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THE DEVELOPMENT OF MARKETS AND ECONOMIC INCENTIVESFOR SUSTAINABLE
FORESTRY: APPLICATION TO THE BRAZILIAN AMAZON

by

James R. Kahn
Washington and Lee University, Lexington, VA, USA

EXECUTIVE SUMMARY

Although direct markets for biodiversity have been discussed as a way of preserving
environmental resources, these types of markets are not likely to create significant economic incentives for
environmental preservation. However, markets for ecological services that are jointly produced with
biodiversity may have greater potential for preserving our critical environmental resources. This paper
looks at the potentia to develop markets and related economic incentives in the Amazonian rainforest. The
concepts developed in this study can also be applied to other regions and other types of ecosystems.

The first challenge that the paper examines is the challenge of improving the economic viability
of sustainable forestry. The paper suggests a variety of ways to structure leases to give firms an economic
incentive to harvest in a sustainable fashion that allows the forest to recover quickly to its natura state. Of
particular importance are schemes for rewarding firms for success in obtaining high levels of key
ecological parametersthat are functionally related to the speed of recovery.

The paper also examines the challenge of developing new markets, not only for underutilized tree
species, but also for non-timber forest products, agro-forestry products, and eco-tourism. Demand
augmentation and ecological certification programs are discussed, and policies are suggested to implement
this process.

Finally, the paper examines the potential for rewarding land-owners for preserving the carbon
that is sequestered in the forests on their landholding. The paper demonstrates that this may be the largest
source of transferable value of the tropical rainforest.
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1 INTRODUCTION

Sustainable forestry is a phrase that has become universaly accepted by proponents of
sustainable devel opment. However, just as sustainable devel opment has many different definitions, so does
sustainable forestry. Many definitions of sustainable forestry focus on the continued ability of the land to
produce wood that can be harvested into the indefinite future. The other set of definitions of sustainable
forestry focuses on the maintenance of the existing ecosystem and its continued ability to provide a full
suite of ecological services (including but not limited to production of wood for potential harvest).
Accordingly, conversion to a forest plantation (if successful) would qualify as sustainable forestry under
thefirst set of definitions, but not the second.

This paper focuses on the second definition of sustainable forestry, and its application to the
Amazonian rainforests of Brazil. The paper specifically addresses the question of how a profitable harvest
can take place in a forest, and leaving the forest in a position that it recovers quickly into a forest
ecosystem approximating the original, that continues to provide the flow of ecological services similar to
that of the original undisturbed ecosystem.

A critical aspect of the analysis will be an examination of the role of markets in stimulating the
development of sustainable forestry. In addition to an examination of policies that create a market for
sustainably produced timber (such as the development of leasing systems for sustainable forestry) the
paper will examine policies that are designed to stimulate existing markets for forest products or generate
new markets for non-timber forest products. Examples of these types of market-enhancing policies include
demand augmentation policies, ecological certification, non-timber forest products and the utilization of
already degraded lands. In addition, markets for sequestered carbon are al so discussed.

Although this paper uses the Brazilian Amazon as its case study, many of the concepts developed
in this paper are applicable to sustainable forestry in awide range of settings. It should be pointed out that
since sustainable forestry in the Brazilian Amazon is in its infancy, the case study aspects of the paper are
more conceptual than empirical.
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2. ECOLOGICAL CRITERIA FOR SUSTAINABLE HARVEST*

The forestry economics literature that looks at timber production, the capture of resource rents
and the optimal rotation has made particular assumptions about regeneration and environmental damages.
Since the economic models that are used to examine these issues are calibrated in terms of volume of wood
or the length of the rotation, environmental damage is often modeled as a function of the volume of wood
harvested, the area of the forest, which is harvested, or the length of the optimal rotation. In terms of
temperate forests, for which these models were developed, these relationships may or may not hold.
However, it is clear that they are inappropriate for tropical rainforests.

First, the concept of a rotation as a cycle of clear-cutting and replanting makes no sense for
tropical forests, particularly those in the Amazonian basin. Clear-cutting destroys the regenerative
capability of the forest, and because the soil is destroyed, nutrients are lost, and mycorrhizae® disappear,
replanting is usualy not successful. Although a clear-cut area can often be replanted into a palm plantation
or other type of forest plantation, the diverse natural forest will not regenerate and cannot be replicated by
replanting.

Second, the ability of the forest to regenerate (and the level of ecological services associated with
the regenerated forest) is not related so much to the amount of trees which are cut (volume or area) but to
the manner in which they are cut. It is true as a general proposition that the greater the amount of clearing,
the less regenerative capability and the more environmental damage. However, the manner in which the
clearing and harvesting takes place is important as well. Some simple examples of the importance of the
manner of harvest are choosing techniques that avoid damage to young trees, avoid soil compaction by
heavy machinery and avoid erosion and soil loss. Further discussion of thisis contained in Section 4.

Sustainable harvesting of tropical rainforests should focus upon two fundamental and
functionally related ecological determinants, the severity of the disturbance and the capability to recover.
Important variables that influence both of these ecological determinants include spatial scale of
disturbance, intensity of disturbance, intensity of other stressors at the time of (or preceding the
disturbance), age and hedth of the rainforest ecosystem, and the degree to which human disturbances
mimic natural disturbances.

Probability of recovery is inversely related to the severity of the disturbance, while the time
required for recovery is directly proportional to the severity. Extended recovery time contributes to
secondary and delayed impacts such as soil erosion or compaction, nutrient or water depletion, loss of
mycorrhizae and extreme temperature and light regimes. Severely atered micro-environments favor
invasions of exotic species, which may significantly alter paths of rainforest recovery. Severity of
disturbance is a measure of how extensively biotic and abiotic components are altered. If disturbance does

1 This section is based on Kahn, McCormick and Nogueira (2000).

2 Fungal organisms which have a symbiotic relationship with the roots of trees, enabling them to absorb
nutrients more efficiently.
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not extend to extensive ateration of geological substrate and soils, residual populations of plants, animals,
microbes and humans may survive in micro habitats. Recovery by residual populations is relatively rapid,
predictable and dependent upon intrinsic ecological properties. If the disturbance is so severe that micro
habitats are destroyed and colonization is required from distant sources, recovery is slow and stochastic (or
even chaotic). If the disturbance is sufficiently severe to diminish populations of reproductively mature
individuals, pollinators or seed dispersers, ecosystem recovery can also be significantly altered or delayed.

The degree to which human disturbances mimic natura disturbances is the single most
significant determinant of ecosystem recovery. Natura stressors such as wind, hurricanes, disease, old age
and extreme weather events contribute to tree mortality. Dead and weak trees fal to the forest floor as
frequently as one tree per hectare per year. Tree fals create gaps ranging from 30-50 meters in width.
Various tree species are pre-adapted to invade gaps of different sizes. This "intermediate” level of natural
disturbance is beneficial and necessary to maintain high species biodiversity and ecosystem health.
Rainforest species are aso well adapted to larger disturbances such as floods, fire, drought or hurricanes if
the disturbances are rhythmic, cyclic or periodic in occurrence. Strategies for sustainable tropical forestry
should be based upon an understanding of these types of ecosystem responses to various scales and
intensities of disturbance. These strategies require long range planning based upon principles of ecologica
science and field experiments which transform theory into practice. In the absence of long range planning,
extraction (disturbance) of forest products is too often episodic, of unnatural scale, and characterized by
excessive environmental damage®.

It is possible to develop operational indicators of the ability of the forest to recover. Firgt, as the
research from ajoint Instituto Nacional de Pesguisas da Amazonia (INPA-National Institute for Research
on the Amazon)/Smithsonian Institute project® indicates, disturbed areas should be small in comparison to
the undisturbed area. As Thomas Lovejoy ° indicated, the only workable configuration is "islands of
development in a sea of forest". Therefore, one operational measure of the recoverability of a harvested
forest would be the ratio of undisturbed area to disturbed area. This is illustrated in panels A and B of
Figure 2, where A has a low ratio and B has a high ratio. The higher the ratio of undisturbed area to
disturbed area (hereafter referred to as the undisturbed area ratio), the greater the recoverability of the
forest. This is because lower undisturbed area ratios will result in loss of many important ecological
characterigtics. In particular, as the undisturbed area ratio shrinks, animals that fulfill the roles of both
pollinators and seed dispersers leave the area, which drastically inhibits the return of the forest to its
original state.

A second operational measure of the recoverahility of the forest is the ratio of the edge of the
disturbed area to the surface area of the disturbed area (hereafter referred to as the edge ratio). Areas of
high edge ratio (as depicted in Panels C and D of Figure 1) are long-narrow strips that mimic the clearings
created by the natural faling of emergent trees. Since many of the regenerative processes operate at the
edge of the clearing, the greater the edge ratio, the more potential for these processes to operate. Also, with
lower edge ratios, the cleared areais more square or circular in configuration (Panel A or B) and more soil
is exposed to the sun and the negative effects of compaction, erosion, and loss of leaf litter, mycorrhizae
and nutrients. An important aspect of a harvested area with a high edge ratio is that the roots of
neighboring trees will underlie the narrow strip of cleared area, so nutrients are re-absorbed and not lost to
this system. In contrast, in a larger and more circular area, much of the nutrients will be lost to run-off.

3 See Kahn, McCormick and Nogueira (1998) for further discussion of the relationship between forest
characteristics and forest recoverability.

Thiswork examines the critical size of tropical forest ecosystems. See Lovejoy et al (1986b)

Presentation at the Environmental Sciences Division, Oak Ridge National Laboratory, 1993. Also see
Lovejoy (1986a)

10
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Figure 1. Operational measures of forest sustainability
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3. SUSTAINABLE FORESTRY AND MARKET FAILURE

There are severd types of market failure, which may be important in the case of forestry
management. First, there is the ubiquitous problem of imperfect information, in which case logging firms
or households do not know the appropriate technology for sustainable forestry. Second, there is the
problem of insecure property rights. If people do not have long term security in the property rights of their
land, there is no incentive to engage in long-term optimization. Related to the problem of the insecurity of
property rights is the granting of short term timbering leases by either private or public owners of forest
land. Short term leases do not provide an incentive for the harvesting firm to treat the forest gently and
conform to the ecological principles, which are described above.

One may ask why land owners voluntarily agree to short term leases, even though these lead to
degradation of the forest and alossin long term income. The answer isthat both public and private owners
of forests may face constraints which force them to make decisions to maximize short run economic gain,
rather than long term economic gain.

Governments may be forced to focus on short run economic gains because of immediate needs
for income. This may be because of macroeconomic problems such as large externa debt that requires
servicing, or because of pressing needs to maintain or increase current consumption.®

Individual landowners will, in general have a greater rate of time preference than society as a
whole, for both the usual reasons,” and because of short term concerns with feeding their families. In
particular, it is likely that the income paths of unsustainable and sustainable forestry take the shapes
depicted in Figure 2. If unsustainable forestry has higher initial levels of income than sustainable forestry,
and if credit is unavailable to small landowners, then they have an incentive to engage in unsustainable
forestry or to write short term harvesting contracts with forestry firms.

6 See Kahn and McDonald (1994 and 1995) for a discussion of how external debt and other economic
pressures can cause countries to engage in more myopic economic strategies.

7 There are a number of arguments why the social rate of time preference should be higher than individual
rates of time preference. These arguments include the ability of society both to invest in a more diversified
portfolio of investments and spread the risk over more individuals. In addition, there are ethical reasons for
a higher socia rate of time preference including responsibility to future generations.

12
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Figure2. Alternativetime paths of income

Income

Sustainable Forestry

Unsustainable Forestry

Time

Of course, there is also a general market failure because of the global public good nature of
tropical forests. Even if the within-country market failures could be addressed by policy, harvesting is
likely to be less sustainable than world community would prefer, because the global benefits of forest
preservation cannot be captured by local landowners without an international agreement to transfer
resources based on forest preservation.

An examination of market failurein the context of Figure 2 provides some interesting insight into
the importance of improving existing markets and creating new markets. The traditional approach to
environmental market failure is to utilize the “producer pays principle” and increase the margina private
cost of the producer to the level of margina social cost. In terms of Figure 2, this would represent a
downward shift in the income stream associated with the unsustainable activity, making the sustainable
path relatively more attractive. However, it is not clear that this would cause firms to adopt the sustainable
forestry alternative, and they might shift to a different activity such as farming or cattle ranching which is
even more environmentally destructive than traditional forestry.

In contragt, if the problem is attacked by trying to shift up the income path of the sustainable
forestry option, then this will not only make sustainable forestry more attractive relative to unsustainable
forestry, but also to alternative activities such as cattle ranching. In addition, this augmentative approach is
better than the punitive approach, because an upward shift in the sustainable forestry income path will
contribute more to regional economic growth than would penalizing the unsustainable forestry.

This paper explores market alternatives for shifting up the income path associated with
sustainable forestry. The first market alternative that is examined is the development of leasing
(concessionaire) agreements that alow the harvesting companies to share in the resource rent associated
with the forest. Thisis quite a departure from the traditional forestry management literature that argues that
the government should extract all the resource rent as part of the leasing agreement. If the sharing of the
resource rent is linked to ecological preservation, this will serve to create a market for the ecologica
services. The next set of market aternatives which are examined are programs to increase the demand for

13
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sustainably produced timber, including marketing programs to increase the demand for a diversity of
species, and ecological certification programs. The third set of programs would be to develop markets for
non-timber forest products (fruit, nuts, dyes, fibers, latex, etc.) that can be produced without significant
disturbance to the Amazonian ecosystem. Finaly, the possibility of developing markets for the forest’s
sequestered carbon is examined. Following the discussion of models of sustainable forestry in Section 4,
the remainder of the paper is devoted to discussing these methods for making sustainable alternatives more
profitable.

14
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4. MODEL S OF SUSTAINABLE FORESTRY?

Unfortunately, sustainability (McCormick, 1998) has not been a prerequisite for the majority of
development projects undertaken in the Amazon. However, over the past two decades sustainable forestry
has become the focal point of a steadily growing number of development projects in the Amazon. Three
models of sustainable forestry in the Amazon are discussed. The first of these, “selective harvesting”,
involves the harvest of widely separated individual trees of numerous species. Disturbance is held to a
minimum, enhancing natural forest regeneration. A very different approach, “the strip method”, involves
clear cutting long narrow areas in the midst of larger undisturbed areas of forest. The dimensions of these
long fingers of clear-cut are intended to mimic those resulting from natural disturbances. If the mimicking
is successful, natural ecological processes can be expected to contribute to regeneration of the forest. The
“strip shelter belt” method contains elements of each of the preceding methods, and represents a strip
method with additional ecological congraints on harvesting activity that mimic natural disturbance,
minimi ze anthropogenic disturbance and enhance natural regeneration.

The selective logging method is heavily dependent upon scientific research and technology to
guide selection of individual trees for harvest. The strip method is heavily dependant upon the ecological
theory of gap dynamics and intermediate disturbance hypotheses. The strip shelter belt method shares
dependencies of the other two methods.

41 The Selective Logging M ethod of sustainable tropical forestry

The sdlective logging method of sustainable forestry requires a significant amount of scientific
knowledge to be conducted properly. A good example of the selective logging method can be found in the
activities of Precious Woods, Ltd., a Swiss owned-Brazilian operated sustainable forest management
enterprise.

Precious Woods owns 81,000 hectares of primary forest located approximately 250 km east of
Manaus (capital city of the state of Amazonas) and 40 km West of Itacoatiara, an Amazon river town of
80,000 peaple. The most distinguishing feature of this project isthe extent of research, forest inventory and
long range planning. Management plans focus upon minimizing damage to forest understory and the area
to be harvested, and upon maximizing biodiversity and sustainability. Approximately 25,000 hectares
(30%) are placed in permanent reserve to serve as a source of seeds, pollinators, seed dispersers and
wildlife, as well as providing basdlines against which other sites may be compared. Approximately 5,000
hectares (6%) are dedicated to infrastructure such as roads and the mill site. Each year, a different work
unit of approximately 2000 hectares (2%) is selectively harvested, on an expected rotation cycle of
approximately 25 years. Thus, at any one time, 92% of the rainforest isin permanent or temporary reserve.
The Celos Management System, used by Precious Woods, is based on research at Waginengen
Agricultural University and was field tested in experimental plots in Suriname. Pre and post harvest plots

8 See Kahn, McCormick and Nogueira (2000) for further discussion.

15
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(100n") are established in each work unit and are monitored to estimate the severity of disturbance during
extraction and recovery thereafter. Prior to extraction, all trees greater than 50 cm (dbh) are identified,
measured and located on a geographic information system (GIS). As work progresses, smaller trees will be
similarly inventoried and data entered into forest growth models to estimate available wood volume of
each species at future dates. Traditional forest practices in the region have typically only utilized one to
four species of trees. In contrast, this sustainable forestry operation extracts 40 species of trees (with an
eventual goal of 60 species) to minimize the area disturbed annually and to avoid high-grading (harvesting
only high-valued species such as mahogany) and associated reduction of biodiversity.

Specific procedures include the following:

1. Accessinto work units and extraction of trees is confined to trails 3.5 m in width and 80 m
long which are located at 100 m intervals. Accordingly, no tree is more than 50 m from a
trail. Disturbance of the forest understory is minimized.

2. Prior to cutting, all vines are removed in order to minimize the collateral damage to other
trees and to minimize gap size.

3. Direction of tree felling avoids trees that are of economic or ecologica value (such as palms
which provide food and shelter for many plant and animal species.)

4. No more than 80% of reproductively mature individuals are removed from a work unit in
order to insure a nearby source of seed for recruitment of new individuals and to provide a
continuing food source for dependent animal species.

5. Only 10% (40m°) of wood volume per hectare is removed, to ensure that nutrient and carbon
loss are within sustainable limits.

6. Track skidders used to extract trees are restricted to trails. Logs are trimmed and transported
to trails by cable (winched) in order to minimize disturbance.

7. Prior to extraction by cable, logs are cut to 7 m lengths to minimize sway during extraction.
Thisfurther reduces disturbance.

8. Once logs are on the trail, they are removed by wheeled vehicles in order to minimize
disturbance of trails.

The selective harvesting method of forestry requires a significant investment in information in
order to implement it properly. As discussed above, its implementation requires a complete mapping of
trees, and the implementation of an optimization program, with constraints on the distribution of trees,
temporal distribution of fruit, presence of pollinators and seed dispersers, and other ecological factors.
Because of this, it is dso a method for which it is more difficult to develop encouraging policy
instruments, because the implementation, monitoring and enforcement of the instruments would have
correspondingly high information requirements for the regulatory agency. The selective method is
probably most effectively utilized by firms whose objective is sustainable forestry and who have the
technical ability to implement it.

APLUB Agroflorestal is a new entrant to the sustainable forestry industry, with the first harvest
cyclein 2001. It is located in the varzea (flooded forest system) along the Rio Juru near the small city of
Carauari in western Amazonas State. The total project size is a 210,000 hectare concession from the
federal government, but with only 30,000 hectares of the concession designated as areas to be harvested.
Of the 30,000 hectares, 1000 are sustainably harvested each year, with similar ecological constraints to the

16
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Precious Woods project. However, for APLUB Agroflorestal, only six percent of the volume of wood in
each 1000 hectare unit is extracted. Since the river rises into the forest during the high water season each
year, trees are felled during low water and then floated out during the high water season. This leads to
minimal disturbance to the soil and potentially vulnerable trees and other plants.

An interesting aspect of the APLUB project is that it combines sustainable forestry with
sustainable agriculture, as they restore previously degraded agricultural land near the city of Carauari. The
sawdust from the sawmill is combined with the waste from chicken, swine and cattle rearing operations to
restore the soil and generate fruit tree plantations in previously degraded areas. The sustainability and
profitability of the combined operations seems to be greater than the sum of the separate operations.
However, this project is still in its infancy and more experience must be gained to thoroughly evaluate the
implications of its procedures.

4.2 The Strip Method of sustainabletropical forestry

In contrast to the selective harvesting method, the strip method requires less information, as it is
based on clear-cutting, but of small areas. The disturbances associated with harvesting can most closely
mimic natural disturbances if the clear cut areas are appropriately configured as discussed in Section 2 of
this paper, where Panel D of Figure 1 is shown to be the appropriate configuration. It is even possible that
this type of activity could be monitored with remote sensing techniques, such as satdllite imagery or aeria
overflights of downward-looking radar. If operational measures of the appropriate configurations are
defined and can be monitored, a deposit-refund or performance bonding system can be developed to
encourage this type of sustainable forestry. These systems would reward firms for attaining certain
ecological recoverability characteristics of the areas that they are harvesting. These systems are discussed
more fully in Section 6.1.

4.3 The Strip-Shelter Belt Method

The strip shelter belt method combines the characteristics of the strip method and the selective
logging method, and can be interpreted as an extension of the strip method. In essence, it is the strip
method with added ecological constraints such as those employed by Precious Woods in their selective
harvesting operation. The Centra Selva Resource Management (CSRM) Project (Tosi (1981), Hartshorn
(1981) in the Pa Cazu Valley of the Peruvian Amazon is an excellent example of the commercial
implementation of these theories of sustainable forestry, providing a field test of the importance of
mimickj}ng these natural disturbances through the edge/surface area and undisturbed/disturbed area
factors.

9 This project illustrated the importance of public participation, education and other socia factors in
developing sustainable economic activities, but as important as these factors are, they are beyond the scope
of this paper.

17
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S. LEASE SYSTEMSTO GENERATE SUSTAINABLE FORESTRY

The use of contractual leases to promote sustainable forestry is an interesting concept, but in
order to be successful, it must be based on a radica departure from traditional forest economics
recommendations. Traditionally, forest economists have recommended that the leasing country structure
the lease so as to capture all the resource rents associated with the forest plot, where the resource rent is
equal to the difference between the cost of cutting the tree and the market value of the cut tree. It should be
noted that the definition of cost used in this computation includes a normal profit, which is arate of return
on the investment comparable to the typical investment elsewhere in the economy. Thus, if resource rent is
positive, then the forestry investment is a better investment than those typically available in the economy.

The forestry management literature has generally suggested that |easing contracts be structured so
that the national (or state) treasury capture as close to 100% of the resource rents as possible. There are two
arguments supporting this position. First, the timber represents a national asset, so society should be the
one to capture the surplus value associated with the asset. Second, since many developing nations are in
dire need of foreign exchange, this represents an excellent opportunity to earn more foreign exchange.

In response to these arguments, it should be noted that the asset value ascribed to the forest in this
literature tends to be solely the value of the extractable wood, and does not include the value of the
ecological services provided by the forest. Society should seek to maximize the total value of the forest and
not the timber value of the forest. Since many of the ecological values are public good values, market will
not promote the maximization of the total benefits from the forest. However, if leases are structured so that
a portion of these rents are shared with the timbering firm if they promote the flow of ecological services,
then a market can be created that sends signals to maximize the total net benefits of the forest. Before
discussing how the leasing system can be structured to include a quasi-market for these ecological services
(Sections 5.4, 5.5 and 6.0), the paper will discuss properties of |eases related to timber values.

51 Definition of Resour ce Rent

Before beginning the analysis of alternative forest concession systems, it is important to define
and clarify the concept of resource rent. Resource rent refers to the value of the trees in timber production,
above their cost of production. For example, if the wood in atree sold for $50, but the cost to the firm of
harvesting the tree was only $10, the resource rent associated with the tree would be $40. The resource
rent is distinguished from profit asit is due to the productivity of nature and not the efforts of humans'®. A
normal economic profit (return on investment) is included when measuring the cost of harvesting the tree.

A central issue in developing forest concession issues is who should receive the resource rent on
the trees. Typicaly, the answer to the question is that the landowner should receive the resource rents. The

10 The resource rent is also referred to as "stumpage value” in the forestry economics literature. This report
uses the term resource rent to emphasize that it is a value created by the forest itself, not a value resulting
from human endeavor.
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major reason for thisis that the resource rent can be regarded as the return for not cutting the forest and
allowing it to grow. Often, if the forest land is purchased on the market, the resource rent will be
capitalized into the purchase price of the land. Of course, if the landowner is society as a whole, as would
be the case for state or federally owned forests, then an additional reason for the landowner collecting the
rentsis that the forests are a public resource and the public, not the timbering companies, should benefit by
receiving the resource rents associated with the trees.

A complicating factor associated with resource rents is that they are not constant but vary with
several important factors. First, the greater the value of the wood, the greater the resource rent. This
impliesthat since different species of trees have different market prices, different species will be associated
with different levels of resource rents. Second, and perhaps less obvious, the same trees in different sectors
of the forest will have different resource rents associated with them, because there will be different costs
associated with harvesting the trees. For example, the more accessible the trees, the lower the cost of
harvesting and the higher the resource rent.

Thisimpliesthat even for a given species, the marginal resource rent (the resource rent associated
with the incremental tree which is harvested) will be a decreasing function of the quantity of harvest, since
the marginal cost of extracting that tree will be rising. Thisis shown in Figure 3, where P; represents the
constant price of the wood, and MC represents the marginal cost function for harvesting the wood. The
distance between P, and M C represents the resource rent and is declining up to the point where marginal
cost of harvest is equa to price. The area between the price line (P, ) and the marginal cost function
represents total resource rents for the entire forest.
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Figure 3. Resourcerent with no environmental costs
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The firgt few units of harvest have a low margina cost of harvesting and a high marginal
resource rent. As the level of harvest increases, the marginal cost of harvesting increases and marginal
resource rents fall. As Figure 3 demonstrates, the marginal resource rent will be changing as the level of
harvest increases. The marginal resource rents also change as the price increases. If the price of a cubic
meter of wood were to increase, this would increase margina resource rents for every level of harvest.
Also, since different species of wood have different market prices, marginal resource rents would be
expected to vary across species of trees.

Socia welfare is maximized when the benefit of harvesting (price) is equal to the marginal cost
of harvesting (MC). Thisoccursat Q,. Thislevel of harvest also maximizes total resource rent.

The magnitude of resource rents will change when one considers the environmenta costs of
harvesting trees. If there is an environmental cost™, the marginal social cost curve (MSC in Figure 4) will
by higher than the private marginal cost curve, and the marginal resource rents will be the distance
between MSC and the price line, while total resource rents will be the area between MSC and the price
line. Thelevel of harvest which would maximize social welfare would fall from Q; to Q..

11 In Figure 3, environmental cost is solely related to the volume of harvest. The method of harvest would
shift MSC up or down, depending on the environment impact of the harvesting method.
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Figure4. Resourcerentsin the presence of environmental costs
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52 Concession Fees

Concession fees are frequently suggested as a mechanism by which the resource owner may
collect the resource rents associated with the trees. Four general types of concession fees have been
suggested in the literature. The first is an area-based fee, where the harvesting firm pays according to the
area of the forest concession, and the fee is independent of the amount of timber harvested. The second-
type of fee is a uniform revenue-based fee, where the fee is a fixed percentage of the revenue (price
multiplied by quantity) of the timber which is harvested. The third major type of fee is an undifferentiated
volume-based fee, where the fee is aflat charge per cubic meter of wood harvested. The fourth major type
of fee isadifferentiated volume-based fee, where more valuable species of trees have a higher fee than less
valuable species. Several economists (Gray (1997), for example) have also suggested an initial bid fee, asa
means of collecting some public revenue before the harvesting begins. No matter which type of concession
fee is adopted, if foreign firms are expected to be participants in the concession, then fees must be
denominated in terms of an internationally sought currency, such as US dollars. Otherwise, domestic
inflation or devaluation of the domestic currency will seriously erode the rea value and effectiveness of
the concession fees.

Each type of fee has an impact on the amount of revenue that the government can collect, the
future timber values associated with that stand of forest, and the ecologica services that are produced by
the forest after the harvesting period is over. Each type of fee will be analyzed in detail below.™

12 For a more detailed technical discussion of these issues see Gillis (1988), Vincent (1994), and Hyde and
Sedjo (1992).
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Area-based fees

In theory, area-based fees are designed to capture the total resource rent. The total market value
of the trees in a stand of forest is estimated, as are the total costs of harvesting the wood (including a
normal profit as a cost of harvesting). The difference between the two is the resource rent and is charged as
the area-based concession fee for the stand of forest in question.

Many people advocate area-based fees because they are easy to implement and administer.
Unlike volume-based fees, they do not require any monitoring and measurement of the volume of wood
which is cut. Once the value of the wood and the cost of harvesting are estimated so that the fee can be
determined, there is little work required of the forest ministry other than the collection of the fee. For
national or sub-national governmental units without a scientifically and administratively sophisticated
forest ministry, this administrative ease and low monitoring requirements are very important.

The area-based fee gives the harvesting company an incentive to harvest all the wood possible in
its concession area. This occurs because the fees that the harvesting company incurs are independent of the
amount harvested, so there are no additional fees associated with additional harvesting. As long as the
marginal cost of extracting the wood is greater than the price of the wood, there is an incentive to harvest.

This incentive to harvest the greatest amount of wood possible has both advantages and
disadvantages. The primary advantage is that it creates the maximum possible amount of economic activity
in terms of employment and sale of timber. Economically valuable wood is not left uncut in the forest, but
put into productive use. The primary disadvantage is that it provides incentives for extreme harvesting of
the wood and ecological damages which reduce both the ability of the forest to regenerate and the
ecological services arising from the forest.

In addition to these incentives for maximum harvest, the area-based fee system will encourage a
form of high-grading. High-grading refers to the practice of taking the most valuable trees (e.g. teak,
mahogany, rosewood, and ebony) and leaving the least valuable trees, which fundamentally changes the
composition of the forest and reduces its future timber and ecological values. Area-based fees encourage
this practice since the fee which is paid to the government is independent of the volume or value of wood
which is harvested. In the case of area-based fees, the harvesting company will take the highest value trees
first and wait until later periodsto take the less valuabl e trees.

As will be shown to be the case with the other types of forest concession fees, the area-based fee
does not lead to protection of the future viability of the forest, or to the protection of its ecological values.
Separate provisions must be taken to prevent environmental damage from overly intensive harvesting, and
from harvesting methods which lead to excessive environmental damage.

Uniform revenue-based fees

Uniform revenue-based fees are designed to capture resource rents by collecting a fixed
percentage of the revenue that is generated by the sale of wood. The total value of the wood is estimated,
and total costs are subtracted to estimate total resource rent. The total resource rent is then divided by the
total value of the wood to arrive at a percentage fee that is levied against the revenue generated by the sale
of wood.

This system still retains many of the incentives to high-grade, since it encourages the harvest of
trees which have a high ratio of value to harvesting cost. Trees which have alow ratio of value to cost may
be uneconomical to harvest because the uniform revenue based fee could cause the firms total cost
(harvesting cost plus fee) to be greater than the value of the wood.
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Although monitoring and administrative costs are greater than the area-based fee system, they are
lower than for the volume based systems described below. The reason for this is that the only data which
need be collected are the dollar sales of the wood, and there is no need to measure the volume or the
weight of the wood.

Undifferentiated volume-based fees

Undifferentiated volume-based fees are designed to capture resource rents by computing the
average resource rent associated with a cubic meter of wood, and assessing this as a fee for every cubic
meter that is harvested. As is the case for the area-based fee, the first step is to calculate the value of the
wood and then from this subtract the cost of harvesting to compute the total resource rent. This is then
divided by the amount of wood that is expected (or alowed) to be harvested, to calculate a fee for each
cubic meter of wood which is harvested.

An advantage of this system is that it removes the incentive (found in the area based system) to
harvest every tree that is economically feasible. However, it increases the incentives to high-grade. Since
the feeis the same for each cubic meter of wood, the harvesting company will have an incentive to harvest
the most valuable trees and leave the least valuable trees standing in the forest. The system also is
associated with higher administrative costs than either the area-based system or the uniform revenue-based
fee, because it requires measuring the volume of wood that is sold.

Differentiated volume-based fees

Differentiated volume based fees are designed to take into account the v