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A Study on Forest Planning (1)
——Forest resource use and environmental

problems : An economic analysis,——

Minoru Kumazagg™®

Summary

I Introduction

Historically it has been widely acknowledged that private ownership, freedom of individual
choice, and the profit motive would direct resources to those uses where they are most pro-
ductive. This thought has underlain the general assumption that the role of government
should be minimized, and has been used to justify traditional antipathy toward planning.
Now a great and rapidly developing concern about the environment appears to be modifying
this posture, ‘

Environmental disruption occurs, first of all, because of the ever increasing human activi-
ties. In the case of forest resource use, we have many difficult problems which have bheen
caused by the nation’s economic growth. The following are some important examples.

(1) Extensive urbanization and industrialization have exhausted the forest reserveir in
and near cities, resulting in deteriorating the environmental quality of urban arcas.

(2) The explosion of out-door recreational needs has led o heavy congestion in some
recreation areas, and, furthermore, encouraged indefinitely various “developérs” associated
with tourism, who hunt for forest land and transform it into golf course, leisure land, villa
sites for sale in lots, and so on. Thus, for the purpose of supplying cheap tourism and re-
creation for the masses, the forest ecosystem and its scenic beauty are destroyed irrevecably.

(8) Floods and soil erosion downstream may be caused by large-scale clear cutting
under the pressure of increasing timber demand and mechanization of forest operation.

These problems are to some extent inevitable results of the free market mechanism. This
is why many people want public organizations to have reasonable forest land use programs,
and at the same time have some limits put upon freedom to use forest resources. Granting
this, we have to ask; “What is socially desirable forest resource use?” “Why cannot our
market pricing system work optimally ?” and “How can we realize the best state in forest

=32

resource use 7’ In order to answer these guestions, this report has been drawn up.

I An aproach from welfare economics

Decisions about the use of forest resources are basically economic problems, that is, how
to allocate the existing resources among their different possible uses, and in doing so ensure
the satisfaction of the various possible wants. Welfare economics has tried to find resource
allocation which is best in terms of welfare of the members of society. While the traditional

theories on this subject do not appear to provide an operational criterion which can always

Received September 28, 1973
(1) Forest Management Division
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be used to determine easily and accurately what is desirable or not, they can provide a bench

mark for appraising the efficiency of an economic system. They will also give a basic frame-

work to measuremeni and analysis of social benefits and costs In forest resource use.

We assume, according to Sarmulson’s proposal, two categories of good @ an ordinary private
consumption good (X)), whi h can be parcelled out among different individuals (1, 2, o, @)
6;

according the relation X = %2 X% and a collective consumption good (¥), which all enjoy in

common in the sense that each

individual’s consumption of such a good leads to no subtraction
from any other individual's consumption of that good, so that V=Y simultaneously for each

and every i-th individual. Forest products comsist of both kinds of good : many wood and

other vegetative products and animal products are private consumption goods, while clear and

stable river stream, soil siabilization, modification of climatic conditions, recreation si and

environmental amenities may be regarded as collective consurmption goods. The following

examples show optimal conditions of forest resource use under ex

snely simple models,
A, Optimal jevel of forest reservoir in urban area

Consider an urban district where the more regional inco

a zet of private goods)

people get, the less forest reservoir (G= collective good) will he left. We assume a regularly

convex and smooth production possibility schedule relating totals of two items, ¥ and G;
Y, Gy=0

with (aF/eY) >0, (F/e6) and ratio (R[5 (0F]

V) determinate and subject to the general-

ized laws of diminishing returns. Fach individual has a consistent set of ordinal preferences

with respesct to his consumption of ¥ and G, which can be summarized by regularly smooth

and convex utiii-’ty ndn\,

W pgf(\j((;_t_ AR 715 WIRTISTIP VTN T RV PRI (%)
with GWiaW?) >0

Our hypothetical soriety wants to maximize (3) subject to (1) and (2). In terms of
these norms, a “best state” can be defined mathematically by the marginal conditions,
oF
OG o BG e 4)
The left-hand side of equation (4) is marginal cost (MO of forest reservolr measurad

in terms of the set of private goods, and (UG i

&

) on the right-hand side the
marginal rate of substitution (MRS) for i-th individual. The equality MU= MRS is the nec

G

sary condition for optimality.

B. Social costs of ouldoor recreation

Outdoor recreation is subject fo congestion. AL

i3

some low level of recreational use, an

', a peint i reached

additional visitor may impose virtvally no cos

an others, Howe

nal user will cause others to have to incur additional costs or suffer dis-

utility associated with congestion.
Let us suppose a certain city having its own forests where citizens frequently go picnick-

ing or hiking. The i-th individual's utility index is
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i=pi(ye, T8, T e A AR (5)
with al7ifavi>0, aUteTi >0 and aUieT<(0, where Y is a set of private goods consumed, T

o
is leisure time passed in the city foresis and 7= £ 7%
i1
The more people go to the forests, the more costs (C) in terms of the loss of timber
production opportunities, and the additional extension costs of recreational facilities the com-

munity must bear. We assume the budget equation for the comumunity,
¢

V= }_“_j,lyz‘+c(T) ..................................................................... (6)
&=
where ¥V is given.
If the communily wants to maximize the social welfare function such as W=W({U?L, - ,

{J%), the marginal conditions are

sy oy’

e o\ ec(h) o \
_Byl* : G (7 )
oY?

The left-hand side of the eguation (7) is the marginal wutility measured in monetary

terms, and the right-hand side represents the marginal social cost. “2]1[(an-/a’l‘),;’(aU‘Z/’aYi)]
o

means totals of each individual's dis-utility caused by the marginal increase in number of

vigitors., FEach visitor should pay this sum plus the additional cost (8C/eT).

C. External effect of timber production _

In the growing and harvesting of forest crops, disturbance of natural forest conditions is
inevitable. Such disturbance is often accompanied with various external effects © it may some-
times ameliorate forest ecosystem and, in the worst case, court disaster. Our market type
economic system malfunctions whenever producers and consumers fail to take full account of
these social benefits and opportunity costs of their action. Then what is “the best state” ?

Again assume a very simple society which has only three kinds of goods and services;
a set of private (non-wood) goods (V), wood products (2) and environmental effect of the
forests (K). An individual { has preference described by a utility surface

U'imUz‘(Yi, Zi, }L) ............................................................... (8)
E is consumed collectively and enters into many persons’ indifference curves simultaneously.

The production-possibility schedule for the society will be

4 o
V=37Vl Z=352
=1 g=1
Suppose environmental effect depends on the level of wood production, that is
E=FE(Z)

with
The social welfare W=W{JL, - LU0 will be maximized when
1A
~ 2 oK 3
= b ?:] P o)
VTeye |

The left-hand side of (10) represents marginal cost of wood production.  The first item of the

right-hand side is the marginal rate of substitution for wood products which must be the
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same for all individuals, and

fany exiernality does not exist (8K/27=0) this MRS will end up

marginal unit of
v
ation will be equal to 3
i

GUHsYY GERZ). A socially optional level of wood production will be different from a

equal to the marginal cost under perfect competition. But if

wood product cause an external effect whose social ¢ CIILICI O

market equilibrium level because the latter does not take account of the externality.

M Cosi-benefit analysis and forest policy

in all the three cases above mentioned, a remarkable difference between private con-

sumption goods and collective consumption goods should be noted.  Private goods whose totals

add—such as ¥V ad to marginal conditions of simultansous equality-—such as

MC=MRS = v $6, Collective  goods ~whose “totals -satisfy - a relation- of simultaneous

i

lity—such as G=

e Sr-lead ultimately to marginal condition that add-—such as

MOC=MRS - MRS, While the optimal condition concerning private goods will be re-

alized in decentralized market pricing, the one of collective goods will be not.

There is thus a large field for the intervention of public authorities to Al up the gap
between social benefits (or cosis) and pecuniary private benefits (or costs), in ways other
than decentralized market solution. But is it possible for the government to know preferences

of each one of society’s members? Cost-bepefit analysis is a practical way of assessing the

desirabibity of projects, where it is important to take a long and wide view in the sense of

15, 1. e, it implies the

looking at future repercussions and allowing side-effe of many kir
enumeration and evaluation of all the relevant costs and benefits. In this report the author
has surveyed and examined particular applications of these techniques in the field of forest
Tesource use.

Summing up the results, quantifying and valuating the various environmental effects of

4
L

There are too many kinds of effects attributable to fo

the forvest is a very difficult t

ecosystem to list them all, and they are often too widely diffused to grasp them quantitatively.

Furthermare, many of them have no prices at all. Nor is there any empirical operational
pracedure with which prices could be derived which would be suitable for a benefit measure.
These difficulties may be concentrated in measuring benefits of the forest reservoir in an
urbanized area, Almost all citizens need the gresn forests, but any attempt to get consumers
to reveal their preferences regarding forest parks founders on the rock that the vational
thing for any individual consumer to do s to understate his demand, in the expectation that

he would thereby be relieved of part or all of his share of the cost without affecting the

quantity obtained. If to enjoy a certain minimum environmental guality is every one's ri ht
guaranteed by the Constitution, a minimum level of green park should be ensured in every
urban area. The establishment of such a standard is not an economic question, but must be
set up by political means.

However, in the evaluations of some particular forest functions such as providing recrea-

tional opportunities, stabilizing soil and leveling seasonal changes of run-off we can, somehow

or other, estimate people’s choice in terms of willingness to spend pari of their income, despite

lack of a formal market. Therefore, on the b of relevant information from cost-benefit

analysis, public authorities would be able to choose appropriate policles regarding pricing for

aut-door re

creation or internalization of the lmportant externali
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Environments are traditionally regarded as “common property rights” avallable to all
without charge. But every one’s property is nobody’s property, and nobody has an incentive
to preserve its quality. If satisfactory forest use is to be obtained, the government must
provide an economic incentive for the forest owner. Ever since A.C. Pigou it has been re-
cognized that combination of tax and subsidy is an effective means whenever an externality
creates a divergence between private-pecuniary MC and true social MC,

Fig. 6 (a) on page 31 shows a hypothetical example. In this chart the forest conditions
to be maintained is defined by a single index—say diversity index along the horizental axis
and total benefits and costs per annum are measured along the vertical axis. X represents
the simplest stand maintained under the large-scale clear cutting system which produces the
maximum private profit (timber revenue Z minus cost C) but the least environmental effect
(ED. }t represents the most complex stands under the careful select cutting system which
produces large E: but requires a large sum of C, The socity will want to maintain the con-
dition of X, where total social net benefits (Z+E) is maximum. How are we to shift from
¥ to ¥X,? There must be many alternative tax-subsidy policies.

@O Without-trees-standard.

Comparing with the situation where trees do not exist, even the forest management
maintaining ¥ stand condition produces environmental benefits corresponding to Ei The
society should pay the total amount of E attributable to forests.

® X-standard.

If maintaining ¥ stand condition were regarded as a minimum legal obligation of forest
management, the surplus of envircnmental benefits over those of X forests should be com-
pensated by the society.

® Xystandard.

If maintaining the socially best condition X, were a settled course of action to be followed,
the surplus of E over E,; should be granted as subsidy. When E<E,, the forest owner should
pay the difference E and E, tc the society as tax.

@ }m—bstandarda

In a society which requires the hest conditions regarding environmental effects, all forest
managements except 52 must pay E-E,

The above alternatives are all indifferent in enabling forest managements to move from
g g

% to X, But they ave very different in distribution of income or wealth. Though we may
ignore D) and @ as unrealistic polar cases, there are many alternatives between the two ex-

tremes. Which one should be selected depends on the existing state of the legal liability.
W Limitations

From the viewpsoint of economics, it would be a reasonable objective of forest planning
to realize an optimum state of the resource use which maximizes social net benefits over
time. In making such a2 concept theoretically acceptable and practically workable, however,
we have to encounter numerous and complex problems. Therefors, we must provide some
practical approximations to the socially desirable state of forest resource use. These problems
will be discussed in detall in the next report : A Study on Forest Planning (H)-—Safe

minimum standard of conservation and public regulation of forest resource use—.



