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ABSTRACT: The paper contributes to the theoretical analysis of forest
taxation both under certainty and under future timber price uncertainty
with risk aversion by focusing on two policy issues: First, the
incentive issue of what permanent tax will elicit the highest timber
supply given that government wants to collect a fixed amount of tax
revenue by means of forest taxation? Second, the welfare issue of what
forest taxes will be optimal subject to a government's tax revenue
requirement? No sharp conclusions can be obtained concerning the timber
supply incentives of a switch between forest taxes under price un-
certainty. Turning to the welfare issue given the optimal lump-sum tax,
1t s desirable to introduce the yield tax, which at the margin serves
as an finsurance device by decreasing the post-tax variability of future
timber price. If there is no aggregate uncertainty or if government is
risk neutral, then the full insurance via the 100 % yield tax is
optimal. But if there is an aggregate risk and government cares about
uncertainty in its tax revenues, then the partial insurance is optimal
with the yield tax being less than 100 %.

KEY WORDS: timber supply, forest taxation



1% INTRODUCTION

Theoretical analyses of rotation age and timber supply have pre-
dominantly relied on the twin assumptions of certainty and perfect
capital markets in the sense that forest owners have been assumed to
borrow and lend an unlimited amount at the one risk-free interest rate.
Under these circumstances the Fisherian separation theorem holds:
consumption decisions of individuals are made separately from their
investment decisions (for more on Fisherian separation, see e.g.
Copeland and Weston (1983), ch. 2). Most modern analyses start by
assuming that forest owners try to maximize the present value of profits
accrued from growing trees (see e.g. Chang (1982), (1983), Hyde (1980)
and Jackson (1980)). There is no doubt that this framework has produced
interesting results concerning how various taxes might affect rotation
age and timber supply. But to the extent that there are uncertainties
associated with the decision environment, these results may no longer

hold.

As far as the role of uncertainty in forest management is concerned,
using a generalized form of Johansson and Ldfgren's (1985) two-

period mode]1), Koskela (1988a), (1988b) has analyzed the relationship
between various types of forest taxes and timber supply under future
timber price uncertainty when forest taxes are temporary in the sense
that the tax rates may be different between the current and future
periods. Specifically, Koskela (1988a), (1988b) studies the ceteris
paribus effects of various types of forest taxes on timber supply and

also extends the analysis to cover policy gquestions in the following

sense: What are the timber supply implications of changes in the timing

of a given tax (i.e. switching the tax between the current and future



periods) as well as in switching between tax types under the constraint

that tax revenues to government remain unchanged?

The paper contributes to the theoretical analysis of forest taxation
by focusing on two policy issues which has not received any attention
in the literature: First, we are interested in the incentive jssue

of what permanent forest tax will elicit the highest timber supp1y2)
given that the government wants to collect a fixed amount of tax
revenue by means of forest taxes? Second, and more jmportantly, we
analyze the welfare issue of what forest tax will De optimal in the
sense of maximizing the (expected) utility of a representative forest
owner subject to a government‘s tax revenue requirement? The forest
taxes to be analyzed are (i) the lump-sum tax, (ii) the unit tax and
(iii) the yield tax. The lump-sum tax is defined as a fixed amount

of tax, which is independent of the amount of timber harvested. The
unit tax 1is defined as a production tax, i.e. SO many dollars per unit
of harvested timber volume. And finally, the yield tax is defined as

a tax on timber revenue from harvest.3) In both the incentive and

welfare analyses the lump-sum tax is regarded as the benchmark case

to which the unit tax and the yield tax are compared.

The paper proceeds as follows: Section 2 presents the framework to be
used and the assumptions and simplifications to be adopted and
characterizes the timber supply and welfare jmplications of structural
tax policies, which will keep the tax revenues of government unchanged
under certainty and perfect capital markets. In section 3 the analysis
is extended to consider the same issues under future timber price un-

certainty and risk aversion.



1.1. Summary of results

To anticipate results, under certainty and perfect capital markets,
the permanent lump-sum and yield taxes are neutral in terms of timber
supply since they do not affect the relationship between the marginal
return from and the marginal cost of harvesting. Hence, the choice
between them does not matter either in terms of timber supply or in
terms of the welfare of forest owners. On the other hand, a permanent
rise in the unit tax will affect timber supply negatively (positively)

with increasing (decreasing) timber prices. This substitution effect

can be explained as follows: A permanent rise in the unit tax will
decrease the marginal return from current harvesting by the amount

of the real rate of interest and the marginal cost of current harvesting
by the amount of the growth rate of forest. Under dincreasing (decreasing)
timber prices the real rate is higher (1lower) than the growth rate of
forest at the interior solution so that the timber supply will de-
crease (increase) as a result of a permanent rise in the unit tax.
Consequently, the timber supply effects of changing the tax base be-
tween the unit tax and either the lump-sum or yield tax depend on the
question of whether timber prices are increasing or decreasing. As for
the welfare effects, both the Tump-sum and yield taxes dominate the

unit tax under the changing timber prices due to the distortionary

unit tax i.e. due to the non-zero substitution effect.

Introducing the future timber pnice uncertainty with risk aversion changes

picture in a number of ways. First, taxes may now have wealth effects.

That is, when a tax goes up, the forest owner is worse-off and may be

less willing to take risks, i.e. he (or she) may be more willing to



harvest now rather than in the future. Under these circumstances a
permanent rise in the Tump-sum tax will increase timber supply. Second,
in addition to these positive wealth effects, the permanent change

in the unit tax will affect timber supply via the substitution effect

by changing the marginal return from and the (expected) marginal cost
of current harvesting. Third, the permanent change in the yield tax
affects also negatively the post-tax variability of future timber
price and the yield tax has an ('adjusted') risk effect, which is,

however, a priori ambiguous.

Turning to policy questions, a change in the tax base, which will keep
the (expected) tax revenues of government unchanged, will cancel wealth
effects out, while the substitution and risk effects remain. Hence,

the timber supply effect of a switch between the Tump-sum and unit tax
depends on the sign of the unit tax substitution effect, while the
effect of a switch between the Tump-sum and yield tax depends on the
sign of the ('adjusted') risk effect. Proposition 3 gives sufficient
conditions under which the signs can be determined unambiguously.
Finally, under timber price uncertainty the unit tax is generally
distortionary and is thus dominated by the Tump-sum tax on welfare
grounds. As for the comparison between the Tump-sum and the yield tax,
it is generally desirable given the optimal (expected utility maximizing)
lump-sum tax to introduce the yield tax, which at the margin serves

as an insurance device by decreasing the post-tax variability of the
future timber price. If there is no aggregate uncertainty or if
government is risk-neutral, then the full insurance via the 100 %
yield tax is optimal. On the other hand, if there is aggregate risk
and government cares about uncertainty in its tax revenues, then the

partial insurance is optimal with the yield tax being less than 100 %.



2. TIMBER SUPPLY AND OPTIMAL FOREST TAXATION UNDER CERTAINTY

2.1. A Theoretical Framework

The forest owner is assumed to have a preference ordering over the

present and future consumption, ¢ and C) respectively, which is
represented by a intertemporally additive, thrice differentiable

utility function U = u(c1)-+Bu(c2), where B = (1+p)'1 denotes the

rate of time preference factor and u' = 3u(.)/3c>0 and u" = azu(.)/ac2 <0,
i.e. u is strictly concave. Thus U describes the discounted utility from
consumption in both periods. In what follows the partial derivatives

are denoted by primes for functions with one argument and by subscripts

for functions with many arguments. E.g. Ax(x,y) = 3A/5X, Axy(x,y) = azA/axay

etc.

The forest owner chooses between harvesting today (current timber supply)
x and harvesting to-morrow (future timber supply) z according to the

'production possibility' frontier
(1) z = (Q-x) + F(Q-x), F'(.)>0, F"(.)<0

where Q refers to the initial stand yield (i.e. volume/unit of land)

and F(Q) defines stand growth as a function of the stand yield Q.
Therefore, F' = F'(Q-x) gives the growth rate for the stand after the
current period harvest x. The more one cuts to day, the Tess is available
for to-morrow because 9z/3x = -(1+F'). Moreover, the greater is the
volume per unit land, the lower is the growth rate, i.e. F"(.)<0.

Under certainty this assumption about growth as a positive, but de-
creasing function of the volume per unit land is important. As shown

later, assuming the linear 'production possibility' frontier with



F'(.) = 0 implies that there is no unique solution interior; either
the forest owner cuts everything now (z = 0) or everything in the
future (z = Q+F(Q)) or is indifferent between cutting now or cutting

in the future.

Denote the lump-sum, unit and yield taxes by T, t and t respectively.
Thus T = tax dollars lost due to fixed taxes, t = tax dollars lost per
unit of harvest and t = tax dollars lost per unit of harvest revenue.
If we denote the current and future before-tax timber prices by Py and
Py respectively and assume that all taxes are operative, then the
respective post-tax prices can be written as p? = p1(1-r)-t so that

p¥ = p,-t if the yield tax is not operative and p¥ = p1(1-T) if the
unit tax is not operative, where i = 1,2. In the first period the forest
owner can allocate the net revenues from timber harvested between
current consumption <y Tump-sum tax T and saving (S>0), or, in the
case where current harvest revenues do not meet current consumption
and tax needs, finance the shortfall by borrowing (S<0) so that we
have p?x = Cy +T+S for the current period flow-of-funds equation.

The forest owner's consumption in the future, c,, depends on the net
revenues from harvested timber, pEz, Tump-sum tax, T, and on capital
income from saving RS (if S>0), or on the capital expense from
borrowing RS (if S<0) so that C, = pEz-T-+RS, where R = 1+r = the
interest rate factor in the capital market. With the perfect capital
market the forest owner can borrow and lend freely at the risk-free
interest rate r so that we can combine the flow-of-funds equations to

get the the intertemporal budget constraint with taxes

(2) ¢, = p5z - T + R(p?x - T ¢y



2.2, Comparative statics of forest taxation

The decision problem of the forest owner is now to choose current
consumption <y and current timber supply x - which here means current
timber harvested - so as to maximize the intertemporally additive

utility function U = u(c1)-+6u(c2) subject to the 'production possibility'
frontier (1) and the intertemporal budget constraint (2). In what

follows we are interested only in the qualitative properties of the
current timber supply x. The first-order condition for the utility

maximization in terms of x is

(3) u, = 0<=>e =Ep1(1-T)-tJR- Ep2(1-r)-t] (1+F') =0

According to (3) the harvesting decision is separable from the consump-
tion preferences of the forest owner and depends only on the post-tax
marginal returns of harvesting more today, Ep1(1-T)-tJR, and on the
post-tax marginal costs of harvesting more today, Ep2(1—T)-tJ(1+F').
Thus at the optimum, X is determined so as to make the post-tax marginal
return equal to the post-tax marginal cost of harvesting. The expression

(3) can be rewritten as

(3") r-F' —— (1+F")
[p1-t(1-T) ]
so that r%F' as pz%p1. At the interior solution for x the real rate

of interest, r, exceeds, is equal to, or falls short of the growth
rate of forest, F', as timber prices are increasing, unchanged or

decreasing respectively.



As indicated earlier, the jncentive and welfare analyses are conducted
by keeping the Tump-sum tax as the benchmark case to which other taxes

are compared. On the basis of the expression (3') the ceteris paribus

effects of forest taxes on timber supply are as follows. Both the Tump-
sum tax and the yield tax with t = 0 are neutral since they affect
neither the post-tax marginal return from nor the post-tax marginal
cost of current harvesting. In the case of the unit tax with t=0 we

have sgn (Xt) = -sgn(r-F') so that by utilizing the expression (3')
2
<
rise in the unit tax will decrease the post-tax marginal return of

we get xtét)as Py 3Py This can be interpreted as follows: a permanent
harvesting by the amount of the real rate of interest r and the post-tax
marginal cost of harvesting by the amount of the growth rate of forest F'.
Under increasing (decreasing) timber prices the real rate of interest
exceeds (falls short of) the growth rate of forest so that a permanent
rise in the unit tax will decrease (increase) timber supply when timber

)

prices are rising (fa]]ing).4“

2. Timber supply incentives, welfare and forest taxes

The earlier section dealt with the ceteris paribus effects of the
permanent changes in forest taxes. Government may not, however,
always be in a position - or it may not want - to change only one tax
parameter at a time. Instead, it may ask: Given the tax revenue
requirement from forest taxation, what structure of forest taxes

is most effective in the sense of eliciting the highest current
timber supp]y?5) Thiis necessitates the study of the timber supply

effects of forest tax switches.



We noticed that both the Tump-sum and yield taxes had no effect on
timber supply so that the tax switch between them does not affect
timber supply. Ln order to compare the lump-sum and unit taxes we

first define the present value of forest tax revenue
(4) 1 = TR + t(xeR712)

Before going on it 1is useful to make one further assumption. If taxes

are not neutral, then they will affect the present value of the tax
revenues (4) both directly via T and t and indirectly via behavioural
responses, when x and z change as a response to changes in tax parameters.
A11 subsequent analyses will be carried out under the assumption that

the direct effect of taxes dominate the indirect ones. This means that
the government tax revenues and tax rates are assumed to be positively

related. This relationship is sometimes called in the literature the

Laffer curve, which is thus assumed to be upward—s]oping.6) This is

both plausible and simplifies the analysis. Taking the partial
derivative of (4) with respect to T and t and accounting for the
behavioural responses gives 37%/3T = R'1E1+R+t(r—F')xTJ and 3T%/at =

R'1E(Rx+z)+t(r-F')x 1, which we assume to be positive.

t
The tax switch between T and t, which will keep T unchanged is defined
by dT = -(Rx+z)(1+R)'1dt—t(r-F')(1+R)'1dx. The total effect of the
shift on timber supply is given by the following total differential

dx = xtdt + deT. Substituting the above expression for dT into dx
gives the timber supply response only in terms of t, where the

of fsetting change in T has been taken into account. This yields with

Xp = 0
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dx
SO (SR
d7°=0

Vi
a4
©

0 as Py

Thus we have

Proposition 1: In the presence of certainty, upward-sloping Laffer

curve and perfect capital markets the choice between
the Tump-sum and yield tax does not matter in terms of
timber supply. On the other hand, changing the tax base
towards the unit tax, in the tax switch between the
Tump-sum and unit tax so as to keep the present value
of government tax revenues unchanged, will decrease,
leave unchanged or increase timber supply as timber
prices will increase, remain constant or decrease

respective]y.7)

Instead of asking "What forest tax policy is most effective in the
sense of eliciting the highest timber supply?" one may ask: "What
forest tax policy is optimal in the sense of maximizing the utility
of a (representative) forest owner?". The problem is then to choose
the tax rates so as to maximize a (representative) forest owner's
utility subject to his (or her) behavioural responses and the

8)

government tax revenue requirement.

Since the Tump-sum and yield tax are non-distortionary with t = 0,
the choice between them does not matter from the welfare point of
view. This leaves us the task to compare the lump-sum and unit tax.
The first-order conditions for the maximization of U subject to the
'production possibility' frontier (1) and the intertemporal budget
constraint (2) implicitly determine current consumption and current
timber supply as functions of exogenous parameters. For convenience,

we are here interested only in the role of the lump-sum and unit
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taxes so that ¢y = c1(T,t,..) and x = x(T,t,..). Substituting these

for ¢4 and x in the direct utility function U = u(c1) +u(c2) gives the

0

indirect utility function V(T,t,..) = U, which indicates the maximum

utility that can be achieved given the lump-sum tax T and the unit

tax t. Applying the envelope theoremg) gives
(a) VT = =B(1+R) u (c2) <0

(6) ;
(b) Vt = (Rx+z)(1+R) VT'<0

so that the maximum utility is negatively related to the tax rates.
The welfare-maximizing tax structure can now be obtained by choosing
T and t, which maximize V(T,t,..) subject to the government tax revenue

requirement (4) so that the Lagrangian to be maximized is
(7) L= V(T,t,..) = A(TO-T(1+R™)-t(x+R712))

where X = the Lagrangian multiplier associated with the government

tax revenue requirement.

Differentiating (7) with respect to T and t, accounting for (1) and
for endogeneity of x and using (6a-6b) gives the first-order conditions

for the welfare optimum

F (1R

P
QU
~
—
[}
o
1}

T VT

(Rx+z)(1+R)'1L + XR'1t(r-F')x

—
o
~—
—
|
o
I

T t
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Using (6a) and the fact that u'(c1) = Ru'(cz) at the optimum for ¢,
(8a) can be written as A = -VT(1+R)'1 = u'(c1) = BRu'(cz). The
permanent lump-sum tax should be set so as to make the marginal
utility of consumption in both periods equal to the marginal cost
of the Tump-sum tax A. Given the optimal Tump-sum tax T* and using

Xg = ((p2—t)F“)_1(r-F') the equation (8b) can be rewritten as

“((pyt)F") 1t = 0

= — -1 1
(9) Lg|Ts = 0 <=> R '(r-F")
Under changing timber prices the unit tax is distortionary and its
optimal value t* = 0 given that the lump-sum tax can be used.
Thus we have
Proposition 2: In the presence of certainty and perfect capital
markets the choice between the lump-sum and yield

tax does not matter in terms of welfare. On the other
hand, under changing timber prices the unit is

distortionary and the Tump-sum tax dominates it in

the sense that given the optimal Tump-sum tax the

o . . 10
welfare-maximizing unit tax is zero. )

3, TIMBER SUPPLY AND OPTIMAL FOREST TAXATION UNDER FUTURE PRICE
UNCERTAINTY
3.1, Comparative statics of timber supply under price uncertainty

This section extends the earlier analysis by allowing for future
timber price uncertainty and developing its implications for comparative
statics of timber supply as well as for policy questions analyzed in

section 2.3. The forest owner decides how much to harvest today given
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today's known price and a (subjective) probability distribution of
to-morrow's stochastic price. The decision problem for the forest

owner is thus to choose ¢, and x so as to maximize the discounted
expected utility from consumption U* = u(c1) +BE(u(c2)), where E denotes
the expectations operator and <, is now stochastic because of future

price uncertainty. The expected utility of future consumption can be

P2
expressed as E(u(cz)) = i u(Cz)f(pz)dpz, where f(pz) = the probability
p

A
density function(ﬂ:pzdefinedover the range EEZ,ﬁzj.

We assume that forest owners are risk-averse (u"(cz) <0) and that the
so-called Arrow-Pratt measure of absolute risk aversion A(cz) =
—u"(cz)/u'(cz) is non-increasing in Cye This means that willingness to
take a given risky choice will not decrease as c, increases. This can be
regarded as widely plausible. It is not dimensionless and depends

on the units in which Cy is measured (for a seminal presentation and

further discussion, see Arrow (1974) pp. 90-111).

The first-order conditions for the maximization of U* in terms of the

decision variables ¢y and x are now expressed as

(10) Ux = u'(c1) - BRE(u'(cz)) =0
(11) Ux = BE(u'(cZ)e) =0

where U* = aU*/ac,, Uf =.5U*/ox and e = pjR - p5(1+F") with p¥ =
p1(1'T)'t (i = 1,2). By using the rule E(ab) = E(a)E(b)+cov(a,b) for

stochastic variables a and b, the expression (11) can be written as

(12) E(u'(cz))é = cov(u'(cz),pz)(1+F')(1-T)



14

where e = p?R-—5§(1+F') and where cov(u'(cz),pz) <0 because of risk
aversion. The expression (12) has two important implications: First,

& <0 at the interior solution with F"<0 so that the forest owner
harvests to the point where the post-tax marginal return from
harvesting more today falls short of the expected post-tax marginal
cost of harvesting more today so that allowing for price uncertainty
will increase timber supp]y.11) Second, the harvesting decision is

no longer separable from consumption preferences of risk averse forest
owners and has thus to be analyzed simultaneously with the consumption-

saving decision. The Fisherian separability condition no longer holds.

The second-order conditions for the expected utility maximization are

(13)  Ux_ = u"(cy) + BREE(u"(c,)) <O

(14) u*

* = BLE(u"(c,)e’) + E(u' (cp)p)F"3 <0

and

_ 2
(15) A = UzCU;X - (sz) >0

o o 2 _ 42 2 _ .2 A2 _
where Uéc =3 U /301, U;X = 5 U*/3x~ and Uéx = 9 U*/ac1ax = 9 U*/axac1 =
Ux. = —gRE(u"(cz)e). Under the stated assumptions the second-order
conditions hold. It is easy to show that decreasing (constant) absolute

risk aversion implies that E(u"(cz)e) <0 (=0) so that Uéx>-0 (=0).

Given the second-order conditions, the first-order conditions define
implicitly Cq and x in terms of exogenous parameters. But now, due to
the non-separability, the first-order conditions (10) and (11)) must be
evaluated simultaneously. In what follows the results are presented only

12)

for timber supply, which we are ultimately interested in.
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Before developing comparative statics of forest taxes we look at the
relationship between changes in pure risk associated with future
timber price and the harvesting decision. This is both interesting
per se and turns out convenient in understanding an impact of forest

taxation.

Let us define a small increase in risk as a "streching" of the probability
distribution of future price around a constant mean. This requires the
introduction of two parameters, one multiplicative and one additive.

Let us write the before-tax price as ﬁz = €+NpPy, where ¢ is the additive
shift parameter and n is the multiplicative one. An increase in n alone
will blow up all the values of p, by increasing the expected value as

well as the variance. To restore the mean for f§,, i.e. to compensate for
a change in n, we have to reduce ¢ so that dE(e +np2) =0 or 52dn'+d€ =0
giving de/dn = -52, where 52 = E(p,) (for a use of this technique, see
e.qg. Sandmo (1971)). Hence, the ceteris paribus change in x due to an
increase in pure risk can be obtained by evaluating the effects of a
change in n from the point € = 0, n = 1 with de/dn = —62. This gives

the timber supply response of a compensated change inn as

1

AT *
X lemg) =47 L-U% U

n=1

16

(16) ( + Ux Uk 3

where U* . <0, UZX >0 (=0) if the absolute risk aversion is decreasing
(constant) and where A >0, The terms U;n = aZU*/axan and Uén = 2U*

refer to compensated changes in n. It is shown in appendix 1 that U;rl>0
and Uzn <0 under non-increasing absolute risk aversion. Thus (xn €=O) >0

is positive under constant absolute risk aversion, while a prior n=1
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ambiguous under decreasing absolute risk aversion. On the one hand,

a rise in future price risk means that the forest owner is worse off.
Current timber supply will tend to increase via the "precautionary
effect" (the term A'1(-U;nuzc) >0). On the other hand, riskier future
price may induce the forest owner to take a "hedging" position. Current
timber supply will tend to decrease via the "hedging effect" to the
extent that the forest owner is worried about the worst possible
realizations of future price and wants to avoid the negative future
consumption effects resulting from low prices (the term A'1(UanéX) <0
if the absolute risk aversion is decreasing). If the "hedging effect"

dominates the "precautionary effect", then an increase in pure timber

price risk will decrease current harvesting!

Let us now turn to the comparative statics of forest taxation on timber

supply. For the Tump-sum tax T we have
(17) Xq = A'1B(1+R)u“(c1)E(u“(cz)e) >0 as A'(cz) <0

Under decreasing absolute risk aversion the lump-sum tax and current
harvesting are positively related; a rise in T will make forest owners
worse-off and they become less willing to take risks. Hence, timber

supply will increase due to the wealth effect.

Let us next consider the unit tax. It is shown in appendix 2 that the

ceteris paribus effect of the unit tax can be decomposed as

(18) X, = x° + (Rx+z)(1+R)-1x

t it T

where x°© = A'1

t UECBE(U'(CZ))(r—F') so that sgn(x%) = -sgn(r-F').



17

The equation (18) is a Slutsky decomposition for timber supply under

uncertainty and it separates the total effect into the substitution

effect, xi, on the one hand and into the wealth effect, (Rx+z)(1+R)1xT,

on the other hand. The substitution effect describes the timber supply
response to a change in the unit tax, which is compensated by changing
the Tump-sum tax so as to keep the expected utility of the forest owner
unchanged. The wealth effect is positive under decreasing absolute risk
_aversion. As for the sign of xi notice that € <0 at the interior
solution so that with v = 0 we have r-F' <(52-p1)(1+F')(p1-t)'1. Hence,
b, <Py => r-F' <0, while sgn(r-F') is a priori indeterminate with

p,>Py. Thus we have

(19) 0 as 52 <Py

? otherwise

Under price uncertainty with risk aversion current harvesting is at
the point, where the post-tax marginal return falls short of the
expected post-tax marginal cost of harvesting. If the timber prices
are not expected to increase, then the real rate of interest is less
than the growth rate of forest. Under these circumstances a rise in
the unit tax will decrease the marginal return less than the marginal
cost and timber supply will increase via the substitution effect.
Thus if timber prices are not expected to increase, the substitution
and wealth effects reinforce each other and the unit tax will have

a positive effect on current harvesting.

Finally, we consider the yield tax with t = 0. It is shown in appendix 2

that its ceteris paribus effect can be decomposed as
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-1 1

(Xn 0) + (Rp1x +522)(1+R)' Xp
n=1

(20) X, = S-(1-1)

n

_ -1 c ,=.C
where S = -(1-1) (p1xp1 +p2x€‘

yield tax will make the forest owner worse-off. He (or she) will become

8)>'0. On the one hand, a rise in the

less willing to take risks and increases timber supply due to the wealth
effect, (Rp1x+522)(1+R)'1xT. One the other hand, a rise in the yield tax
will decrease the post-tax risk of timber revenues, which risk effect,

-1

-(1-1) (x €=0), is, however, a priori indeterminate. Finally, because

n
the yield ta2=&111 affect directly neither the marginal return from nor
the marginal cost of harvesting at the interior solution, the risk effect
overestimates the timber supply effect, which is due to the negative
relationship between the yield tax and the variability of the post-tax

timber price. In order to correct this we have to add the positive

¢ and xC de-

'weighted' substitution effect, S, where the terms x/ e|e=0
: .

scribe the compensated timber supply with respect to the current and
expected future timber price respectively, when compensation is done

in terms of the lump-sum tax. The term S -(1-T)_1(Xn . 0) can be called
n=1

i u

the 'adjusted' risk effect. The total effect of the yield tax is

thus a priori ambiguous.

3.2. Timber supply incentives and forest taxes

After the ceteris paribus analysis of forest taxes let us turn to
consider the question of what structure of forest taxes is most effective
in the sense of eliciting the highest timber supply given the government

tax revenue requirement. In the presence of future timber price -uncertainty
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government tax revenues are stochastic so that it is not immediately
evident, what is meant by a change in the forest tax switch. In what
follows we consider the changes in taxes, which will keep the expected

present value of tax revenues unchanged. This is defined by
(21) 7° = T(1+R_1)-Ft(X+R_1Z)-+T(p1X+R_1522)

and assuming either T = 0 or t = 0 gives two alternative tax revenue

requirements.

There are two justifications for the neglect of risk in tax revenues on
the part of government. To the extent that risks are independent across
agents and their number is large, the law of large numbers will guarantee
government a constant total tax revenue despite uncertainty at the
individual level. Government is simply a more efficient risk-pooler (see,
e.g. Vickrey (1964)). To the extent that risks are aggregative risks,
however, (21) only means that government is risk-neutral, i.e. indifferent

to tax revenue risk.

Like in the certainty case we use the Tump-sum tax as the benchmark case,
to which other taxes are compared. No sharp conclusions are possible at

this level of generality as the following proposition indicates.

Proposition 3: In the presence of future timber price uncertainty,

upward-sloping Laffer curve and perfect capital markets
the timber supply effects of the expected present value
preserving forest tax switches can be characterized as
follows: (a) the non-increased expected timber prices
imply that changing the tax base towards the unit tax
will increase timber supply, while (b) the non-positive
pure risk effect implies that changing the tax base
towards the yield tax will increase timber supply.
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Proof: (a) The tax switch, which keeps 19 constant with t=0, is. obtained

by differentiating (21) with respect to t, T and x so that d1° = 0. This

-1

gives dT = -(Rx+z)(1+R)_1dt-t(r-F')(1+R) dx. Substituting this for dT

in the total differential dx=xtdt-+deT and accounting for the equation

(18) yields

where m = 1-+t(r—F')(1+R)—1xT. In order to get the relationship between

T° and T we take the partial derivative of (21) with respect to T which

1

gives 3T%/5T = R™ E1+R+t(r-F')xT] = R—1(1+R)n|>0 due to the upward-

. dx B c c
sloping laffer curve. Thus sgn (H? (t,T)) = sgn(xt) so that xg >0 as
- TO
p2.§p1 according to (19). This proves (a).

(b) Analogously, with t = 0 the tax switch, with keeps T° constant, is

1

defined by dT = -(Rp1X+522)(1+R)_1 dr-e°(14R) ™" dx, where & = p,R -

p,(1+F') <0. Substituting this for dT in dx = x dtv + x;dT and accounting

for the equation (20) yields

(S.ZT(S (T,T ) = n-1ES k (1_T)—1(XT] € 0)]

| dT0=0 n=1

(23)

_ -0 -1 1oy c .= C
where n = 1 +te (1+R) Xq and S = -(1-1) (p1xp1-+p2x€|€=0)>'0. It can
be shown, as in part (a), that the upward-sloping Laffer curve implies

) <0, then

n>0. If the pure risk effect is non-positive, i.e. (Xn ez <
n=1

(23)>0. [T
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3.3. Optimal forest taxation under price uncertainty

The section 3.2. developed the timber supply implications of various
forest tax switches with given government tax revenue requirement for
any arbitrary combination of forest taxes so that the expected utility
of a (representative) forest owner was allowed to change as a residual.
But what tax policy is optimal in the sense of maximizing the expected
utility under price uncertainty? In our framework this question can be

answered as follows.

Proposition 4: In the presence of timber price uncertainty with risk

risk aversion and perfect capital markets optimal forest
taxation can be characterized as follows: (a) the Tump-
sum tax dominates the unit tax in the sense that given
the optimal Tump-sum tax, the welfare maximizing unit

tax is zero, but (b) given the optimal TJump-sum tax it is
desirable to introduce the yield tax, which at the margin
serves as an insurance device by decreasing the post-tax
variability of the future net timber price. Moreover, in
the absence of aggregate risk with the non-distortionary
yield tax the full insurance is in fact optimal. Finally
(c) if in the presence of aggregate risk government cares
about uncertainty in its tax revenues, the partial
insurance with the yield tax rate being less than 100 %
is optimal.

Proof: The first-order conditions (10)-(11) implicitly define c, and x
as a function of forest taxes and we get the expected indirect utility

function V*(T,t,t,..) =u°, According to the envelope theorem Vf =

1V?

-(1'T)-1Vﬁ , where Vﬁ = B cov(u'(cz)p2)2(1-r) <0 describes the effect

SBUI+R)E(U' (c))) <0, V¥ = (Resz)(1+R)7'VA <0 and V¥ = (Rpyx + Bp2)(1+R)
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of a pure change in future price risk on the expected indirect utility.
(a) Let us first compare the lump-sum and unit taxes with © = 0. Maxi-
mizing the Lagrangian L=V*(T,t,..) -kETO-T(1+R'1)-t(x+R'1z)] with
respect to T defines the optimal lump-sum tax T*. It is characterized

by

(24) LT==0==V§R(1+R)'1 + AD1+(r=F' ) (14R) " X3

T

where A is the Lagrangian multiplier associated with the government tax
revenue requirement. Maximizing now the Lagrangian L with respect to t

and utilizing the relationship between V? and V; gives

(25) L, =0 = (Rx+z)L

t + At(r-F )xt

T

where we have also used the expression (18) for Xy. Given that the lump-

sum tax has been chosen optimally, the expression (25) is reduced to

(26) = 87Dt (r-F)PE(u (e,) U2, = 0

Lt
For the distortionary unit tax (r#F') this implies that t*=0. Thus
(a) is proved.

(b) As for the relationship between the Tump-sum and yield taxes with

1

t = 0 the Lagrangian K = V*(T,t,..) -AETO—T(1+R'1)~T(p1x+R' 522)3 has

to be maximized with respect to T and t. The optimal T* is now characterized

by

(27) Ko =0 = V§R(1+R)'1

-0 -1
- +AL1+xTe (1+4R) xT]
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where &° = p1R-52(1+F‘) <0 according to the first-order condition (11)
and where ) is the Lagrangian multiplier associated with government tax
revenue requirement. Maximizing K with respect to t gives, after using

the relationship between V? and V¥ and the equation (20) for X_

(28) K =0 = (Rp1x+522)KT-(1-T)_1

VAR + 20e0rS-(1-1)7 1 (x
T n n

_ r1oy! c = C . .
where S = -(1-1) (p1xp1 -+p2x€|€=0)> 0. Given that the Tump-sum tax

has been chosen optimally, (28) is reduced to

-1 -1 _
(xn €=0):I =0

n=1

(29) Ky = ~01-1) vx R +At&°CS-(1-1)

Evaluating this expression at the endpoints 1 = 0 and T = 1 gives

/

() K j1a qp = ViR >0
(30)

(b) K o =0

(30b) results from the fact that with © = 1 there is no uncertainty and

a% = 0 at the interior solution. This proves (b).

(c) Finally, we consider the case, where government cares about the
stochasticity of tax revenues. The Lagrangian to be maximized can be
written as M = V*(T,7,..) -wEw(To)-E(W(y))], where y = T(1+R'1) +

T (p1x-+R'1p22) and y is the Lagrangian multiplier associated with
the constraint W(T®) = E(W(y)) and where W'>0, W"<O0. The optimal T*

is now characterized by

(31) M. =0 = V%R(1+R)'1-+wE(W'(y))E1-+réo(1+R)'1 ]

-1

T~ X7

- Yt (1+F " )(1+R) cov(W'(y),pz)xT
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where we have used the rule E{(ab) = E(a)E(b)+cov(a,b) for stochastic
variables. Maximizing M with respect to 1 gives, after using the relation-

ship between V? and vx, the equation (20) for X and manipulating a bit,

(32) M_ =0 = yRM; -(1-T)_1

i VER +yrz cov (W' (y),pp)

+ WTLE%E(W')-(14F") cov (W' (y),p,)1Q

where Q = S-(1-T)'1(xn]€=0). Now given that the Tump-sum tax has been

| n=1
chosen optimally, (32) is reduced to

(33) MTlT* = -(1-T)-1V;R-+WTZCOV(W'(y),p2) +¢TEéOE(W')—(1+F')cov(w'(y),p2)JQ

Evaluating this expression at the endpoints t = 0 and © = 1 gives

=\/*
(a) MT,T*,T=0 VT]R > 0

(34)

]

]
(b) MTIT*,T=1 zcov (W'(y),p,) <0
where (34b) results from the fact that with T = 1 there is no uncertainty

and S = 0 at the interior solution. This proves (c).! |

Under price uncertainty with risk aversion the lump-sum tax dominates

the unit tax to the extent if it is distortionary. On the other hand, the
Tump-sum tax alone is not optimal when the yield tax is a possible
instrument of taxation. Introducing the yield tax at the margin serves

as an insurance device by decreasing the post-tax variability of future
net timber price.13) Moreover, the yield tax is non-distortionary at the

margin. This implies that if risks are individual risks or if government
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is risk neutral, the full insurance via the 100 % yield tax is optimal,
while if risks are aggregate risks and government cares about the
stochasticity of tax revenues, then the partial insurance with the yield

tax being less than 100 % is welfare-maximizing.

4. CONCLUDING REMARKS

The paper hascontributed to the theoretical analysis of forest taxation
both under certainty and under future timber price uncertainty with

risk aversion by focusing on two policy issues: First, the incentive issue
of what permanent forest tax will elicit the highest timber supply given
that government wants to collect a fixed amount of tax revenues by means
of forest taxes? Second, the welfare issue of what forest taxes will be
optimal in the sense of maximizing the (expected) utility of a (re-
presentative) forest owner subject to a government's tax revenue
requirement? The timber supply incentive effects are presented in proposi-
tions 1 and 3, while the welfare effects of forest taxes are summarized in

propositions 2 and 4.

These findings are only a beginning. In this paper it has been assumed
implicitly that the forest owners pay the taxes, which may not be the
case, however. Studying the incidence of forest taxes is thus an area

of research and necessitates modelling the determination of pre-tax
timber prices. Moreover, the two-period model ignores future rotations
in the sense that all remaining timber is assumed to be harvested in the
second period. Accounting for future rotations and building land valua-

tions into the model provides an agenda for research.
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FOOTNOTES

See Johansson and Lofgren (1985), p. 268-275.

In forest economics literature the word "timber supply" has many
different connotations (for various concepts of timber supply, see
e.g. Duerr (1960), ch. 14). In this paper the timber supply refers
to the question of when to bring harvest to the market, i.e. whether
to cut now or in the future. Thus in the paper's terminology a rise
in the cut now means a rise in the (current) timber supply.

Sometimes in this context the term "ad valorem tax" is used, In some
countries, however, (e.g. in U.S.A) the "ad valorem tax" usually
refers to an annual ad valorem land, or property, tax. In order to
avoid confusion I use the term "yield tax" about the tax on timber
revenue. It is not possible to consider land productivity tax in our
two-period model to be developed since land valuation will not be
built in.

Note also that if the 'production possibility' frontier (1) is linear
(i.e. F"(.)=0), then (3) has no unique solution for x. Either the
forest owner cuts everything today (e>0) or everything to-morrow
(e<0) or is indifferent between cutting today and cutting to-morrow
(e=0).

Of course, if the policy goal is to increase future harvesting
z = Q-x+F(Q-x), then the tax switches opposite to the ones presented
here provide the correct course of action to take.

In the analyses we assume thoughout that government tax policy is
credible in the sense that public believes in it. If government
changes its policy, when public has committed itself to some choice,
then policy is said to be time-inconsistent. Analyzing these time-
inconsistency issues lies beyond the scope of this paper (for a
seminal paper in this area, see Kydland and Prescott (1977)).

For a historical survey of the literature about the relationship
between tax rates and government tax revenues and an empirical
analysis with U.S. data, see Fullerton (1982).
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8) For the seminal presentation of the optimal tax theory, see
Atkinson and Stiglitz (1980).

9) The envelope theorem states that the change in the objective function
(here the utility function) with respect to an exogenous parameter is
the same both in the case when endogenous decision variables are
adjusted to the optimum and in the case when they are not adjusted
(see e.g. Varian (1984), pp. 327-329)). Therefore, the envelope
theorem allows us to ignore changes in the behavioural respenses
when calculating the ceteris paribus effects of the parameter changes
on the utility.

10) The dominance of the lump-sum tax over the unit tax can be seen from
a slightly different perspective: It can be shown that by keeping the
utility level of a forest owner constant using the lump-sum tax

instead of the unit tax brings about higher tax revenues for government

under changing timber prices.

11) This was pointed out by Johansson and Lofgren (1985), p. 271. Notice

that now the interior solution 0<x<Q is obtained even with the Tinear

'production possibility frontier (F" = 0) because risk aversion makes
the harvesting decision a concave function of x.

12) We use the conventional comparative statics methodology by first
substituting the behavioural functions c1(.) and x(.) for c and x
in (10) and (11) and then implicitly differentiating the resulting
jdentities in terms of exogenous parameters and finally solving for
the partial derivatives of interest (for an account of the methodology,
see e.g. Varian (1984), pp. 309-327).

13) This inefficiency of lump-sum taxation under uncertainty have been
pointed out in a different context by Eaton and Rosen (1980).
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Appendix 1:

Differentiating the first-order conditions (10) and (11) with respect
to a compensating change in n gives

(1) Uéﬂ = -BREEu"(CZ)(pZ—ﬁz)]z(1-1) = -BRz(1—T)cov(u“(c2),p2) <0
and
(2) Ugy = B(1—TJ{EEu"(c2)e(p2-52)J - EEu'(cz)(p2-52)3(1+F')}

where e = pTR—p§(1+F'), and F' = F'(Q-x). The sign of Ugn results from

the fact that the non-increasing absolute risk aversion implies U™ (c2)>-0,
so that cov(u“(cz),p2)>'0. According to the definition of e we have

P,-P, = -[(1-T)(1+F')J'1(e-é), where e = E(e), and 52 = E(p,). Substituting
this for p,-p, in (2) and suppressing c, from the utility function for
convenience yields

%)

(3) Uz, = 8{z(1+F") T CE(u"e®)-2E(u")1 - CE(u'e)-aE(u')I}

Now sgn (U;n) = -sgn{.}.

2) <0 because of risk

Consider first the term a = E(u”ez)-éE(u"). E(u"e
aversion. Moreover, it is easy to show that E(u“e)ESO under non-increasing
absolute risk aversion. On the other hand e <0 due to the first-order

condition (12) so that a<0. As for the term b = E(u'e)-eE(u'), the first-

order conditions (11) and (12) imply that b> 0. Thus Uén <0 and U;n>>0.[:j
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Appendix 2:

This appendix indicates how to derive the equations (18) and (20) of the

text. Let us first consider the equation (18). The first-order conditions

(10) and (11) implicitly define Cy and x as a function of T and t among
others. Substituting the behavioural functions for Cy and x yields the
(expected) indirect utility function V*(T,t,..) = u® with V? = =R(1+R)E(u') <0
and Vi = (Rx+z)(1+R)'1V§'<0. Inverting now V*(.) for T as a function of t

and u% gives T = G(t,..,u’) and substituting this for T in V* gives the

(expected) compensated indirect utility
(1) VF(G(t,..,u®),t,..) = u

(see e.g. Diamond and Yaari (1972)). This implicitly defines the necessary
compensation through the permanent lump-sum tax T, which will keep the
maximized expected utility of the forest owner unchanged, when the permanent
unit tax is changed. Through (1) we can isolate the wealth effect associated
with T from the substitution effect associated with t. Differentiating (1)
with respect to t gives Vt + V?Gt = 0 so that G, = -V;(V%)_ = —(Rx+z)(1+R)_1 <0
To the uncompensating behavioural functions, which result from maximizing

the expected utility, there corresponds the compensated behavioural
functions, which result from the highest T that can be charged and still
obtain the utility level u® given other parameters. Denoting the compensating
function by superscript ¢ and substituting G(.) for T in the uncompensated
function gives the following relationship between the uncompensated and

compensated timber supply

(2) x(G(t,..,uo),t,..) = x(t,..,u%)

Differentiating (2) with respect to t gives xTGt+xt = xi so that
(3) & = x - (Raz)(14R) g

The direct calculation yields (18) and the expression for x%.

Let us next sketch how the equation (20) of the text can be derived.
The direct comparative statics technique gives
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-1
(4) Xp =8 (-U;TUZC E UETUZX)

where subscripts refer to partial derivatives, and where

(5) ux_ = BRE(u")(Rp1x+522)-+BRcov(U",P2)Z
and
(6) ux. = —BE(u“e)(Rpix+Bzz) -Bcov(u"e, p,)z

Using the partial derivatives U%;, UX

en’ U¥; and Ul the equations (5)

and (6) can be rewritten as

1

- -1 -
(5l) UET = (Rp1x+p22)(1+R) UZT"“‘T) Uén
and

1 — - '1 _ - -1 1 -0
(6') U;n = (Rp1x+p22)(1+R) U;T (1-1) U;n + BE(u')e

where &° = p1R-52(1+F') <0 due to the first-order condition (12).
Substituting these results into (4) and noting the equations (16) and
. =1 -0 -1
(17) of the texE1g1ves X, = A UZCBE(u')e -(1-1) (xn €=0) +

(Rpyx+p,z)(14R) "X. n=1

Using the similar techniques as in the derivation of the Slutsky equation
(3) the first term of the xr-expression can be rewritten as
c

-1 =0 o _ _(1_.)"] = C
(7) a7lux BE(u")E® =S = -(1-1) (p1xp1-+P2X€|g=o) >0

€

where x; and xcI€=0 refer to the compensated timber supply in terms
of the carrent timber price and the expected future timber price

respectively, when compensation is done through T. This establishes
the equation (20) of the text.[:]
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