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I. INTRODUCTION
Global warming, and other transnational environmental problems like ozone depletion,
deforestation, and desertification, has highlighted the concern for the fate of the earth's
environment. These issues have come to play an important role in the formulation of national
and global policies on the environment. While improvement in environment has become a
serious concern of policy makers in many countries, positions of countries vary both with
respect to their vulnerability and their willingness to pay to avoid environmental degradation.
Because of the difficulties associated with attaining the international cooperation that will be
needed for effective policies to protect the global environment, there is concern that countries
might start using unilateral measures to address global environmental concerns. In the search
for policies that would achieve this goal, much attention has been given to links between
trade and the environment especially the use of trade measures to address environmental
concems. 2
One of the major focuses of this debate has been on tropical timber trade. In the recent
debates on trade and environment, there is a recurrent view that trade in forest resources
harms the environment. It is thus argued that the tropical timber trade, in particular, causes
deforestation and therefore that trade is responsible for environment degradation.' A
substantial and possibly increasing number of tropical timber producing nations have enacted
bans or similar provisions constraining the export oflogs. A case has been made for an
export ban on logs, as a second-best policy tool for addressing environmental externalities: it
is claimed that deforestation will decrease because of the reduction in timber exports. In
addition, job creation, capturing more value-added domestically, and improving the scale
efficiency of domestic processing are also often given as reasons for such restrictions. Many
developing countries thus look to timber trade restrictions as a means of achieving economic,
environmental, and social objectives.
Several justifications are offered why a timber export tax and, its most extreme form-a log
export ban (LEB) should be implemented. Industrial processing of natural resources has long
4
been considered a possible development strategy for primary product exporting countries
Timber export taxes, and other restrictive trade policies have often been pursued to
encourage forest-based industrialization and, to 'compensate' domestic processors for
discrimination faced in developed country markets. It is believed that, by adding
export-oriented downstream processing industries, countries that are currently exporting
2 Recent calls for broadening the objectives of WTO to further the use of trade interventions for environmental
policies will, if successful, open the door to a whole host of unilateral trade measures.

3

Deforestation is known to lead to soil erosion, siltation, loss of water resources and biodiversity in addition to

contributing to global warming.
4

General issues relating to resource-based industrialization have been widely discussed in the literature

(Roemer (1979), Wall (1979, 1980), Yeats (1981) and Alam (1983) among otbers). Processing issues related to
ntinerals and petroleum have been discussed in Radetzki (1977) and Auty (1990).
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primary products could increase value added domestically, and consequently, their export
earnings. The creation of jobs as a result is expected to give a boost to the economy. More
recently, much of the focus ofLEBs have been on the fact that these policies will reduce
harvesting pressure on the forests by increasing value added per log extracted.
The theoretical conclusions of the literature on international trade belie the above arguments.
In general, trade restrictions (such as taxes, quotas, and bans) are likely to be welfare
reducing and myriad benefits (for example, increased efficiency of resource use, reduction in
unproductive rent-seeking activities, etc., Thomas and Nash 1991) are expected to accrue to
trade liberalization. Trade restrictions can be welfare enhancing only in special
circumstances. For example, in the case of a country that has market power in the export
commodity, an optimal export tax can be used to raise welfare (Bhagwati 1971; Devarajan
and others 1996;Wisemann and Sedjo 1981). However, in most small open economies that
are price-takers, imposing export restrictions is poor policy, harmful not only to exports but
overall growth and welfare.
Furthermore, if the specific policy objective is to promote a downstream processing industry
(protection of an infant industry), an indirect subsidy through trade restrictions is not the
first-best instrument. By implicitly subsidizing the processing industry a country may end up
encouraging the expansion of an ineffiCient downstream sector that is wasteful of the primary
input because of its artificially low relative price. A direct subsidy (say, to address a credit
market failure) is preferable since it would avoid any production distortions arising from
input price distortions (Bhagwati and Ramaswami 1963; Diamond and Mirrlees 1971). In
overall terms, because trade restrictions are likely to be distortionary and can result in large
welfare losses, there is no a priori justification for claiming that the effect of an export ban
will be favorable for the conservation of the primary resource, let alone in enhancing overall
economic welfare.
The trade and the environment literature suggests that the use of trade restrictions as a
surrogate environmental policy is not an efficient instrument in cases of production-related
environmental problem because they fail to influence the method of production. Baumol and
Oates (1988) argue that an internationally optimal tax on the externality is required and there
is no set of tariffs/export taxes capable of sustaining the Pareto optimum which would be
yielded by the optimal tax. However, Baumol and Oates conclude that in the absence of a
truly Pigouvian tax on production, trade restrictions can be used, but only in a second best
setting to maximize the welfare of the importing/exporting country or to move the global
economy towards a "quasi optimum."
The theoretical results specifically of a LEB invariably suggest a tradeoff between achieving
the environmentally sustainable level of harvesting, and improving national welfare. They
imply that more rapidly the environmental damage grows with log output, the more likely the
ban is to raise welfare. At the same time, the more elastic the demand for logs as inputs (into
processed goods), the less likely a ban is to both raise welfare relative to free trade and more
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likely it is to lead to overharvesting (Dean 1992)5 In addition the results also confirm that a
small open economy exporting a good whose production incurs environmental damage could
actually gain from removal of its export restrictions if it is also ensured that the appropriate
domestic policy to correct the environmental problem was in place (Anderson 1992).
In consonance with theory, empirical experience has not been encouraging in terms of the
impact ofLEBs on forest conservation. Tropical timber export taxes and bans have proved
only moderately successful in achieving the desired results in South East Asia. For example,
although expanded processing capacity was established in Malaysia, Philippines and
Indonesia, it was achieved at high economic costs, both in terms of the direct costs of
subsidization as well as the additional costs of wasteful and inefficient processing operations
(See, for example, Barbier (1992); Barbier et aI., (1992); Gillis (1990); Vincent and Binkley
(1991); Vincent (1992». In a more recent paper, Boscolo and Vincent (2000) argue that often
in the absence of any regulation, loggers can be expected to ignore the negative
environmental impacts of logging, as they derive little or no financial gain from mitigating
them. They further add that even in the presence of regulations that induce compliance with
minimum diameter cutting limits, loggers are often tempted to reenter the forests prematurely
(sooner than the prescribed cutting cycle) to log the commercial-sized timber left standing.
In addition as a long-term forest-based industrialization strategy, ensuring export sales of
processed products through denying processors in other countries access to logs has proven
difficult to sustain (Barbier et al., 1992). By depressing domestic timber prices below their
pre-ban level, LEBs have often discouraged adoption of sustainable practices in timber
harvesting and have reduced incentives to adopt modem technology geared toward
increasing wood recovery ratios in timber processing. G Lower stumpage values also imply
lower appropriable rents to the government, thereby hurting domestic tax collections
(Repetto and Gillis, 1988). Finally, lower log prices have reduced relative returns to forestry,
and at the margin have intensified the pressure to clear forested land for competing
agricultural crops and plantations.
In sum, there are good theoretical arguments, supported by empirical evidence, that LEBs are
largely incapable of achieving the objectives expected of them. Yet there is still a strong view
in many developing countries that LEBs are the panacea to both their economic and
environmental problems, and they have been implemented in country after country.

5 This is based on the ratio between annual increments and annual harvests, i.e., when the ratio is greater than
one it shows that these resources have not been over-utilized, when it is less than one the resources have been
over-utilized.

This also nms countcr to the Porter hypothesis which states that environmental regulation can, in fact, lead to
improved competitiveness: efficient regulations may actually stimulate innovation, efficiency gains, industrial

6

growth, and competitiveness (porter, 1991).
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This may be so because so far very little quantitative evidence exists on the economic and
environmental effects of a timber trade liberalization i.e., in terms of the removal of export
restriction or lifting of a logging ban. Towards tbat end, this paper seeks to fulfill the gap in
the literature with two main objectives. The first is to illustrate the overall efficiency gains
arising from repealing the LEB in Costa Rica. The second associated objective is to estimate
the magnitude of environmental costs and benefits and to compare them with the pure
efficiency gains. The environmental benefits include both global benefits such as carbon
sequestration and biodiversity conservation and local benefits such as water and soil
conservation. Two alternatives of coping with the increased demand that would result from
the removal ofLEB are considered: sustainably managed old-growth forests and new
plantation forests.
Our main findings are as follows:
•

Production gains: Removing the LEB results in significant productive efficiency
gains. Under a plausible scenario efficiency gains can be as high as $14 million per
annum or about 0.1 percent of GDP.

•

Environmental benefits and costs: Environmental gains are at best only a small
fraction of the overall efficiency gains. If the increased demand for timber were to be
met from new plantation forests, the economy would experience enviromnental
benefits. These, however, account for less than 5 percent of the efficiency gains. On
the other hand, if demand comes from old growth forests, then even under sustainable
management there will be some environmental costs, but they are again a small
fraction of efficiency gains to the economy.

Based on these results, the paper recommends that removing the LEB and developing
plantation forests will enable Costa Rica to achieve efficiency gains at the same time sustain
the environment.

II. THE IMPORTANCE OF FORESTS IN COSTA RICA
Costa Rica boasts a rich and diverse ecological landscape, as well as a wealth of natural
resources. It has a total land area of about 5.2 million hectares with a variety of ecosystems
and is home to over half a million different species (mostly micro-organisms and insects),
and about 6 percent of the entire earth's bio-diversity. A large expanse of Costa Rica's
environment is protected by the National System of Conservation. Despite this measure,
Costa Rica suffers from severe threats of loss to its bio-diversity. Of the plant species, almost
1,500 are threatened with extinction as a consequence of timber exploitation and other forms
of deforestation. Most of the country's problem with deforestation, and associated problems
of soil erosion, are a result of the excessive clearing of land for logging and to some extent
cattle ranching. Primary natural forests have shrunk from more than 4.5 million hectares at
the turn of the century to less than 1.3 million hectares today (World Bank 2000). The current
rate of deforestation is estimated at about 16,000 hectares per year and most of this leads to
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transformation offorests to pastures and farmland. Less than 400,000 hectares of this
remaining forest lie outside of strictly protected areas and is available for production
activities.
Forest production in Costa Rica currently accounts for less than 3 percent of total agricultural
output and only 1 percent of gross domestic product. In 1995-96 the industry's exports
amounted to about $50 million and had overhauled the export earnings from livestock long
considered as the most important agricultural export. The annual revenues from forest taxes
are estimated to be between US$8-1O million 7 This forms 0.4 to 0.5 percent of total annual
revenue co1lections. 8 At the same time it is claimed that only a fraction of Costa Rica's forest
potential is being exploited and the sector offers the promise of greater export earnings,
employment, and government revenues in the future if managed properly (World Bank
2000). By removing the LEB, and assuming that the log prices rise by 67 percent and the tax
rate on logs remains unchanged, it is estimated that tax revenues will increase from
US$IO million to US$17 million, i.e., by about 70 percent.
Over and above these direct economic benefits, environmental services from forests make an
important contribution as well. For some forest types, carbon sequestration, and benefits
related to water conservation, biodiversity protection, and existence and option values are
estimated to be as much as 50-60 percent of the total economic value of the forest (Kishor
and Constantino 1994; Castro and others 1998)9 Hence, forest management needs to pay
adequate attention to the protection of these services in addition to timber extraction.

m.

ECONOMYWIDE IMPACTS OF REMOVING THE LEB

In an attempt to protect its forests and to encourage further development of a domestic timber
processing industry, Costa Rica imposed a LEB on May 7, 1986. Law 7575, passed in 1996,
extended the ban for an unspecified period of time. The ban has isolated the domestic market
from the international one. The most immediate effect of isolating the domestic market from
the international was a substantial drop in the domestic prices oflogs. It has been estimated
that the domestic prices for some varieties of logs could be as low as 30 percent of the
international market price (Stewart 1992).

7 This is a basic stumpage tax of 10 percent of stumpage value. We do not have infonnation for tax revenues
from processed products which would much increase revenue generated from forestry sector.

8 In 2000 total central government revenne collection was US$1,996.8 million, and nomina1 GDP was
US$15,885 million.
9 The total economic value of the forest consists of revenues from timber, nontimber forest products,
ecotourism, and the estimated monetization of environmental services such as those for carbon sequestration,
biodiversity protection, protection of water, and option and existence values.
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Clearly, the most important result of removing the LEB would be to once more integrate the
Costa Rican timber market with the world market. Since Costa Rica is a price-taker in the
international market for logs, domestic wood prices will rise to the level of world prices.
Figure 1 conceptualizes the effects of the removal of the LEB on the forestry sector for the
owners of resources as well as the downstream processors. 10 The corresponding changes in
producericonsumer surpluses can be quantified for the various agents in the economy. The
gains and losses are then aggregated to see if the policy change is desirable as measured by
whether it creates a net decrease or increase in the overall surplus. II

Figure 1. Gains From Removing the Log Export Ban in Costa Rica
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o
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Quantity of logs

In Figure 1, the initial domestic demand by downstream processors for rough logs is given by
Q o and the average price is P 0. 12 The long-run demand and supply curves for the "industry,"
are represented by D and S. Removal of the LEB leads to a rise in prices to the world level,
Pw Total log harvests go up to Qw, while consumption in the domestic market falls to Qo '.
Resource (log) owners gain area AP oPwC, whereas processors oflogs lose area AP oPwB

10 It is being assumed that there is an integrated processing sector which takes the sawnlogs and converts them
into final products.
11

For a succinct and non-teclmical discussion of the logic of considering only consumer surplus to evaluate the

merits of overall policy changes, see Bishop 1987.
12 This is the weighted average of the market stumpage values of the species traded in Costs Rica. The weights
used are the volumes of the various species traded. In this analysis it is assumed that the change in the mix of

species being harvested is small and does not require changing the weighing pattern.
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due to a rise in the prices of their inputs. 13 The net gain in surplus to Costa Rica attributable
to removing the LEB is given by the area of the triangle ABC. '4
A. Economywide Net Surplus as a Result of Removing the LED
In addition to the elasticity of the demand and supply curves, the area of triangle ABC will
also depend on the extent of the initial difference between the domestic and international
prices. A sector study for Costa Rica suggests that if the country is integrated into the world
timber market, domestic log prices will likely increase by 67 percent of the existing price of
$85.30 per cubic meter of logs; and could rise by as much as 135 percent for some timber
species (Stewart 1992). Table 1 reports the loss of surplus to processors, the gain of surplus
to log owners, and the net surplus accruing to the economy for different parameter
combinations. 15 The net surplus ranges from $6.4 million to $52.7 million per year. The
redistribution of surplus from log processors to log owners ranges from $36 million to $71
million.
It is clear from Table 1 that the net increase in welfare (due to a 67 percent increase in
domestic wood prices) as a result of removing the LEB, ranges from $6.4 to $23.6 million
per year. Clearly, based on this estimate, removing the LEB is a welfare improving policy
change for Costa Rica. 16

13 In the short nUl this increased surplus arises from the additional surplus accruing to the currently logged area,
and from the surplus accruing to the expansion of the extensive margin of logging. In the long run, a potential
substitution of area under pasture and fanuing to plantation forestry also contributes to an increase in the
consumer surplus.

This is the static efficiency gain, as measured by the famous "Harberger triangles." The environmental
impacts will be estimated separately.

14

There are no elasticity estimates specifically for Costa Rica. Plausible values have been taken from published
studies for other couotries (Binkley 1987, Binkley and Dykstra 1987, Constantioo 1988, Percy and Constantino
1989, Vutela 1987, and Vincent 1989).

15

There are other avenues of revenue generation for the government from lifting the log export ban which are
not explicitly shown here. A major cost associated with a log export ban is the foregone fiscal revenue. A large
part of the resonrce rent is in the form oflogging/stumpage fee that could actually be captured back by
govermnent by lifting the ban.
16
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Table I: Annual Welfare Changes from Removal of the LEB ($ million)

Demand
elasticity

Supply
elasticity

-0.25
-1.00
-0.25
-1.0

0.1
0.3
0.1
0.3

Percent price
increase

67
67
100
100

Area ABC
(net increase
in welfare)

6.4
23.6
14.2
52.7

AreaPJ'wBA
(redistributive
component)

49.8
36.1
68.9
38.5

B. Estimating the Environmental (Non-timber) Costs and Benefits
The previous section attempted to quantify the potential welfare changes as they manifest
themselves in the market. Environmental services, on the other hand, do not typically have
markets, but since removing the LEB will also impact the environment, these costs and
benefits should be quantified. There are several environmental services associated with
forested land, such as carbon sequestration, soil and water related benefits, biodiversity
conservation, etc. In this section, we take account of all these externalities as they accrue to a
typical hectare of forested land in Costa Rica.
It is first assumed that the increased timber supply is forthcoming from (additional) forested
area with sustainable management techniques. Then, under some plausible assumptions
regarding per hectare environmental costs, and an elasticity oflog supply of 0.1, the total
environmental costs due to increased harvesting are calculated at $2.2 million and
$3.3 million for the two price increase scenarios depicted in Table 217

If the increase in supply comes about through conversion ofland from annual crops and
cattle ranching to plantation forestry (as a response to the increase in profitability of the
latter) then there will be associated benefits of about $75 per hectare, primarily due to the
carbon sequestration function of plantations. I' With a supply elasticity of 0.1, and assuming
11 Wim elasticity of supply at 0.1, a 67 percent plice rise would increase log harvests by 6.7 percent At me
currenthaIVest level of 950,000 cubic meters, this works out to 63,650 cubic meters (950,000 x 0.067). Under
sustainably managed forestry, about 2 cubic meters afwood can be harvested per hectare per year. Thus,
31,825 hectares have to be put under managed forestry to provide this increase. As compared to virgin forest,
net carbon loss under managed foreslly is about $60 per year per hectare. There are other losses (biodiversity,
reduced hydrological buffering, etc,) which am01lIlt to about $10 per hectare per year. Hence the tota11oss is
about $2.2 million in this case.
18 For plantation forests there is an average annual carbon sequestration of about 5 tons per hectare. Logging
operations, on the other hand, cause a release of about 1.7 tons of carbon per hectare per year. Valuing carbon at
about $25 per ton gives a net sequestered value of $75 per hectare per year. As exp]ainedin footnote ]3, with an
elasticity of supply of 0.1, annual harvests would increase by 63,650 cubic meters. About 12.5 cobic meters of

(continued ... )
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that the entire increase comes from plantations, these benefits range from $380,000 to
$780,000 per annum. If the supply price elasticity is assumed to be 0.3, the benefits range
from $1.2 million to $1.7 million.

Table 2: Annual Economic and Environmental Costs and Benefits
to Removing a LEB ($ million)

Type of cost or benefit
1) Increase in surplus to log owners
(= loss to log consumers)
es~O.I, ed~-O.25

Scenario I

Scenario II

67 percent

100 percent

price rise

price rise

49.8
36.1

68.9
38.5

6.4
23.6

14.2
52.7

0.4
1.2

0.6
1.7

2.2
6.6

3.3
9.9

6.8
24.8
4.2
17.0

14.8
54.4
10.9
42.8

es~0.3, ed~-1.0

2) Net increase in surplus to economy
es~O.I, ed~-0.25
es~0.3, ed~-1.0

3) Environmental benefits (with new forestry plantations)
es~O.1
es~0.3

4) Enviromnental costs (with sustainably managed old-growth
forests)
es~O.1

es=O.3

5) Net social gains
a) Forest plantations (2+3)

es~O.1
es~0.3

b) Sustainably managed
old-growth forests (2-4)

es~O.1
es~0.3

.

As shown in part 5a of Table 2, if the additional wood harvests originate in plantations
environmental benefits will add to the economy's net increase in economic welfare. But even
if the additional harvests come from sustainably managed old-growth forests, there is a clear
case for the removal of the LEB since the increase in economic welfare, due to efficiency
gains, is significantly larger than the monetized value of the environmental losses. For

wood can be harvested per hectare of plantations. This implies that 5,092 hcctares of land will have to be
devoted to plantations, contributing an enviromnental surplus of$380,000.
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example, a price rise of 67 percent results in a US$6.4 million efficiency gain and a
US$2.2 million environmental cost (with the net economic gain of $4.2 million per year).
Table 2 also makes clear that environmental benefits are, at best, a small fraction of the
benefits accruing due to efficiency gains. The environmental cost of achieving the increased
supply through (sustainahle) exploitation of old-growth forests is higher (US$6.6 million),
but still not very large when contrasted with plausible efficiency gains of $23.6 million in
Scenario 1.

IV. SUMMARY AND CONCLUSIONS
Our fmdings suggest that Costa Rica could achieve significant welfare gains as a result of
reducing trade restrictions via removal of the LEB. Under a plausible scenario efficiency
gains can be more than US$14 million per annum, forming about 0.1 percent of its GDP. At
the same time, government revenues from timber taxation will increase by US$ 7 million per
annum.

If the increased timber demand, resulting from the removal of the LEB is met from
old-growth forests, the additional forest area required is about 47,500 hectares. This is less
than 4 percent of the area under natural forest cover; less than 10 percent of the area currently
under commercial exploitation; and equal to 2.5 times the area deforested annually! The
environmental costs related to increased forest exploitation under sustainable management
are about 23 percent of the efficiency gains, but become smaller if the supply elasticity of the
resource is higher.
If the increased demand for timber, resulting from the removal of the LEB were to be met
from developing new plantation forests, there would be environmental benefits arising from
carbon sequestration and water and biodiversity conservation. 19 These benefits are small
however, being less than 5 percent of the efficiency gains due to trade liberalization.
Our analysis indicates that removing the log export ban will be a welfare enhancing policy
reform for Costa Rica. The increased demand for logs may be directed to old-growth forests.
However, if adequate regulations for sustainable management can he implemented, this is not
likely to cause excessive pressures for deforestation.
On the other hand, if the increased demand can be met from the development of new forest
plantations the country will tend to gain environmental benefits. Thus, a policy reform
package of removing the log export ban, and simultaneous development offorest plantations
is likely to lead to "win-win" outcomes where the country gains both in terms of the
efficiency of resource use and in terms of environmental sustainability.

19

Including both local benefits to Costa Rica as well as global benefits to rest of the world.
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