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Abstract

Biodiversity prospecting has drawn considerable attention as a potential source of revenues
for governments concerned with the preservation of biodiversity. Recent agreements designed to
extract some of the surplus associated with successful products by �rms have employed royalties
on the revenues from these products. This paper examines the impacts of such government
intervention into a two-�rm research and development (R&D) market with uncertainty and
information spillovers. Royalties are shown to reduce the research output of the taxed �rm, which
results in much lower expected government revenues when the research output of a competing
�rm is a strategic subsitute relative to when it is a strategic complement. Further, taxation
alone is generally inferior to a combination of taxation/subsidization of successful products and
research costs. It is shown that subsidization rather than taxation of successful products may
even be optimal under particular types of uncertainty.

JEL Classi�cations: Q3, Q38, H41

Keywords: Biodiversity prospecting, research and development (R&D), uncertainty, spillovers,
imperfect competition.

|||||||||
� This version of the paper bene�tted signi�cantly from the comments of by Ida Ferrara. The

constructive comments on an earlier version by Charles Plourde, R. Quentin Grafton, John
Livernois, and Sam Bucovetsky, as well as participants at the Canadian Economics Asso-
ciation meeting at the University of Ottawa, and at seminars at Simon Fraser University,
Dalhousie University, St. Francis Xavier University, and York University, are greatly ap-
preciated. Any errors or omissions remain the responsibility of the author. This research
was supported by the Social Science and Humanities Council of Canada (SSHRC) Doctoral
Fellowship No. 752-97-1609.

y Telephone: (416) 979-5000 x6186; Fax: (416) 979-5289; E-mail: pmissios@ryerson.ca

1



1 Introduction

Biodiversity preservation, or the protection of variety among species, is of a signi�cant concern

to many governments. While individuals may derive bene�ts from the species and their diversity,

the public good aspects of these resources make it di�cult to �nance the costs of conservation.

One method of particular interest, gaining in popularity of use, is extracting rents from biodiver-

sity prospecting, or the investigation of natural sources for commercially valuable pharmaceutical

products or biotechnology. Recently, a number of governments have o�ered private �rms the op-

portunity to sample species from within their borders in return for a share of the revenues (royalty)

from any products resulting from the research. A formal framework is developed to assess the

e�ectiveness of royalties in extracting part of the surplus of �rms and the inuence of royalties on

sampling practices relative to other methods of rent extraction.

A signi�cant issue in biodiversity prospecting is property rights, given the public good nature

of biological or genetic resources (genotypes). While rights for developed products are well-de�ned

by patent law in the developed world, international ownership of genetic material and species is

more problematic. The Rio Convention of the 1992 United Nations Conference on Environment

and Development nonetheless provides that nations have sovereignty over their genetic resources,

but also have the responsibility for conserving their biological resources and for using them in a

sustainable manner. \In situ" conservation of ecosystems and natural habitats is expensive in terms

of both preservation costs and the lost alternative use of land, and if biodiversity prospecting were a

substantial and continual revenue generator for governments, the pressures against the conservation

in developing countries could be lessened through compensation for lost opportunity costs. This

is particularly important for developing countries, as illustrated by the fact that 70 percent of the

3,000 species known to have anti-cancer properties are found in tropical forests (Sedjo, 1992). A

number of pharmaceutical companies (including some of the world's largest) and agencies have

explored or are currently examining species for potential new products, as seed �rms in agriculture

have been doing for many years.

Several authors have previously suggested that biodiversity prospecting can be used as a poten-

tial tool for conservation, such as Farnsworth and Soejarto (1985), Principe (1989), Wilson (1992),

Reid et al. (1993), and Rubin and Fish (1994). Another subsequent branch of the literature, in-
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cluding Simpson et al. (1995) and Barbier and Aylward (1996) have questioned the e�ectiveness

of such a tool, citing either low private values of the \marginal" species (Simpson et al., 1996) or

low royalty revenues to source governments (Barbier and Aylward, 1996).1 As shown here, the

e�ectiveness of taxes/royalties depends on the nature of the uncertainty in the research and devel-

opment process, which manifests itself through the strategic complementarity or substitutability of

the �rms' research expenditure. We examine the relationship between royalties and other surplus

extraction methods in a model where two prospecting �rms compete through R&D for the same

product (prize). One �rm uses samples from a country with the government planning the surplus

extraction, while the other is not subject to any intervention. The R&D output of both �rms is

subject to outcome uncertainty and information spillovers.

2 The Model

Biodiversity prospecting is an example of R&D and is subject to competition from other �rms,

and accordingly, the model presented here is related to the literatures on strategic R&D and trade

theory.2 More speci�c to this paper, Brander and Spencer (1983), Dixit (1984), Spencer and Bran-

der (1994), and Eaton and Grossman (1986), each considered international R&D competition under

certainty, examining price and quantity competition by two or more �rms. Uncertainty in produc-

tion costs was added by Bagwell and Staiger (1992, 1994), while Muniagurria and Singh (1997) and

Leahy and Neary (1999) introduced spillovers. Coe and Helpman (1995) show international R&D

spillovers are quite signi�cant. In a paper most closely related to this one, Zhou (2002) combines

both uncertainty and spillovers in R&D. While incorporating both uncertainty and spillovers, the

key di�erence in this paper (beyond the application) is the nature of the government objective

function. In each of the studies above, the concern was to promote the welfare of the �rm, com-

pared to the rent extraction objective employed here. Governments in the noted literature could

run de�cits in order to encourage R&D spending, which a government concerned with raising funds

for biodiversity protection would clearly not do.

Two risk-neutral �rms are assumed to be selecting their respective levels of R&D input in

1Private values typically ignore non-use values or non-excludable use values. Contingent valuation and travel
cost studies of estimating existence and option values for di�erent environmental amenities, such as Pearce (1990),
Barbier et al. (1994) or Brown and Henry (1993), suggest that social values not included in private decisions may be
signi�cant.

2Brander (1995) provides a survey of this literature.
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the hope of creating a new pharmaceutical or biotechnology product. One �rm purchases its

R&D input (also referred to as sampling intensity) from outside the country in question and is

not subject to any rent extraction policy. The other �rm purchases its input from the country

concerned with pro�ting from its biodiversity and applying such pro�ts to conservation. The value

(net of production costs) of a successful product is constant at �v; but the outcome depends on the

rank order and not on the absolute di�erence between expenditures. In this way, only the �rm

with the higher R&D level receives this amount, while the losing �rm receives no return (this value

arises from the exclusive monopoly pro�ts gained from prefect patent protection on the product

for a �nite period). Sampling and testing for viable products has a cost to the �rms which depends

on the number of species sampled, c(s), with c0 > 0 and c00 > 0. For simplicity, the probability of

�nding multiple successful products is assumed to be zero.

Although the foreign �rm is not subject to government intervention, we consider two di�erent

ways the domestic �rm can be taxed. The �rst is to place a royalty on the value of a successful

product, if found, which has been the common method used in recent biodiversity prospecting

contracts of Costa Rica and other nations. When this is the only instrument employed, the royalty

(t) will be shown to always be positive (tax) and never negative (subsidy), as the tax serves to

reduce the reward earned from R&D. A second instrument considered here is a tax or subsidy on

each unit of the input (p). Again, if this is the only method, this per unit charge will always be

a tax. However, when both instruments are employed, it will be shown that the government may

employ a tax on a successful product and a subsidy on sampling, a subsidy on successful products

and a tax on sampling, or a tax on both. Factors determining which combination is selected

include the nature of the uncertainty (which has implications for strategic competition), the extent

of information spillovers between the two �rms, the value of the �nal product, and costs to both

the �rm (for sampling) or the government (for conservation).

The equilibrium examined here is subgame perfect. The following section describes the (simul-

taneous) competition between the �rms in the second stage of the game, given the government tax

instruments. This is followed by the selection of the instruments to maximize rent extraction by

the government.
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3 Uncertainty, spillovers, and the sampling intensity of the two

�rms

Each �rm selects it desired sampling intensity s, but its overall R&D level depends on the degree

of spillovers from the foreign �rm, as well as a random component. If the exogenous percentage of

information lost to the other �rm and gained from the other �rm is denoted by  (0 �  � 1), and

the random variable is denoted by ", then the realized sampling intensity of �rm i is given by

Si = si + sj + "i (1)

and the realized sampling intensity of the foreign �rm j would be given by

Sj = sj + si + "j (2)

where "i and "j are identically and independently distributed. The distribution function of " is

given by F (") which is twice di�erentiable (the �rst derivative is the density function, denoted by

f). As in Zhou, the R&D choice shifts the density function without changing its other properties.3

The winner of the R&D competition is the �rm with the higher realized sampling intensity, in the

same manner of a labor tournament such as Lazear and Rosen (1981).

For the �rm i to win, its realized sampling intensity Si must be larger than that of the competing

�rm Sj , or equivalently

(1� )(si � sj) + "i > "j (3)

so that the probability of developing the successful product is F ((1 � )(si � sj) + "i) for a given

"i: Over all possible values of "i;the expected probability of developing the successful product isR �"
~" F ((1� )(si� sj)+ "i)f(")d"; where �" and ~" are the upper and lower bounds of the distribution

function. Given the government instruments t and p, �rm i's expected pro�ts are

�i = (1� t)�v
Z �"

"
F ((1� )(si � sj) + "i)f(")d"� c(si)� psi (4)

or the expected value of successful products (net of any royalties) less sampling costs and per unit

3The uncertainty in Bagwell and Staiger alters the density function of production costs, while that in Miyagiwa
and Ohno (1997) alters the density function of the innovation date. For more detail on the speci�cation chosen here,
see Zhou.
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charges. Maximizing this expected pro�t yields the �rst-order condition for �rm i4

(1� t)(1� )�v
Z �"

"
f((1� )(si � sj) + "i)f(")d"� c0(si)� p = 0 (5)

whereby the �rm samples up to the point in which the additional expected value of a successful

product, net of taxes (or subsidies) and spillovers, from the greater likelihood of winning the

competition, equals the sum of the marginal sampling cost and per unit charge. The reaction

function for �rm i is then

@si
@sj

= �
@2�i
@sisj

@2�i
@s2i

= �
�(1� t)(1� )2�v

R �"
" f

0((1� )(si � sj) + "i)f(")d"
(1� t)(1� )2�v

R �"
" f

0((1� )(si � sj) + "i)f(")d"� c00(si)
(6)

The denominator of (6) is the second-order condition, which is negative. The reaction function

therefore has a negative slope when f 0 > 0, is independent when f 0 = 0; and is positively sloped

when f 0 < 0: When the two �rms' sampling intensities move in the same direction (here when

f 0 < 0), the two inputs are strategic complements, while they are strategic substitutes when the

sampling intensities move in opposite directions (f 0 > 0).5 Globally monotonic density functions

include the distributions of the exponential (f 0 < 0), the uniform (f 0 = 0) and the power (f 0 > 0).

The sign of f 0 can be interpreted as an indication of the prevalence of opportunities available in

the market (Zhou, 2002), with higher values suggesting greater opportunities.

The other �rm has the same cost function but no taxes or per-unit charges, so expected pro�ts

are

�i = �v

Z �"

"
F ((1� )(sj � si) + "j)f(")d"� c(sj) (7)

so that sj is chosen according to

(1� )�v
Z �"

"
f((1� )(sj � si) + "j)f(")d"� c0(sj) = 0 (8)

which is equivalent to (5) without taxes or per unit charges.

Conditions (5) and (8) describe the outcome of the second stage of the game, given the govern-

ment taxes set in the �rst stage (examined below). The sensitivity of the second stage equilibrium

4The second-order condition depends on the sign of f 0 and is therefore not automatically satis�ed. The assumption
made here is that  is su�ciently large and/or marginal costs are increasing at a su�cient rate to satisfy the second-
order condition for a maximum.

5Bulow et al. (1985) describe in detail strategic complementarity and substitutability in R&D competition. In
summary, a strategic substitute is de�ned as the situation where, when faced with a �rm spending more on R&D,
pro�ts are higher from decreasing R&D spending, and a strategic complement where, in the same increase in a
competitor's spending, pro�ts are higher from increasing R&D spending.
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can be found from the total derivatives of these conditions, which can be written as follows264 �11 �12

�21 �22

375
264 dsi

dsj

375 =
264 (1� )�v

R �"
" f((1� )(sj � si) + "j)f(")d" 1

0 0

375
264 dt

dp

375 (9)

where

�11 = (1� t)(1� )2�v
Z �"

"
f 0((1� )(si � sj) + "i)f(")d"� c00(si) < 0 (10)

�12 = �(1� t)(1� )2�v
Z �"

"
f 0((1� )(si � sj) + "i)f(")d" (11)

�21 = �(1� )2�v
Z �"

"
f 0((1� )(sj � si) + "j)f(")d" < 0 (12)

and

�11 = (1� )2�v
Z �"

"
f 0((1� )(sj � si) + "j)f(")d"� c00(sj) < 0 (13)

Equations (10) and (13) are negative by second-order conditions. The sign of the o�-diagonal

elements of the Jacobian depend on whether the two inputs are strategic substitutes or strategic

complements. When the sampling intensities of the two �rms are substitutes, the o�-diagonals are

both positive; when the sampling intensities of the two �rms are complements, the o�-diagonals

are both negative. The determinant of the Jacobian (denote by j�j) is strictly positive.

Firm i performs less sampling when the royalty on successful products increases, as given by

@si
@t

=
(1� )3�v2

R �"
" f(�i)f(")d"

R �"
" f

0(�j)f(")d"� c00(sj)
R �"
" f(�i)f(")d"

j�j (14)

which is negative regardless of the sign of f 0. The change in the sampling performed by �rm j

depends on the relation between si and sj :

@sj
@t

=
(1� )3�v2

R �"
" f(�i)f(")d"

R �"
" f

0(�j)f(")d"
j�j (15)

the sign of which depends on the sign of f 0. If the reaction function is negatively sloped (strategic

substitutes), a higher royalty on �rm i results in more sampling by �rm j. This would have the

e�ect of signi�cantly reducing the probability that �rm i wins the competition. If the reaction

function, however, is positively sloped (strategic complements), then the higher royalty reduces the

sampling done by both �rms (and thus having a lesser impact on the probability that �rm i wins).

For the same royalty rate, government revenues would be smaller when the two goods are strategic

substitutes. Similar sensitivities can be found with respect to the per-unit charge p:

@si
@p

=
(1� )2�v

R �"
" f

0(�j)f(")d"� c00(sj)
j�j (16)
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which is always negative, and

@sj
@p

=
(1� )2�v

R �"
" f

0(�j)f(")d"
j�j (17)

which, like the royalty, is positive when f 0 > 0 and is negative when f 0 < 0:In the following section,

these sensitivities will be used to determine the optimal government choices of t and p:

4 Rent extraction and the choice of taxes and subsidies

According to the UN Conference on Environment and Development, governments must protect

their biological resources. The commonly cited di�culty in achieving such an objective is �nding

a source of funding. In addition to the recovery of biodiversity protection �nancing costs from

bioprospecting, the government must take into account the impacts that its policies will have on

the likelihood the prospecting �rm will actually achieve a successful product. In another way, the

government must recognize the reactions of the sampling intensities of both �rms from the second

stage of the game in setting its own policies. The objective of the government is then to maximize

the total revenues extracted from the �rms, either through royalties or per-unit charges, subject to

the constraint that �rms will act in accordance with the above detailed second stage results. As

in Simpson et al., the social ecological, moral or aesthetic values of biodiversity are ignored, as are

the bene�ts of habitat protection (including ecotourism and recreation), so that the focus here is

strictly on prospecting incentives.

Providing the samples to �rm i has a cost e(si) with e
0 > 0 and e00 � 0:This cost could relate to

the actual provision of the samples, or to the cost of preserving an area large enough to encompass

enough species to meet the demand. The government thus maximizes its net revenues

R = t�v

Z �"

"
F ((1� )(si � sj) + "i)f(")d"� e(si) + psi (18)

with respect to both t and p. This yields the �rst-order conditions

@R

@t
= �v

Z �"

"
F ((1� )(si� sj) + "i)f(")d"+ t(1� )�v

Z �"

"
f((1� )(si� sj) + "i)f(")d"

�
@si
@t
� @sj
@t

�

�e0(si)
@si
@t
+ p

@si
@t

= 0 (19)

and

@R

@p
= t(1� )�v

Z �"

"
f((1� )(si � sj) + "i)f(")d"

�
@si
@p

� @sj
@p

�
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�e0(si)
@si
@p

+ p
@si
@p

+ si = 0 (20)

Using the �rst-order condition of �rm i from (5) solved for p, and re-arranging

t =
�v
R �"
" F ((1� )(si � sj) + "i)f(")d"+ (1� )�v

R �"
" f((1� )(si � sj) + "i)f(")d"

@si
@t � (c

0 + e0)
@sj
@t

@sj
@t

(21)

and

p =
�t(1� )�v

R �"
" f((1� )(si � sj) + "i)f(")d"

h
@si
@p �

@sj
@p

i
� si + c0 @si@p

@si
@p

(22)

The �rst conclusion we can draw from these conditions is if there is only to be one instrument (either

a tax on successful products or a tax on sampling but not both), then that tax would certainly be

positive. This follows directly from the objective of revenue extraction of the government. Related

to this, if one instrument is a subsidy the other must be a tax. Again, this simply ensures that the

government has a positive revenue ow. In general, however, a tax on successful products can be

combined with either a tax or subsidy on sampling, and a tax on sampling can be combined with

either a tax or subsidy on successful products.6 When the tax on successful products is positive,

then a subsidy on sampling will only be used if

�t(1� )�v
Z �"

"
f((1� )(si � sj) + "i)f(")d"

�
@si
@p

� @sj
@p

�
� si + c0

@si
@p

> 0 (23)

which is more likely when: (a) the degree of spillovers between �rms () is low, (b) the marginal

cost of sampling is low, (c) the value of a successful product is high, and (d) the two goods are

stronger strategic substitutes (that is, a higher value of f 0).

When the government applies a tax on sampling, the conditions under which the optimal roy-

alty would be negative depend on the sign of f 0, or whether the R&D expenditures are strategic

complements or substitutes. When the two expenditures are strategic complements or f 0 < 0, so

that the foreign �rm reduces its own R&D when the domestic tax increases, a subsidy (rather than

a royalty) on successful products would be the desired choice of the government when

�v

Z �"

"
F ((1�)(si�sj)+"i)f(")d"+(1�)�v

Z �"

"
f((1�)(si�sj)+"i)f(")d"

@si
@t
�(c0+e0)@sj

@t
> 0 (24)

which is more likely if (a) marginal sampling costs (c0) are high, (b) marginal protection costs (e0)

are high, or (c) the degree of spillovers of information across the two �rms is high. However, the

6In another way, there are three classes of possible outcomes with two non-zero instruments: t > 0 and p > 0,
t > 0 and p < 0, and p > 0 and t < 0.
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opposite is true if the two R&D expenditures are strategic substitutes (f 0 > 0). In this case, a

subsidy on successful products would be chosen if (24) is negative, which is more likely if marginal

sampling or protection costs are low, or if spillovers are low.

In practice, royalty agreements have been employed to share pro�ts between the �rms and the

source country, as intended by the Biodiversity Convention. Royalties are usually based on the

expected value of the potential product, with royalty �gures typically ranging from 1 to 5 per-

cent. In probably the most publicized agreement, Costa Rica's Instituto Nacional de Biodiversidad

(INBio) signed a contract with US pharmaceutical multi-national Merck & Co. in 1991 to pay $1

million over two years for the opportunity to search for sources of new pharmaceuticals from 1000

samples from the diverse species of Costa Rica's tropical forests, in return for royalties paid on the

therapeutics developed. INBio, as a non-governmental organization, cannot sell the exclusive rights

to any particular species, but its mission to integrate Costa Rica's biodiversity into a sustainable

development strategy is consistent with the Biodiversity Convention. The Merck-INBio agreement

was renewed in 1994 (Zebich-Knos, 1997), under similar terms.

We have shown here that although a positive tax (royalty) on successful �nds forces �rms to

sample fewer species than they would with no regulation, this does not necessarily imply that the

�rm will be less likely to win the R&D game presented here. The nature of the uncertainty may

result in the two R&D expenditures being strategic complements, so that foreign competitors reduce

their own expenditure when a domestic royalty is applied. In general, however, it is suboptimal for

domestic governments to only tax successful products, as a combination of tax (or subsidies) on

successful products and sampling costs would produce larger revenues than a single tax alone. It

is not impossible that the appropriate tax on successful products be negative.

What are the implications of this model for the viability of biodiversity prospecting as a source

of revenues for conservation? The limited data from existing agreements makes it di�cult to deter-

mine, particularly since no existing contracts use the instruments prescribed here. Further, the type

of uncertainty faced by research �rms needs greater attention. Nonetheless, it is not unreasonable

to expect that a greater share of revenues could be extracted if the taxes were chosen optimally. A

number of studies, including Farnsworth and Soejarto (1985), Principe (1989), McAllister (1991),

Harvard Business School (1992), Pearce and Puroshothamon (1992), Aylward (1993), and Barbier

and Aylward have attempted to place values on untested species in situ, with results ranging from
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US$44 to US$23.7 million. Barbier and Aylward estimate the expected royalty per sample to be

US$233, which implies (given the assumed 2 percent royalty) that the expected net revenues per

sample is $11650. Using their estimates (40 years, 2000 samples per year, 10 percent discount rate),

the present value is almost $228 million, of which only $4.6 million is extracted by the government

in royalties. However, there is no reason to believe that the chosen royalty is necessarily optimal.

If the inputs of competing �rms are strategic complements, signi�cantly raising the royalty rate

will yield greater expected revenues to the government. Per unit charges, or a combination of per

unit charges and royalties, may be also be more attractive revenue generator for governments. As

biodiversity has values other than new products (harvesting of species, ecosystem support, exis-

tence values to individuals, etc.), the burden of covering all the costs of conservation should not

necessarily be placed upon prospecting.

5 Concluding Remarks

Many countries, particularly those at lesser stages of development, have recently become increas-

ingly concerned with the ability of biodiversity contracts to �nance conservation e�orts. Initial

agreement attempts have employed royalties, or a tax on net revenues, as a means to this end,

but the e�ectiveness of this method will has been shown to be highly dependent on the nature

of the uncertainty in the R&D process and the spillovers that occur between �rms. In general it

is appropriate to combine royalties and per unit charges (either of which, but not both, could in

fact be subsidies instead of taxes), which has the additional bene�t of shifting some of the risk

associated with exploration onto those �rms performing the search.

Some recent studies have suggested that low values of the \marginal species" necessarily imply

that biodiversity prospecting is a poor tool for conservation. Due to the extremely large numbers

of species existing currently, it is virtually uncontestable that private values from these species is

negligible and below their marginal protection cost, despite potentially high social values not cap-

tured in market transactions. However, pharmaceutical patents often provide �rms with substantial

pro�ts which normally exceed research and development, production and distribution costs, so that

rent extraction may indeed be a viable option for governments desiring to �nance biodiversity con-

servation.
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