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Resource Economics – Renewable Resources

Lecture 9: Forestry

Read Perman et al. (2003, ch.18) and Burgess et al. (2012)
From an analytical point of view, the main characteristic of managing forest resources for

timber is that their process of reproduction is usually controlled, which – for example – also
holds for aquaculture, husbandry, etc.

Surely, forests are perhaps the multiple-use resources par excellence. Non-timber benefits
are substantial and may even exceed timber values. They include recreational values, soil
stability, biodiversity, and climate regulation. However, we will abstract from these issues in
section 5.1 and 5.2 to focus on the timber aspect. To speak with Samuelson (1976, p.470):

“If the solution is to be simple, the assumptions must be heroic. These include:
(1) knowledge of future lumber prices at which all outputs can be freely sold, and
future wages of all inputs; (2) knowledge of future interest rates at which the
enterprise can both borrow and lend in indefinite amounts; and (3) knowledge
of technical lumber yields that emerge at future dates once certain expenditure
inputs are made [...]. Finally, it is assumed (4) that each kind of land suitable for
forests can be bought and sold and rented in arm’s length transactions between
numerous competitors...”

5.1 Optimal management: When to cut a tree?

Find the optimal time T to fell a tree when x(t) is the growth function of the tree, P is the
gross price, c are the cutting cost, and r is the discount rate.

max
T

(P − c)x(T )e−rT . (1)

The first order condition of this problem is then:

(P − c)x′(T )e−rT − r(P − c)x(T )e−rT = 0 (2)
⇔

r =
x′(T )

x(T )
. (3)

5.2 Optimal management: Infinite rotation forestry

Now suppose that you are not given one tree but one plot of land with a lot of trees of all
the same age. You are still only interested in maximizing the net present value of profits
from your forestry, but now you have to take into account that new trees can be planted
(at constant planting cost k) every time old trees have been cut, or alternatively, that you
can sell your land at its opportunity cost. Presume again that net prices p = P − c remain
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constant over time and that the environment does not change. As a consequence, the optimal
rotation period (the time passed between planting and cutting of trees) is constant as well.
The problem is then to find the rotation period T that solves:

max
T

π = px(T )e−rT − k + e−rT [px(T )e−rT − k] + e−2rT [px(T )e−rT − k] + ... (4)

= px(T )e−rT − k + e−rTπ (5)

=
px(T )e−rT − k

1− e−rT
(6)

The resulting first-order-condition1 is known as the “Faustmann rule”:

px′(T )

px(T )− k
=

r

1− e−rT
(7)

which, after re-arranging, can be written as:

px′(T ) = rpx(T ) + rπ (8)

or:

r =
px′(T )

px(T ) + π
(9)

First note that in contrast to the single-tree problem above, planting costs and net prices do
play a role for the determination of the optimal length of the rotation period. T is only defined
implicitly in equation (7), but it can be shown that the rotation period decreases as the rate
of interest r increases, increases as the planting cost k increase, and decreases with increasing
net prices. Equation (8), which is an alternative formulation of the Faustmann rule, gives
some intuition for the choice of the optimal rotation period: Its length is chosen such that
the gain from letting the timber grow for one additional instant (the left-hand-side) exactly
equals the cost of doing so. These cost consist both of the money lost from not harvesting
the timber and putting the money in the bank (the first term on the right-hand-side) and
the money lost from not starting a new growing cycle (or selling the land at its current site
value). Finally, the Faustmann rule as written in equation (9) takes the form of an Hotelling
rule, where the marginal return on the resource is adjusted by the land value.

1 To derive the first-order-condition, it is useful to first rewrite (6):

π =
px(T )e−rT − k

1− e−rT
⇔ px(T )− kerT

erT − 1
⇔ px(T )− kerT

erT − 1
+ k

erT − 1

erT − 1
− k ⇔ px(T )− k

erT − 1
− k

which upon differentiating and setting equal to zero yields:

∂π

∂T
=
px′(T )(erT − 1)− (px(T )− k)rerT

(erT − 1)2
= 0

⇒

px′(T ) =
(px(T )− k)rerT

erT − 1
⇔ px′(T )

px(T )− k =
rerT

erT − 1
=

r

1− e−rT
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5.3 Non-timber values

Denote the integral of the flow of non-timber benefits by

N(T ) =

∫ T

0
n(t)e−rtdt

If non-timber benefits are fully internalized, the first-order-condition for the optimal rotation
period (equation 8) is changed to:

px′(T ) + n(T ) = rpx(T ) + rπ∗ (10)

where

π∗ =
px(T )e−rT − k +N(T )

1− e−rT

If the flow of non-timber benefits is constant over the rotation period, the length will not be
changed. If it is increasing with forest age (for example, if primarily aesthetic values matter),
it will be lengthened. Conversely, if the non-timber benefits are decreasing with forest age
(for example, if mainly carbon sequestration matters), the rotation period will be shortened.

5.4 Tropical deforestation

Drivers of tropical deforestation (read e.g. Barbier and Burgess, 2001, for more info):

• Micro-level:

– accessibility (roads, proximity to cities, etc.),

– demand for fuelwood and pastures,

– rises in factor prices for alternative use (e.g. due to trade liberalization, biofuels)

• Macro-level:

– Conversion to agricultural land appears to be mainly driven by demographic forces
but mediated by institutional factors (property rights, rule of law, etc.)

– Increasing agricultural productivity may lead to less pressure on conversion of
forests (“Environmental Kuznet Curve”?)

We will then go on to discuss the article by Burgess et al. (2012), in particular by answering
the following questions:

1. Topic

a.) Is the research question clearly identified? What is it?

b.) Is it an important question?

c.) What is the answer to the research question and does it follow from the analysis?

2. Method
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a.) What is the research strategy?

b.) Is it adequate?

c.) What are the key assumptions?

3. Relevance

a.) What is the novelty of research question and/or method?

b.) How does the paper inform future research in the area?

c.) What are the policy implications of the paper?
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