partial derivative of the wutility function now has the

coming period values as arguments.

The equilibrium condition says that the utility gain given
by the increase 1in consumption possibilities must be
sufficient to offset the utility loss caused by the decrease
in the consumption possibilities of nontimber outputs. This
equilibrium condition includes the present value maximizer's
equilibrium condition (5.8) as a special case and reduces to
it when u§=0 (the stock imputes no utility to the
owner) and u§=u§+l=1 (the marginal utility of

consumption is equal to one). It is again the implicit
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sawlog supply function of the wutility maximizing forest
owner. Unfortunately, in an intertemporal setting it does
not give signs to the effects of exogenous variables on the
optimal supply of sawlogs. Appendix 1 discusses the problem
using a two period model and outlines the solution in a

general case.

If the intertemporal feature is ignored so that only one
period at the time is considered, the problem is similar to
the one considered by Binkley (1981 p. 30). He, Thowever,
related the nontimber outputs and their consumption to the
forest land area and to the amount timber cut, not to the
standing stock as is done in the present study. The problem

in one period case can be stated as
(5.20) Max u=u(s,c)=u(s0+g(so)-x,m+qx),

so that the first order condition gives the implicit sawlog
supply function in a particularly simple form

(5.21) u,=u,q.

This of course is only a special case of (5.19).
Differentiating, and noting‘tbat S is a given parameter,
(5.21) gives the supply of sawlogs as a decreasing function
of income, m, increasing function of initial stock, Sy, and
increasing or decreasing function of stumpage price, q .
This is seen from comparative statics of the model which are
(5.22a) ff - -u12x+u22qx+u2 <o
dq -y +2u;,q-uy,9°

dx -u, ,+u,,q
(5.22b) — = 12 22 <0

- - 2
dm  -u;,+2u; ,q-uy,q

dx (u, ,q=-u,;,)(1+g')
(5.22¢) — = —12° 11 > 0,

_ ~ 2
dsg Uy +2u) 5q-uy5q
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_ _ 2 . s
when uy,+2u; ,9-u,,q° 1S positive (from the second order

condition).

In the one period model, the effects of exogenous income and
the beginning of period stock are unambiguous. An increase
in exogenous income reduces the supply, and an increase in
the initial stock increases it. In this case, however, the
effect of stumpage price remains ambiguous, because
substitution and income effects work into different
directions. The income effect is partly due to the
inclusion of the imputed utility of the stock (ulz), but
the other part (u22) remains, even if the stock, as such,
imputes no utility to the forest owner. 1In the short run it
is reasonable to believe that the substitution effect
dominates. Only in such cases where the stumpage income is
a marginal income source may the effect of stock's imputed
utility have practical significance in the timber management

decisions. (see Binkley 1981, p. 36).

In the present framework this is almost all that can be

said. If the dynamic standing stock constraint is imposed
on the model and a period of arbitrary length (1,.. T) 1is
considered, all comparative statics results become

ambiguous. However, appendix 1 shows that if only two
periods are considered, the supply of sawlogs is still an
increasing function of the present period stumpage price,
the forest owner's time preference and the initial stock and
a decreasing function of exogenous income and an increasing
or decreasing function of second period's stumpage price and

exogenous income.

In the two period case, one can interpret the model in such
a way that the forest owner initially makes the optimal plan
for periods 1 to 2. The next plan only considers periods 2
to 3 and so forth. Actually, this is not an unrealistic
approach. Earlier, in the model of the present value
maximizer, the same assumption was actually made by

including the effect of lagged stock (st—l) to
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comparative static results. Only in a steady state model
the initial plan simultaneously determines optimal stock
levels of all future periods, in which case only the initial
stock (so) is exogenous. This means that no adjustment
costs exist which in a short term model is not a very

realistic assumption.

An important feature of the intertemporal model is that the
ambiguity of the results is independent of the form of the
utility function, as long as the realistic assumptions of
the positive first derivatives and negative second derivatives
and non-negative cross effects are not abandoned. Further
eliminating the stock's imputed utility does not make the
results any more precise. Therefore, it is not the imputed
utility of the stock alone which causes the problems. It is
the utility maximization in the intertemporal setting with
the dynamic standing stock constraint that binds the
successive periods decisions. This dynamic constraint
actually makes the problem more complicated than the
standard consumer choice in the intertemporal setting.

The present value maximizer would probably cut the remaining
stock during the last period without additional constraint
on the end of planning horizon stock. But when the imputed
utility of the stock is in the model this is not necessarily
the case. This gives a slightly wider perspective to the
value of the terminal stock. Actually, the utility
maximizer's assessment of his remaining stock may be very
similar to the assessment of remaining stock by the above
representative firm. The stock has value to him not only
because it imputes utility during the present period, but
also (maybe more importantly) because it affects his
expectations of future utilities.

Interpreting the terminal stock as an argument in the
expected wutility function would mean that the utility is a
function of present period events added to the function of
stock that gives the effect of present activities on
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expected future utilities. This, of course, means that the
activities are also assumed to continue after present
period. Then, for example, the expectations of future
non-stumpage incomes and stumpage prices would show in the
imputed wutility of the end of period stock. Formal
consideration of this expected utility épproach is not
attempted here. 1In the next section the discussion above is
collected to obtain the estimable supply equation for

sawlogs.

5.3. Implicit supply equations

Collecting the comparative statics results of the present
value maximizing forest owner from (5.9) to (5.11) and
(5.13) gives the supply as an increasing function of the
present stumpage price, forest owners time preference and
the beginning of the period stock, and a decreasing function

of the coming period stumpage price,

s _ _sl :
(5.23) xt = X (qt'qt'f'l’ltlst‘l).
+ - + +

Signs of the partial derivatives are given under the
variables. As has been already stated this model assumes,
that all markets are perfect and that the forest property
produces no other outputs than sawlogs.

The utility maximization in the present context means, not
unrealistically, that there are imperfections in some of the
markets. If the optimal plan is made only for one period
and is renewed at the beginning of each period, following

sawlog supply equation is obtained

(5.24) x: = xsz(qt,mt,st_l).
+ - 4+

Empirically, it is reasonable to assume that there are
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adjustment costs which show their effect in the coefficient
of the lagged inventory. The supply equation (5.24) will be
taken as the basis for an estimable supply equation.
Because it is based on one period model the expectations are
not considered explicitly. The present value maximizer's
supply function above and the intertemporal utility
maximizing approach (see also appendix 1) indicate that
future values of exogenous variables also affect the present
period supply. If the forest owner is a utility maximizer
he is actually only interested in the expected change of the
stumpage price (when there 1is no input costs to sawlog

production).

The utility maximizer is, however, concerned both with
expected price changes and with the actual price level,
because the stumpage price brings utility through
consumption of goods and services. The stumpage price
level has therefore significance relative to the other
present prices. However, besides the present period values,
the future prices and incomes also affect the supply,
although the intertemporal model could not define the signs
of the effects.

The selection of the wutility maximizing approach as the
basis for empiricili work is in the present contexts more
justifiable than the present value maximizing approach.
First, because of the imperfections in capital markets in
Finland, there is no good empirical measure for the time
preference of the forest owner (experimental estimations
using interest rates in supply equation did not succeed).
Further it is reasonable to assume that at least part of the
forest owners have liquidity constraints, in which case the
exogenous income and the actual stumpage level affect the

supply.

Also, the experiments with expectation variables in
empirical analysis failed. In spite of this, there is a
good reason to believe that the present price used in the
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supply equation 1is, in practise, considered high or low by
comparing it to other present prices but also to expected
stumpage prices. This is the implication of the

intertemporal utility maximizing model.
5.4. The estimable supply equation

The implicit supply function (4.24) shows that sawlog supply
depends positively on the stumpage price and the existing
standing timber stock and negatively on the exogenous income
of the forest owner. The standing stoék poses a problem in
empirical short run analysis because it is almost impossible
to measure and is reported in statistic only as an average
figure over long time periods. Further more, it is not the
physical timber stock, which should be used but the forest
owners' subjective opinion of this stock. For this reason
the dynamic demand formulation used by Houthakker and Taylor
(1970), in the consumer demand study in the United States,
will be adapted in order to derive the estimable supply

equation.

This formulation has_the advantage that the supply equation
for sawlogs can be estimated without having standing stock

explicitly in the supply function.

The implicit supply equation repeated from (4.24) now using
capital letters for aggregate supply is

(5.24") X} = X(Q.,M.,S._;)

and 1is approximated using a 1linear formulation. This
approximation is similar to the one used by Houthakker and
Taylor (op.cit, p. 10). The supply of sawlogs depends
linearily on the stock and other exogenous variables of the
model.2?) The equation for sawlog supply can therefore be

written as follows
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*E

(5.25) xi =T, + T, () + Ty + T3My 5e-

0 1
In (5.25) E5y is the error term. To simplify the notation
it is not considered while deriving the complete
Houthakker-Taylor estimable equation (see Houthakker and and
Taylor, 1970 p.23). Solving for (S.+§,_,)/2 yields

S
t t-1 _ S _ - -
(5.26) = = (X To = ToQp = T3My).

Approximating growth by a constant percentage of the
standing volume and denoting this percentage by G (>0) the
standing stock identity becomes

(5.27)  as =5 _ - Se_q = G (
Because G is a constant and not a function as in the models
of representative forest owner, growth is better
approximated by G(St+st_l)/2 than by GSy_, (op cit
pP- 13-16). Substituting from (5.26) for (St+st-1)/2
equation (5.27) is equivalent to

G _ _ S
(5.28) s, = T;‘Xt' o = TpQ = T3Mg) - X¢.

Using first differences of the variables equation (5.25) can

be written as follows

AS AS
S _ .S _ t t-1 _ _
(5.29) Xt - Xt_1 = r1( = + > ) + I‘Z(Qt Qt—1) + F3(Mt Mt_1L

Then, using equations (5.26) and (5.27), it follows from (5.28)

s s
(5.30) xS _ xS . [& Fe T To” Ta% 7 M X
t t-1 1T, 2 2
X r. - r.,o0 I.M x5
. & Ko 0 291 M1y Xeo
T 3 2
+ Fz(Qt-Qt_1) + F3(Mt—Mt_1L
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which, by transfering Xy_, to the right hand " side, leads
to the equation for supply

-Gl 1 + (G-T.,)/2
(5.31) %S - 0 . 1 %
t 1 - (G-F1)/2 1 - (G—F1)/2 t-1
r2(1-c/2) r2(1+c/2)

" TS (GT,72 % T T G /72 Q¢ -1

r,(1-G/2) r,(1+G/2)
+ 3 M, - 3 M
1 - (G-T1)72 t 1 - (G-F1)72 t-1-

The coefficients of (5.31) describe the short term effects.
The long term effects can be demonstrated by assuming that
in equilibrium fellings (sawlog sales) equal growth so that

(5.32)  x* - gg*
t

Substituting into (5.25) results in
x I

X
(5.33) Xt = FO + < xt + FZQt + F3Mt,

so that assuming FI#G,

X _
(5.34) Xt = + ; Qt * 5T Mt'

The long run derivate of X*(t) with respect to Q(t) is
given by the coefficient of Q(t) in (5.34) (Houthakker and
Taylor, 1970 p. 12). The derivation of long run effects is
mechanical and the results must be considered with care.
Structural changes in the system may cause wrong
interpretations of the 1long run effects if the structural
variables in question are not included in the model. In
particular, the shift wvariables of the short term supply
curve may change over time. A variable with no importance

ten years ago may become a central determinant of the long
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run supply ten years later. In principle, however, the
formulation gives the possibility of separating the long and
short term effects.

Using the fact that, e.g. 'Mt=(Mt'Mt—1)+Mt-1=—Mt+Mt-l'

equation (5.31) leads to the estimable equation for sawlog
supply

S
(5.35) x5 = By + ByXQ_; * ByQp * B30y * ByiM BeM,_, *+ Eg,,

- G FO

1 - (G—F1)/2l

where (5.36a) BO =

1+ (G- T,)/2 r,(1-G/2)
(5.36b) B, = ((5.36c) B, =
1 - (G-T /2 1 - (6-T,)/2
r,G r,(1-G/2)
(5.36d) B, = ,(5.36e) B, = = ,
1 - (G- T1)/2 1 - (G- T1)/2
e
(5.36f) Bg =

1 - (G-T)/2

The parameters of equation (5.31]) including the growth
parameter of subjective estimate of the standing stock of
sawlogs can be calculated from estimated coefficients, using
equations (5.36a) to (5.36f), as follows

(5.37a) G = 3 N 5
1 1
3B3 * By  3Bg * By
280(B2+%B3)
(5.37p) Tj = —————
B3(B1+1)
2(1-B.) B
(5.37¢) 1, = L : 3
T +By 3By + B
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1
2(=B, + B
(5.374) r, = (2°3 2)
1+ B,
2(=B. + B,)
(5.37e) . - 25 4
3 1 + B

From (5.37a) parameter G is over identified, its value can
be calculated in two different ways. This over
identification is likely to result into different values for
G if no constraint is imposed in the estimation of the
parameters 1in question. Estimation experiments showed that
this complete Houthakker-Taylor equation could not be used
in estimations and the form in which the final supply
equation is estimated does not have this over identifying

constraint.

The poor performance of the complete Houthakker-Taylor
estimable equation is possibly due to randomness in the used
short term data, so that the long term effects cannot be
properly estimated.- Also the study period is obviously too
short for the long term effects to be adequately identified.
The form in which the supply equation is estimated only
takes into account the short term effects by assuming that,
in the short term, growth 1is negligible. The final
estimable equation and its derivation 1is reported in the
next chapter, where the empirical results of the study are

presented (section 6.2.1., p. 77).

The error term ESt of the structural supply equation was
not considered while deriving the complete estimable
equation. Houthakker and Taylor show that the error term of
equation (5.35), E6t' which is a function of ESt’ G and

Fl, is autocorrelated, if the error term of the
structural supply equation, ESt' is assumed not to be
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autocorrelated (Houthakker and Taylor 1970, p. 23). It s
possible to calculate an "adjusted" D-W statistics for

Ec., when the estimates for G and [1 have been obtained.

Without going into detailed discussion of the problem, it is
only pointed out that values of D-W either near or below two
indicate positive autocorrelation in E5t(°p cit, p. 35).
Further more, as pointed out by Houthakker and Taylor, the
autoregressive parameters of E6t add a further constraint
on G and Ii, which cannot be taken 1into account in
estimations. (op cit). Because, the complete form of the
estimable supply equation (5.235) will not be wused, the
problem is not considered in more detail. Besides, with the
lagged endogenous variable in the model D-W statistics
cannot, even without the above problem, be considered a
reliable measure of autocorrelation (cf. Houthakker and
Taylor, 1971 p. 35; Johnston, 1972 p. 312). For this
reason also the Durbin's h-statistics will be reported,
although it also directly indicates only the presence of
autocorrelation of the estimated eguation, but not the

structural equation.

Notes on chapter 5:

1) I owe the inclusion of the stock identity as a constraint
to the forest owner's maximizing problem and the
interpretation of the equilibrium condition to Darius Adams.

2) Houthakker and Taylor derive the supply function wusing
continuous time and convert it to discrete time for
empirical purposes. No essentials are lost if the analysis
is in discrete time. The only major difference arises in
the treatment of the stock. In continuous time the
dependence of the stock on the supply can be written using
some positive constant parameter, G as follows GS(t). In
discrete time, this is approximated by G(S_+S Y/ 2,
which is a better approximation of the continfiou§ ltime
relation than for example GS,_, (op.cit, pp 13-15).



6. MODEL ESTIMATION
6.1. Aggregation and the data

The supply and demand functions of the representative forest
owner and firm are assumed to be linear so that aggregation
to the sectorial 1level 1is possible directly. Linear
functional forms will be used in the estimations. It would
also be possible to use a loglinear model in the stock
adjustment and 1in the demand equation but because the
Houthakker-Taylor supply equation must be estimated in
linear form (Houthakker and Taylor, 1970 p.vf§5 the demand
side of the model 1is also specified 1linearily. The
assumptions of micro-relations required for the exact
aggregation are restrictive and are not met in the above
models for the representative firm and forest owner. The
linearity of the demand and supply functions is therefore an
approximation. However, in empirical analyses
approximations 1like this are often unavoidable (cf.

Maccini, 1977 p. 500).

To repeat, the beginning of the production period, t+l, raw
material stock of the sawmill industry depends positively on

the expected demand (Zi t+1 ), the expected sawnwood
price (P: t41 ). the lagged stocks (Kt) and the
expected stumpage price, (Q: t+1 ). The stumpage price

. e
(Qt) and the carrying cost of the stocks (Rt,t+1 )

have a negati