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I. INTRODUCTION

Most naturally regenerated tropical for-
ests are government-owned and admin-
istered (Lanly 1982). Timber from these
forests is sold to concessionaires—firms
holding harvesting rights—at charges es-
tablished by government agencies, not by
markets. The most common charges are
royalties, which are assessed on logs ex-
tracted from the forest, not on standing
trees (Gray 1983). Royalties are usually
quite uniform across species and sites.
Hence, they do not reflect variations in tim-
ber quality and extraction (harvest and de-
livery) costs.

Gillis (1980) was among the first to call
attention to the failure of royalty systems to
capture the potential resource rent of trop-
ical forests. He pointed out several nega-
tive impacts of this mispricing: reduced
government revenues, overexpansion of
the forestry sector, and increased logging
damage. Quantitative estimates of such im-
pacts during 1979-83 for several tropical re-
gions were recently presented by Repetto
and Gillis (1988). Estimates of the percent-
age of rent captured by royalties range from
11.4 percent for the Philippines (Boado
1988) and 33.2 percent in Indonesia (Gillis
1988a) to 82.8 percent in the Malaysian
state of Sabah (Gillis 1988b).

This paper analyzes how the inefficiency
of tropical timber royalty systems affects
the feasibility of tropical forest manage-
ment. Although technical, silvicultural ob-
stacles to tropical forest management are
daunting (Masson 1983; Wyatt-Smith
1987b), recent reviews suggest that they are
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not as insurmountable as commonly sup-
posed (Schmidt 1987; Wyatt-Smith 1987a).
Instead, economic factors are increasingly
recognized as major determinants of man-
agement success or failure. This paper ar-
gues that distorted price signals from in-
efficient royalty systems give an unduly
negative indication of the potential financial
returns to forest management.

The paper has two major objectives:
first, to estimate the discrepancy between
royalties and resource rent in Malaysia dur-
ing 1966-85, and second, to use a benefit-
cost framework to analyze the impacts of
this discrepancy on the feasibility of trop-
ical forest management. The estimates of
rent capture are the first available for the
entire nation of Malaysia, which is the
world’s major producer and exporter of
tropical hardwood logs, and they provide a
useful comparison to those by Repetto and
Gillis (1988) for other nations. More impor-
tant is the finding that tropical forest man-
agement is feasible in many cases even if
nontimber benefits are excluded, as iong as
timber is valued by resource rent instead of
royalties.

II. ROYALTY SYSTEMS IN MALAYSIA

Malaysia is composed of three regions—
Peninsular Malaysia, Sabah, and Sarawak
—which are distinct in terms of forest re-
sources, industries, and policies (Vincent
1988a). Although charges on timber vary
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among the regions, the most significant
charge in each region is the royalty as-
sessed on extracted logs. Royalties are es-
sentially undifferentiated: timber species
are aggregated into a small number of
groups, and all species in a given group are
assessed an identical royalty.

The following sections describe royalty
systems in each region as of 1985. The de-
scriptions are based on information pro-
vided by the Forestry Departments of the
three regions during fieldwork in 1987 and
1989.

Peninsular Malaysia

Species in Peninsular Malaysia are ag-
gregated into five groups. Royalties for
most groups are similar across the eleven
states of the region. Although royalties are
ostensibly based on 10 percent of current
log price, only five of the states have up-
dated their royalties since 1972 (Anony-
mous 1986). The average royalty for 1966—
85 was M$10.40 per cubic meter, only 8.6
percent of the average log price, M$121.09
per cubic meter. These values and those
given below are weighted by annual har-
vest volumes and are in Malaysian dollars
(M$1 = U.S. $0.46 in 1980) at 1980 price
levels.

Sabah

Species in Sabah are aggregated into
nine groups. Royalties are based on aver-
age F.O.B. log export prices for each
group. For logs processed domestically,
royalties are set equal to 10 percent of cur-
rent F.O.B. price. For exported logs, royal-
ties are determined by formulas of the fol-
lowing type:

r=a&(p - 9), (1]

where r is the royalty, p is F.O.B. log ex-
port price, and ¢ and 6 are parameters. The
value of ¢ ranges from 0.6 to 0.8. 6 is in-
tended to represent average extraction
costs in Sabah. Values of 8 equal to M$42,
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63, 65, and 67 were all in use in 1985.' If 0
were equal to actual (not average) extrac-
tion costs, then the royalty would equal the
true stumpage value only if ¢ equaled 1.

The average royalty for 1966-85,
M$42.86 per cubic meter, was substantially
higher than in Peninsular Malaysia. It rep-
resented 32.3 percent of average log price,
M$132.72 per cubic meter.

Sarawak

Species in Sarawak are aggregated into
five groups. Royalties are set administra-
tively and updated infrequently. For ex-
ample, the 1985 royalties had been in effect
since December 1982. As in Sabah, lower
royalties are assessed on logs that are pro-
cessed domestically. The reduction is 50
percent of the full royalty. Royalties are not
adjusted for distance or other factors affect-
ing extraction costs. The average royalty
for 196685 was M$11.08 per cubic meter,
only 11.1 percent of average log price,
M$99.95 per cubic meter.

Other Charges

Each region assesses a number of other
charges on timber that are, for the most
part, minor compared to royalties. Those
that are essentially undifferentiated and are
assessed on extracted logs were included in
the average royalty values given above. In
addition to log-based charges, the states in
Peninsular Malaysia assess a ‘‘premium’’
that is assessed on the area of forest under
contract. The average premium during
1966—-85 was equivalent to an additional
charge of M$4.30 per cubic meter of ex-
tracted logs. This amount was not included
in the average royalty for Peninsular Ma-
laysia given above.

Each region has also collected revenue

'Since July 1983, concessionaires in Sabah have
been reimbursed an amount that increases with the
haul distance from forest to mill or port. Although this
might bring differences in royalties between sites in
line with differences in stumpage values, the fact that
¢ is less than 1 prevents the absolute levels of royalties
and stumpage values from corresponding.
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from log export duties. This has never been
a significant source of revenue in Peninsu-
lar Malaysia, which began restricting the
export of logs in the early 1970s and im-
posed a log export embargo in 1985. Even
though Sabah is a major log exporter, its
15 percent export duty is an insignificant
source of revenue because it is levied on
only one hardwood species. In Sarawak,
however, export duties—10 percent in
1985—were the source of half as much rev-
enue during 1966—85 as were royalties.

III. ROYALTIES AND RESOURCE
RENT

Undifferentiated, log-based royalty sys-
tems like those in Malaysia influence con-
cessionaires’ harvesting behavior in such a
way that potential resource rent on a given
site is captured partly by the government
via royalty revenue, partly by the conces-
sionaire via excess profits, and partly by no
one as timber left on the site (Gillis 1980).
This section presents an analytical frame-
work for studying these three rent compo-
nents. This framework is the basis of the
empirical approach used to estimate rent
capture in Malaysia.

Stumpage Value and Resource Rent

The resource rent, or stumpage value (s;)
of a standing tree is equal to the volume of
timber in the tree (v;) times the difference
between the price (p;) that concessionaires
receive when they sell logs to a mill or ex-
porter and the extraction costs (c;) for those
logs:

si = vi(p; — ¢, [2]

where i is an index for individual trees (i =
1, ..., I%); c; represents total cost per log;
that is, it includes fixed costs and normal
profit margins. A site’s potential resource
rent (S) is found by aggregating the stump-
age value of all trees on the site:

Land Economics

SE}I:Si

i=1

I

.
= > v = D v 3]
i=1

i=1

For simplicity of exposition, let us as-
sume that variation in log prices can be ig-
nored:

pi=pVi

This implies that differences in stumpage
values result only from differences in ex-
traction costs. If we distinguish between
marginal costs (MC;) and total fixed costs
(FC), and if we define total timber volume
(V*) on the site as

V* = IZ Vi,

i=1

then we obtain:
p
S = pV* = > wMC; - FC. [4]

i=1

These concepts are presented dia-
grammatically in Figure 1. The horizontal
axis gives cumulative timber volume. In-
creases in harvest volume are associated
with higher marginal extraction costs. The
area between the marginal cost curve and
the price line represents the sum of poten-
tial rent plus fixed costs. The site earns a
positive rent only if fixed costs do not ac-
count for this entire area.

Royalties and Rent Capture

A royalty system is economically ef-
ficient if it captures the full value of the
potential resource rent. Equation [2] sug-
gests that this is possible only if royalties
are differentiated on an individual tree ba-
sis, so that r; = s;. In Malaysia, however,
and in most other tropical countries for that
matter, the simple, undifferentiated royalty
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FIGURE 1
ExTRACTION COSTS AND RESOURCE RENT

p = price of log delivered to mill or dock, V* = total mer-
chantable timber volume, MC; = marginal extraction cost for
logs from tree i, v; = timber volume in tree i, § = potential
resource rent, FC = fixed costs of extraction.

system (r, not r;) results in r < s; for some
trees and r > s; for others. In the former
case, the concessionaire reaps ‘‘windfall”’
profits (Gillis 1980). In the latter case, the
log-basis of royalties permits conces-
sionaires to avoid the excessive timber
charges by simply leaving trees, felled or
standing, on the site. Gillis (1980) has
termed this behavior ‘‘high-grading.”’
Figure 2 displays how an undifferen-
tiated royalty causes potential rent to be
split among three components: government
revenue (GR), windfall profits (WF), and
high-grading (HG). A profit-maximizing
concessionaire will not harvest trees for
which marginal cost exceeds marginal reve-
nue. Marginal revenue is equal to the net
log price, p — r. Rather than harvesting all
timber on the site, V*, the concessionaire
harvests only up to V’, the point where
MC; = p — r. The government collects rev-
enue, GR, only on V', since royalties are
assessed on extracted logs. The V* — V’
volume that is not extracted has rent value
equal to HG, the high-grading component.
The size of the concessionaire’s windfall,
WF, depends on the size of its fixed costs,
FC. Note that an undifferentiated royalty
causes an unavoidable trade-off between
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FIGURE 2

UNDIFFERENTIATED ROYALTY AND RENT CAPTURE

GR = government revenue, HG = high-grading loss, WF =
windfall profit, V' = actual harvest volume. GR + HG + WF
= § in Figure 1.

WF and HG: as r increases, HG increases,
and as r decreases, WF increases.

Using the notation of equation [4], these
rent components may be expressed as fol-
lows:

1. GR = rV’ {5a]
K

2. WF =(p —nV' - Z vMC; — FC [5b)

i=1

’
3. HG = p(V* = V') — Z viMC,. [5¢]

i=1

The sum of these three components equals
S in equation [4]. Thus, we have fully ac-
counted for the potential rent of the site.

It is important to realize that HG as
given by equation [5c] represents ‘‘high-
grading’’ in a strict sense. It does not in-
clude logging damage caused by either
careless logging methods or ‘‘cut out and
get out’” behavior resulting from conces-
sion contracts of too short or uncertain ten-
ure. The substantial potential rent that
might be lost due to these causes is ex-
cluded from equation [5c].
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Estimating Rent Components

The individual tree data required to im-
plement equation [Sa-c] do not exist for
Malaysia, or for any other tropical country
for that matter. Available data are essen-
tially limited to aggregate, annual data on
royalty revenue and the value and quantity
of logs (sometimes with species detail) ex-
ported or sold domestically. Data on ex-
traction costs are especially meager; time
series have not been compiled for any re-
gion. Hence, while GR is known, direct cal-
culation of WF and HG is not possible.

An indirect approach to estimating rent
components was necessary. The approach
relied on specifying an aggregate marginal
cost curve for logging. Details of this ap-
proach, and a comparison to Repetto and
Gillis’s (1988) approach, are presented in
the Appendix. The rent components were
calculated separately for each Malaysian
region using annual data for 1966-85.

III. RENT CAPTURE IN MALAYSIA

The estimates of 196685 totals for GR,
WF, HG, and S in Peninsular Malaysia,
Sabah, and Sarawak are presented in Table
1. Values of GR exclude—hence, values of
WF implicitly include—export duties.? Re-
fer to note ‘‘c’” of the table for values of GR
inclusive of duties.

Base Case

The base case assumes a value of 3.0 for
the elasticity (B) of the marginal cost curve
for logging. The largest potential rent oc-
curred in Sabah, followed by Peninsular
Malaysia and Sarawak. This ranking re-
flects not only the log price differences
noted earlier, but also differences in har-
vest levels: the 20-year harvest total for
Sabah was 16.7 percent greater than in
Peninsular Malaysia, and 46.3 percent
greater than in Sarawak. Year-by-year esti-
mates (not shown) indicated that potential
rent rose greatly during the sample period
in all three regions, due to both rising log
prices and rising harvest levels.

The ranking of GR among the three re-

Land Economics

gions was the same as for potential rent.
This was a consequence of both relative
harvest levels and relative royalty levels: as
noted earlier, royalties (plus premiums in
Peninsular Malaysia) were largest in Sabah
and smallest in Sarawak. In no region did
GR account for more than half of potential
rent: it was 46.2 percent in Sabah, 21.8 per-
cent in Peninsular Malaysia, and 18.4 per-
cent in Sarawak.

The remaining rent was captured almost
entirely by WF. This is not surprising: the
low royalty levels suggest that conces-
sionaires were rarely overcharged for tim-
ber, which implies that HG should be small.
The WF/GR ratios were 1.1 in Sabah, 3.6 in
Peninsular Malaysia, and 4.4 in Sarawak.
These ratios are of comparable magnitude
to those reported by Gillis (1988a) for In-
donesia (2.0) and Boado (1988) for the
Philippines (7.8). In Malaysia, as elsewhere
in the tropics, forest exploitation has been
characterized by a tremendous transfer of
wealth from the public sector to private
concessionaires.>

Comparison to Gillis’s Estimates for Sabah

Table 2 compares Gillis’s (1988b) esti-
mates of WF in Sabah during 1979-83 to
those in this study. For comparability, his
estimates have been adjusted to include an
amount equivalent to payments of export
duties, and this study’s estimates have been
converted to nominal U.S.$. Both sets

21t is not clear whether revenue from export duties
should be treated as captured resource rent. Gillis
(1980) and Repetto and Gillis (1988) treat it as such.
However, duties could be imposed even if resource
rent were completely captured by the royalty system,
as long as exporters were able to pass the duty onto
importers in the form of higher prices. As Burns (1986)
has noted, export duties are ‘‘hardly an obvious mea-
sure of the value of standing timber.”

*The concessionaire may be a governmental or-
ganization in some cases. For example, the Sabah
Foundation has the largest concession in Sabah, and a
long-term lease to go with it. As a result, WF is essen-
tially captured by the effective land owner. It is per-
haps not surprising then that the Foundation has
among the most ambitious plans for sustained forest
management in Malaysia.
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TABLE 1
RENT CAPTURE IN MALAYSIA

Rent component?®

g® Region GR*® WF HG S
Billion M$(1980)¢

3.0 Peninsular Malaysia 2.41 8.59 0.03 11.03
Sabah 8.19 8.80 0.72 17.72
Sarawak 1.34 5.92 0.03 7.29

1.5 Peninsular Malaysia 2.41 3.29 0.06 5.75
Sabah 8.19 3.78 1.54 13.51
Sarawak 1.34 3.01 0.07 4.42

4.5 Peninsular Malaysia 2.41 11.00 0.02 13.43
Sabah 8.19 11.09 0.47 19.75
Sarawak 1.34 7.24 0.02 8.60

aTotals for 196685, in real terms (1980 price levels). GR = government revenue, WF = windfall
profits, HG = high-grading, S = potential rent (= GR + WF + HG).

®B = elasticity of the marginal cost curve for logging.

¢Excludes revenue from export duties on logs. If export duties are included, GR (in billion M$)
becomes 2.58 for Peninsular Malaysia, 8.37 for Sabah, and 2.02 for Sarawak. WF should be reduced

accordingly.
IM$1.00 = U.S.$0.46 in 1980.

of estimates predict values of WF in the
hundred-million dollar range. Gillis’s esti-
mates, however, are substantially lower for
all five years. The estimates are closest in
1979 and 1982, and even then his are about
50 percent lower.

What is the source of this discrepancy?
Gillis’s estimates could be biased down-
wards due to overstating average extraction
costs, perhaps because his estimates of ex-
traction costs are based on Indonesian, not
Sabah, data. On the other hand, the esti-
mates in this study could be biased upwards
due to understating fixed costs or overstat-

TABLE 2
WINDFALL PROFITS IN SABAH

Year This study Gillis (1988b)
Million U.S.$*
1979 289 148
1980 217 69
1981 317 90
1982 335 153
1983 305 21
S-year sum: 1,464 481

*In nominal terms.

Reproduced with permission of the copyright owner.

ing the marginal cost curve elasticity.* De-
termining which study’s estimates are
closer to the truth would require more reli-
able, complete data on extraction costs
than are available. Until such data become
available, significant imprecision in rent es-
timates is unavoidable.

Sensitivity Analysis

Table 1 includes estimates of rent com-
ponents for alternative (50-percent smaller,
50-percent larger) values of 8. The effects
of changing B were predictable: higher
values of B were associated with higher es-
timates of WF and lower estimates of HG.
The changes in WF were the most dra-
matic. Nevertheless, the results show a de-
gree of robustness in that the absolute mag-
nitudes of the three rent components were
affected more than their relative mag-
nitudes. In particular, GR remained less
than half of potential rent in all cases except
B = 1.5 for Sabah.

4Using a value of 1.5 instead of 3.0 for B yielded an
estimate of the 197983 sum of WF that was very simi-
lar to Gillis’s estimate. Estimates for individual years
still showed substantial differences, however.
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IV. FEASIBILITY OF TROPICAL
FOREST MANAGEMENT

The low rates of rent capture for Malay-
sia suggest that purported economic obsta-
cles to tropical forest management may, to
a certain extent, be illusory: inefficient roy-
alty systems lead to reduced revenue gener-
ation, creating the false impression that al-
ternative land uses are more productive.
Quantifying the impacts of this artificial
bias against tropical forest management is
the concern of the remainder of this paper.

A Tropical Forest Management Example

The best-known work on the economics
of tropical forest management is probably
that of Leslie (1977, 1987a, 1987b). Leslie
argues that tropical forest management is
generally infeasible on a financial basis but
may frequently be feasible on an economic
basis that includes nonmarket, nontimber
benefits. The natural forest management
example given in Leslie (1987b) provides a
useful context for reexamining the issue of
financial feasibility in light of the evidence
on low rates of rent capture.

““‘Natural” forest management refers to
systems that rely on natural regeneration to
produce the next stand of trees.’ In Leslie’s
example, the forest is harvested on a rota-
tion of sixty years, and the complete timber
crop is removed at this time. That is, the
system is monocyclic. Establishment costs
for activities related to regeneration range
from U.S.$20 to U.S.$100 per hectare,
while annual maintenance costs range from
U.S.$0.5 to U.S.$1.5 per hectare. Costs are
assumed to remain constant in real terms.

Physical yields at harvest range from 30
to 120 cubic meters per hectare in Leslie’s
example. The upper limit here is unusually
high: average log yields in Peninsular Ma-
laysia, Sabah, and Sarawak were 31, 48,
and 51 cubic meters per hectare during
1966-85, and these were for harvests from
predominantly old-growth forests, which
tend to have higher yields than second-
growth forests. An upper limit of 60 cubic
meters per hectare for second-growth for-
ests seems more reasonable.

Land Economics

Leslie assumed that royalties would
range from U.S.$6 to U.S.$20 per cubic
meter. This range corresponds closely to
the range in average 1966-85 royalties
among the three Malaysian regions: Penin-
sular Malaysia = U.S.$4.78 per cubic me-
ter, Sarawak = U.S.$5.10, and Sabah =
U.S.$19.72 (conversions based on 1980 ex-
change rates). According to Leslie, ‘‘so-
cially valued stumpage rates’ might be 20
percent higher than royalties. Results in
Table 1 indicate that true timber values, in a
financial sense, are much higher: in the
base case, the ratio of potential rent to gov-
ernment revenue for Malaysia as a whole
was 3.0—a 200, not 20 percent, under-
valuation.

Leslie also assumed that timber values
would remain constant in real terms. His-
torically, however, stumpage values in
many parts of the world have risen at rates
greater than inflation (Manthy 1978). These
trends are expected to continue (Dykstra
and Kallio 1987; Binkley and Vincent
1988). During 1966-85, real prices of trop-
ical hardwood logs in Malaysia rose at aver-
age annual rates ranging from 2.0 percent
in Peninsular Malaysia and 2.5 percent
in Sarawak to 3.7 percent in Sabah. It is
doubtful that real extraction costs have in-
creased as quickly, and so real stumpage
values have probably increased as well.

These considerations led to the formula-
tion of three distinct cases, distinguished by
the value assigned timber. In the first case,
which corresponds most closely to Leslie’s
original analysis, timber was valued by roy-
alties ranging from U.S.$4.78 to U.S.$19.72
per cubic meter, which is the range of
the historical averages for the three Malay-
sian regions. In the second case, timber
was valued by approximate stumpage val-
ues, which ranged from U.S.$21.84 to
U.S.$42.60 per cubic meter. This is the
range of imputed values for the three
Malaysian regions based on S/GR ratios in
Table 1. The third case was the same as the
second, except that stumpage values were

>Enrichment planting of indigenous species is
sometimes considered natural management (Nwo-
boshi 1987).
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TABLE 3
FiNanciaL FEasIBILITY oF TROPICAL FOREST MANAGEMENT

Discount rate

Case? Scenario” 4% 6% 8% 10%
Net present value®
(U.S.$ per hectare)
First High C, low Y, low r - 134 -125 -120 -116
High C, high Y, low r —119 ~121 - 118 —116
High C, low Y. high r -87 —111 - 115 -115
High C, high Y, high r -25 -93 - 109 -113
Low C, low Y, low r =20 =25 -26 =25
Low C, high Y. low r -5 -20 -24 =25
Low C, low Y, high r 27 —11 =21 —24
Low C, high Y, high r 89 8 —15 -22
Second High C, low Y, low r -8l - 109 -115 -115
High C, high Y, low r -12 -89 - 108 ~113
High C, low Y, high r - 15 -9 -109 —113
High C, high Y, high » 119 -50 -96 - 108
Low C, low Y, low r 34 -9 -20 =23
Low C, high Y, low r 103 12 - 14 =21
Low C, low Y, high r 99 10 - 14 —-21
Low C. high Y, high r 233 50 -1 - 17
Third High C, low Y, low r 76 —62 - 100 —110
High C, high Y, low r 302 5 —78 - 103
High C, low Y, high r 291 1 -79 - 103
High C, high Y, high r 731 133 —-38 -89
Low C, low Y, low r 191 38 -6 - 18
Low C, high Y, low r 417 105 16 —11
Low C, low Y, high r 405 102 15 - 12
Low C, high Y, high r 846 233 57 2

*First case: timber valued by royalties. constant in real terms. Second case: timber valued by
stumpage value, constant in real terms. Third case: timber valued by stumpage value, rising in real
terms at 2.0 percent per year.

°C = cost, ¥ = yield, r = timber value. All values are in U.S.$, in real terms. Low C: establish-
ment costs of $20 per hectare and annual costs of $0.5 per hectare. High C: establishment costs of
$100 per hectare and annual costs of $1.5 per hectare. Low ¥: harvest volume of 30 cubic meters per
hectare. High Y: harvest volume of 60 cubic meters per hectare. Low r: royalty of $4.78 per cubic
meter in first case: stumpage value of $21.84 per cubic meter in second and third cases. High r: royalty
of $19.72 per cubic meter in first case; stumpage value of $42.60 per cubic meter in second and third

cases.

“Based on management in perpetuity (*‘soil expectation value™’) for 60-year rotation. The boxes

highlight positive NPVs.

assumed to increase at an annual real rate
of 2.0 percent. This rate is equal to the
minimum rate of log price increase during
1966-85 among the three Malaysian re-
gions.

Financial Analysis

Table 3 presents net present values
(NPVs) for financial analysis of the three
cases.® NPVs are based on management in
perpetuity (infinite rotations) and thus may
be interpreted as soil expectation values.

In the first case, NPVs were positive in
only three out of thirty-two cases. All three
cases involved low cost/high royalty combi-
nations and discount rates no greater than 6
percent. In the second case, financial per-
formance improved markedly: NPVs were

© A referee pointed out that referring to the analysis
of Cases 2 and 3 as *“‘financial”” might be confusing,
since actual timber prices (royalties) are replaced by
shadow values that approximate stumpage prices. I
use this terminology to emphasize that only timber
values are included in the analysis.
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positive in eight cases. Some of the cases
included high cost or low royalty combina-
tions. The maximum discount rate for feasi-
bility remained 6 percent.

In the third case, NPVs were positive in
more than half, nineteen, of the cases. At
least one of each cost/yield/royalty combi-
nation was financially feasible, and feasi-
bility occurred at discount rates up to 10
percent. The impact of the royalty/rent dis-
crepancy is indicated by the fact that feasi-
bility occurred in only nine cases when tim-
ber values were based on royalties, instead
of stumpage values, rising at 2.0 percent
per year. Results of this analysis are not
shown.

V. DISCUSSION

Results of the analysis of rent capture
in Malaysia reaffirm Repetto and Gillis’s
(1988) finding that royalty systems drasti-
cally undervalue tropical timber. Results of
the financial analysis of natural forest man-
agement indicate that simply correcting for
this undervaluation leads to management
being feasible in a wide variety of cases.
Feasibility occurs more frequently at lower
discount rates, which is not surprising
given the long period between establish-
ment and harvest under monocyclic timber
management. Polycyclic systems, in which
smaller, selective harvests are made more
frequently, are increasingly being recom-
mended by tropical silviculturalists
(Schmidt 1987; Tang 1987). Financial per-
formance of these systems would be ex-
pected to be even better than that of the
monocyclic example used in this paper,
since positive cash flows occur sooner.

As Leslie (1987a, 1987b) points out, an
economic analysis that accounts for non-
timber as well as timber values is the con-
ceptually superior framework for evaluat-
ing tropical forest management. Recent
work by Peters et al. (1989) indicates that
the value of produce collected from
Amazonian rainforests and sold in local
markets can be substantial in particular
areas. However, many nontimber values of
tropical forests, such as biodiversity, are
difficult to quantify due to the absence of
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both biological and economic data (Ashton
and Panayotou 1988; Wilson 1988). More-
over, compared to financial benefits cap-
tured directly by the government, policy-
makers are less likely to give credence to
nonmarket benefits that are estimated using
valuation techniques (for example, contin-
gent valuation) that are still in many re-
spects experimental, or to benefits reaped
largely outside of tropical countries.

Incorporating nontimber values into the
analysis in this paper would strengthen the
conclusion that tropical forest management
is feasible in many circumstances. Of
course, feasibility in either financial or eco-
nomic senses does not necessarily imply
that forest management is the highest and
best use of tropical lands. Although several
NPVs in the second and third cases in
Table 3 are positive, many are barely so.
Alternative land uses might have higher
NPVs. For example, NPVs in Sedjo’s
(1983) base case assessment of plantation
forestry in several developing countries are
significantly larger than those in Table 3.
This study should not be interpreted as a
blanket proclamation in favor of natural
management of tropical forests in all places
at all times.

Revision of royalty systems to approxi-
mate stumpage values more closely would
make the potential returns to forest man-
agement more apparent and would enhance
government revenue collection. Revision is
called for in reports on royalty systems in
Sabah (UNDP/FAO 1980) and Sarawak
(UNDP/FAO 1981), and reviews of systems
in Peninsular Malaysia are currently under-
way. Development of better data on log ex-
traction costs will be crucial to these ef-
forts, as well as to further research on the
effects of timber pricing on tropical forest
management.

APPENDIX

Repetto and Gillis (1988) estimated WF as fol-
lows:

WF=((p—-F—-2¢)*V,
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where p is average log price, F is average roy-
alty, and ¢ is average extraction cost. If the aver-
ages are volume-weighted and if ¢ includes fixed
costs, then this expression is equivalent to equa-
tion [5b]. A problem with this approach is the
lack of a large and varied enough sample of data
on extraction costs to permit reliable estimation
of ¢. Available data are usually based on en-
gineering studies of new equipment, not on mea-
surement of actual extraction costs, for a small
sample of sites (see, e.g., Buenaflor and Hein-
rich 1980; and Marn, Vel, and Hui 1982).

The present study used a different approach:
an explicit specification of the marginal cost
curve for log extraction was assumed, and total
fixed costs in a given year were assumed to
be approximately proportional to total variable
costs in that year. Under these assumptions,
equation [5b—c] may be rewritten as follows:

y
WE = (p - AV — (1 + U)J MC(x) dx
0
g
HG = p(V* = V') — J MC(x) dx,

v’

where o represents the ratio between total fixed
and total variable costs.

The marginal cost curve, MC(x), is a short-
run curve: variables other than harvest volume
are assumed to be fixed in a given year. The
functional form chosen for the curve was a
specification used by Binkley and Dykstra (1987)
for timber supply in the IIASA Global Trade
Model for forest products:

MC! = "LIVPs

where 7 is a time subscript; u, is a parameter that
varies over time due to changes in other vari-
ables affecting extraction costs, such as site and
industry characteristics; and $, the elasticity of
the cost curve, is assumed to be a constant pa-
rameter. If B is known, then the value of p, can
be determined by inserting V, and setting MC
equal to p, — 7, (the marginal cost at V;). Once w,
is determined, the potential harvest level, V;,
can be determined by setting MC equal to p,.
The baseline estimate of 8 was 3.0, the value
used by Binkley and Dykstra (1987) for South-
east Asia. The analysis was repeated using
values 50 percent smaller (1.5) and 50 percent
larger (4.5). This range encompasses the values
estimated by Vincent (1987, 1988b) for Malaysia
as a whole, 2.70 and 1.57 respectively. Cardel-
lichio et al. (1988) reported substantially lower
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estimates, 0.453 for East Malaysia (Sabah and
Sarawak combined) and 1.09 for Peninsular
Malaysia, but these estimates were probably
biased downwards due to the exclusion of capi-
tal stock from estimated equations.

The ratio of total fixed to total variable costs,
o, was calculated using data for 1979-81 re-
ported by Chung (1984), supplemented by data
in Apandi (1973), and Apandi and Sudrajat
(1976). Calculated values varied little during
1979-81, supporting the assumption that ¢ can
be treated as a constant. ¢ was set equal to 0.95
for Peninsular Malaysia and Sabah and 0.80 for
Sarawak. Differences were due to differing pro-
portions of swamp and hill logging among the
regions.

Data on harvests, prices, and royalties were
drawn primarily from Forestry Department
Peninsular Malaysia (1979, 1986), Forest De-
partment Sarawak (1986), and records provided
by the Forest Department Sabah. Harvest vol-
ume was given by total removals of tropical
hardwood logs, measured in cubic meters. Log
price was represented by export unit value (net
of export duties) in Sabah and Sarawak for all
years and in Peninsular Malaysia during 1966—
70. In Peninsular Malaysia during 1971-85, log
price was given by the average annual price of
logs sold domestically. Royalties were deter-
mined by dividing the sum of government reve-
nue from log-based charges by harvest volume.
The premium in Peninsular Malaysia was treated
as an additional fixed-cost term subtracted from
the right-hand side of equation [5b]. Prices and
royalties were in Malaysian dollars at 1980 price
levels.
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