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After being historically concentrated in the tengierregions of the Norththe conversion process
is now focused on the most diverse and productossystems of the planet, the tropical forests.
Despite its 1.3 billion hectarksepresenting only c. 8.6% of Earth’s terrestriaiface, tropical
forests produce 31,6% of annual land RIP&hd hold between half and two thirds of all liyin
species of the plarfet

It is estimated that between B/&nd 15.8! million hectares of tropical forests are converedry
year. Resulting greenhouse gas emissions amourded8t25% of global anthropogenic
emission&®, making tropical deforestation the second largesirce of emissions, closely behind
Energy (24%) and well ahead of Transport (14%)laddstry (14%°.

The conversion of natural environments is the naaining force behind the explosive growth in
extinctions rate’d, presently between a hundred and a thousand tiigker than natural rates, with
a further tenfold increase expected in the near&itRecent field observatiolsappear to support
these catastrophic scenarios.

Not surprisingly, the conversion process is considethe largest negative impact factor in the
provision of ecosystem services, the purely antbeeptric concept encompassing the benefits
nature provides to mankiffd Yet, despite strong international pressure anersé and diverse
attempts made by their host countries in recentsyee rate of conversion of tropical forests
remains staggeringly high.

The impact of the projected massive loss of Earthisdiversity has been more completely
understood in the recent past, when the main sgmi€e of biodiversity changed from the potential
value of individual species to their role in the im@nance of ecosystem functioning and,
consequently, in the provision of ecosystem sesvice

There is an ample debate in the literature conngrthie “causes” of tropical deforestation. These
are normally divided into proximate (or direct) amaderlying causes. There is currently a general
agreement that conversion to agriculture is thennd@iect cause (with conversion to pasture and
unsustainable timber extraction being regionallypamant in Latin America and SE Asia,
respectively) (Geist & Lambin, 2002).

Among the underlying causes there is less agreemeade, for instance, has long been regarded as
an important deforestation driver, but recent rese&as contested this view (Lopez & Galinato,
2003). It seems likely that trade does lead to tgreerop specialization, as predicted in theory
(Polasky et al., 2004) and confirmed by empirida¢arvations (Vadez et al., 2004). On the other
hand, there is also a potential positive effectrafle in lowering corruption rates (Barbier et al.,
2005), which in turn leads to smaller rates of deftation and, consequently, of biodiversity loss.

The role of property rights is also an unsettleslés Standard economic theory predicts that
resource depletion will decrease when we move feomopen access regime to one in which
property rights are assigned to individuals (pevatroperty) or to a community (commons).
Although ill-defined property rights are commonlyssaciated with greater deforestation
(particularly in SE Asia) (Geist & Lambin, 2002hetly seem to have ambiguous effects on forest
cover (Geist & Lambin, 2002) and is not clear ikigaing property rights does in fact reduce
resource depletion (Perrings, 1995).

What is far from ambiguous, however, is that ecoiednctentives are the main underlying cause of
tropical deforestation and the consequent biodityert®®ss. The demand (both national and
international) for agriculture and timber produatsupled with classical market failures are “the
prominent underlying forces of tropical deforestati(Geist & Lambin, 2002).



This paper investigates how the distribution ofdbrersity’s benefits across different stakeholders
on different scales has a fundamental role in taesiptence of tropical deforestation and the
consequent biodiversity loss. An initial systemaitnalysis of case studies available in the liteeatu
identifies some interesting patterns and suggestscaive role for one of the classical failures of
economic systems. Following, a novel approach adpid the conversion process in the Brazilian
Amazon aims to test this hypothesis. Even if softhe quantitative results should be regarded
cautiously, this approach offers important insigirid applications for both research and policy.

Its strong qualitative conclusions suggest thatdfare interested in safeguarding what these forest
represent for our own wellbeing, it will be necegsa cooperate internationally. If implemented,

such cooperation would be much cheaper, straightiar and beneficial than recent international
initiatives such as the Kyoto protocol. Far fromngecompetitive, however, both approaches are
complementary and strongly synergistic.

The value of Biodiversity

The first question that has to be answered is at whom ?”. The answer is related to the
distinction between intrinsic and instrumental ealln a biocentric approach, other species have a
value of their own, regardless of any direct orirect benefit they provide to mankind. The
anthropocentric approach, on the other hand conglidé their value is exclusively related to their
impact (direct or indirect) on human utility. Tradter approach will be adopted on this study.

The traditional anthropocentric approach, dominanttl the last decades of the 20th century (and
still largely adopted both in the scientific andnrsrientific literature) consider that the benefits
other species provide to mankind arise from thadividual value. These benefits range from the
potential value to pharmacological and biochemaggdlications to the individual existence value of
each species.

In the last decade of the 2@entury, however, “the ideas related to the edesyservices moved

to the mainstream of ecological research” (Moonekréch, 1997). These services can be defined
as “the conditions and process through which therahecosystems, and the species that make
them up, sustain and fulfill human life” (Daily, 98). In the study of biodiversity, “while the major
part of the debate about the meaning of biodiwetsis in centered in the genetic information lost
with the extinction of species, the most recenéaesh changed the focus from the characteristic of
individual organisms to the functioning of the nok organisms in ecosystems” (Holling et al.,
1994). As a consequence, “the ‘cure for cancer’ ieg$aced by the role of the mix of species and
communities in maintaining the resiliency of ecasyss” (Perrings, 1995).

In fact both approaches are not mutually excludivehis study, the individual value of the species
will be accessed, both as option and existenceevdln the other hand, in general, a greater
biodiversity increases the productivity of an eateyn (Tilman, 1997), has a central role in the
continuity of the ecosystem cycle (Odum, 1986), riowp its regeneration capabilities (Norberg,

1999) and its resiliency to external shocks (Pgsiril995). Therefore, the major significance of
biodiversity for mankind comes from its importarioeecosystem functioning and, consequently, to
the provision of its services. Biodiversity alsosha direct impact in the magnitude of some
services, as shown by its impact on the carbonesgation service of tropical foresSts

It is important to keep in mind that these “sersicare an arbitrary disaggregation aimed at
facilitating some analysis. Some studies and pegi@nalysis that focus on individual services tend
to overlook the interaction between different sesgi and the fundamental dependence that they
have on the ecosystem itself. To reduce thesertigsis, the present study will have as its base



variable of analysis the area of the ecosystemwalhtry to capture the impact its reduction has on
the services the ecosystem provides.

The Biased Trade-off

As converting an ecosystem has, on the one hasdynificant negative impact on the services
supplied by it to humanity, while on the other hahdncreases the production of alternative
valuable goods, there is a clear trade off in th@ae of conserving or converting a given area. The
main characteristic of this trade off is that istsongly biased in favor of the option for convens
There is ample literature showing how our growing &till limited knowledge of the workings of
environmental systems, in conjunction with well-lmofailures in the economic system that are
especially evident in this context, create a strbiag against the conservation option for a given
natural environmerit

An important portion of this bias derives from tfect that while the benefits provided by
converting a given natural environment to alteneatuses are well known, observable and
measurable, the benefits provided by conservingetronment in its original form are still
imperfectly understood and their measurement exdhgcomplicated due to the slight and flawed
insertion of these benefits into the economic systEven when they are adequately identified,
environmental services are usually measured eithghysical units (such as volumes of regulated
atmospheric gasses) or in more abstract units (sscltultural values), which are normally
undervalued in comparison with the immediately obesele monetary values of the benefits of
conversion.

The valuation process is an important tool in até¢img the bias mentioned above, although still
subject to important and much debated limitatlonts objective here is to make an adequate
identification of the total economic value of thatural environment in question, leading to a less
flawed comparison between the benefits of a naemaironment and alternative land-uses.

Analysis of case-studies

As converting an ecosystem has, on the one hasgynificant negative impact on the services

supplied by it to humanity, while on the other hahdncreases the production of alternative

valuable goods, there is a clear trade off in th@ae of conserving or converting a given area. The
academic literature is rich in works that applyuaion methods to estimate the diverse benefits
provided by natural systems and their componentschMess frequent, however, are works that
make comparisons between the benefits of conservatid those of conversion to alternative uses.
After a review of the literature, 14 works wereest¢d that compare, directly or indirectly, the

benefits of these two alternatives (Table 1).

From a systematic analysis of these works, two mamd observations can be made. The first is
that in most cases — in eleven of the fourteen werkhe conservation option presents superior
benefits than the conversion to alternative usés. thiree work$?>* that do not reach the same
conclusion analyze ecosystem benefits only of allobaracter, and, as explicitly noted in one of
thenf?, the inclusion of benefits on other scales woulzbpbly reverse the conclusion.

@ Pearce (1991), Barbier et al. (1994), Pearce (19#ner et al. (1994), Hempel (1996), JakobsswhRragun
(1996), Manson (1996), OECD (1996), Swanson (1986anson (1997) and Fearnside (2000) and.
® See, for example, Costanza and Folke (1997), R&88), Daily et al. (2000), Turner (2000)and Fardteal. (2002).



Table 1 — Analysis of case studies

Brazil'® Trop. Forest Agric/Cattle o Gioh. value > $ Conversion
+ Timber
4 Agriculture .
Perd Trop. Forest [ $ Conversion > EcNat. Value

Cameroof®  [Trop. Forest |Agriculture [Ecos. Glob. Value > $ Conversion > Ecos. Nat. Value

Malaysid®  [Trop. Forest [Timber Ecos. Glob. Value > $ ConversierEcos. Nat. Value

Brazil'’ Trop. Forest [Cattle Ecos. Glob. Value > $ Conversion > Ecos. Nat. Value

Brazil'® Trop. Forest |Average Ecos. Glob. Value > $ Conversion > Ecos. Nat. Value

Madagascdf [Trop. Forest Tlm'ber “Ecos. Glob. Value > $ Conversion > Ecos. Nat. Value
Agriculture

Sri Lank&”  [Trop. Forest Timber 4 $ Conversion > EcNat. Value
Agriculture

Kenya* Savanna Average $ Conversion > EcNat. Value

Thailand®  |Mangrove  [Shrimp Farm $ Conversion < EcNat. Value

United . .

Kingdon?® Temp. Forest [Timber $ Conversion < EcNat. Value

o4 Mixed . ]
Australig (Kakadu) Mining $ Conversion < EcNat. Value
Canad® Temp. Agriculture $ Conversion < EcNat. Value
Wetlands '
Scandinavi¥ [Boreal Forest |Agriculture $ Conversion < EcNat. Value

The second conclusion is reached with the intradnoof the different spatial dimensions of the

ecosystem services in the analysis. While somecg=nhave a local or regional character, other
services have a global dimension. Dissociation eladsification of benefits for each service

according to its spatial character demonstratesghlyhrelevant pattern for understanding the

behaviour of the conversion process. On the onel hians observed that in all four works that

analyze natural environments in high-income coesdtf?® conservation shows superior benefits,

even when only benefits of services of a localatiamal character are considered.

On the other hand, of the nine studies that anatgt®nal or local ecosystem benefits in medium
or low income countri¢§?? only the study related to mangrove ecosystémeaches a similar
conclusion. Of the other eight, one is not coneieish this respett and the other seven reach
exactly the opposite conclusion, that is, thatriagonal benefits of the natural area are infetor
the benefits of conversion to alternative uses. Wthe global benefits are included in the analysis,
however, the balance always tilts towards consenvat

This second observation demonstrates the fundaimeahaplayed by a well-known failure of the
economic system — thatéxternality. An externality is the consequence (positive oratieg) that

an action performed by a group of stakeholdersomagnother group that does not take part in the
decision process. Its occurrence in this casel@&edd on the one hand, to the different spatial
dimensions of the services provided by the natemlironments, and on the other, to the
organization of the global geopolitical system mvereign and independent nation states. The
consequence of these two factors together is thppbron of the benefits provided by the
ecosystems is appropriated by individuals in ottmuntries that do not participate in the internal
decision-making process of the countries that dwerrésources.



A key market-failure

The role of the externality can be better undexbtoo Figure 1. The lower (or leftmost) curve
represents the marginal benefits provided by therabarea to the owner of the land. When we add
the local or regional benefits provided by the redtarea to the citizens of the country (the nation
externality), the second curve is formed. Finalhg inclusion of the benefits that affects everyone
on Earth (the international externality) leadshe higher (or rightmost) curve.

Figure 1
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As the remaining natural area diminishes (i.e. wiwvermove to the left along the horizontal axis),
its marginal benefits grows — and grows faster.sTéxpected shape, widely published in the
literaturé”, derives from two fundamental causes. First, bastnomic principles, such as the
law of diminishing marginal utility indicate thanii values of the goods or services rise as their
available quantity diminishé5®*: Second, ecological principles, such as the exist®f thresholds
and the resulting discontinuities indicate a ris¢hie possibility of rupture in the ecological gyst

as larger portions of the area are converted, quuttie stability and resiliency of the system at
risk’®3% Thus, it is expected that the curve representing marginal unit value of the
environmental benefits becomes less elastic (nmmlened) as conversion progresses.

An optimum or equilibrium point occurs when mardibanefits equate marginal costs, the latter
here composed of management and, mainly, oppoytwusts (i.e. the forgone benefits of
conversion to alternative activities). The preserafe externalities leads to three different
equilibrium points. As can be seen, more land shdé conserved from a global standpoint
(Qglob) than from a national one (Qnat).

The presence of the international externality i$ r@evant in this context when the national
benefits of the natural area — the ones that arsh@uld be) considered by the decision makers —
are by themselves higher than the marginal costoagerving it. Graphically, it means that the
present “quantity” of the natural area under analigsto the left of the point Qnat. In this cases
optimal decision from the national point of viewtessconserve the area. From the analysis of case
studies, this is what happens today in higher ireopuntries.

The opposite occurs, however, in lower-income caoesitIn these countries the national benefits of
the natural area are lower than the costs of comggit. It is only with the introduction of the



portion of the benefits appropriated by the inhadiis of other countries — the international
externality — that the balance tilts towards covesgon. Graphically, the present “quantity” of the
natural area under analysis is between points whQglob.

This analysis goes along very well with the spatigporal behaviour of the conversion process.
Developing countries are marching to the left am ltlorizontal axis, towards Qnat, at a rate of 8.1-
15.2 million hectares per yédr This behaviour is coherent with the conclusioat timeir present
“Q” is to the right of Qnat.

Many developed countries, on the other hand, afteving to the left for centuries, are now
actually marching to the right, expanding theirefsircover”. This expansion could be understood
as a result of two main forces: First, having redtutheir natural areas up to a point near the riva
optimum (Qpv) in the past (ignoring national extdities when state concern with the environment
was low or non-existent), they are now being cotelliby state intervention towards Qnat. Second,
as their income grew, their demand curves for emvirental benefits moved to the right, leading to
equilibrium points with higher portions of consesvand.

This analysis allowed the detection of the fundalemle that the international externality has in
the persistence of the conversion of natural enwivents in lower income countries. As no
mechanism exists today to allow these countrigsdeive part of the external benefits generated by
their natural environments, they follow the “natoptimum” path previously taken by their richer
counterparts and head towards Qnat.

The Dynamic Marginal Analysis

The studies analyzed above have a static natueevalues they present correspond to a “picture”
of the conversion process at the moment the studezs made. They allowed establishing the
present position of each group of countries in ti@hato the equilibrium points. A better
comprehension of the essence of the problem, hawewae be achieved by looking at the “full
movie” — a dynamic analysis.

The analysis that follows is an attempt to apply theoretical approach behind Figure 1 to the
conversion process in the Brazilian Amazon. Theyaawill focus on the 84% or the original
forest that still existed in 2002, approximatel\63aillion hectare¥. Since the late 1970s these are
converted at a historical rate of 2 million“hgr* B*, although a recent and still controversial
study’® suggested that using remote sensing to identlctee logging would double this figure.
Cattle ranching is still the dominant alternativee’t although cropland (particularly soybean)
conversion is on the ride

Among the many obstacles encountered, one wasrkthdamost relevant: although the literature
suggests that the benefits of the natural envirorisngave the general dynamic behaviour described
in the previous section, the specific (quantitativehaviour remains unknown. Several economic
and ecological concepts and tools were combineavewcome this and other obstacles. In some
cases the results seem fairly robust, while in rathke estimations are more sensitive to some
arbitrary assumptions adopted.

Nonetheless, even taking some of the specific gadime estimations with reserves, the dynamic
approach adopted offers solid qualitative conchsjoidentify a few points invisible to static

studies, raises potential research applicatioriewal a clearer view of the role played by the
externality and offers insights on how to counter&ac

In order to offer useful insights to policymakinte values used in cost-benefit analyses should
ideally be of amarginal naturé®. In the present context, this means estimatingviiige of the



benefits that are lost with the conversion of th&trhectare of forest and the costs of conserting i
Due to the commonly used valuation methods andifferent scales of analysis, however, the
values normally found in the literature are clo®eeithermaximumor averagevalues. This subtle
but important difference will also be addressetheanalysis.

An attempt was made to analyze the forest's TotalinBmic Value as completely as possible,
based both on original calculations and on thdnreat of estimates available in the literature.sThi
resulted in the analysis of 12 different kinds ehéfits provided by the forest, compared with an
average of 4 analyzed in the case studies discyssetusly. It is important to note that despite
being a common practice in the literature, analyzime benefits provided by ecosystems through
individual “services” is a simplification that temdo ignore important feedbac¢ksaand complex
relationg®*°between the different ecosystem components, stesand services.

Some of these services were directly estimatedevdihers were obtained from the conversion of
average values found in the literature. Some ofs#rgices commonly listed in ecosystem services
framework$®** do not directly affect human well-being, and skiobé considered as prerequisites
for other services that have a more direct imgd&A (2005) classifies these services as “support
services”. Among them are the services of soil fatiom and nutrient cycling. Although the
decomposition processes that lead to the formatibrsoil in a tropical forest are certainly
indispensable for the forest to provide other smwj such as climate regulation, to assign those
services a separate value would be double-counting.

All values were indexed to 2002 US$ using the CoresuPrice Index (Bureau of Labor Statistics:
http://stats.bls.gov/cpihome.htm). Values estimatedther countries were converted to Brazilian
values (although still measured in 2002 US$) ushrgrelation between PPP-adjusted per capita
income of both countries.

The services were grouped in four categories cporeding to each of the TEV categories. The
adoption of different approaches to analyze eadhgoay has proven to be a key measure to
overcome some of the pitfalls encountered.

Direct Use Values

These are benefits generated at present by naysééms through mankind’s production and
consumption activities. They are, therefore, theelfits most subject to market characteristics. The
three services included in this grol@ve relatively well-developed markets. These areices for
which there is a limited demand, which is disputeth by other suppliers of the same goods and
services and by other substitute goods and servidassequently, the demand curve for them is
relatively elastic.

In general, studies that estimate direct use vahlesy a similar process: First an attempt is made
to identify the quantity of each good or servicattban be produced in a sustainable manner within
a generic unit (usually a hectare) of the ecosystewter analysis. Then, the quantity found is
multiplied by the market profit of each one of thggoducts. The values found from this method,
however, are in essence maximum unit values, ntyreahsiderably distinct from marginal unit
values.

Take the case of forest timber products, for examphe most recent valuation studies of the
Brazilian Amazor®*® use a value of US$ 33 har as a reference of the benefits obtained from
sustainable timber exploitation of one hectare wfa&on forest. Although it is perfectly acceptable
to affirm that in one hectare of generic forest guantity of wood to be produced sustainably can



yield the annual return referred to, the use of Hailue as the marginal benefit of this activityhe
Amazon forest is not correct.

This is due to the fact that all sustainable timfmer which there is a potential market can be
produced in an area approximately equal to 10%efpresent area of the forest. Therefore, at the
present stage, the next deforested hectare doetimintish the total benefit that could be obtained
from commercial exploitation of sustainable timb&wonsequently, at the present stage, the
marginal value of conservation related to timbepleitation is zero. Only when the remaining area
is equal to the area necessary to meet the pdtdetiaand does deforestation of one hectare result
in losses from this activity. The same rationale ba applied to the other benefits corresponding to
Direct Use Value.

1.1 Timber Products

Two of the most recent studies reviewed that amaly®e benefits of the Brazilian Amazon,
Andersen et al. (200%)and Seroa da Motta (2005)ise the value of US$ 33 per year per hectare
obtained from Almeida and Uhl (1995)

According to Almeida and Uhl (199%) the volume of timber removed from each hectart@én30-
year sustainable cycle is equal to 38 mhat is, approximately 1.25°nper year. Nepstad et al.
(1999¥° on the basis of interviews with loggers in theaapresent three different estimates for the
volume of timber removed from one hectare of Améaoifthe lower estimate is 19°nfor the
entire cycle (or 0.63 frper year), the medium estimate is 28for the cycle (or 0.93 frper year)
and the highest estimate is 40ior the cycle (or 1.33 frper year).

Asner et al. (20055 presented estimates for the years 2000, 2001 @0@ & respectively 26.6 In
21.7n% and 21.4 mper hectare. According to data from IBAMA cited lbgntini et al. (2005}, the
average volume authorized by IBAMA in 2004 in therdst Management Plans was 27 3par
hectare for the 30-year cycle. This volume is aisailar to the average intensity of exploitation on
the Small-scale and Community Forest ManagememisRiathorized by IBAMA, equal to 0.Sm
per hectare per year (Lentini et al., 2685)

The average between Nepstad et al. (1)98edium estimate (28m3), Asner et al. (260&)ean
(23,2m3) and IBAMA’s FMP authorized volume (27,3m&)qual to 26m3 for the 30-year cycle,
or 0,87m3 per year, and will be used in this esém&xtrapolating for the entire area under
analysis, this estimate corresponds to sustainablguction of 293 million cubic meters of timber
per year.

According to IBGE (20087, in 2005 the total amount of timber extracted frplanted forests in
the Northern Region of Brazil was 4,2 million cubiieeters and the amount of timber in logs
“collected” from the forest in the Northern Regiovas 12,7 million cubic meters. The total
production was thus approximately equal to 17 omllcubic meters. According to Lentini et al.
(2005¥“ timber production in logs in the Amazon region2@04 was approximately 25 million
cubic meters. Once again, the conservative charattee analysis leads us to use this later figure
in this estimate.

Therefore, the annual sustainable yield that wdaddpossible in the region is more than eleven
times greater than the current annual productiotindber from Amazonia. Thus, an extrapolation

for the entire area under analysis of the monetalyes found in the examination of one hectare is
shown to be a strong misrepresentation of reality.



The area necessary for production of all the timibewhich there is a market is much smaller than
the area of the present forest. Therefore, at theemt stage, conversion of the forest does not
diminish the total benefit obtained from commera@aploitation of timber. Consequently, at the
present stage, the marginal value per hectareussl égj zero.

When conversion progresses up to the point whereetmaining area is equal to the area necessary
to produce the timber for which there is a potémtiarket, each hectare removed would represent a
loss equal to the profit that could be realizedrfrexploitation of the timber produced on that
hectare. The marginal value will then be constadtequal to this profit

Although IBGE (2006Y foresees that timber production from Amazonia féll in the next few
years, it will be assumed here that the consematdlume of 25 million cubic meters chosen will
be maintained. A further conservative assumptiamthe sense that it increases the area that would
not be converted from the national point of viewif be adopted. The performance of Brazil in
the international tropical timber market is veryakeBrazil is not among the five main exporters. It
is foreseen, however, that the main exporter, Madaywill lose market share with the exhaustion
of its extraction areas. It is here assumed tharziBwill occupy its position, exporting around 5.5
million cubic meters of timber per year (World Ba0005°. Thus adding the 5.5 million de cubic
meters from this new market to the value found2@®4, the total size of a potential annual market
for Amazonian timber would be equal to 30 milliawbic meters.

Applying to this potential market an average intignsf 26nt for the 30-year cycle, or 0.87°mer
year, we have the area necessary for sustainaémyj to meet the production desired, that is 34.5
million hectares.

The annual value of US$ 33 har?, found by Almeida and Uhl (1998)— chosen for the strict
methodology and for having been carried out in Bieaz Amazonia — will represent the marginal
benefit of conservation of each hectare below tfea &stimated above. Thus the equation that
represents the behaviour of the marginal unitanebts from this service is:

y =33| x[ (134.000000
Eq. 1.1 y = 0| xUJ (34.000001336.000.000

It is assumed that the profit from exploitation e timber will be appropriated by national
producers and therefore the values estimated wilidded to the national portion of the benefits of
conservation.

1.2 Non-timber Forest products

This refers to non-timber products that can beiatikd sustainably, such as latex, resins and oll
seeds, as well as several types of food. In opgpodit the case of timber, there is not enough data
available to compare the potential and actual ntafte NTFPs in physical units. Therefore
monetary values will be used for this comparisohatcan lead to distorted results. As expressed
in the limitations sections, however, this distmmtiwould only begin to have an impact on the
analysis carried in this article if the correct miom area were ten times greater then the one
estimated below. Given the conservative assumptaiopted here, this is very unlikely to be the
case.

¢ The legal international market for tropical timlie highly competitive, with suppliers subjectimbernational

equilibrium prices.



According to IBGE (2006F, the NTFPs production in the nine states that amepthe “Legal
Amazon” amounted to US$ 149 million in 2005. It sltbbe noted that this area is larger than the
area under analysis and therefore the potentigkenhavill be a conservative super estimation. For
instance, 99% of babacu production (or 34% of tdaFPs value) comes from the state of
Maranhao and from transitional ecosystems diffehemh the evergreen broadleaf forest that is the
focus of this study.

Table 1.2 summarizes the estimates of the potesustainable production of NTFPs in one hectare
of a tropical forest. As can be seen, the valueg widely, ranging from US$ 11,51 to US$ 1032.
As Peters et al. (1989)estimate is more than two times greater than ¢lcersd largest estimate
found and have been considered an outlier b&foitewill not be included in the analysis. The
average of the other 9 estimates is US$ 135.91b&®n the conservative side and to avoid
temporal and spatial benefit transfer problems(bicol econ), the value presented by Shone and
Cavaglia-Harris (20055 will be chosen to reflect the potential econongturns of sustainable
NTFPs produced in one hectare. As a further coasiges assumption, instead of using their
estimate for potential production (that includedhbgoods consumed by the families and sold to the
market), it will be used the value referring to tharketed fraction only, or US$ 16.94 ha-1 y-1.
Note that this value is one-eighth the averagdeftudies found.

Table 1.2 - NTFPs

Original GNP per capita

Study Country Value adjusted (2002 US$)
Peters et al. (1989) Peru 422 636.75 924.16
Anderson et al. (1993 Brazil 59 59.00 77.94
Pinedo-Vasquez et al. (1992) Peru 23 34.70 44.49
Chopra (1993) India 98 285.95 356.10
Godoy et al. (1993) Mexico 116 97.50 121.42
Godoy et al. (1993) Peru 20 30.18 37.58
Grimes et al. (1994) Ecuador 105 215.69 261.76
Kumari (1994)° Malaysia 11 9.07 10.71
Batogoda et al (2000) Srilanka | 186 396.81 414.64
Shone and cavaglia-harris (2005) | Brazil 34.43 34.43 34.43
Mean (without Peters et al., 1989) 135.91
Value Used 16.94

Multiplying this conservative potential market puation by the area under analysis, yields a
conservative potential production of US$ 5.7 bilko per year. Even this conservative
underestimation of the potential production, howev® approximately 38 times the conservative
super estimation of the market currently existemtNTFPs from the Amazon region. Therefore,
similarly with the timber case, it can be infertedt the next deforested hectare will not reduee th
total benefits from the NTFPs and so the currengmal value of this activity is still zero.

The marginal value will become positive when thevasion process reaches the minimum area
necessary for the production of all NTFPs for whtblere is a potential market. Dividing the
existent market (US$ 149 million’y by the potential monetary returns of one hectai®$ 16.94
ha' y1), this minimum area is conservatively estimated.&tmillion hectares.

Formally:

y =16.94|x0 (18800000
Eq. 12 y = 0| xJ(880000133600000)



As in the case of timber products, these valuekbeiladded to the national portion of the benefits

of conservation.

1.3 Recreation

The benefits generated by recreational activitiethe ecosystem under analysis are related to the
tourism practiced in the region. The values foundhe literature for recreational activities in
tropical environments are listed in Table 1.3.

Table 1.3 — Recreation

Original GNP per capita
Study Country Value adjusted (2002 US$)
Tobias and Mendelsohn 1991 Costa Rica | 52 44.27 58.49
Edwards (199%§ Ecuador 55 112.98 149.25
Ruitenbeek (19923 Cameroon | 5 17.28 22.16
Andersen et al (2002) Brazil 1.6 1.60 1.60
Seroa da Motta (2005) Brazil 9 9.00 9.00

The values listed above were obtained through samylar methods, which consisted basically in
measuring or estimating a total value for the miamkethe tourism sector in a given region and
dividing it by the area of that region.

As was observed by Seroa da Motta (2653ue to the dimensions of the still preservechasée
Amazonia, it is plausible to suppose that the pakfor [recreational] activities can be assured,
even with a quantity of forest lower than that euatty existing”. Thus, it can be assumed that the
dynamic behaviour of the marginal benefits of teervice would be similar to the services
previously analyzed. It would thus be equal to zZarthe present stage and become positive when
the minimum area in which the maximum potential l[pectare can still be exploited is reached.

The first three studies listed analyse smalleromati reserves or parks in other countries in which
there is a relatively well-developed ecotourism@e@nd which could be considered an estimate of
the maximum potential per hectareThe average among them is US$ 76.63 and wilidesl to
represent this maximum potential.

The last two studies seek to estimate the maximoienpial for tourism in Amazonia. While
Andersen et al. (200®)stipulate a value of US$ 800 million per year,ddeda Motta (2005}
assigns to Amazonia a potential per hectare egudlat found today in the region of the Pantanal,
where the tourism industry is much more developddltiplying this value by the area of
Amazonia, we find a potential market equal to US¥dillion. The average of the two markets is
therefore approximately equal to US$ 2 billion arye

Dividing this market potential by the maximum pdtah benefit estimated above, we have a
minimum area of 26 million hectares — or approxehaf7.7% of the present area of Amazonia.
Considering that below this area greater conceatratof tourist activity would cause “crowding”

and a consequent loss of “the wild experienceiilitbe considered that the marginal benefit from

d The first three studies focus, respectively,tmn Monteverde Cloud Forest reserve in Costa Ricdhe

Galapagos National Park in Ecuador and on the KBatjpnal Park in Cameroon.



this point on would be equal to the US$ 76.63" ha' estimated previously. Its formal
representation is therefore:

y = 7663| x 0 (126000000
Ed. 1.3] y = 0] x0(260000083600000p

Even considering that the recreation values fronrisen are in part appropriated by foreign
companies and in part appropriated by national @omgs, in the dynamic costs-benefit analysis of
the conversion process, the value above will besenmtively related exclusively to the national
component.

Indirect Use Value

These are the benefits provided by the ecosysteneyt and which do not depend on human
activity. The main difference from direct use seed is that indirect use services do not depend on
markets and are always fully absorbed by humariibere is no such thing as excessiater
regulationor too mucherosion contral This does not mean, however, that there are bstituies

for these services or ways to compensate a fateir provision. The difference is that generally
these substitutes are imperfect, expensive andelinnormally allowing compensation only for
relatively small variations on the provision of theginal service. That is another reason why the
marginal demand curve of this services is initigdlys inclined, becoming steeper as the conversion
progress (as shown in Figure 1).

As will become clear, the studies found in theréitare concerning 5 of the 6 indirect use benefits
(the exception being climate regulation) usualliineste average values. To carry out the analysis
proposed for this paper, however, it is necessanysemarginal values. It was thus necessary to
convert the average values into marginal ones.

Of all the works reviewed that show similar curves)y oné® proposes a specific function to
describe the behaviour of ecosystem benefits oler progress of conversion. The proposed
function, the rectangular hyperbolic, is used Hereepresent the dynamic behaviour of IUVs. As
well as having a behaviour similar to that shownFigure 1, this function has an interesting
application here. As detailed in Appendix A, itoals the average and total values found in the
literature to be converted into marginal valuestigh the formula:

MgV = AvV / In(x)
wherex is the area of the ecosystem under analysis.

It is important to point out that the choice of ttextangular hyperbolic function is arbitrary and
therefore the marginal values obtained througtaugd be approached with caution. However, in
addition to respecting the ecological and econopriaciples cited, it will be shown that this
function generates results that are compatible thighstudies of comparative valuation previously
analyzed and with other related studies.

2.1 Climate Regulation

The measurement of the global climate regulatiovise provided by tropical forests is much
facilitated, if compared with the other indirectnieéits, by the widespread attention given to the
climatic question that resulted in a large volunieresearch associated to the theme and in the
creation of carbon markets.



The estimation of the benefits from this servicecsnposed of five stages. In the first, it is

necessary to estimate the quantity of carbon pteseane hectare of a tropical forest such as
Amazonia. In the second, to estimate the fractiocaobon that is emitted to the atmosphere when
the forest in converted to other uses. The thigp stonsists of including the effect of other

greenhouse-gas emitted in the process. Then theatstl emissions per hectare are multiplied by
the monetary value corresponding to non-emissioanef tonne of carbon. Finally, as the product
obtained is a present value, a discount rate iBeapf obtain annual values.

Estimates for the carbon contained in one hectheetwpical forest vary widely (Houghton et al,

2001%°. The value used here is the average of the catbnsity used in six studies focused on the
Brazilian Amazon, listed in the first column of Tal2.1, equal to 190 MgC ha-1. In order to keep
the estimate on the conservative side, the relgfasarbon from soil during the conversion (varying
between 3,92 MgC ha®f!, 16Mg ha-1® and 24 MgC half® will not be added to this estimate.

The next step is to consider the fraction of carthhan is in fact released to the atmosphere when th
forest is converted to alternative uses. Two d#if¢rapproaches are used in the literature. Fea&nsid
(1997F" makes a very detailed account of the carbon reteas the 10 years following the
conversion of a hectare of forest to an “equilibrilandscape”, containing 4% of farmland, 43,8%
of productive pasture, 5,2% of degraded pastuf®of secondary forest derived from farmland
and 44,9% of secondary forest derived from pastdeesconcludes that this equilibrium landscape
would hold 6% of the original carbon biomass. Frtme remaining 94%, approximately 42%
would be released through three sequential burnig$% would be released through decay and
2,4% would become trapped as charcoal. Therefooe) the initial carbon content in the forest,
approximately 91,7% would be released to the atimargp

Achard et al. (2004Y do not focus on the conversion to alternative uges following the
bookkeeping model by Houghton et al. (2060present two estimates for the fractions of carbon
emitted over time in the process of the deforastath “best estimate” of 28% {Year), 69% (10
years) and 92% (25 years) and a high estimate @f @#st year), 94% (10 years) and 97% (25
years).

The present estimate will consider that the alt&raause will hold Fearnside’s estimate of 6% of
the original carbon, or 11,4 MgC. To estimate howch of the remaining 178,6 MgC will be
released, it will be applied to it the average leetw Achard “best estimate” for the 25 years time
horizon (still conservative if compared to IPCC®&0lyears time horizon), or 92%, and Fearnside’s
97,6%. The resulting estimate is that 94,8% of1th8,6 MgC, or 169.3MgC (equivalent to 89.1%
of the original carbon content)will be releasedhe atmosphere when one hectare of the forest is
converted. These 169.3MgC correspond to 620.8 MgCO2

Carbon Dioxide, however, is not the only greenhegese emitted in the conversion process.
Smaller fractions of Methane (CH4) and Nitrous @xi{idN20) are also emitted. As their global
warming potential is much higher then that of CQ2 for NH4 and 310 for N20O), however, they
have a significant impact in the total emissionsarside and Laurance (2064)based on
Fearnside (20003, suggest that the estimate by Achard (20@2puld be multiplied by 1,158 to
account for these two greenhouse gas effects. dime svill be done here, resulting in a corrected
per hectare emission of 718.9 MgCO2 equivalent.

Due to the different methodologies involved, estasan the literature of the monetary value of an
avoided tonne of CO2 vary widely. Usually, highestimates look at the potential damage one
extra tonne of CO2 would cause, and lowest estsnktek at the mitigation costs. The mean

between the 12 values presented in the third colaftable 4 is US$ 7.7 per CO2 tonne.

According to Stern (2008) the price of allowances in the European Union $&ibhs Trading



Scheme, the world’s largest greenhouse gas emsssianket, has been in the range of €10 to €25
(US$ 13.3 to US$ 33.3) per tonne of CO2 for moghefperiod since it began operating in January
2005. By the end of 2006, however, prices for emissllowances in the first phase (2006-07)
declined sharply, reachir¢8.50 (US$ 11.11) in the end of NovemHBePrices for the second phase
Emissions allowances for the second trading pef2@®8-12), remained higher, traded at around
€17 (US$ 22.22).

As the values above do not foresee the use of etfiion avoided as an activity that generates
carbon credits, and as this activity would haveoas@erable weight in this market and could,
therefore, negatively impact the market price, dption is again for a conservative value. The
718.6 MgCO2 estimated above will be valued at Ug&itonne of CO2.

As the consequent US$ 718.6 per hectare is a paymade for the perpetual immobilization of
that carbon, it is a present value. To be compatibth the other values used in this study, it toas
be annualized. Applying an annual rate of 6%, slighlow the average found in the literature,
yields the final value of US$ 43.13 ha-1 y-1.

Differently from the other indirect use servicastlis case the value has already a marginal nature
as it corresponds to the benefits of the non-eoms&f (or to the damage of emitting) the
greenhouse gas from the next deforested hectare.

To simulate the behaviour of this value as the ieimg area of the forest diminishes, it will be
used the rectangular hyperbolic function describadier. Although for the last few hectares this
function projects a very sharp increase in the esldor most of the area (and for all the area
relevant to this study) this choice is also a corstéeve one. Clarkson and Deyes (Zdézjor
instance, project that the value would rise US$pEBtonne (c. 5% of their estimated value) every
year, as the GHG concentration in the atmosphsss.riWith the rectangular hyperbolic function
adopted here, a similar 5% rise would only occuemlkhe current area is reduced by 16 million
hectares, which would take 8 years according tdis@rical rate of conversion. Assuming this rate
to remain constant, the value projected by thearepilar hyperbolic function would be smaller
then the value projected using Clarkson and Deg682f° 5% a year increase for more than
99.9% of the area.

The benefit related to this service is also likelyise due to an expected increase of forest lssma
in tropical forests in a warmer climate

The formal expression of the behaviour of the nredgvalue of this service is:
Eq. 2.1: y =14,491,680,000/x | x E (1:336,000)000

As they are related to a global service, the eséchaalues will be included in the global portidn o
the benefits of conservation.



Table 2.1 — Climate Regulation

Carbon Density Carbon Trace gas US$  MgC| Discount | Final
(MgC ha') emitted correction (2002 US$) | Rate Value
192% 91.7%°" | +15,8%!"! US$ 4.69™ | 8 9% [t7Jg]S$ 77.94
156 17 920,11 US$ 3.32%Y [ 59554 USs$
443.86'%
196!"® US$ 2481 | 2 9518 Us$
121.361%
195! US$ 0.55% | 6 % !*® USs$
242 72184
186! US$ 2.24%1 | 12 9,l*®] [ng]S$ 20.18
2171 Us$ 20.22 6 %! US$ 78.48
[82] [82]
US$ 29" Us$
706.28%7
Us$ 2.73" Us$ 20
Us$ 1.37° Us$ 30
US$ 0.27° us$ 12
Us$ 3,6°% uss$ 18"
US$ 0.82'"
Mean 190 - 15,8% USs$ 7.7 6,5% US$ 16
Value 190 89.1% 15,8% Uss$ 1 6% US$ 43.
Chosen

2.2 Waste Treatment
Vegetable cover has the properties of storing awyaling certain quantities of organic and
inorganic wastes generated by humanity. Conversfaine forest implies an increase in damage
caused by pollution. Measuring this service, batphysical as in monetary units, however, is very

complex.

The work by Pimentel (199%)is based on a physical estimate of the quantityaxtes produced
by humanity and costs of treatment, and estimatetahglobal value for this service in the ordér o
US$ 760 billion dollars per year. Costanza et 8D{F® propose that this value could be divided by
the area of all forests (not just tropical forestsyl grasslands on the planet, resulting in anageer
value per hectare of US$ 87. Table 2.2 summarfeesdnversion to marginal values:'ha™.

Table 2.2 - Waste treatment

Current

Marginal

GNP per Value

Original capita (2002 (US$ ha
Study Country | Value adjusted US$) yrd)
Pimentel et al. 1997° Global 87 87 99.77 5.08




The equation that expresses its marginal behadorng conversion is:
Eq. 2.2: y = 1,706,880,000/x | x E (1;336,000,000)

Given the local and regional character of this iservthis value will be added to the national
portion of benefits of the forest.

Hydrological-related services
The next four services are directly or indireciyated to the hydrological cycle of the forest and
therefore complement each other.

2.3 Disturbance regulation

This service is related to the capacity of the Sbte absorb environmental disturbances, such as
storms, floods and droughts. This capacity is fumelatally related to the vegetable structure of the
forest. Conversion of a complex structure sucthadropical forest into a simple structure such as
plantation or pasture reduces this capacity.

No study was found that estimates the value ofgéisice in the Brazilian Amazon. Costanza et al.
(1997¥® and Torras (2006 use the work by Ruitenbeek (19%2)carried out in Korup National
Park, in Cameroon. The author used the methodsadfied costs to value this service provided by
the local ecosystem, which is also of tropical $briype. The value found is an average value. So
the method described in the beginning of this eacwill be used to convert it to marginal value.
Table 2.3 summarizes the operations.

Table 2.3 - Disturbance regulation

GNP per Current
Original capita (2002 Marginal
Study Country | Value adjusted US$) Value
Ruitenbeek (19923 Cameroon| 2 6.91 10.03 0.51

The function that describes its dynamic behavisuepresented below:
Eqg. 2.3: y=171,360,000/x | x E (1;336.000.000)

As it is a service of a local character, this vales added to the national portion of the forest’s
benefits.

2.4 Erosion Control

Vegetable cover impedes soil sediments from bemweps away by natural erosion agents, such as
wind and rain. This service has an-siteand aroff-sitecomponent.

The on-sitecomponent keeps the soil nutrients available fantgs to use them for their growth. For
the reasons described in the introduction of thigisn, however, thisn-sitecomponent can be
considered a prerequisite for providing other smwi Adding a value to this component would be
double counting.



The off-site component is related to prevention of silting iers as a result of converting the
forest. Maintaining the original cover avoids damdgom silting, especially for fishing, river
transport and hydroelectric stations.

Seven studies listed in the first column in Tabk &stimate the benefits of this service in tropica
forests in different regions of the planet. Thehfi€olumn lists the values adjusted to Brazil and
updated to 2002 dollars. According to Torras (2809)the off-site portion is equivalent to 5/7 of
the total of this service, (sixth column). Finalthese values were converted to marginal values,
listed in the final column.

Table 2.4 — Erosion Control

GNP per| Average Off-site Off-site

Original | capita Benefits Average Marginal
Study Country | Value adjusted (2002 US$) | Benefits Benefits
Cruz et al.
(19885 Phillipines | 23 41.05 62.38 44.56 2.27
Magrath and
Arans
(19895 Indonesia | 5 9.29 13.48 9.63 0.49
Dixon and
Hodgson
(1988}§° Philippines| 321 585.62 890.01 635.72 32.38
Chopra
(19935° India 145 423.09 526.89 376.35 19.17
Chomitz and
Kumari
(1996Y° Ecuador | 4 8.22 9.70 6.93 0.35
Chomitz and
Kumari
(1996Y° Philippines| 45 82.10 96.93 69.23 3.53
Torras
(2000¥° Brazil 238 238.00 248.69 177.64 9.05

The average of these values, equal to US$ 9.60yr4 will be used to represent the current
marginal value of this benefit. Note that this alg very close to the value adjusted from Torras
(2000)29, which is both the most recent and the only ormiged on the Brazilian Amazon. This

indicates that the distortion from temporal andtigpdoenefit transfer is not relevant in this case.
The equation that regulates the marginal dynanti@teur for the value of this service is:

Eq. 2.4: y = 3.225.600.000/x | x E (1; 336.000.000)

As these benefits are of a regional nature, thélybeiincluded in the national portion of benefifs
the forest.

2.5 Water regulation

Forest cover exerts a fundamental role in maimairthe hydrological cycle. Differently from the
disturbance regulation service, this service retershe everyday regulation of the hydrological

e Calculations based on Cruz et al. (1§88pixon and Hodgson (1988)and Chopra (1993}



cycle and its positive effects on natural irrigatidrainage, regulation of water discharge intensv
and regulation of river flow.

The studies by Kumari (199%)in Malaysia and Fearnside (19%7h the Brazilian Amazonia were
updated and converted to marginal value, as showiable 2.5.

Table 2.5 — Water regulation

GNP per Current
Original capita (2002 Marginal
Study Country | Value adjusted US$) Value
Kumari (1994)° Malaysia | 25 20.68 24.42 1.24
Fearnside (19979 Brazil 19 19.00 21.30 1.08

The average between then is US$ 1.18 yrd and represents the marginal value of this senice a
the current stage of the conversion process. Thateup that shows its behaviour over conversion
is:

Eq. 2.5: y = 389.760.000/x | x E (1;336.000.000)

As the service is of a regional character, thisi@a$ added to the national portion of benefitthef
forest.

2.6 Water supply

This service is the role of the forest in filteringetaining and storing water for consumption.
According to FAO (2006}, Brazil uses only 0.4% of its renewable water ueses. Furthermore,
evidence from the literatute suggests that the role of forests on the provigibrwater is
ambiguous. There is evidence that a decreaseastfoover in fact increases the water available for
consumptiof. For these reasons recent studies have decidettrioute a zero value for this
servicé®. The positive value chosen here is, thereforenservative assumption.

According to the study by Kumari (1992) the market value of water supplied by one average
hectare of tropical forest is equal to US$ 11 . &oting this value to marginal value yields US$
0.56 per year for the next deforested hectare.

Table 2.6 — Water supply

GNP per Current
Original capita (2002 Marginal
Study Country | Value adjusted USS$) Value
Kumari (1994° Malaysia | 11 9.33 11.02 0.56

The equation that shows the behaviour of the matgialue of this service over conversion is:
Eqg. 2.6: y = 188.160.000/x | x E (1;336.000.000)

As the service is of a regional and local charadtgés value is added to the national portion of
benefits of the forest.



Option Value

This service is related to the possible new bendfiat can be generated by the forest in the future
perhaps arising from new environmental, social,neatic or technological conditions. It can be
understood as a risk premium that individuals asly to pay to keep future options opknthe
literature, the option value is almost exclusiveglated to the still unexploited potential of
biodiversity to produce new pharmacological product

In this case, again, almost all the works availalde methods that result in average unit values.
This fact is noted by the only studies fotit that actually seek to estimate marginal values.
However, as well as starting from very arbitrargmises, and thus reaching admittedly debatable
results, their methodology is directed to snhalispotsof biodiversity, and cannot be applied to this
study. The nine studies found that estimate avevatien values for tropical forests are listedhia t
first column of Table 3. The fifth column list treesaverage values adjusted for the Brazilian
Amazon in the year 2002.

In the same way as with the IUVs, these averageegaheed to be converted into marginal ones.
Differently from the previous section, however,ist possible to reach this objective without

resorting to an arbitrary function. As the benefitsjuestion are fundamentally related to biolobica

diversity, a function can be reached that relates rharginal option value of all species in an

ecosystem with its area.

A species that has not yet been tested has that@btior development of new products. The value

of this untested species depends on the perceotagecesses in previous tests, on the cost o test
and the profit in case of success. Although sonve lsaught to estimate this value, in this case this
complex operation is not necessary.

Even though every kind of ecosystem has its ownesfor the constants, the relationship between
an ecosystem area and the total number of speomsiced in it adapts very well to a power
function, with the general form of:

S = kA
whereSis the number of species,is the area anklandz are constants. Now, if the total number of
speciesSis multiplied by the potential monetary value dffgecies, saw, a function is reached that

relates the total valugd'y) of all species as a function of the area:

TV=w.k.A* or (where c=wk)

TV=c.A> (1)

As:

AV=TV/A (where AV stands for average value):
We have:

AV.A=c.A or

c =AV . A/A* (2)

Differentiating (1), we have:

MgV=8tV/I5A =z . c . K (3) (where MgV stands for marginal value)
Substituting (2) on (3):

MgV =z. (AV.A/AY). A%t=z AV . AIA*. A" =z AV . A? APl=
MgV =z.AV (4)

As z is a known parameter, conversion of the averajgesaavailable in the literature to marginal
values becomes trivial. The value of the constamtach defines the inclination of the species-area



curve, is generally between 0.15 and 0%5 For a large extension of tropical forest, therage
value of 0.25 is a conservative optithn This value was used in Eq. 4 to find the margirsies
listed in the sixth row.

The average of the values found, equal to US$618a" yr, reflects the marginal option
value for the current area of the forest. Subgtituin equation (3) this value, the value 2fised
(z=0.25) and the current area of forest (A=336.000), we can identifg, and substituting it ii3),
determine the equation that gives the dynamic bhehawf the option value:

Eq. 2.14 y = 25.462.546%"°| x E (1: 336.000.000)

As on the one hand the products developed fromtgeresources from tropical forests have a
global potential for application, and on the oth#re companies that exploit these products
commercially are based in rich countries, the \aligg this service are normally considered to be
of global character. The same criterion will be @ed in this work.

Non-use values: Bequest Value and Existence Value

Non-use values can be divided into existence valug bequest value. The first represents the
benefit individuals receive from the simple awassnehat a natural system (or some of its
components) exists, when no direct or indirect benare expected from it in the present or in the
future. The second represents the desire of indalglto maintain the environmental resource for
future generations.

The studies that seek to estimate the non-use \@lmatural environments usually estimate the
total existence value of the entire system and theide this value by the area of the ecosystem,
thereby obtaining an average unit value. In thiecagain, it is necessary to convert these values
into marginal values through a specific function.

The choice of the species-area curve also seenggsiai@efor this role. A large part of the studies of
contingent valuation seeks to estimate the willesmto pay (WTP) for preservation of specific
species, and the values found are often relatili@gi. Thus, considering that species have their
own existence value and that the “Amazon Rainfbiissa system formed by the interaction of its
species with the physical environment, it seemsaeable to suppose that the existence value of
the forest is somehow related to the existenchebpecies that compose it.

In the specific case of non-use values, this hyggithcan be reinforced in view of the results faom
study of contingent valuation research with citeesf the United Kingdom and Italy, which
attempts to estimate the willingness to pay forsemwation of 5% and 20% of AmazoffiaThis
research is especially interesting as it is dikceecifically towards the Amazon and studies the
WTP for two different sizes of protected areas.

When the area to be protected varied by 300%, tAd> \WWbse by only between 34% and 39%
(depending on the order of the questions). Thiselr is represented by the power function with
an exponent varying between 0.21 and 0.24. Thes®ers are located just in the centre of the
interval of possible values for the z constant lie species—area curve. Thus, the empirical
economic estimation is in harmony with the empirazological relation, offering strong support to
the hypothesis assumed, that the existence valtreedbrest is related to the existence valuesof it
component species.



As the willingness to pay estimated for two differarea sizes by Horton et al. (20823nd the
species-area curve have the same behaviour inoreltat the area of the forest, it is feasible to
assume that the WTP would maintain this behaviouttfe entire area under analysis.

Another advantage of the work by Horton et al. @0bwas that the authors asked about the
motivations for payment. As for 33% of respondetits main motive was concern for future
generations and for 17% concern was related tgtbaservation of species diversity (but not for
personal use, as on the option value), these pagesnwere used here to calculate the total values
in relation to bequest and existence values, asrshothe fifth row of Table 4.

Following the methodology employed by Seroa da BI¢®005) these values for families in the
UK and ltaly will be extrapolated to total globall®, using PPP-adjusted per capita incofsieth
row).

And finally, from these total global values fouridis possible to estimate the equations that show
the behaviour of total bequest and existence vadges function of the area of the forest (seventh
row). From these equations, it is possible to dateuthe equations that govern the behaviour of the
marginal valueb(eighth row).

Table 4 — Non-Use Values

Bequest Value Existence Value
Area (%) 5% 20% 5% 20%
Area (million ha) 16.8 67.2 16.8 67.2
Original WTP per family US$ 36 US$ 50 US$ 36 US$ 50

WTP per family related to each valu&S$ 11,88 US$ 16,5 US$ 6,12 US$ 8,5

Global WTP related to each value US$ 4,3%10S$ 5,9 x18 | US$ 2,2 x18| US$ 3,1 x16

Total Value Function Y = 82.949.835% 42.978.745%**

Marginal Value Function y = 19.907.960X° y = 10.314.899%>"°

The equations that govern the marginal behavioth@bequest and existence values are, therefore,
respectively:

Eq. 4.1: y=19.907.960%"°| x E (1: 336.000.000)
Eq. 4.2: y=10.314.899%"°| x E (1: 336.000.000)
Substituting the current forest area in the equative find the values US$ 6.59har and US$

3.42 ha yr?, which represent, respectively, the marginal bsgualue and the marginal existence
value at the present stage of the conversion psoces

" Using the formula WTR=WTPo(PPPY,/PPPY,)® wheree is the marginal elasticity of income (supposéxd.),

WTP, the willingness to pay in the original region, WaTiRe willingness to pay for the region that onehewsto adjust
to, and PPPY/PPPY; the ratio between inconper capita(measured in purchase power parity) of the destima
region and the original one. Countries were grouptmthree blocks, corresponding to high, mediumd Bow income.
9 Calculations were made from data obtained by Hhoetoal. (2002) when these ask first about theclaagea. As was
observed by Seroa da Motta (2005), “for an estirogxistence value, the use of values with dedmgascopes is
more conservative, as the anchorage affects lomgtnat greater stocks”.



Due to the global character of the non-use valsapported by the fact that all the estimations
carried out here came from contingency valuatiardiss carried out on other continents, its
benefits will be added to the global portion of &#ts of conservation of the forest.

The costs of conservation

As mentioned previously, the cost of conserving fitrest has two main components. The most
important one is the opportunity cost — the besdfiit could be obtained by converting the area to
other uses. Among several studies reviewed thagjesigvalues for alternative land-uses, three
recent one$84? focus specifically in the Brazilian Amazon andldel careful albeit different
methodologies.

Andersen et al. (200%)estimated the impact that the conversion of ontitiadal hectare had in
the rural GNP of the Amazon region between 198%19%hey concluded that one additional
converted hectare generated an increase of US8 p8rdyear in the region’s rural GDP.

Seroa da Motta (2005)estimated his opportunity costs based on the saloeleasing land for
cattle ranching in the Amazon. He argues thatehsihg annual value is much less affected by the
market failures that distort the land purchasingerThe values varied from US$ 32,6 and US$
49,5, with an average of US$ 38,4 ha-1 y-1.

Grieg-Gran (2006§", on a paper commissioned by Stern (260@&stimates the return per hectare
for several land-uses in the Amazon region. Pongr@ach one by the area it currently occupies
yields an annual value if US$ 57 ha-1 on the mediaemario.

The average between the three values can be cosgidegood estimate for the mix of alternative
uses available in the region.

It is then necessary to estimate the behavioreddlbenefits throughout the progress of conversion.
In opposition to the forest benefits’ case, thered clear general dynamic behavior here. It has
been arguel that these costs would drop when the remaining dmminishes, as the areas with
higher value for alternative uses would be conwefiest. It is not clear, however, if this is the
major driver behind the geographical distributioh tbe conversion process. In the Brazilian
Amazon, the transport infrastructure seems to playeater rof€4"%2 As this infrastructure is
expanded, the returns from conversion would rise.

An important factor is the relative share that eatitbrnative use has in the total mix of future
deforested areas. Although cattle ranching is ttél dominant alternative land-use in the Amazon
regiort>, soybean plantation is becoming increasingly irtgrdt’. Although the majority (58%) of
new soybean crops occupies already deforested dasiginificant share (42%) is direct conversion
of forest®® FAO (20062 projects that world soybean production will mdnart double until 2030
and more than triple until 2050, even when accognfor a sharp decline in the market rate of
growth. Brazil is forecast to overcome the US amrddme the main exporter in 2007/08 and the
main producer in 2012/1%". As a result, it is projected to expand the haingsarea from 21 to
31 million hectares until 2015/18* and to more then double its current area until28% These
projections already suppose that Brazil will ineeéats productivity from current 2,72 t/ha to
2,99t/ha, becoming more productive than the US.

As returns from soybean plantation are nearly fimees higher than returns from cattle ranchifhg
the likely increase in the former’s share of neviodested areas would lead to higher opportunity
costs in the future. Despite the likely increasether conservative assumption will be adopted by
considering that these costs will remain constartha conversion proceeds.



The second component is the cost involved in thentei@ance and supervision of the protected
areas. The value chosen, US$ 2.38 #3, is estimated by James et al (198%)om smaller and
fragmented areas, being probable that the codtigmtare of protecting a much larger area would be
considerably lower, due to the reduction in therpeter/area ratio and possible economies of scale.
According to Pearce (200°%) these costs would rise as the conversion prodaatd. from James et
al. (1999%° suggest that they would fall. In here they will bensidered constant and so the
marginal costs of conservation, totaling U$ 50.88) be constant throughout the conversion
process.

Table 2 — Results

. Current . .
Spatial Scale Marginal Value Marginal Function
=33|x (1;34.000.00
Timber National Uss$ o y | ( 9
y = 0| x[0 (34.000.001336.000.000)
Direct  Use , y =16.94|x (1,8800000
Values NTFPs National us$ o
y = 0| x[J(880000133600000D
_ _ y=7663|x0 (26000000
Recreation National Uss$ o
y = 0| x(2600000B3600000)
Climate. Global US$ 43.13 y = 14.491.680.000/x | x E (1:886,000)
Regulation
Waste National US$ 5.08 y = 1.706.880.000/x | x E (1;336.000.000)
Treatment
Disturbance . _ .
Indirect  Use| Regulation National US$ 0.51 y=171.360.000/x | x E (1;336.000)
Values
Erosion National US$ 9.60 y = 3.225.600.000/x | x E (1; 336.000.000)
Control
Water . _ .
Regulation National US$ 1.16 y = 389.760.000/x | x E (1;336.000)
‘é"ate.r. National US$ 0.56 y = 188.160.000/x | x E (1;336.000)
rovision
Option Value | Option Value | Global US$ 10.26 y = BR4646 X°"°| x E (1: 336.000.000)
Bequest Value| Bequest Valug  Global US$ 6.59 y 9(]1)960)(0';:| x E (1:336.000.000)
Existence Existence Global US$ 3.42 y = 10.314.899%"®| x E (1:336.000.000)
Value Value
Forest Global
Benefits US$ 80.31
Forest
National US$ 18.53
Benefits
Benefits of
Conversion US$ 50.36

Numbers in the fourth column are in“har™. Variablex represents the area of the Amazon (in ha.). “Ed¥esional Benefits” are the sum of all

values of national scale plus Brazilian share (@55see text) of global values.




Cost-Benefit Analysis

Each service was classified according to its spasiture into “national” or “global” values. Brazil
also absorbs part of the global benefits providgthle forest. Brazil’'s share of gross world product
(PPP adjusted) is 2,55% and its share of world ladijon is 2,89%. Albeit in this case both figures
are very similar, the first one is more economicalbund (as it is linked to potential WTP) and
more fair. Therefore 2,55% of the global benefitt e included in the national benefits.

In the first place, the present picture of the @sion process in the Brazilian Amazon provides
two observations. The first is that the currentbglobenefits of conservation, estimated at
approximately US$ 80 Hayr' are higher than the benefits of conversion, eséthaat
approximately US$ 50 Hayr™. This indicates that the conversion process predtioday in the
Amazon is an inefficient activity, presenting cogteater than the benefits. This conclusion was
reached even with the conservative assumptionthéoglobal conservation values.

The second observation is that the sum of mardjeatfits of national scale currently provided by
the forest, which is approximately US$ 18.5*ha™, is considerably lower than the marginal
benefits generated by alternative activities, tferementioned US$ 50 Hayr®. Following the
same rationale, the conclusion is that, from aomali viewpoint, conversion still brings more
benefits than conservation.

These two observations are in perfect harmony thighobservations obtained from the analysis of
comparative case studies made previously, demaingfrance again the decisive role that global
externalities have in this context.

As mentioned previously, this role becomes evearelefrom a dynamic analysis of these benefits.

Figure 2 is an empirical version of Figure 1, shagvthe dynamic behaviour of the national and
global marginal benefits provided by the forestwadl as the marginal costs.

!

Figure 2
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One can observe that the curve representing thkabloenefits of the forest, even with the
conservative assumptions applied, is constantlywealtioe line of the costs of conservation. Thus,
the optimal point from the global point of view (IQb) would be located to the right of the current
area, indicating that the conversion of the fotegy already presents more costs than benefits
from the global standpoint.



On the other hand, it can be seen that the natioeraefits provided by the forest, initially lower
than those for conversion, become higher than thésn conversion progresses after the point
Qnat. According to economic theory, this would be point where the process of conversion in the
Brazilian Amazon would be interrupted should th@&lian government act in order to maximize
national welfare. Solving the equation

5681760000 x + 0.0255(1449168000/x +25462546X° +19.907.968 +1O.314.892'°‘76): 5036
yields the national equilibrium point, approximatelqual to 123 million hectares.

The dynamic analysis thus allows the identificatidthe national equilibrium point for the process
of conversion in The Amazon, which would occur ataea approximately equal to 36.6% of the
current area (or 30.7% of the original extent).

Note that if the Brazilian government does notriveee, the process of conversion would continue
up to the optimum private point. Private owners geaerally supposed to be concerned only with
direct use benefits. It is likely that sustainatiheber extraction and recreational activities cimfl
with each other to some extent. As a further caradzre assumption, the minimum area of both
activities will be fully summed up. Notwithstandintpe private optimum point would be located
even further to the left of the national one, cepanding to approximately 18% of the current area.
Therefore it would be necessary to correct nationatket failures so that the conversion process
stabilizes at the efficient point from the natiopaint of view, or 36.6% of the current area, and
does not proceed until the private efficient poagiyal to half of this area.

This correction, however, is not sufficient. At theesent point the conversion process of Brazilian
Amazon has already become an undesirable activdy generates more losses than benefits to
humanity.

The dynamic approach adopted here allows visu@izaif the role that externalities play in this
context. This failure in the economic system, repreed graphically by the distance between the
national and global marginal benefits curves, caube optimal national and global points not to
coincide.

However, perhaps the most attractive aspect ofaghiisoach is yet to come. As the graph above is a
chart of marginal benefits, the area below eaclecuepresents total benefits. Suppose that the
country holding these natural resources, in thisecBrazil, wished to interrupt the process of
conversion immediately, considering that this wobkl the preferable option for humanity as a
whole. In this case, the area marked by the Iétterould represent the total economic incentives
contrary to this alternative, equivalent to theraggte loss of welfare that Brazilian society would
incur from this decision. These incentives agatosiservation can be calculated from the equation:

336000000 336000000
= I M arginal Benefitsof Conversion— .[M arginal National Benefitsof Conservaitbn =
122855539 122855539

336000000 336000000
= J5036— J5439840000X + 0.02511449168000/X +25462546%7° +19.907.96R°7° +10.314.899‘°'7S) =

122855539 122855539

=US$ 4490893612



These annual US$ 4,5 billion would represent a idenable loss to national welfare for a
developing country as Brazil (and the vast majaritgountries owning tropical forests), thus being
strong incentives against the option for conseovati

But the graph above offers some reasons for optimiBhe gain in welfare that all the other
countries in the world would have from the immeeliatterruption of the conversion process — the
international externality —would be equal to thenswf areas A and B in the graph above. That is,
the benefit to the rest from the world of this dém is greater than the loss incurred by the agunt
This shows a potential for win-win cooperation,wgfains for both sides.

If the rest of the world compensates the host aguotr a value equal to area A, its welfare at the
current point becomes equal to its welfare at pQwt allowing immediate interruption of the
conversion process without loss of national welfare

The way in which this sum would be distributed intdly is a question related to the specific

characteristics of each country. The important pleére is that compensation for a value equivalent
to area A would counteract the economic incentagainst conservation, allowing interruption of

the process without loss of national welfare. Addineg the problem from a national level helps
minimize the threat leakage, a recurring problernasfservation programs. There would still be the
threat of an international leakage, which could dddressed through the extension of the
cooperation to other countries hosting tropicak$ts. Making annual payments subject to prior
auditing of the state of the forests is also a pawéool to promote compliance.

Extrapolating and bringing to scale

Extrapolation of the compensation values found ferether countries that have tropical forests is
not strictly correct, as the evaluation should beden specifically for each region. On the other
hand, comparison with values found in the literatindicates that the values estimated here are
relatively close to the values for other counti@esl to those of developing countries as a whole.
Thus, an extrapolation, with reservations, of takigs found could be seen as a fair approximation.
Dividing the net annual loss of national welfar¢imated by the area of the Brazilian Amazon
yields an average loss of US$ 13.4*ha*. Multiplying it by the 1.3 billion hectares of pizal
forests on the planet, the total necessary to cosgte all the countries that have tropical forésts
immediate halting of the process of conversion Wdw# equal to US$ 17.4 billions per year. It is
important to note that in contrast to several esti® in the literature for the costs of conserving
10% or similar proportions, this figure relatesth@ conservation of 100% of the tropical forest
existent today.

These values cast down the criticism that a codjperaf this nature would be prohibitively
expensive. The estimated sum total for a globalpeoation that would actually halt tropical
deforestation is equal to 0.04% of annual globatome, to 4% of what rich countries
proportionally spend on their own internal envir@ntal protectiol, to 2% of what governments
currently spend on environmental harmful subsfdiesr to 2% of annual military spenditig
Actual willingness to pay for conservation of 02§% of the Amazon forest has been estimated at
US$ 20 billion a yedt.

Comparisons with other studies

Although no study was found that made projectiomsthe area of equilibrium of the Brazilian
Amazon, there are many projections for the areaeded in a limited time horizon. A recent study
projected that 40% of the forest existing todayl Wive been converted by 2¢%b Another
projection suggests that the large scale infragiracexpansion now underway in the Amazon will
result in a forest loss of 28-42% as early as 202The persistence and possible acceleration of the



conversion process in the Amazon is also consistdtit projected land demand for agriculture
expansion, as discussed eaffler

Comparison can also be made with the historicabbeh of the conversion process across the
globe. According to the Millennium Ecosystem Assesst, two ecosystem types located in
regions where the conversion process first beddediterranean forests, woodlands and scrubs
andtemperate forest steppe and woodlghdve already lost c. 70% of their extent. Of ditieer 8
productive ecosystem types subject to conversionillsreach similar levels by 205aGgmperate
broadleaf and mixed forests; tropical and subtrapidry broadleaf forests; flooded grasslands and
savannas; tropical and subtropical grasslands, seas and shrublands; tropical and subtropical
coniferous fores)s Other study?* estimate that the extent of the frontier foreststent today
corresponds to 21,7% of their original extent.

The remaining stock of forests in all 72 count(escept Russia) for which the necessary data was
available the three regions where conversion has betive for a longer period is also a good base
for comparisons. Current regional forest coveresponds to 33% (Euro%e8,4% (North Africa)
and 21,5% (Continental Asia) of the original coMertotal, the original forest cover amounted to
1.74 billion hectares. It has been reduced to 4B®mhectares, or slightly less than a quarter.

As for the monetary values necessary for compenmsathe literature also offers opportunity for
comparisons. As discussed in the Research Highkligettion, studies on this theme usually
suggests that the compensation value should cdweropportunity and management costs of
conservation. Few deduct from these the nationakfits provided by the environment. And as
shown in this study, this net conservation costiisdifferent (probably higher) than the necegsar
compensation.

A precursor work by Cartwrigfit based on the returns from timber exploitation sstg that
tropical countries would be unlikely to accept l#ssn US$ 20 (or US$ 32 when indexed to 2002)
as a compensation for not converting their forebtge net conservation costs incurred by Kenya
from its reserves were estimatédt US$ 57 ha-1 y-1. In a global simulation, thersmic loss of
setting aside reserves (opportunity costs) wamesid®® at US$ 40.5 ha-1 y-1 for the “Rest of the
World” (which included Latin America). An estimatiobased on empirical data for a global
network of protected arefssuggested that the opportunity (based on landhases price) and
management costs of new areas in Latin America dvinel US$ 9.4 ha-1 y-1. Kremen et al.
(2000)° estimated the net conservation costs for a Natlaek in Madagascar at US$ 57 ha-1 y-1
(from the full capture scenario, 10% discount rad®, years timespan). The World Bank
estimate the opportunity and management costs of settiitpasw areas as protected forest in
developing countries at US$ 93 ha-1y-1. A Paymemt Ecosystem Services in Costa Rica,
financed by the World Bank, pays US$ 45 ha-1 y-latmlowners who conserve foré&tsFinally

the three works that based the estimation of thgopnity costs in this study offered values of
US$ 38,47, US$ 48,8% and US$ 577,

Given the remarkably different methodologies aredpatial and temporal differences between the
ten estimates, the results are relatively closarfpom the highest and the lowest values, theroth
8 studies are located in the US$ 32 — US$ 57 iatewith a mean of US$ 46.9. Including the
lowest and the highest values have a very smatetin the mean (now at US$ 47.8). These mean
values are close to the opportunity costs (US$58n) are higher than the current net marginal
conservation costs (US$ 32.5) and the average amsafien value (US$ 14.1) estimated here. The

" If Sweden, Norway and Finland are excluded, Eusoperrent extent drops to 21% of the original aove



fact that the last two values are inside the irsteand below the mean indicates that the quanati
values estimated are not overly distorted and neagdmsidered conservative estimates.

Consistency and Limitations

Due to the many theoretical and practical obstaétesd, it was necessary to adopt some
simplifications. Some of the consequent limitatians:

1)The Brazilian Amazon is not a single, homogendotest block. There are considerable regional
differences in several ecological characteristias. Goil composition, species diversity, climatic
regimes) that impact the benefits provided by thedt. In addition to being impacted by these
ecological differences, the benefits provided bierakhtive uses are also highly influenced by
regional differences in socio-economic charactess(i.e. transport infrastructure, distance to
markets).

2) In order to analyse the benefits provided by #wesystems to mankind, those have been
classified into different “services” and analysedividually. Although this is the common practice
in the literature, its is important to keep in mititht ecological systems are complex net of
interaction&™ and that alterations in one service impacts thwvigion of others. For instance,
species extinction is likely to impact the climaggulation servic&, while interactions between the
latter and the hydrological cycle have recentlyrbbetter understodd*® These feedbacks often
present time lags, adding more complexity to thalyais. Further research that introduces these
interrelations into the analysis can help to redilistortion in the results.

3) Although a large portion of the key values webtained from studies focused in the Brazilian
Amazon, estimates from other tropical countrieseanslso used. Despite being a common practice
in the literature, the issue of transferring enmimental benefits estimates across different coestri
is a very complex one. Different environmental, remaic and socio-cultural characteristics imply
different values for each country. Although somelsovere used to reduce the distortions, this is
still a source of error.

4) Apart from timber, where all the data necess$aryhe estimations was available, the simplifying
assumptions adopted in the estimations of the salekted to the other direct use benefits of the
forest probably distorted the individual resulthie$e distortions, however, would only begin to
influence the cost-benefit analysis if the largektthe minimum areas found were more than
doubled. Given the conservative assumptions adpjtedunlikely that these minimum areas have
been so strongly underestimated.

5) The estimation of some of the indirect use v&liseprobably the major limitation in this study.
Apart from the climate regulation service, whosergitaal benefits were estimated directly, the
indirect marginal benefits were obtained through ¢bnversion of published average values using
the rectangular hyperbolic function. Although basmd a published work and presenting the
dynamic behavior expected by several different agththe choice of this functions it is still an
arbitrary one. There are other functions that walkb match the expected behavior and produce
different quantitative results. It would even besgible to select a function that would result ia th
national benefits from the forest being higher thla@ benefits of alternative uses. This choice,
however, in addition to being as arbitrary as the mmade here, would lead to conclusions that
contradict the ones obtained from the review ofecsisidies carried earlier. It is this consensus
found in the analysis of the literature that gigegualitative support to the conclusions found here
6) The marginal option value estimated should besiciered a conservative lower-limit bound, as
the potential for pharmacological application idyoa portion of the new benefits that can arise
from the conserved forest.

7) The value chosen to reflect the benefits frbendonversion to alternative uses was based in two
recent and methodologically strong analysis focusedthe Brazilian Amazon. Its dynamic
behavior, however, was not the focus of this stadgt the supposition adopted here that it would
remain constant throughout the conversion procesasvery simplistic one. According to projected



market estimates, however, it is likely that tissa conservative estimate and a more realistic
approach would reinforce the qualitative conclusitound.

8) Finally, in addition to these, this work alsarges all the limitations expressed by the auttairs
the studies whose estimates were used.

Overall, all the simplifications certainly have aagptitative impact on the results that, therefore,
should be used with caution. The impact could @dgtabe reduced with additional research.

Although this quantitative distortion certainly std, the subsequent critical discussion and
comparison with similar values in the literaturdigate that it may not be overly large. And, more
importantly, the analysis of comparative case sidnade previously shows that it is unlikely that
these distortions have had a qualitative influestéhe main conclusions of this study.

Research insights

Even with reservations about some quantitativareg#s, the dynamic marginal approach adopted
provided important research insights, that canaeypl in future:

1)Recognizing the different characteristics of eaecttegory of the TEV and using different
approaches for each one allowed to overcome sorte gfitfalls encountered in the analysis.

2)There are some misinterpretations in the liteeatabout the nature of the values estimated.
Estimating values for one unit (usually a hectarep natural area does not mean it is marginal
value. A unit value can be an average (usuallyinbthby dividing a value found for the whole
ecosystem by its area), a maximum (usually obtayeestimating the potential value that could be
produced in a unit) or a marginal value, which asvimuch one more unit contributes to the total
value. The last one is usually more useful forgopurposes.

3) The focus on a very extensive area brought upntaresting scale issue in relation to the
marginal direct use values. The vast majority ofkgan the literature estimate values for much
smaller areas, such as specific reserves and paikgenerally assumed that there will be a marke
for all the goods potentially produced in the whatea, yielding a positive marginal value. That
may be true for small areas. When we start “zoonaing the picture, however, this assumption
ceases to be valid after a certain point and thegimel value drops to zero.

4) Due to the valuation process used, estimationiflirect, option and non-use values generally
yield values of average nature. If the general bela of marginal values is the one depicted in

Figure 1 — as the literature suggests — then theseage values can be considerably different than
current marginal values.

5)Applying an empirical ecological function intoetheconomic valuation process allowed the
estimation of a sound dynamic behaviour for optlmguest and existence values. In the case of the
latter two, the approach was supported and conéirimg empirical economic estimates. This
highlights the still largely untapped potentialcofoperation between these two sciences.

6)Works in the literature addressing a cooperatiach as the one proposed here usually argue that
the payment by the international community showddelqual to the opportunity and management
costs incurred by the host nation. In fact theamati benefits of the conserved area should be
deducted from those costs (to find tineremental cos)s The dynamic analysis also shows that
simply deducting current marginal national benefiitsn current marginal costs and multiplying
them by the area in order to find total compensati@y not be strictly correct. Supposing that the
national benefits would rise faster than the cg¢gte only way to have Qnat>0), this procedure
would overestimate the necessary compensation. PAdlwstration, current marginal costs of



conservation were estimated here at US$ 50™4yiia, current net marginal costs at US$ 31.8 ha
yr'and the average compensation costs at US$ 13.¢rfia

The role of the international externality

The initial analysis of comparative case studiestdd on the decisive role that international
externalities have in the persistence of the caioerprocess in lower-income countries. This
classic market failure arises in this case fromititeraction of the different spatial dimensions of
ecosystem services with the division of the plamestovereign sub-units. The consequence is that a
country does not receive all the benefits arisnogifits ecosystems and, when bearing all the costs
of their conservation, is attracted to a natior@hpof equilibrium which is lower than the global
optimum. The role of the externality becomes cl@athe graphic theoretical analysis (Fig. 1),
which is also in perfect harmony with past and enirtrends of the conversion process in both high
and low income countries.

The impact of this market failure became frightgnatear when the marginal dynamic approach
estimated that 63.4% of the current area of theiBaa Amazon will be deforested until it reaches
the national equilibrium point. This proportion tonsistent with the past behaviour of the
conversion process throughout the planet. Trogliefdrestation is unlikely to stop if the substantia
economic incentives contrary to conservation — lestamated at annual US$ 4.5 billion for the
Brazilian Amazon and US$ 17.4 billion for all tropl forests — are not counterbalanced.

It is important to understand that these incenti@snfluence private and governmental decisions
even if they are not explicitly accounted for oeewlirectly perceived. Their diffuse force acts
through the political process, resulting in goveemtal decisions to “develop” natural
environments. Even when governments resist thessspres, maybe against the inteféstsof
their own people, the invisible hand pushes nati@mal foreign private groups to illegal acts,
whose repression demands additional sacrifice blipuesources.

In addition to being unrealistic, it is hardly faor demand that the population of tropical coustrie
sacrifice part of their scarce well-being by fotifgg their “national optimum path”, in order to
provide the global optimum amount of ecosystemisesvto an international community, of which
many members already enjoy high levels of affluericés fairer to expect that this community
transfer back a small part of the global benefitssé ecosystems provide in order to compensate
their host countries by the net loss incurred inseoving them at global optimum levels.

The international trade in food and timber produgtevides incentives for the conversion of
tropical forests into alternative land-uses. Ondtieer hand global ecosystem services provided by
tropical forests, such as climate regulation aratlibersity-related services, do not have a formal
market and therefore no incentive is given for th@bvision. This analysis shows that a small
fraction of the benefits these services provideh® international community is necessary and
sufficient to tilt the balance towards the consgoraof tropical forests.
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Appendix A

IN regards to indirect use values, the studies domnthe literature concerning 5 of the 6 services
(the exception being climate regulation) usuallineate average values. To carry out the analysis
proposed for this paper, however, it is necessanysemarginal values. It was thus necessary to

convert the average values into marginal ones.

Unknown dynamic behaviour

Valuation exercises seek to assign monetary vadluesvironmental services provided by natural
ecosystems. It is foreseen that an alterationarettisting quantity of environmental resources will
cause an alteration in the value. Due to the variecological and economic assumptions, it is
supposed that the value of resources increaségwdecome scarcer, as shown in Figure 1.

These valuation exercises can be interpreted agufes” of the value of these resources as a
function of their existing quantity at the momeln¢ texercises were carried out. As the conversion
of ecosystems progresses, and they become scarosan be foreseen that future valuation

exercises will find new values. Over time, sequardnalysis of these studies would allow tracing

of an overview of the real behaviour of the natuesource values as a function of their existing
guantity.

The problem resides in the fact that although theversion process began thousands of years ago,
valuation exercises are all more recent, most efmtlhaving taken place in the last two decades.
And although the speed of conversion is very higitative changes in the quantity of natural
resources still do not allow a dynamic function flee values to be estimated from the few studies
available.

Torras’ (2000) hypothesis

Torras (2000¥ attempts to estimate the losses incurred by hubeamgs due to the process of
conversion in Brazilian Amazon region in the yefimn 1978 to 1993. The author estimates the
value of one hectare of Amazonian forest for tharyi993 based on a review of the literature and
some calculations of his own.

Recognizing that the value of environmental resesiis also a function of their quantity, the author
states that it is necessary to make a ‘scarcitysaaient’, in order to convert the value found foe t
year 1993 to each of the previous years, in ralatiche quantity of existing forest in each year.

Assuming that the Amazonian ecosystem is subjespinlinearities resulting from the existence of
ecological thresholds, the author affirms that taestation potentially results in rapid increases i
themarginalunit values of conservation”.

The author himself emphasizes that it is not pdssib estimate the point at which these
discontinuities occur, nor the magnitude of theaffé He affirms that it is therefore necessary to
assume a function that better reflects this behavidhe function he chooses is trectangular
hyperbolic functionthat has the expected general behaviour (injitelkstic and becoming rapidly
inelastic as the forest area diminishes).

' The services valued and the valuation technigsed are also very different, making systematic @nispns among
these studies more difficult.



The problem with Torras (2008)approach, however, is that despite the affirmatiomis last
passage cited above, he used the rectangular lofeiimction to reflect the behaviour aterage
values. One characteristic of the rectangular Hyger function is that the product of the input (x)
by the output (y) remains always constant. Thudyapyp the rectangular hyperbolic function to
average values causes the unrealistic consequéatethe total value of the annual benefits
provided by the Amazon forest remains the samepiaaddently of the area of the fofest

In this hypothesis, the reduction in the area oéd$odue to annual deforestation is exactly otbget
an increase in the value of the remaining hectaesisequently, the marginal benefit would be
equal to zerd In other words, with this approach, 100% or 1%asést would generate the same
benefit to mankind.

Thus, although the function chosen is in accordavite economic and ecological assumptions for
the behaviour of the values of the ecosystems fasicion to their areas, applying it twverage
benefits leads to incoherent results.

An alternative hypothesis

If this same function were applied nwarginal benefits however, the conclusion would be different
The same ecological assumptions — related to diseoties and thresholds — and economic
assumptions — related to the principle of scareityhat led Torras (2008)to select this function
would still be met. In this new hypothesis, the artgnt law of diminishing marginal utility would
now be met. The unrealistic consequence mentionedeawould disappear.

Although a reduction in the area of the forestl siluses a rise in the unit value of the total
remaining hectares, — respecting the scarcity ypliee, now this riseonly partially offsets the
diminished area, and the total value of benefits faith the diminishing of the forest area. Thus:

Marginal Value = Constant / Forest Area

or
MgV =a/X Eq. Al

Integrating the function of marginal benefits weaob the function of total benefits:
TV=a.ln(x) Eq. A2

And dividing the total benefits by the area of tbeest, we have the average benefits:
AwW =a.lIn (X)/x Eq. A3

It is interesting to observe that the new functionthe average benefits has a graphical behaviour
similar to the function selected by Torras (2680While the introduction of the terin (x) in the
numerator causes a reduction in the variable otdoe entirely offset by an increaseArV. The
new function thus causes the tebmn(x) to be also present in the expressionT®f making it
dependent on the variabte

Transformation of average values into marginal vales

Almost all the studies reviewed estimate averadigegafor the benefits of natural environments. To
carry out the analysis proposed it would be necgdsaurn them into marginal values.

! As the author himself notes, “the unit Total EconoValue varies depending on the amount of Foreith, the unit
TEV product for the area remaining constant”.

K With Y representing the average benefitepresenting the area of foreatepresenting total beneflty representing
marginal benefit anda representing a constant, we have:

Y = a/ X. Multiplied by the Forest area, X, we kaX = a. Derivating in relation to X, we have

W =562/ 6X = 0.



Rearranging the terms in Equation A.3 we have
AvV = a/x . In (x)
Substituting in equation A.1, we have
AwV = MgV . In(x)
or
MgV = AvV / In(x) Equation A.4

Thus dividing the average values found in the stsich the literature by the natural logarithm @& th
area of the biome under study, we have the margalaks necessary for the analysis proposed.

The steep rise in the marginal value when the neimgiarea of the forest becomes very small can
be understood as an incorporation of the risk efugition in the ecosystem’s equilibrium when
unknown thresholds are crossed. It should be nibtadthe marginal value of the last hectare is
infinite. To avoid the consequences this fact press& cost-benefit analyses, this very last hectar
is not included in the analysis (so the domainlbfumctions starts at hectare 1, as can be seen in
Table 2). It should be noted, however, that theelolound of the interval relevant for the current
analysis is measured in the tens of millions oftéess, where the function is “well behaved”.

It is important to point out, as Torras (2080lid, that the choice of the rectangular hyperbolic
function is an arbitrary one. As discussed abowmydver, this choice respects various related
ecological and economic criteria. Also, as willdeen in the development of this analysis, use of
this function generates results that are coheréhttive few marginal results currently available in

the literature, with the comparative analysis oluadion studies previously carried out and with

other studies that made correlated analyses.



