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Abstract and Executive Summary

The Val uati on and Appropriation
of
The G obal Benefits of Plant Genetic Resources for Agriculture

By Timpthy M Swanson, David W Pearce and Raffaello Cervign
Centre for Soci al and Econonmic Research on the d oba
Envi r onnent

Abstr act

This report presents an econom c analysis of the need for and
the nature of "Farnmers' Rights", the concept devel oped within

the International Undertaking on Plant Genetic Resources. It
shows that the need for Farners' Rights derives from bias
within the socio-economc process that s driving the
depletion of plant genetic resources for agriculture. I t

identifies the nature of Farners' Rights as being in the first
instance the creation of internationally-recognised rights to

the appropriable values (discoveries, contributions to
enhanced yields) generated by these resources as a factor of
producti on. There are also other values of plant genetic

resources (systemc stability, reduced yield variability)
which are incapable of appropriation; for these, a cost-
effective international conpensation nechanismis required.

Executive Summary

The loss of biodiversity in plant genetic resources for
agriculture derives from the relative appropriability of the
val ues that emanate from diverse and nondiverse agricultura
resour ces. Since many of the values from diverse resources
are either gl obal or nonappropri able  (under exi sting
institutions), there is a bias towards conversion to nodern
hi gh yi el di ng

varieties.
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Conversion to high yielding varieties usually substitutes
a high nean yield system for a lower yield but nore
di verse system

Planting a diversity of varieties provides insurance
through a portfolio effect, but the individual farnmer
perceives |less need for diversity-supplied insurance now
that other forns of risk-spreading and insurance are
avai |l abl e.

In the absence of individual incentives to supply
di versity, governments nust now determ ne and supply the
opti mal anount of diversity-supplied insurance. There is
no substitute for this form of insurance, as financial
mar kets are unable to reduce highly correlated risks such
as this one.

| ndi vi dual governnments  wl| under suppl y di versity-
i nsurance because nost of the values are global in
nature. These values derive fromthe reduced variability
in world food yields (and hence prices) that results from
the correct quantity of diversity.

Diversity does generate sone appropriable values but
these are not appropriated under existing property rights
systens by those best able to invest in the resource
Poor property rights systens generate poor investnent
i ncentives, and are partially responsible for the
underi nvestnent in diverse resources.

The appropriable benefits of plant genetic resources are
derived fromits value for exploration, and contribute to
enhanced nean yields as well as reduced variability in
agriculture. This value is currently being captured as a
conposite value (in conbination with rewards to other
factors of production) at other levels within the plant
breedi ng/ seed i ndustries.

The inplenentation of Farners' Rights concept should correct
this inefficient bias towards conversion of Jland to high
yielding varieties. The optimal institution is one that wll
conpensate host states for supplying global values, and
appropriate to host states the factor share of plant genetic
resources within the plant breeding/seed industries. Thi s
will require an international agreenent (or protocol) to
generate and assure these flows of value into the future, in
order to institute the correct incentives for conservation.



To alter host states'investment decisions regarding their

portfolio of agricultural resources wll require an
institution that wll <create and direct values from
diverse resources into the indetermnate future

| nvest nent depends upon expectations about the future,
not paynents in the present.

An optiml conpensation nechanism is required for the
channel ling of global values to host states. This would
take the form of an international agreenent that assures
the global community that additional diverse resources
will be conserved for each additional dollar spent. It
is the creation of this direct and dynamic |ink between
paynent and provision that generates the wllingness to
pay for diverse resource conservation

Anot her possibility for the elicitation of willingness to
pay is the estimation of the value contributed by plant
genetic resources for agriculture. This is not a
practicable option for the global values, although it is
possible to estimate the contribution of plant genetic
resources within the plant breeding and seed industries.
A study of this sort has not previously been
acconpl i shed.

The contribution of plant genetic resources to plant
breedi ng/ seed industries is appropriable as well as
estimable. At present the contribution of plant genetic
resources is being consolidated with the other factors of
production in these industries, rather than being
separately rewarded. Farnmers are paying for the use of
this factor, but the reward to this factor is not being
returned to those nmaking decisions regarding its
conservation

The creation of an internationally-recognised genetic
resource right would allow for the separation of this
conposite val ue between the various factors of production
in these industries, and create a system of incentives
for conservation of plant genetic resources. Thi s
requires the creation of a registration office or
exchange where rights to plant genetic resources may be
clainmed via first registration.



1. Introduction to the Biodiversity Problemin the Context of
PGRFA

The "green revolution™ has generated large increases in
average yields in nost countries adopting the nethods of
nodern agricul ture. Between 1960 and 1983, world food
production increased by alnpbst three per cent per annum
|argely attributable to the adoption of such nethods.

One of the linked inputs in nodern agricultural production is
the specialised high yielding variety developed for use in
intensive agriculture. These varieties are devel oped by pl ant
breeding industries by selective breeding techniques mnaking
use of the entire gene pool available through the gene bank
net wor ks and through screening the various |andraces still in
use. Therefore, in recent history, one of the fundanental
inputs into the nodern agricultural process has been the range
of varieties still being used by the non-nodern (traditional)
sector of agriculture.

However, despite the need for the inputs fromthe traditiona
sect or (either directly or indirectly via gene bank
accessions), there was no return from nodern agriculture
invested in the traditional sector in order to maintain it for
this purpose. Therefore, the very success of the nodern
sector has resulted in the erosion of the traditional sector
upon which it had depended for raw materi al.

Now, in addition to the role of plant gernplasmas an input in

plant breeding for yield enhancenent, it is also recognised
that it plays a role in reducing variability in yields as
well. It does so in several ways both now and in the future,

e.g. by reducing reliance upon too few productive varieties at
any one time and place and by providing a basic resource to
turn to in the event of problens arising out of existing
production net hods.

These various "values" of diverse plant genetic resources and
the optimal node for their conservation have been the subject
of an extended debate between states from both North and
Sout h. The conservation of "plant genetic resources for
agriculture” (PGRFA) is one of the inportant conservation
itens on the agenda under the general terms of the
Bi odi versity Convention. This paper analyses this debate, the
forces driving it and the routes to its resolution. I t
identifies by why it is that the conservation of PGRFA is a
contentious issue along North-South lines, and how it is that
an answer exists that is to all parties' advantage.

1.1 The Previous Discussions Concerning the Conservation of
PGRFA



This conservation problem was first addressed through the
establishment of the gene bank system under the Consultative
G oup for International Agricultural Research (CGAR) in 1971,
and the developnent of thirteen International Agricultural
Research Centres (lIARCs) for the assenbly of gernplasm
collections. The thirteen I ARCs now nmanage 227 seed banks in
99 countries which hold 90% of known |andraces of such crops
as wheat, corn, oats and pot at os.

Despite these successes, the problens and deficiencies of
exclusive reliance wupon ex situ conservation are wdely
recogni sed. In part on account of this, the Food and
Agricultural Organisation has developed the International
Undertaking on Plant GCenetic Resources (IUPGR) and its
associ ated resolutions, which provide for an agreed groundwork
for regul ati ng PGRFA.

Initially the 1UPGR was the statenent of a policy of "open
access" with respect to plant genetic resources. They were to
be made avail able for access under nutually agreed terns (i.e.
by neans of bilateral agreenents).

More recently the T1UPGR (and its associated resolution 5/89)
has seen the devel opnent of the concept of "Farnmers' Rights".
These are rights arising from the contributions of farners
toward the conservation of PGRFA specifically, and to the
pl ant breeding and seed industries generally. These rights
are vested in the international community (as a sort of
"trustee") for the benefit of the world s farners and farm ng
communities. The farnmers are intended to participate fully in
t he benefits derived fromthe use of PGR

It has been generally agreed what form the benefits of these
Farmers Rights should take. The nmechanismis described as an
"international fund®" managed by the Food and Agricultural
Organisation to support conservation activities particularly
in the devel oping countri es.

This international fund remains to be inplenmented, and there
is no agreement as to the scale and source of the

contributions that it should contain. O course, this
situation renders "Farnmers Rights" largely ineffective. The
primary objective of this paper is to assess the nost
efficient neans of inplenenting the general concept of

"Farnmers Rights" for cost-effective conservation of PGRFA

1.2 The Ongoing Discussion Under the Biodiversity Convention

The adoption of the convention on the conservation of diverse
bi ol ogi cal resources in R o de Janeiro in the sumer of 1992



had a significant inpact on the conservation novenent for
PGRFA. This international convention contains severa
provisions relevant to the debate on PGRs, and prom ses future
actions (and protocols) to resolve sone of the inportant
out st andi ng i ssues. To a large extent, it provides a single
forum in which to continue the discussions already initiated
in other fora.

One inportant role for the biodiversity convention is that it
may provide for the efficient coordination of ex situ and in
situ conservation strategies for plant genetic resources, and
the provision of a conpensation nechanismfor the providers of
(the raw materials for) each. The biodiversity convention
regi sters these concerns in articles 9, 20 and 21.

In addition, many of the facets of the FAOs resolutions on
"Farmers' Rights" have been incorporated into the ternms of the
conventi on. (See Articles 9, 20 and 21 of the Biodiversity
Convention.) These provisions also discuss the ternms of
access to genetic resources, and the basis for agreenents on
the sane. Therefore, the convention promses to continue the
debate on the terns for access and the basis for conpensating
t he providers of PGRFA

At this stage, the Biodiversity Convention is a nere
"framework convention". By this, it is mnmeant that the
convention provides a framework for further negotiations on
important issues, but little in the way of concrete terns of
an agreenent. The convention at present identifies the gl obal
willingness to negotiate further to resolve these issues, and
it identifies the nature of the issues that the parties nust

addr ess. It is to be anticipated that future protocols wll
i ssue under the convention to reflect agreenents on sone of
the still-outstanding i ssues of the debate on PGRFA

1.3 The Purpose of this Report

The general purpose of this report is to provide a conceptua
framework for understanding the nature of the agreenent that
is required in order to inplement effective biodiversity
conservation for PGRFA The specific object is to identify
the extent to which it is possible for economcs to contribute
to the resolution of these debates by either: 1) estimating
the value of biological diversity in the context of PGRFA;, or,
2) ‘indicating the neans of appropriating the value of
bi ol ogi cal diversity in this context.

The answers to these questions are presented in the course of
the six subsequent sections of this report. Part A (sections



2-4) analyses the biodiversity problem in the context of
PCGRFA. Part B (sections 5-6) develops the range and scope of
application of the econom c nethods of value estimation. Part
C (section 7) describes the nature of the necessary policy
solutions, and the institutions they recomrend.

Sections two through four develop the nature of the "problem
of biodiversity's depletion" in this context. Section two
explains why it is that nodern agriculture has an in-built
tendency for diversity destruction, and why this is sonething
that is used for the devel opnent of human societies. The |oss
of biological diversity resources in this context is largely
t he consequence of the advancenent of human societies.

Section three identifes the reasons why this process should be
a matter for concern, i.e. it identifies the various "val ues
of diversity" that should be considered in balance with the
"val ues of nodern agriculture".

Section four indicates why it 1is that these values are
ineffective in halting the progress of conversion to high-
yielding varieties across the globe, i.e. it addresses the
guestion why these obvious values are not thenselves effective
in halting the decline of diversity. There is a bias towards

the adoption of high-yielding varieties that lies in the
relative appropriability of their benefits (rather than the
| evel of these benefits). At base, it is this externality

that is the core problem of biodiversity in the context of
PGRFA.

Section five briefly descibes the field of enquiry known as
"“environnmental economcs" especially as it pertains to the
i ssues of environnental valuation. This survey gives an idea
of the sorts of things that this field is able to do, and what
it cannot do. In particular, it identifies from the outset
that there exist a large nunber of values of PGRFA that it is
unlikely that estimation techniques can eval uate.

Section six then lists a couple of research projects that
m ght be used to attenpt estimations of the value of PGRFA
However, nore inportantly, it also lists the problenms wth

this approach. It is clear that the values that can be
estimated will only be a small part of the total values, and
the studies indicated will represent nere case studies wth

regard to these values (that nust be aggregated to represent
indicators of the values that they are estimting).
Therefore, it is clear fromthe analysis in this paper that it
will be difficult to acquire a clear idea of the full range of
value of PGRFA prior to their appropriation, but it is also
clear that there are values that nay be accurately estimted
and that this work has not yet been done.

11



Section seven then provides an analysis of the inplications of

an optiml policy approach to biodiversity's conservation. It
considers two distinct options: conpensation nechanisns and
appropriati on nechani sns. In both cases, the purpose of the

analysis in section seven is to denonstrate how a properly
structured agreement can be self-enforcing, and give both
producer and consuner what they desire fromthe agreenent. In
the context of biodiversity, this nmeans the construction of
self-enforcing agreenents that assure consuner-states of the
effective conservation of di verse resour ces whi |l e
simul taneously assuring producer-states of the funds to
conpensate fully for their conservation

Section seven first discusses the range of values that are not
appropriable, and discusses the nature of the nopst cost-
efficient nmechanisns for their preservation. These nechani sns

will conserve the optinmal anount of diversity if they are
based in the creation of a nechanism which wll allow the
expression  of existing wllingness-to-pay for di verse
resour ces. In terms of economic incentives, this neans
denonstrating to consunmers that they wll receive sonething

concrete for the noney that they part wth.

Section seven then identifies the range of values for which
appropriation is a possible, and preferable, option, and
describes the nature of the institutions capable of
appropriating the rental values of genetic resources to their
host states. Farnmers' rights may be given real effect by the
creation of a straightforward nechanism for enforcenment of an
i nternationally-recognised exclusive purchasing agreenent.
This nethod of inplenmentation will nmaximse the conservation-
ef fectiveness of the appropriated val ues.

In sum the purpose of this paper is to show how the genera
concept of "Farmers Rights” can operate to conserve
bi odi versity effectively. Farmers rights are essential for
the creation of a nechanism for the channelling of rents to
the states and individuals hosting genetic resources. These
natural resources generate rents within the plant breeding and
seed industries at present, and they need to be redirected for
pur poses of conservation efficiency. The short answer is that
there is a sinple mechanism (an "exchange") that is avail able
for enforcing these rights, and generating these rents at the
| evel of the host state and its farnmers. It is an institution
of this nature that will be capable of generating paynents for
the sustainable conservation of plant genetic resources for
agricultural.



Part A

The Nature of the G obal Biodiversity Problem

in Rel ation to PGRFA

By Ti not hy Swanson
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2. The Forces Driving the Decline of Biological Diversity
General ly

This section comences the devel opnent of the framework upon
which the policy recommendations in this docunent are built.
It is necessary to explain the economics of the problem of
diversity decline before it 1is possible to explain the
econom cs of biodiversity policy. Part A of the report
considers the nature of the problem parts B and C the nature
of the alternative approaches to a sol ution.

In essence, this section sets forth the nature of the gl oba
devel opnent al process that woul d generate biodiversity
decl i ne. In doing so it denonstrates the tension between the
drive for human and soci etal devel opnent and the retention of
diversity; to sonme extent, they are not conpatible objectives.
Therefore, in this section, we paint wth a broadbrush; the
di scussion here is of the general nature of the conflict
bet ween devel opment and diversity, and how it applies in the
case of plant genetic resources. 1In section four of the paper
we return to the question of the specific problens driving the
decline of these resources in particular.

2.1 The forces of conversion.

Estimates of aggregate natural habitat conversions over the
past two centuries range from 25 to 50 per cent of the
original area. [ Myers (1980); IIED (1989)]. Two hundred
mllion hectares of forest and 11 mllion hectares of
grasslands were converted to specialised agriculture between
1960 and 1980 alone, all of it in the developing countries.

[ Hol dgate et. al. (1982)].

Table 2.1: Rates of Conversion of Natural Habitat to

Agriculture

Devel opi ng 1960 1980 Percent. Change
ha. ha.

Sub-S. Africa 161m 222m 37.8

Latin Anerica 104m 142m 36.5

Sout h Asi a 153m 210m 37.2

S.E. Asia 40m 55m 37.5

Devel oped

North Anerica 205m 203m 0.1

Eur ope 151m 137m 0.0

US S R 225m 233m 2.0

Source: Repetto,R and GIllis,M, (eds.) [1988].

Al'l the projections of potential "mass extinctions" are based
on extrapol ations of |and use conversion trends into the final



refugia of species diversity, i.e. the tropical rainforests.
A fairly conservative estimate would seem to be that the
diffusion of these technologies into these final refugia are
causing current rates of extinction to be about 1,000 to
10,000 tinmes the historical rate of extinction. [W I son
(1988)]. If the problem of diversity decline is assuned to be
described by the processes generating these biologists
proj ections, then the source of this concern is the conversion
of lands to other human-chosen uses. These conversions have
occurred for several centuries in sonme parts of the world, but
nost recently their progress has been charted across the
devel opi ng worl d.

In the devel oped countries of Europe and the U S., there is

little land conversion still taking place. This is because
the process of |and use conversion has been conpleted. The
proportion of Europe which is "unnodified habitat" (of at
| east 4000 sq. km in area) is now certifiably zero. In the
US., the proportion of unnodified habitat of this dinension
is down to 5% of the Anerican |and nass. [Worl d Resources
Institute (1990)]. The conversion process has worked its way
through nost of the northern hem sphere, and it is now
proceeding in the same nmanner across the south. At the

"frontier™ of this technological diffusion, the rate of
conversions renai ns high.

Table 2.2: Recent Rates of Conversion To Specialised
Agriculture (Ten Year Rate - To 1987)

(increase in land area dedicated to specified use)
Conversions to Cropl and Conver si ons to
Past ur el and

1. Paraguay 71. 2% 1. Ecuador 61. 5%
2. Niger 32.0% 2. Costa Rica 34.1%

3. Mongolia 31. 9% 3. Thail and 32. 1%
4. Brazil 22.7% Phil i pi nes 26. 2%

5. lvory Cst. 22. 4% 5. Paraguay26. 0%
6. Uganda 21.4% Vi et nam 14. 0%

7. Quyana 21.3% Ni caragua 11.8%

8. Burkina F. 19. 4%

9. Rwanda 18. 6%

10. Thai | and 17. 1%

No A

Source: Wirld Resources Institute and International Institute
for Environment and Devel opnent [1990].

The diversity of life forns is in decline because |arge-scale
changes in | and use have been occurring across the face of the
earth for many centuries, initially in the parts known as the
"devel oped world", and currently in the devel oping.

15



"Conversion" is the basic force driving the decline of
di versity.

In essence, wthin the natural evolutionary process, the
all ocation of a portion of "base resource"” (land or NPP) was
determined in a natural conpetition between various life
forns. In the past ten thousand years, this allocation
decision has been wusurped by the human species. Base
resources (land and NPP) are now allocated by humans to the
various species that continue in existence. The land use
conversions outlined in the previous section are indicators of
the scale and rate of diffusion of this technol ogi cal change.

It is a process which comenced with the initial idea of
cultivation and donestication, i.e. the selection of species
for use rather than the use of the prevailing species. It is
an idea that has diffused across the whole of the gl obe. Now,
human choice rather than conpetitive adaptation determ nes the
range of life fornms that exist on the face of this planet.
Recognising that it was possible to select a species to which
to allocate the base resource, and then use that species,
human objectives rather than evolutionary adaptation becane
the driving force in determ ning extinction. From that point
on, the conpetition for base resource allocations was a soci al
process.

2.2 \What is "Conversion"?

| f honobgeni sation of the biosphere is the force primrily
driving diversity decline (and this is a force generated by
human societies), then it remains to explain the nature of the
human obj ective that would generate this force. One of the
fundanmental economic problens that human societies nust
resolve is the determnation of the form of the assets in

which they wll hold their aggregate wealth (their
"portfolio"). If the optimal portfolio determned by this
process is different from the initial, then there wll be

incentives to convert sonme existing assets to other fornms.
This inplies disinvestnent in sonme naturally occurring assets,
and investnent in some other human-preferred ones.

The incentive to disinvest in the naturally-occurring stock of
assets in order to invest in the human-selected is referred to
as the "conversion process". The natural form of any resource
is necessarily conpetitive with other fornms in which humans
m ght hol d these sane assets. This derives fromthe fact that
human societies now exercise the power to choose whether to
hold natural resources in their original form or to
substitute another. (Solow R 1974).

This force for conversion extends even to biological
resour ces. For exanple, a given hectare of land, which is
originally growing diverse native grasses, may be converted
directly to another grassy plant form such as wheat, because
of the enhanced productivity of this resource. Alternatively



(and less directly), a tropical forest nmay be |ogged and sold
with the funds then invested in other national assets (such as
education), resulting in the conversion of the natural asset
to, e.g., human capital. Once species are viewed as hunman-
hel d assets, they are subject to the processes by which hunmans
determne their optimal portfolio. Species nust be viewed as
human- hel d assets, in a positive nodel, because humans have
denonstrated the capability to determne the continuing
exi stence of alnost all species on earth.

This indicates the fundanmental nature of the forces driving
di versity decline. Human societies are driven by the desire
to advance and devel op, and econom c devel opnent derives in
part from the substitution of the nore productive assets for
the less productive, i.e. from the conversion process.
However, the application of this econom c process on a gl oba
basis is one of the primary forces contributing to diversity
decl i ne. This indicates that the fundanental source of
diversity decline is the human reconstruction of the globa
portfolio of biological resources on which they rely, from
which nost biological resources (the so-called "diverse"
resources) are being excluded. When a given species is not
selected for inclusion within this portfolio, then it is
subjected to the forces for disinvestnent that lead to its
decl i ne.

Therefore, once species are perceived as "assets", i.e. as
conpeting "nmeans of producing biological product”, it 1is
possible to identify general forces that would threaten all
life forms with the prospect of conversion. In short, these
assets will be converted if they are inferior assets (when
conpared with conpeting nethods of production) in terns of
productive capacity by thenselves or in conbination with their
ancillary resources (land or nmanagenent).

2.3 Conversions and "Agricul ture"

Human wusurpation of the evolutionary function of allocating
base resources is not a sufficient explanation for diversity
decl i ne. It remains necessary to explain why humans woul d
exercise this power in such a fashion as would cause diversity
to decline. The key to this explanation probably lies in a
technol ogi cal change that occurred originally about ten
t housand years ago; this was the realisation of "agriculture"
by human soci eti es.

Agriculture has consisted of the selection of a few prey
species, and the expansion of their ranges. Prior to the
occurrence of this idea, human societies preyed upon the
species over the ranges that the evolutionary process had
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allocated them (hunting and gathering); afterwards, hunman
societies transported the species they wused wth them
di splacing the naturally selected varieties. The discovery of
this strategy (donestication and cultivation) and its
i npl enentation constituted a very inportant part of a
technol ogical shift that occurred in the late Pleistocene
(about ten thousand years ago). This was a process that was
inmportant to the advancenent and devel opnent of hunman society
and civilisation as we know it, but it is also a process that
has generated the potential for a decline in biodiversity as a
by- pr oduct.

Human advancenent through agriculture has not been built
directly upon diversity decline, in the sense of the overuse
and/ or mning of bionass. Rat her, human advancenent has cone
t hrough reliance upon a small set of species and the expansion
of their ranges (at the expense of other species). The
expansion of their ranges (with the sinultaneous constriction
of other prey species' ranges), and the consequent expansion
of the human niche (with the sinultaneous constriction of
ot her predator species ranges), has resulted in the gl obal
honogeni sati on of the biosphere. It is this honbgenisation
whi ch, on the one hand, has generated human devel opnent, and
on the other, has generated the decline of diversity.

The earliest archaeol ogi cal evidence of agriculture dates back
only about to 6000 or 10000 years ago. This consists of the
first signs in the fossil records that human societies were
sel ecting individual species and translocating themwth their
cul ture. It is now the case that the biological production
"menu” for the bulk of all human society has converged upon a
relati ve handful of species. O the thousands of species of
plants which are deened edible and adequate substitutes for
human consunption, there are now only 20 species which produce
the vast mpjority of the world s food. [ Vi et neyer (1986)].
In fact, the 4 big carbohydrate crops (wheat, rice, mize and
pot at oes) feed nore people than the next 26 crops conbi ned.
[Wtt (1985)]. Although it is estimated that humans have
utilised 100,000 edible plant species over their history,
barely nore than 150 species are now under cultivation.

[ Esqui nas Al cazar (1987)]. |In short, humans have cone to rely
upon a mnute proportion of the world s species for their
sustenance; these species are ternmed here the "specialised
speci es".

Human choice resulted in biosphere honobgeni sation not only at
the lower trophic levels, by reason of human selection of prey

species. It also resulted in honbgenisation at higher |evels,
by reason of human popul ati on expansion (and by reason of the
elimnation of other predators' prey species). Thus, it was

at this same tinme (about ten thousand years ago) that the
human speci es’ popul ation began to record wunprecedented
gr ow h. The devel opnent of human technologies (cultivation
and donestication) in the neolithic period enornmously expanded
the human niche, from the capacity to support perhaps ten



mllion individuals to a capacity of hundreds of mllions in a
relatively short tine period. [Boul ding (1978)]. Most
pal eoarchael ogi sts date a substantial increase in hunman
popul ations to this period. [Biraben (1979)].

It is this sane process of honobgenisation that is at the base
of the land use conversions described in section one above.
These conversions are occurring now in devel oping countries,
and they remain conversions from diverse uses to "specialised"
ones (cattle pastures and cropland). The biodiversity
problem as described in section one, is the result of the
diffusion of this sane process to the last unnodified habitat
on earth. Diversity decline is the by-product of this
scoping-in process by which the global biosphere is being
honogeni sed for agricultural devel opnent.

2.4 Agriculture and Mdern Varieties: The Benefits to
Uniformty

Conversion as a concept is able to explain the prospect of
replacenent with regard to every species in existence on
earth. Conversion as an economc force explains only why it
is the case that the natural slate of biological resources
m ght be replaced by anot her human-sel ected slate on any given
parcel of |and, depending upon relative productivities, but it
does not explain why a small nunber of species would replace
mllions across the whole of the earth. That is, this force
inplies conversion but not necessarily honobgenisation. In
order to explain the global |osses of biodiversity, i.e. a
narrowi ng of the global portfolio, it is necessary to identify
the nature of the force that would generate this
honogeni sati on of the gl obal biosphere.

Specifically, it is unlikely that a wholly natural process
would drive the world toward |ess diversity. This would
require the evolution of both biological generalists (species
Wi th superior productivity across many niches) and uniform

human tastes (across the gl obe). In fact, the current drive
toward uniformty is contrary to the very idea of evolutionary
fitness. Fitness inplies conpetitive adaptation to the
specific contours of a certain niche. The evol utionary

process generates species that are well-adapted to their own
specific niches through a process of niche refinenent; that
is, a surviving species represents a "good fit" to its own
ni che. (Eltringham 1985).

It is equally unlikely that human tastes are so uniformas to

demand the  honogenisation  of bi ol ogi cal resour ces.
Communities "co-evolve" in order to better fit with the system
in which they participate. It would be expected that the
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preferences of predators would be determined generally by
their available prey species. In fact, there is anple
evidence to support this expectation that human comrunities
would prefer to consune the resources they depended upon
traditionally. (Cooper, 1993; Swanson, 1991).

This confirms that the depletion of diversity is not a natural
phenomenon; rather, it is a socio-economc one. The process
of the selection of assets for society's portfolio is an
econom c decision, determned by forces that shape the
perceived relative advantageousness of different assets.

There is no reason to expect that nature would have evolved

these biological "generalists® +that are now nonopoli sing
gl obal producti on, because conpetitive adaptation and
coevolution mlitate against that conclusion. If it is not

the naturally-given characteristics of the donesticated and
cultivated species that is determning their wuniversality,
then it nust be sone characteristic related to the economc
producti on system of which they are part. |In this sense, the
process of honpgenisation of the biosphere is a wholly
econoni ¢ process, and not a natural one.

VWhat is the nature of this process? It is being generated by
the appropriation of the benefits accruing to uniformty. It
is not just the particular characteristics of the species that
is determning its selection, but also the uniformty of the
variety itself. This is indicated by the fact that diversity
is declining within species as much so as across species.
Human choice is focusing down to the nost particularistic
| evel that plant and ani mal breeding operations allow.

Table 2.3: The Decline in Diversity at the Level of
Varieties.

Crop Country Nunber of Varieties
Ri ce Sri Lanka from 2,000 varieties in 1959 to 5 mgjor
varieties today

75% of varieties descended from one nmaterna
par ent

Ri ce I ndi a from 30,000 varieties to 75% of production
fromless than 10 varieties
Ri ce Bangl adesh 62% of varieties descended from one naternal

par ent

Ri ce | ndonesia 74% of varieties descended from one naternal
par ent

Wheat USA 50% of crop in 9 varieties

Potato USA 75% of crop in 4 varieties

Cotton USA 50% of crop in 3 varieties

Soybeans USA 50% of crop in 6 varieties

Source: Wirld Conservation Mnitoring Centre, 1992.



This uniformty is inportant because it is the characteristic
of wuniformty in the biological asset that renders it
conbinable wth other factors of production in nodern
agricul ture. That 1is, it is the comon and stable
characteristics of the nodern variety that make it possible to
design with particularity the capital equipnment (planting and
harvesting mnmachinery), chemcals (fertilisers, pesticides),
and all of the other ancillary requirenents of nodern nass-
produced agricul ture.

Therefore, the degree of honbgenisation w tnessed in nodern
agriculture is explicable by reference to the requirenents of
"mass production”. Industries based on these techniques
require that their inputs be standardised, so that they are
readily conbined, in a carefully controlled environnent. o
course, this is precisely the nature of nodern | and conversion
trends to agriculture. Land clearances occur in order to
create a uniform base upon which to build the new production
system Then, the new system is created around a standard
"production nethod", constituting the particular variety and
the tools that correspond to it. The entire nonocul tural
production system is substituted for the diversity that
exi sted previously, and this substitution generates the net
loss in diversity.

The nature of nodern agriculture generates the degree of
honogeni sation witnessed in nodern farm ng systens because it
is a mass production-based system Mass production requires
uni form i nputs and generates honobgenous outputs. This change
in technique of production explains the decline in diversity
seen within human agricultural systens.

2.5 The Diffusion of Agriculture

Even though mass production in agricultural nethods requires
standardi sed varieties for inplenentation, it is still
necessary to explain why the sane varieties of the sane
species are chosen for introduction in all parts of the gl obe.
That is, why is agriculture adopted "in whole" rather than
adapted "in concept” in many different environnents across the

face of the globe? The discussion in this section is
concerned with the "specialised species", but it relates
equally to the problem of "specialised varieties of

speci al i sed speci es".

Honogeni sation of the gl obal biosphere requires sonme sort of
nonconvexity in the societal choice set that would cause
previ ous selections to determne |ater ones. That is, there
is the necessity of a spillover between earlier decisions and
| at er choi ces.
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The technol ogical change known as agriculture was of this
nature. The idea that originated about ten thousand years ago
was centred on the idea of creating species-specific tools and
technologies, and translocating a particular species in
conbination wth its techology as a single "nethod of
production". That is, the idea concentrated on the
devel opnent of the technologies for efficient agricultural
production that were focused upon a single set of species.

The result was the devel opnment of two new inportant factors of
production in the production of biological goods: species-

specific capital goods and species-specific |earning. It is
the conbination of these factors, together wth the
speci ali sed species, that generates the force for biosphere
honogeni sat i on. As a single nmethod of production (species-

t ool s-experience), the originally selected species are able to
out conpete the naturally-existing ones at any given |ocation
on account of the tools and experience that come with them
Agricul ture becane enbedded in certain early-sel ected species.

The accunul ation of the capital goods specialised to these
speci es goes hand-in-hand wth the adoption of these species.
This may be seen wherever the "conversion frontier" exists.
For example, the nunmber of tractors in Africa increased by 29%
over the past ten years; they increased by 82% in South
America; and by 128% in Asia. During the sane period the
nunber of tractors decreased by 4% in North Anmerica. (World

Resources Institute, 1990). Societies that are introducing
the specialised species do so in part because these species
are tailored to the tools that are used with them It is the
conbination of species and species-specific tools that
constitutes a "method of production”. When a conversion
decision is being made, a country wll consider all of the
possi bl e nmet hods of producti on (speci es/ capital goods

conbi nations) in a search for the nost efficient nethod.

The other inportant factor introduced into the production of
bi ol ogi cal goods was species-specific |earning. Wth nore
experience with a particular species, it was possible to
become even nore efficient in its production (by reason of
i ncreased understanding of its biological nature, as well
intervention to determ ne the sane). This informati on becane
anot her crucial factor for agricultural production, but it
existed only in one form - enbedded in the received forns of
t he donesticated and cultivated speci es.

It is the nature of this final factor that generates the
forces for the convergence of the biosphere upon a small set
of specialised species. It is the dynamic externality
inherent wthin accunulated knowl edge and |earning that
generates the nonconvexity within the system so that hunman
choice falls again and again upon the same snmall set of life
forms. Specifically, accunulated know edge in this context is
a nonrival good in the sense of Roner (1987; 1990a; 1990b).

That is, it is of the nature of a "design or [list of



instructions” that is distinct fromthe nmedium on which it is
stored, and thus (as pure information) it may be used
simul taneously by arbitrarily many agents w thout added cost.
The accunul ated experience in regard to the specialised
species is inherent within the capital goods and species as
they stand, and is available at no added costliness to the
mar gi nal user. (Ronmer, 1990Db).

Agriculture originated approximately ten thousand years ago in
the Near East. It consisted of a set of ideas, a set of
tools, and a set of selected species. At that time and in
that | ocale, each of these selections was l|ocally optinal
However, the set of ideas-technol ogy-species were transported
out of that region as a single unit, as the continuing
investnments in this conbination caused the ideas and tools to
beconme enbedded in the chosen speci es.

A nonconvexity was introduced wthin the decision making
process, by reason of the nonrival nature of the information
enbedded in the specialised species (that would be costly to
produce for any diverse species). This is the essential
di fference between the specialised (donmesticated) species and
the diverse (wildlife) species. For one group, an information
set is publicly available as an input into their production

for the other, it 1is necessary to construct that sane
i nformation.

The gl obal conversion process has consisted of the extension

of these chosen species' ranges. As a consequence, nmuch of
the face of the earth has been re-shaped in order to suit
these few species and the tools used in their production. It

is the diffusion of this "bundle" of ideas-tools-species that
is at the base of the biodiversity problem

Just as the initial technological changes within agriculture
narrowed the range of species used in biological production,
the nore recent changes have been narrowing the range of

varieties of a species being used. Uniformty becones
increasingly inportant, as techniques and capital goods
becom ng increasingly focussed. The agrichem cal revolution

of the past half-century has focussed agriculture on a snal
nunber of varieties for which the characteristics of their
predators and nutrient requirenments were well-known. The
diffusion of nodern agriculture becane enbedded wthin a
met hod of production that consisted of "specialised variety"
its chemicals - its capital goods; this was the source of the
green revol ution.

2.6 Concl usion

Bi odi versity decline has been portrayed here as the outcone of
uniformty within the devel opnent process when applied to the
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bi osphere. Human societies realised the possibility of
devel oping the biosphere about ten thousand years ago, wth
the advent of agriculture. Since that time societies have
chosen the portfolio of living assets on which they wll rely,
rather than wusing that which nature had allocated to that
territory. The chosen species have becone a part of the
overal | "met hod of production” humans use in bionmass
producti on. As this sanme devel opnment strategy has diffused
across the earth, it has resulted in the honogenisation of the
bi osphere, and the decline of diversity.

Wth the advent of the agrichem cal industry, the forces that
had shaped the selection of the small set of species that
constituted the donesticated or cultivated species were
applied at the level of intra-species varieties. The | arger
investnments in species-specific tools and technol ogy required
even greater uniformty in the biological asset used in the
process. The green revolution was driven by the diffusion of
these nutually specialised nethods of production: nodern
variety - specialised chemcals - specialised tools. The
conversion of agricultural lands to the technologies inplicit
within the green revolution neant that the world' s agriculture
concentrated increasingly wupon the sanme set of nodern
varieties. This is the process by which devel opnent has been
in conflict with diversity.



3. The d obal Values of Biological Diversity (PGRFA)

The global value of biological diversity derives from its
capacity to contribute to the various systens (economc and

ecol ogical) wupon which human societies depend. One of the
nost inportant systens supporting human societies is the
"bi ol ogi cal production systenf, i.e. the system that provides

the human species with the biological product (foodstuffs)
upon which it depends.

This section concerns the value of biological diversity in the
support of this system Ironically, one of the primary neans
by which human societies have developed their biological
production systenms is through the depletion of diversity.

That is, as presented in section two, human societies have

created today's bi ol ogi cal producti on system (" nodern
speci al i sed agriculture") around t he I dea t hat t he
honmogeni sati on of  biol ogical inputs maxi m ses biologica

production; this of course results in the elimnation of
diversity, especially as this technology diffuses across the
entirety of the earth.

The idea of a value of biological diversity for input into
bi ol ogi cal production systens derives from the prem se that
t he honogeni sation of a large part of the biosphere engenders
an ultimately unstable system Smal | parts of the biosphere
may be nmade honbgenous, so long as large parts remain diverse,
but as nore and nore of the biosphere is converted there is an
inplicit (and rising) costliness to these conversions.

Bi odi versity nust then be maintained in order to contribute to
the stability of the specialised systemthat is replacing it.

This section develops these general ideas of the nature of
bi odi versity's values in maintaining the stability of the
specialised system that is, it develops a framework to
expl ain how the depletion of biodiversity (in order to enhance
the productivity of the biological production system through
speci alisation) simultaneously reduces the the anticipated
productivity of t hat same system by reason of t he
consequential |osses of diversity and its val ues.

This section will explore the nature of biodiversity's val ues:
portfolio effects and informational val ues. These ideas are
explored in sone detail here in order to denonstrate the

preci se nature of these values, and their various conponents.

These val ues are shown to be integrally related to the process
of biodiversity conversion outlined in section two. The val ue
of biodiversity can only be given nmeaning wthin the context

of a particular |and-use decision, i.e. in determ ning whether
it is socially optimal to convert the marginal piece of |and
to specialised agricultural production. It is the value that

should be considered in determ ning whether this conversion
process shoul d conti nue unabat ed.



Section 3 of this paper develops the precise nature of these
values. Section 4 then explores the reasons why these val ues
are not being given effect. Parts B and C of the paper
(sections 5, 6, and 7) explore the alternative forns of
intervention available to rectify this situation, and to
internalise the value of diversity in agriculture.

3.1 The Opportunity Cost of Conversions

The previous section developed the idea of a "force for
specialisation” inmplicit wthin the technol ogy of agriculture.
It showed that the introduction of the nethods of nass
production into the biosphere would result in a process of
honogeni sation very simlar to that which has been w tnessed.
The by-product of such honogenisation nust be the |oss of
di versity.
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Figure 3.1 denonstrates one possible framework for view ng the
nature of this conversion process. It shows the relative
benefits and costs of each successive |and conversion (from
di verse to specialised species) from both the perspectives of
the individual society undertaking the conversion and the
gl obal community. The "demand for conversions"” represents the
average benefits perceived by the society undertaking
conversions, which equates with the average benefits perceived
by the global conmmunity. Figure 4.1 denonstrates that each
society will view the average benefits from converting its
| ands as positive (although declining due to prior conversions
and saturated nmarkets) and the marginal costliness (the
"supply curve of conversion") as very |low and decreasing (due
to the positive externalities discussed in the previous
section). For this reason the process of conversion continues
wi th no apparent end.

There is another force which should enter into decision making
concerning this conversion process. This is the geonetrically
increasing costliness of the final conversions of diverse
resource stocks (or, alternatively, the marginal value of
bi ol ogi cally diverse resources). This is represented by the
upward sloping marginal cost curve in Figure 3.1, which
includes the marginal opportunity cost of the |oss of these
di verse stocks of |ands and resources. This curve represents
the globally perceived costliness of the next [|and use
conversion by a devel oping country.

The | oss of diverse resource stocks necessarily entail gl obal
costl i ness, in terns of irreplaceable insurance and
information services, and hence these |[|osses should be
considered as an opportunity cost in the supply of converted
| ands. The purpose of this section is to explain why it is

that the marginal cost curve set out in Figure 3.1 will take
t hi s shape.

The marginal cost curve in 3.1 states that the marginal
costliness of successive state conversions wll be rapidly
i ncreasing, once a substantial part of the terrestrial surface
has been converted to specialised resources. That is, the

costliness of land use conversion is not the sane but depends
crucially on the nunber of prior conversions to have occurred.

The first land conversions probably had little inpact on the
aggregate global |evel of biodiversity, and hence had little
impact on the stability and resilience of the then prevailing
systens. The last |and conversions will have a very different
i npact on these sane systens.

For exanple, one possible reason for this nonlinearity is the
observed relationship between conversions of land area and
| oss of species stocks is nonlinear. (MacArthur and WI son

1967). Species-area functions are said to follow an Arrhenius
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(log-linear) relationshinp. Studies in island biogeography
denonstrate just such an enpirical relationship, indicating
that the conversion of ninety per cent of land area results in
| osses of about fifty per cent of the species diversity.

(Wlson, 1988). The real inportance of this relationship lies
in its inplications regarding the final conversions of the

residual territory. In general, this final ten per cent of
conversions wll entail as great of |losses of diverse
resources as did the initial ninety per cent. Therefore, to

the extent that global costliness is directly related to the
| oss of species diversity, this costliness would be increasing
geonetrically with the final conversions.

Ther ef or e, with the passage of time (and successive
conversions), there are two countervailing forces which should
determine the globally optimal stock of biodiversity: the
aggregate benefits from specialisation and the aggregate
benefits from diverse resources. The conversion process
should halt when the marginal global value of the next
conversion is negative, or alternatively, when the marginal
value of retaining the resources in an unconverted state is
positive. In the context of Figure 3.1, the global process of
conversion should be halted by the force of the value of
gl obal biodiversity at the point of intersection between the
marginal cost curve and the demand curve. Cdearly, the
exi stence of such opportunity costs to conversion is a
necessary condition for the existence of either a problem of
bi odi versity, or a solution. Their existence is the subject
of this section.

3.2 The Distinction Between Marginal and Total Values of
Bi odi versity

It will be necessary to discuss a couple of definitions
concerning the value of biodiversity, in order to nmake clear
t he concept under consideration here. First, it is inportant
to discuss the distinction between the value of diverse
bi ol ogi cal resources and the value of biological diversity.

The former is an all-inclusive category, enconpassing the
tangi ble and intangible flows of goods and services from all
bi ol ogi cal resources that exist in areas that have not been

subject to human conversion. In contrast, the latter term
corresponds only to the value of "diversity" (as opposed to
"uniformty" or "honobgeneity"); it is the value that flows

fromthe nere fact of nonconversi on.

In this latter sense biodiversity represents two general
conponents: first, it is the value of the goods and services
generated by the evolutionary process (as they encapsulate a

3.5 billion year history of adaptation and coevol ution); and
second, it is the value of retaining a production strategy on
earth distinct fromthe "specialised" one. These values, i.e.

the values of global biodiversity, are the subjects of the
| atter three subsections of this section.



Using the framework developed in Figure 3.1 a very concrete
meaning nmay be given to the concept of the value of globa
bi ol ogi cal diversity. This is the opportunity cost of the
conversion of diverse resources to specialised ones. There
are both "total" and "marginal" concepts to be distinguished.
The total value of global bi ol ogi cal diversity would
correspond to the total area under the marginal cost curve in
Figure 3.1. The marginal value of biological diversity (MBD)
woul d correspond to a specific point on this curve, i.e. the
costliness of taking the marginal step in the conversion
process.

In both cases the concept corresponds to the opportunity cost
of further conversions. However, the distinction is inportant
because one is an operational concept and the other is not.
It will never be possible to give precise neaning to the
concept of the total econom c value of biological diversity.
This is because the diversity of life fornms on earth is one of
t he fundanental conponents for mamintaining stability in the
bi ol ogi cal production system sustaining human societies. As
diversity goes to zero (total global conversion), the |evel of
instability introduced inplies that there is little prospect
for human production systens to sustain thenselves over any
significant tinme horizon. Therefore, as conversion spreads to
the last corners of the earth, its opportunity cost nust be
unbounded, as all human-sourced values nust depend upon the
mai nt enance of the biological production systens that sustain
human soci eti es. This is represented in Figure 3.1 by the
area under the marginal cost curve, which is unbounded as
conversions approach totality.

The functional notion of economc value as applied to
bi ol ogical diversity is the marginal one. The value of
bi ol ogi cal diversity cannot be divorced from the sequential
deci sion making process of which it is an essential part.
MVBD is the global opportunity cost of the marginal (or next)
conver si on.

This section discusses the "stock-related val ues” of
bi ol ogi cal diversity. These are the true global values of
bi ol ogi cal diversity, i.e. the values that flow uniformy to
the global community fromthe nmere fact of nonconversion. In

t he ensui ng di scussion, the stock-related val ues of biol ogical
diversity are broken down into three distinct conponents
corresponding to their static (portfolio) value and also to
their dynamc value (i.e. the expected value of information in
the context of retained options). The purpose is to explain
how the nere fact of nonconversion is capable of rendering
gl obal value through the insurance and information that
diversity renders to the biological production system
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3.3 The Portfolio Effect - The Static Value of Biodiversity

There is one obvious advantage which diverse resources have
over specialised, i.e. their "pooling" capacity. If the
gl obal community is concerned not only with the nmean yield of
its biological resources but also wth its variability, then
their capacity to reduce global variability (via the pooling
of distinct assets) is a desirable trait.

A obal conversion upon a small slate of specialised species
necessarily increases the variability in global yields. This
is because the aggregate variability of all biological asset
yields is not the sinple summation of the individua

variabilities of these assets. Aggregate variability instead
depends crucially upon the independence of asset yields, i.e.
t he absence of a systematic correl ation between them Even if
each of the different fornms of biological assets has the sane
innate periodic variability ([®), the aggregate variability of
t hese assets is equal to that variance divided by the nunber

of independent assets (e.g. [¥/C). This is known as the
portfolio effect, and it derives from the fact that
i ndependent variabilities will have a cancelling out effect

within the portfolio. (Dasgupta and Heal, 1979).

The reduced portfolio effect is one of the inportant
categories of increasing global costliness with successive
| and use conversions. There are three distinct forns that this
portfolio effect takes in order to reduce variability fromthe
retention of diverse biological resources.

First, there is a species-specific portfolio effect from the

use of a nonspecialised species. A specialised species is
human-sel ected for certain traits, and then nuch of the the
genetic material in future generations derives from this
single sel ecti on, el imnating much i nt ernal genetic
variability wthin the species; this is the inpact of
specialisation on "genetic drift". Speci al i sati on nakes use
of uniformty in its inputs, and so there are disincentives to
the wutilisation of the wdest range of varieties. A

bi ol ogi cal resource that is not used in specialised production
is itself a wder portfolio because there are likely to be a
much | arger nunber of varieties in existence, and therefore in
potential or actual use.

Secondly, there is a nation-wde portfolio effect from
retaining diverse resources. That is, donmestic variability
of production can be reduced when the state retains a |arger
nunber of independent nethods of production. This portfolio
effect is geographic rather than biological in origin, but it
flows equally fromthe conversion process.



Thirdly, there is a distinct international portfolio effect.
The retention of any single state's diverse resources has the
potential to reduce the aggregate variability of global
bi ol ogi cal producti on. As in the case of the donestic
portfolio effect, this is also a geographic rather than a
bi ol ogi cal phenonenon, but depends upon the existence of a
wi der range of production nethods in use at any given tinme in
any society on earth.

In order to denonstrate with precision the inpact of one |and
use conversion on the social value of biological production,
it is necessary to discuss the general nature of the gl obal
system of biological production. First, it is inportant to
note that all biological product used by humans is, at base,
the same commodity: the flow of biomass from stocks of base
resources (Il and). This flow mght be neasured in a conmon
unit, (e.g. usable mass, volune or energy), and then all of
the various actual and potential agricultural products would
sinmply represent the usable flows of energy/matter derived

from various forns of production. In this schematic, a
"species" (or even a specific variety) is sinply a distinct
"met hod of production®™ for a comon production unit, i.e.

usabl e bi onmss.

Then the "portfolio effect” value to retaining diversity
derives from the maintenance of a range of different nethods
for channel i ng the sun's ener gy to human soci ety;
alternatively, the <cost of successive conversions is the
increasing reliance of an ever-larger human society (built
upon the increased average productivity of specialisation)
upon a decreasi ng nunber of avail abl e nethods of production.

To denonstrate this effect and the costliness it inplies,
assune that the annual production of usable biomass/energy is
achi eved by neans of the use of the range of existing species.
G obal product is determ ned by the sum of the gl obal yields
for each of the conponents of Y' and Y (representing the
yields from the diverse and the specialised nethods of
producti on, respectively). That IS, these aggregate
production vectors may now be considered to represent D and C
observations respectively (corresponding to the nunber of
di stinct "methods of production” available in the two sectors)
on a conmmobn unit of producti on, i.e. the aggregate
bi omass/ energy out put from D+C distinct nethods of production.
Gven this definition, the annual productivities of al

species will be a random variable (e.g. defined in ternms of
energy yield per wunit of base resource), which may be
described by reference to the various nonments of its

distribution in a given year.
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In order to make the analysis nost straightforward, let us
assunme that each country wth a "specialised production
sector" produces a vector of specialised resources of the sane
di mensionality, c. This is a selection of nethods of
production from the "global nenu", C Therefore, this would
indicate that each country produces, say, a dozen distinct
specialised comopdities (i.e. c¢=12) chosen from a nenu of
about one hundred (i.e. C=100) for which nodern agricultura
nmet hods of production are generally avail abl e.

Countries with substantial quantities of nonspecialised |ands
in biological production produce a nmuch w der range of outputs
(each country having distinct nethods of production of
di mensionality d) chosen from a nuch wder range of
possibilities (of aggregate dinensionality D). For exanple
the nunber of nonspecialised "traditional food and fruit
crops” in any one country mght be, say, in the hundreds or
t housands (i.e. d=1000,say) while the aggregate nunber of
gl obally avail able edible foodstuffs has been estimated to be
at least two hundred thousand (i.e. D=200000). (Esqui nas
Al cazar, 1993).

Therefore, the key difference is the dinensionality of the
producti on nethods avail abl e. In point of fact, states with
substantial quantities of wunconverted |ands choose their
i ndi vidual production vector from an aggregate vector Y°P,
whose dinensionality (C is neasured only in the dozens. In
contrast, the dinension d is probably in the hundreds or
t housands, and the dinension Dis certainly in the mllions.

The difference in dinensionality is inportant for the creation
of a "portfolio effect” both locally and globally. Any state
that retains its diverse resource vector rather than
converting to the specialised maintains a nmuch broader range
of assets upon which to rely (d rather than c). Equally, this
state is also investing in rmaintaining the existing
di rensionality of the aggregate diverse resource vector (i.e.
D); this contributes to the portfolio effect at the global
| evel . Finally, the narrower range of diversity inherent
within a specialised variety (e.g. the smaller nunber of
varieties in use) nmeans that there is a narrower portfolio
with regard to that individual crop. These three portfolio
effects may be derived analytically to produce the follow ng
expression for the aggregate portfolio effect derived from
nonconversi on of the margi nal | ands.

MVBD - Portfolio Effect (PE)



These terns give precise neaning to the various conponents of
t he gl obal portfolio effect, as described above.

The main equation in (3.1) gives the expression for the
aggregate value lost fromthe conversion of the marginal |ands
in a given country from "diverse" to "specialised" nethods of

producti on. (This conversion is represented by a change in
output from these lands from y% dinensionality d, to y°°, of
dimensionality c). The equation states that such a change in

production nethods (notivated by the pursuit of increased
average yields) mnust necessarily incur a loss of value in
terms of the portfolio effect.

Terms (A)-(D) separate out the various conponents of this
general portfolio effect.

Term (A) indicates that the portfolio effect derives fromthe
i mpact of variability on society. I f global society did not
care about the riskiness of variability, then there would be
no loss of value by reason of the loss of the portfolio

effect. However, societies do care about risk and this is
indicated by the nonlinearity of their objective functions
(which will be discussed in nore detail in the next section);

this aversion to risk is indicated by the expression of
nonlinearity in (A (i.e. W'<0).

Term (B) represents the species-specific portfolio effect, in
that the use of a species in a traditional farmng practice
inplies the retention of a wder range varieties, and these
represent distinct nethods of production in and of thenselves
(thus generating an aggregate variability that is less than
that for a specialised species that consists of a single
variety). In essence, there is a portfolio-effect-wthin-a-
portfolio-effect here; the variability of the diverse species
is reduced by the nunber of independent nethods of production
(varieties) that its retention inplies. Mre generally, a
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diverse or traditional food crop contains a wder range of
genetic variability than does a specialised. For each diverse
species, the inherent variability of production is reduced by
reason of this innate portfolio of distinct characteristics.

Term (C) captures the idea of greater variability stenm ng
from the use of a smaller slate of resources within the

boundaries of a particular state - the intra-nationa
portfolio effect. Assum ng that each species represents an
"i ndependent” nmethod of production, in that the production

from each is not correlated with that of other distinct
species wthin that state (because different pests and
environnmental conditions affect each differentially), a wder
menu or resources wll reduce intra-state variability. Thi s
portfolio effect derives fromthe division of the variability
of the product from the respective sectors by the nunber of
species inherent in each; since the nunber of species is nuch
lower in the specialised sector, the net effect of conversion
is aloss of this "pooling effect”.

Term (D) captures the nature of +the interaction between
production nethods in use in the various states. For the
group of countries whose lands are planted in specialised
crops, the aggregate variability of the group nust necessarily
be greater because the productive assets are nore closely
correlated. That is, there is |less opportunity for production
effects to "net out" across distinct assets; this inplies a

hi gher covariance (cov). Therefore, the marginal state's
decision to convert its lands from diverse to specialised
production will necessarily increase the covariance of globa

yields - a reduction in the international portfolio effect.

Ther ef or e, the conversion of mar gi nal lands from the
traditional to the "nodern agricultural sector” represents an
unambi guous increase in global yield variability, precisely
because this conversion represents a small novenent on a
gl obal basis towards universally nore specialised production

To the extent that global variability mtters to human
societies, then the increasing average yield from the
conversion of biological production systens nust be traded-off
against the also increasing variability of these sane yields.

It is inportant to enphasise that this is not a form of
variability that can be resolved through other fornms of
i nsurance contracting, as this S i ncreasi ng gl obal
variability. This will be developed further in section 4, but

it is worth flagging here the point that the retention of
di verse genetic material is the only nethod for retaining the
beneficial inpacts of the portfolio effect outlined here. The
"insurance" provided in this way cannot be provided through
any ot her form of financi al mar ket or gover nnent al
intervention, but only by neans of halting inefficient
conver si ons.



3.4 Dynam cs (Exogenous Information): "Quasi-Option Val ue"

The portfolio value of diversity is an entirely static
concept; that is, it is a concept that exists independently of
all considerations of tine. Even if there were no concern
what soever for next year's harvests, it would still make sense
to invest in a portfolio of distinct assets in order to assure
this year's harvest. The remainder of this section wll
di scuss the nature of the values of diversity that depend upon
the inportance of the tenporal dinension, i.e. these are
val ues that exist because the future matters to society. Wwe
are concerned about biodiversity not sinply because it wll
assure today, but equally because it can contribute to
t onor r ow.

One of the neaningful facets of the passage of tine is the
accurmul ation of information, in the sense that an uncertain
outcone is revealed in a subsequent period. Maki ng deci si ons
concerning the future inplies choosing a path under conditions
of uncertainty. The passage of tine gradually erodes this
uncertainty by supplying "information". Information is
acqui red when outcones arise that denonstrate how decisions in
the past should have been made, and better indicate how
decisions for the future mght be made. In decision theory,
information accunulates over tinme in the sense that outcones
of random variables affecting the decision nmaker's framework
are revealed, and beliefs as to the future are better defined.
(Cyert and DeGroot, 1987).

Placing the problem of global biodiversity into a dynamc
deci sion making framework also places the role of information
accunul ation at the core of biodiversity. This gives a very

specific neaning to the passage of "tinme": it is the process
by which relevant information arrives at the decision naker.
(Then, information my be seen as valuable by reason of

elimnating relevant uncertainties wth its arrival).
Therefore, in a dynamc framework, halting the conversion of
lands still in diverse resource production equates wth
"buying tine", and a society would want to "buy time" for the
accunul ation of information that this inplies.

This nakes the expected value of this information one of the
important categories of value to be derived by halting the
conversi on process. This value of biological diversity is
unanbi guously positive when two conditions are net: 1) if
information relevant to decision nmaking does in fact arrive
over tinme by reason of an exogenous process; and 2) if the
conversion of the marginal state's resources reduces the
di rensionality of the biological production system (i.e. D+C
as defined above). These conditions guarantee nonnegative
val ue because an irreversible narrowi ng of the choice set over
time (in ternms of reductions in the dinmensionality of the
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gross biodiversity vector) renders information useless which
woul d be otherw se valuable in the decision nmaking process.
Information is valuable, but only if the choices that it
inplies remain avail abl e.

Thi s makes cl ear what the concept of option value neans in the

context of biological diversity. It represents the val ue of
retaining the larger choice set wuntil the next periods
information arrives. It is, strictly speaking, the value of
flexibility in sequential decision making, or the expected
val ue of information. (Conrad, 1984; Hanneman, 1990). Its

value in this context is clearly positive.

This result differs from nmuch of the literature on option
val ue, which is inconclusive as to the sign of option val ue.
(Johansson, 1987). The unanbiguity of the result in regard to
bi odi versity is derived from two prem ses. First, the
framework developed here focuses on a gl obal process
represented as a sequence of restrictions of the global choice
set. That is, this framework presents the problem of gl obal
bi odi versity as a sequential narrowing of the choice set with
regard to the nethods of production ("species") available for
capturing biological product. If two distinct sets have an
equal nunber of different elenments (or two production vectors
have common dinensionality but distinct conponents), then
"option value" (the value of selecting one set rather than the
other) is indetermnate ex ante. However, the problem of
gl obal biodiversity is best represented as a narrowing of the
entire global choice set (of the available nethods of
production) rather than a substitution between elenents, and
the value that this flexibility inplies when relevant
information arrives. Then, the fundanental reason for
i ndeterm nancy is renoved. (Dasgupta, 1988).

The primary reason that option value is clearly positive in
this analysis is attributable to the specificity wth which
that termis used here. Here the "option value" of biological
diversity refers only to the dynamc values flowing from
diversity, and this excludes many of the other values of
di verse biological resources. Specifically, option value as a
concept nost appropriately applies only to those values that
flow from the existence of a dynamc facet to a problem and
the wuncertainty inherent in decision making across tine.
(MIler and Lad, 1984; Pindyck, 1991).

Option value is thus restricted here to nmean only the value to
be derived from retaining flexibility wthin a sequential

deci sion meking franmework. Wth the arrival of information
over time, the value of this retained flexibility nmust be
positive. In this sense, the option value of biological
diversity nust always be positive. It is nore accurately
related to the idea of "quasi-option" value. (Arrow and

Fi sher, 1974).



This value of diversity derives from another form of
"portfolio effect”, but this time it is the value to be
derived from nmaintaining a wider portfolio of assets for the
pur pose of reducing variability across tinme; it is a "dynamc
portfolio effect”. Uncertainty inplies a degree of
variability with regard to expected future yields; retaining
diversity is a neans of investing in options that may prevent
excessive volatility wunder certain future conditions. It
represents a trade-off of reduced current yields for an
i ncreased assurance of sonme mninum level of yield in the
future. In this sense this "informational value" of diversity
is another formof "insurance value" as well.

In the case of biodiversity it is the value of the enhanced
expectation of future benefits to be received by virtue of the
mai nt enance of a w der portfolio of assets in the present
The value to be received will ultimately flow to the gl oba
community in terns of either increased nean yields or reduced
variability; however, retaining these options has value in
excess of the discounted value of the benefits to be received.
Societies wsh to assure their flows of biological product
across time as well as across space; again, there is no
substitute for the retention of a diverse portfolio of assets
in order to performthis purpose.

Finally, it is only inportant to retain options to the extent
that it is anticipated that "information" wl]l arrive
exogenously (out of the environnent) to render these options
important for future decision making. It remains to explain
why it is that this wll occur. In sequential decision
maki ng, information is the occurrence of nondetermnistic
change in the decision making environnent. That is, between
periods there nust be sone relevant alteration in the
environnment that cannot be predicted with certainty; the
passage between decision periods reveals the "state of nature"
whi ch could otherwi se only be probabilistically projected. It
is this sort of unknowable uncertainty that is at the base of
a positive "option val ue".

The nature of the biological world assures precisely this
result. It is the very essence of a dynamc system in which
t he processes of nmut at i on, sel ection and di spersal
continuously alter the natural "state of nature". In regard
to small organisnms, such as bacteria, viruses, and insects,
t hese biol ogical processes can occur very rapidly, literally
reproduci ng thousands of generations in a single year. The
bi ol ogi cal process is evolutionary, not determnistic, and to
the extent that it can be understood, it is too conplex to
predict.

It is the continuous state of notion within the biologica
wor | d whi ch guar ant ees t hat time produces rel evant
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i nformation. The nature of this information in a biologica
world is the type and extent of the shifting of the human
niche. The insurance that we have for adapting to such shifts
is the diversity of the species upon which we rely, or upon
which we mght rely. Marginal conversions represent |osses of
such options. The expected marginal value of biological
diversity includes as a conponent the expected value of
receiving information prior to the foreclosure of options.
The val ue of this conponent is clearly positive.

3.5 Dynam cs (Endogenous Information): "Exploration Val ue"

It was noted above (in equation 3.1) that the intra-species
variability would be lower for a diverse species than for a
speci ali sed one, on account of the portfolio effect that would
exi st across varieties. This is true by definition because
speci alised production would involve the use of many fewer
i ndependent varieties than would traditional production; this
would inply highly correlated production and hence higher
variability.

This is the inplication of the static analysis; however, in
the dynam c case, the result is reversed. This is because
speci ali sed production would be directed toward high nean/| ow
variability biological assets. The variability occurs in the
aggregat e, because so many individuals specialise in precisely
the sanme assets; this derives from a high covariance in
production from the use of assets that in fact have |ow
i ndi vidual variability.

The result is reversed when the use of these same varieties is
anal ysed over tine. Over many years of wuse, the individual
distributions of the yield from specialised biological assets
will be very well-known, inplying a very small anmount of
information to be gained from their use. Unused, and | ess-
used, biological assets are relatively unknown quantities.
The expected variability of any individual nonspecialised
bi ol ogi cal asset is quite large over tinme, especially relative
to its expected nean, precisely because so little is known
about it. That is, the expected information to be acquired
from the exploration of these commodities is much higher than
it is wth the specialised assets (on account of their
relative obscurity), and this exploration value is positive.
This is ternmed the expected value of endogenously generated
information, because in this case the value of diversity
derives from the increased flow of information that results
from maki ng use of diverse fornms of resources.

Therefore, nonconversion not only maintains the choice set at

its differentially greater size, it also maintains the
information flow at its differentially greater rate. The
mar gi nal conversion reduces the potential information set and
the potential choice set in a single act. The reduction of

either alone is <costly in a sequential decision nmaking



f ramewor k. Therefore, the expected value of endogenous
information is also invariably positive; it is the value of
retaining options that may turn out to be far nore valuable
than is presently known given use and investigation.

3.6 Conclusion - The d obal Values of Biological Diversity

The gl obal value of biological diversity has been given a very
specific definition in this section. It is the global inpact
of the marginal conversion of l|and use to specialised
bi ol ogi cal resources. This global inpact has four conponents,

two static and two dynamc (i.e. information-based). The
i nformation-based values of biodiversity will ultimtely feed
through the static conponents; however, in any given period

there is also the expected value of this future flexibility.
The Conponents of the Value of d obal Biological Diversity

(A) Net Mean Yield Differential -

This is the difference in expected average yields between the
use of land in a traditional versus a specialised form of
producti on. In general, this difference is pronouncedly
negative, and it is the driving force behind the conversion of
| and use and the | oss of biological diversity.

For exanple, any given individual contenplating the conversion
to high yielding varieties wll be enticed into doing so by
reason of the expected gains in average yields. The inpact in
aggregate has been the "Geen Revolution": the increase in
worl dwi de grain yields at a rate of nearly 3% per annum over a
period of thirty years.

(B) Porfolio Effect -
This is the static value of the retention of a relatively
wi der range of assets within the biological production system
This generates value so long as a society is averse to risk
and thus has a distaste for vyield variability. Yield
variability is snmoothed by reason of nonconversion because
this inplies: 1) a broader portfolio of assets (varieties)
within the species; 2) a wder portfolio of assets
(agricultural comodities) within the country; 3) a wder
portfolio of assets (available nethods of production) across
t he gl obe.

The studies of crop yield variabilities during the course of
the green revolution have indicated that there has been a
corresponding increase in variability going hand-in-hand wth
the increased average yield. (Hazel | 1990). The studies
further denonstrate, that the vast majority of this enhanced
variability is traceable to the reduced portfolio effect
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across space (inter-national and intra-national) rather than
Wi t hin speci es.

(C© Quasi-Option Value (Options given Exogenous |Information) -

This is the value of retaining a wider portfolio of assets
across tinme given that the environnment is constantly changi ng
and rendering known characteristics far nore valuable than
they are currently considered.

For exanple, this is the value of the retention of certain
varieties of cultivated species (unknown to be of any great
value) but which are found to be of enhanced value when a
particular form of pest or disease becones nore prevalent. It
is the change in the value of a known characteristic by reason
of an unforeseeable change in the environnent.

(D) Exploration Value (Options given Endogenous I|nformation) -

This is the value of retaining a wider portfolio of assets
across tinme given that the exploration and use of these assets
will generate discoveries of currently unknown traits and
characteristics.

For exanple, this is the value of the retention of a given
area of forest because it is possible that certain wld

relatives of cultivated varieties will be found within that
forest, and these relatives may generate new and val uable
characteristics if investigated. It is also the category of

value that would apply to the retention of a particular
vari ety of

More inportantly, it is the value of the retention of sone

manner  of evol utionary process intact for | esser-used
varieties, in the event that sone unforeseen trait mght be
devel oped over tine. For exanple, the continued cultivation

of a wide range of varieties of wheat within a natural
environment mght result, through interaction with nature and
the farmer, in the unforeseeable generation of a desirable
trait (such as general drought intolerance). This is because
there are a |large nunber of suppressed traits within the body
of any given phenotype, which may cone out in response to use
under a wi de range of natural conditions over tine.

The Marginal Value of Biological D versity - Process and
Pol i cy

The values of biological diversity developed wthin this
section have been fornulated in a particular way for a
specific purpose. They are representative of the values that
exi st that should be given effect for the purpose of halting
the process of conversion within agriculture. This is the
meani ng of the concept of "the marginal value of biologica



diversity": it is the counterweight to the value of increased
production from nodern high-yielding varieties.

The "marginal value of biological diversity" is equal to the
sum of the values of terns (B), (C and (D), and this value is
strictly positive in the context of the decision whether or
not to convert the rmarginal piece of land to nodern
agricultural varieties. It is also clear that the value of
term (A) has been pronouncedly negative over mnmany years,
i nduci ng successive resource conversions by individual farnmers
wor | dwi de.

The problem of global biodiversity exists because the val ues
represented by (A) are wholly appropriable by the individua
farmer electing to convert its land, while the values (B)

(G, and (D) are only appropriable to a very smll (and
increasingly small) extent by that farmer (as wll be
devel oped further in section 4).

The role of global biodiversity policy is to halt conversions
at the optimal point in the conversion process in order to
preserve the flows of the values (B), (C and (D). (Term (A
represents the "increnental costs" of biodiversity supply
within this context, i.e. the opportunity costs undertaken by
any one country if it is to supply the global benefits
represented by terns (B), (C, and (D).) Part B of the paper

will discuss the alternative policies available for this
pur pose.
4. Externalities in Nat i onal Portfolio Sel ection

Unappropri at ed Val ues

Species are particular forns of "natural capital", i.e. they
are assets (fromthe perspective of human society) potentially
useful for their capacity to generate goods and services to

that society. For this reason, humans have an instrunental
objective to fulfill in retaining other species on earth - for
the flow of goods and services that they wll render to
humans.
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However, as wth any asset subject to human determ nation,
societies nust also determne in which forns of assets they
will invest, and in which they wll disinvest. There is no
reason, in economcs, that the naturally-determ ned portfolio
of "natural assets” would be the human-preferred portfolio.
For this reason each species is subject to individua
appraisal in the process of determning the portfolio of
assets.

This section considers the theory that explains how humans
determ ne the precise portfolio of assets that they will hold.

It wll also explain the extent to which individual portfolio
construction derives from that preferred by their societies,
i.e. how governnmental policies drive individual portfolio

determnation. Then it will conpare the aggregate portfolios
that these choices inply with the portfolio that would be
preferred by the global conmunity. This section wll
denonstrate that there is reason to believe that individua
societies will invest insufficiently in diversity, unless the
gl obal comunity intervenes to correct for the difference
between national and global objectives. In effect, the

"global values of biological diversity" (as outlined in
section four) are not given enough weight by individuals and
nations in nmaking their conversion decisions, due to the
unappropriated gl obal val ues of diversity.

4.1 The Economc Theory of Optimal Portfolio Selection

Portfolio selection theory has been devel oped for many years
in the field of financial economcs. (Merton, 1992). The
basic idea of portfolio theory is that individuals will select
an optimal portfolio of assets by considering both the
aggregate nean yield and the aggregate variability of the set

of assets. That is, any particular asset (x) will be seen as
generating a return that wll be variable under differing
conditions, but it wll also be generally known what the

average yield (the "nean" T) and the variance around that
average (the "variability" [ ) wll be.

Financial theorists noted long ago that individual investors
would not sinply choose that portfolio that maximsed the
expected value of the set of assets, i.e. the portfolio that
woul d consider only the nmeans and not the variabilities of the
asset s. This is because individual's objective functions
(wth regard to the benefits received from a set of assets)
are not linear; they are "concave". This neans that the
individual is nore concerned with getting sone flow from the
set of assets rather than getting the maxi num anount of fl ow,
i.e. the individual values the first units of flow fromits

portfolio noreso than the |ast. Therefore, wvariability
beconmes an equally inportant concern of the individual (as the
nmean), in that it mght place sone of the "first units of

flow' into jeopardy.



Fi nanci al theorists have postulated that individuals respond
to uncertainty in the construction of their portfolios by
behaving as if they balance both nean and variability when
maki ng their decisions regarding assets. This inplies an
obj ective function that would be sonmething as foll ows:

The Mean-Variance Framework in Optinmal Portfolio Theory:

v U0 ° M - As)

X

where: U(y) © theflowofbenefitsyfromaportfolioofassetsx
m, © themeanyieldfromtheportfolio

A © thePratt - Arrow index of absolute risk aversion
s © thevariability of the flow from the chosen portfolio

Ther ef or e, in this t heoreti cal f ramewor k, i ndi vi dual s
construct their optinmal portfolios by weighting the inpact of
an asset on both the aggregate nean and the aggregate
variability of the portfolio's yield. The weight given to the
variability  of the portfolio is dependent upon the
individual's relative "risk aversion", i.e. the person's
di staste for riskiness in return.

"Ri sk aversion"” is sinply another term for describing the non-
linearity of the individual's objective function. The nore
that the individual places greater weight on the first-
received benefits than the last (i.e. the nore curvature to
t he objective function), the nore averse is that individual to
ri skiness. The "Pratt-Arrow neasure of absolute risk
aversion" is a neasure of the curvature in the individual's
objective function, and it provides one such index for
wei ghting the individual's relative concern for riskiness in
portfolio returns.

The inplication of the nean-variance framework is that
individuals wll take the variability of yield into
consi deration when constructing their portfolios. There is
anple evidence to support the applicability of the MV
framework in the context of individual farnmer decision-nmaking
concerning the choice of crop varieties to plant. ( Robi son
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and Brake, 1972; Hanson and Ladd, 1991; Herath, Hardaker and
Ander son, 1982). All  of these studies, and many nore,
indicate that farnmers select fromthe entire nmenu of avail able
crop varieties (tradition and specialised) in order to
construct their individually optiml crop portfolio. In many
cases, these farnmers wll select sone portion of "traditional”
varieties and some proportion of "high yielding" (or
specialised) varieties in order to acconplish this object.
Therefore, it is apparent that farmers are risk averse, and
that they take this aversion into consideration when deciding
upon the set of crop varieties they will use; therefore, the
portfolio decisions of individual farner's are driven by
concerns about bot h maximsing yield and m ni m si ng
variability.

The remainder of this paper analyses the extent to which

farmers’ decisions wll reflect the gl obal val ues of
diversity, as developed in section three. Specifically, this
inplies analysing the extent to which individuals will demand
diversity for their i nsurance and i nformationa
characteristics. Section 4.3 analyses the factors that
determne the extent to which individuals wll demand
diversity for the assurance that it will provide, and section
4.4 explains why this will necessarily be deficient (given the
failure to appropriate the full values of diversity). Section
4.5 turns to the facet of i nformati onal val ue, and
denonstrates how this will be simlarly undersupplied due to
appropriation failures.

4.2 The Individual Demand for Diversity - Insurance

Not only wll individual farnmers take both neans and
variability into account when constructing their portfolios,
they will also pursue the assurance of a mninum |evel of
production in constructing their portfolio. In financial
economcs this is known as the "Cox-Wang nonnegativity
constraint”; in the context of agricultural choices, it is

known as the "Cash Crop - Food Crop" deci sion.

The Cox-Wang nonnegativity constraint sinply states that
individuals will incorporate the downside risk of a conmplete
| oss of incone into their portfolio decision nmaking process.

That is, under certain conditions (e.g. the absence of credit

markets), it is sinply not feasible to allow the yield from
the portfolio to fall to zero. Then, the individua
constructing the portfolio will take this absolute constraint

into consideration when choosing the assets wthin the
portfolio. (Merton, 1992).

In particular, the nonnegativity constraint inplies that, if
there is a particular asset (or set of assets) for which the
uncertainty concerning its wvariability is wvirtually zero
(because its distribution is well-known and stable), then this
asset wll be wused by the individual Ilike a surrogate
i nsurance policy. In effect, the particular asset wll be



included in the portfolio (even if its average productivity is
much | ower than other available assets) to the extent that the
i ndi vi dual w shes the assurance of sonme m ni mum return.

This analysis is shown in Figure 4.1 below. It shows the set
of available assets within the shaded region, denonstrating
the range of neans and variabilities that they are expected to

produce. Wiile to the left of this set l|lies another asset,
with a relatively low nmean and a relatively low but certain
variability. The individual consumer will use a conbination

of the optimal portfolio selected from the assets available
together with the "assurance asset” in order to avoid a worst-
case of negative incone.

[ Figure 4.1]

This general analysis applies equally wthin the agricultura
context. In essence, farnmers will want to select their set of
crop varieties in order to provide achieve their own nean-
variability trade-off, but also to assure the achievenment of
sonme subsistence | evel of food supplies.

This is the basis for the cash crop-food crop distinction.
Farmers will plant sonme crops to the extent that they are
assured to produce a subsistence level of edible matter.
After that level is assured, they will then plant whatever set

of crops it is that will achieve the optiml cash flow (given
their individual trade-off of nean and variability in the flow
of cash). Again, this has long been known and established
within the context of portfolio choice between traditional and
high-yielding varieties; farners wll plant the traditional
varieties to the extent that they will provide the necessary

assurance of subsistence. (Nowshirvani, 1971).

Therefore, there are in-built forces for the nmintenance of
diverse resources wthin individual farmer's portfolios.
These diverse resources wll be retained by individual farners
for several reasons:

a) the contribution to that farmer's portfolio' s nean yields;
b) the contribution to that farmer's portfolio' s reduced
variability; and

c) the contribution to that farmer's assurance of subsi stence.

In addition to these supply-side factors in favour of
diversity, there is also the demand-side inpetus for its
retention. The primary reasons why individuals would demand
di verse resources would be attributable to |ocally-evolved
preferences and/or mcro-environnments. (Brush and Tayl or,
1992; Cooper, 1993). Gven that there are reasons in "tastes
and technology” for the retention of diversity (preferences
and assurance), and there are agents capable of registering
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and inplementing these reasons (the farners), it remains to
explain why it is that there is an inefficient bias against
diversity. That is, given the capacity of individual farners
to construct individually optiml portfolios, it remains
necessary to denonstrate why these portfolios are suboptinal
O herwise, there is no biodiversity problem only the
conversion of the fornmer portfolios into new, inproved
portfolios.

4.3 Farnmer Substitution for Diversity-Supplied Assurance

Clearly, individual farnmers have an incentive to invest in the
acquisition of assurance for their annual inconmes, and this
often equates with assuring their annual harvests. In the
past this assurance was nearly always supplied through the
mechani sm of the crop itself, by neans of investnent in a
diversity of crop forns. Currently, this is not the case
For nost farners, there are now many other avenues to the
acqui sition of insurance other than the crop itself.

The suboptimality of individual portfolio construction lies in

the substitution of "inappropriate” fornms of insurance for
di versity-supplied assurance and the nonappropriability of
certain forms of services of diversity. The former will be
outlined in this section; the latter in the next.

As stated above, individuals wll supply thenselves with sone
form of subsistence assurance whenever this is possible, even
by means of the manner in which they wll select the
productive assets on which they wll depend. In that
instance, they wll select sonme well-known fornms of assets
that act as the assurors of their survival. 1In the past, this

notivation equated with the use of a diversity of traditiona
crop fornms.

However, now the individual's notivation to supply diversity
as assurance will be nuch reduced. This is because there are
other nmeans by which the individual may be supplied wth
"subsi stence assurance” other than the wuse of traditional
varieties. These nethods (surveyed bel ow) i ncl ude:

1) the substitution of other biological assets for the
traditional varieties;

2) the substitution of other (usually human) assets for
bi ol ogi cal ;

3) the accunulation of other (financial assets) and the
substitution of "self assurance"; and

4) the substitution of other (governnentally supplied)
assurance.

In essence, the farner's objective is solely to assure for one
season's subsistence, and to the extent that any asset is
avai l abl e to acconplish this objective, it is a substitute for
this traditional role of diverse resources. The increasing



availability of new markets, of governmental assistance and of
information on new varieties renders the old nethod of
assurance unnecessary.

4.3.1 The Substitution of New Varieties for Traditiona

At the initial introduction of new varieties into new areas,
there was little information or experience with these assets
as conpared with the traditional varieties. However, in one
generation's usage, this relationship can be reversed, and the
new group of farmers may becone far nore accustoned to the new
varieties and the new nmethods of production. Then there is no
assurance value to the old varieties, even if they have been
used in the region for hundreds or thousands of years. In
essence, the information set involving traditional varieties
(which provides the relative ambunts of assurance accruing to
the different crop forns) can be lost in a single generation
and replaced by the information available on high vyielding
varieties. Then this information serves as the insurance for
i ndi vi dual farners.

4.3.2 The Substitution of O her Assets for Biological Ones

One of the clear relationships in the adoption of exclusive
reliance wupon high yielding "cash crop" varieties is the
correspondence between the integration of the rural markets
and the decline of "food crop" production. Wen a rural area
is better-connected by roads and transports to population
centers, the conversion to specialised crop production occurs
qui ckly and conpletely. (Fatchanps, 1992). Sone studi es have
even noted that the distance to a netropolitan area closely
correlates with the degree of adoption of nodern agriculture.
(Brush and Tayl or, 1992).

This result is probably best-explained within the assurance
framework as well. The availability of the urban centre
provides not only the obvious market for the produce, but nore
inmportantly it provides a market for any other assets of the
farmer as well.

In particular, the rise of urban areas and industries within
devel oping countries provides a readily available outlet for
surplus rural |abour supplies occasioned by reason of seasonal

crop failures. If this should occur, there is now an
alternative source of incone (through the application of the
farmer's |labour) other than the |and. This outlet market

provides an alternative source of assurance for the farner,
and thus displaces the traditional crop varieties.

In essence, the integration and industrialisation of formerly
traditional economes makes the value of other forns of
capital (in this case, human capital) realisable on short
noti ce. This characteristic is known as "liquidity" of
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assets, and the point here is that the nodernisation of
econom es renders many forns of assets nore |iquid, and hence
there is a reduced demand for subsistence assurance through
agricul tural nethods.

4.3.3 The Accunul ation of other Marketabl e Assets

The availability of an urban center in an industrialising
soci ety renders other assets of the farnmer susceptible of
l[iquidation in times of distress, but equally inportantly it
also maintains sone level of "effective demand" for these

assets. In a non-industrial society, when the rural area was
entirely isolated, there were no buyers for farmers' assets in
times of distress; all incomes in the region noved together.

The devel opnent of industry within these countries unlinks the
fortunes of country and city dwellers, so that there are sone
still-existing markets in tinmes of rural distress. This neans
that any accumul ated assets of the farnmer (tools, aninmals,
cash) can be translated into incone in times of crop failure,
serving as assurance for that event.

4.3.4 Conclusion - The Substitution for Diversity Assurance

The literature on cash crop versus food crop production has
found that specialisation wthin the agricultural sector
follows on from the integration of markets into a devel oping
econony. The effects of such variance are found to be "I ower
variance in prices, |ess covariance between individual output
and aggregate supply and nore elastic demand because of trade
possibilities". Such integration has been found to be a
determnant of the rate of nodern agricultural adoption
t hroughout the Third Wrld. (Fatchanps, 1992).

In essence, what is occurring here is the substitution of
other forns of assets as assurance nechanisns for the role

formerly played by diversity. This is entirely rational
behavi our from the perspective of the individual farner, as
the only form of assurance desired by the individual 1is
sonething to assure "subsistence” in the event of crop
failure. In that case, the ability to |iquidate other asset

forms in the event of a crop failure is adequate to neet the
requirenents of the individual's Iimted objective.

The problem is that the individual farmer fornerly perforned
this function in a way that also satisfied the objectives of
gl obal society, i.e. the object of preserving diversity for
t he gl obal values described in section 4. The acquisition of
sel f-assurance through asset liquidity solves the farners’
assurance problem w thout addressing the global objective
These nethods of "self-assurance" in tines of crop failure
allow the farner to select a crop portfolio that ignores the
probl em of yield and incone variability.

In the final analysis, it is the role of government to ensure
that individual objectives coincide with societal ones. In



this case, it is clear that economc forces are driving a
wedge between the two. Section 4.4 anal yses how governnents
m ght be expected to respond to this divergence, and presents
sonme evidence on how they in fact do this.

4.4 CGovernnental Incentives to Supply Diversity

The analysis of section three denonstrated that diversity
coul d supply assurance through the "portfolio effect”, both by
providing a diversity of production nethods across space and
across tine. I ndi vi dual s operating on an individual plot of
land would have an incentive to utilise this "portfolio
effect” to assure thenselves, as was indicated above, in the
absence of other neans of insurance. Now that other neans are
avai l able, this assurance is no |longer being provided by the
i ndi viduals. They are now pursuing the highest average yield,
and acquiring insurance by other neans.

It is the government's role to ensure that in the aggregate
the optimal level of assurance is being provided for that
society. This section exam nes whether individual governnents
have adequate incentives to provide the optiml anmunt of
diversity for insurance purposes. The short answer is that
governments do not have nuch incentive to supply the optinal
| evel of diversity, because only a small proportion of the
benefits from diversity are appropriated by the supplier
state. Therefore, governments wll have the incentive to
encourage their citizens to pursue high yielding varieties
(rather than diversity), and the evidence indicates that this
is what they in fact do.

Al t hough insurance and information are very different values
emanating from biodiversity, they are the same for the purpose
of the analysis of the externalities and policies of concern.

| nsurance sinply relates to those values of diversity that
concern variability reduction, while informational values may
ultimately take the form of either nean enhancenent or
variability reduction. In the remainder of this analysis, we
will focus exclusively upon the analysis of insurance val ues
(wth the inplication that the values of diversity that take
the form of nmean enhancenent may be addressed in anal ogous
fashi on) .

A country investing in diversity wll necessarily provide
"insurance" for both itself and the remainder of the world
this insurance may be of any one or nore of four possible

t ypes.

a) intra-species portfolio effect;

b) intra-national portfolio effect;

c) inter-national portfolio effect; and

d) informational values for reduced variability.
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"I nsurance" is the paynent of a fixed premum (here, the
foregoing of the increased nean yield from high-yielding
varieties) in return for a reduced amount of variability
(here, the generation of values under certain conditions that
woul d not otherw se exist). The portfolio effects described
in section three are clear instances of pure insurance val ues:
the reduced nean yield is sacrificed in exchange for reduced
correl ati ons between vyi el ds.

As nentioned, the informational values described wthin
section three may take either of two fornms: vyield-enhancing or
variability reducing. Quasi -option value is an insurance
value when it derives fromthe retention of a w der range of
characteristics in order to solve certain unforeseeable forns
of problens (with severe downside inplications) that nmay arise
under unpredictable future conditions. Exploration value is
an i nsurance value when it derives fromthe retention of a set
of phenotypes in the event of the possible identification of
an already-existing but wunknown trait for wuse to reduce
variability (for example, the identification of a suppressed
capacity for drought resistance).

The core problem of the undersupply of biodiversity derives
from the failure of "host societies" (i.e. the citizens of
states hosting diverse resources) to appropriate all of these
various values from diversity. Many of the above val ues of
bi odi versity flow generally to the benefit of all of the
peoples of the earth, rather than specifically to the persons
actually retaining the diversity.

First, consider the facet of the portfolio effect that is

wholly internalised, i.e. the intra-national PE. This effect
i ndicates that the conversion of a society's diverse resources
to specialised varieties wll resul t in an enhanced
variability in national agricultural output. This results

fromthe fact that all farnmers' harvests are now linked to the
same set of environmental conditions; if the conditions are
too cold, or too wet, or a certain sort of pest appears, then
all farnmers' harvests are affected simlarly. The consequence
is that there is no "cancelling out" of differing effects of
simlar conditions, and hence there is enhanced variability in
yi el ds.

The inpact of this form of enhanced variability wll be
internalised to this society, because the effects will be felt
by no one else other than those wthin the country.
Therefore, the state should be concerned to provide the
opti mal ampunt of assurance for the portfolio effect that is
whol |y intra-national

On the other hand, the state will take little notice of the
portfolio and informational effects that provide global as
wel |l as national benefits. The two nost significant forms of



this effect are the inter-national and the infornational
effects.

The loss of the inter-national portfolio effect derives from
the increasing |osses of diverse resources globally, and the
impact of these losses on the stability of all biological
productions systens on which humans rely. As much of the
bi osphere becones increasingly concentrated on just a few
varieties, the issue of the stability of the entire systemis
rai sed. Al though a single conversion of diverse resources
contributes only marginally to this effect, the aggregate
i npact of total global conversion nust be very destabilising
(as shown in Figure 3.1). (This analysis is very simlar to
the analysis of "d obal Warmi ng": a phenonenon for which there
is a clear potential for catastrophe but great uncertainty as
to the location of the "danger |evel").

The informational/insurance values of biodiversity retention
derive from the prospect of identifying new nethods for
mnimsing variability in food production wthin retained
stocks of diversity (through discovery of unknown traits or

realisation of unforeseeable conditions). Any i ndi vi dual
country may be willing to invest in its diversity retention to
the extent to which it wll itself benefit fromthis strategy,

but it will fail to take into account all of the benefits that
this strategy may render to other nations (because it wll
vi ew such benefits, under existing property rights systens, as
nonappr opri abl e) .

If a single governing body managed the entirety of the globe's
bi osphere, then the correct objective would be for it to
manage the process in order to take these effects into
account . The result would be an aggregate anount of
unconverted lands retained for their contribution to the
stability of the production system in a manner that would
maxi m se gl obal as well as |ocal food security.

In general, the existing incentives are for individual states
to ignore the mjority of the value of biodiversity's
retention. This is because each state will only benefit by a
fractional amount for the actions that it takes to assure
agai nst global instability, but it nust itself bear the ful
costliness of the investnents that it nust take to afford that
i nsur ance.

This is the problem of a "global public good”: it is a good or
service that all of global society wishes to provide but for
which there is no generating nechanism in place. Ther ef or e,
in a world in which land use conversions are wholly regul ated
by individual sovereign states, it is axiomatic that there
would be certain "global public goods”" that would go
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unprovi ded; there is sinply no nmechanismin place to register

the inter-national i npacts  of these individual state
decisions. This formof externality affects each of the forns
of insurance that are listed above other than those wth

whol Iy intra-national effects.

4.5 Governnental Responses to the Incentives to Supply
Diversity

It is apparent that nost of the inpacts of investing in
diversity flow globally, resulting in little incentives for
states to take these benefits into account in determning
their agricultural (and land use conversion) policies. The
result is that nost governnments provide very few if any
incentives for their citizens to invest in diversity, and
quite a few incentives to encourage their citizenry to convert
to the highest yielding varieties.

These incentives can take many different forns. First there
are the nost direct forns of intervention, such as the
policies against crossing of varieties in Indonesia and
Zi nbabwe that di scourage all practice of traditional
agriculture. (Cooper 1993). Then there are the subsidies to
the various inputs to specialised agriculture (pesticides,
fertilisers, irrigation water, machinery) that encourage
conversion across the developing world. Third, there are the
wel | -docunented subsidies to the outputs of specialised
agriculture (agriculture commodities) that have encouraged
conversions for many years both in the devel oped world and in
t he devel oping (via aid policies, e.g. Botswana).

The problem of biodiversity decline lies in the fact that
despite the fact that the individual farnmers no |onger
perceive the need to invest in diversity, the reasons to
retain diversity for its global values remai n unchanged. This
Ccreates a situation where individuals are rapidly converting
di verse stocks (fornmerly retained for the individual benefits
they rendered) while the global need for diversity remains as
great as ever.

4.5.1 Government Responses: Crop |nsurance Progranmmes

Governnments also encourage conversions by approaches that
provide alternative nmethods of insurance to their citizens.

This can be acconplished directly for the crops thenselves -
by the creation of crop insurance progranms - or indirectly (as

di scussed above) for other fornms of incone maintenance - by
the mere provision of better infrastructure and transport
facilities. In either case, the governnent's supply of

alternative fornms of insurance displaces the individual's
supply of diversity in order to serve this purpose.



In devel oped countries, and increasingly in the devel oping,
there is governnment intervention in agriculture to provide
insurance in times of crop failures. The formthat government
intervention takes determnes the incentives for t he
m nimsation of risk within agriculture.

One neans of reducing the risks associated wth vyield
fluctuations is to diversify the portfolio of crops noving

away from nono- cul ture. | nt er cr oppi ng, spati a
di versification, st agger ed pl anti ng, and hoar di ng are
surprisingly efficient in reducing inconme risks. Such

practices have been enployed by agriculturalists for
centuries.

However, diversity is not the only nmeans for providing crop
i nsur ance. The market itself will do so, if the risks are
i nsur abl e. And, there is not necessarily any reason to
intervene if this is the case, because farners thenselves
could then choose the | east expensive basis for insuring their
crops, allocating their "insurance policies" between the
mar ket and diversity.

However, this is only the case if insurance nmarkets are able
to operate effectively, in nmany cases they do not. This is
because market insurance operates by neans of the pooling of
i ndependent risks. That is, in many circunstances individuals
may face uncertainty, but society as a collective of
i ndividual s faces approximate certainty. This is attributable

to '"the law of large nunbers'. In essence, insurance works
effectively when an individual farner does not know whether
his/her crops wll fail this year, even though the failure

rate for crops in that region for any given year is known and
relatively stable over tine.

The primary assunption that drives the insurance principle is
that the probability of a <crop failure for any given
i ndividual is independent of that for anyone el se. That is,
when risks are faced by all persons uniformy, it is not
possi ble for an insurance market to operate. This is because
it does no good to "pool" a risk if everyone will incur the
| oss at the sane tine.

It is apparent that the assunption of independence fails in
the case of crop insurance in the US The agricul tural
sector is one that faces pronounced conovenments in output. It
is self-evident that individual agents' probabilities of
experiencing a crop failure are not i ndependent  when
techni ques and varieties becone standardised. A fact which is
borne out heavily in the data. The governnent is required to
subsidise the insurance conpanies, in order that continued
cover is provided.
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US. Summary of Miltiple Peril Crop
| nsurance Protection
(summary of all crops for all states by

year)
Year Protection Total Acres
(mllions $) | nsur ed
(000s)
1981 5981 58324
1982 6125 54918
1983 4370 36542
1984 6620 55492
1985 7167 63360
1986 6219 64004
1987 6079 64798
1988 6957 73799
1989 13563 139365
1990 12511 142870
Tot al 75592 753468

Source: Anmerican Association of Crop Insurers, (1991)

In short, the crop insurance market in the U S. has not
operated effectively, probably on account of the correllation
of risks. The US experience reflects that insurance cover has
been difficult to develop and admnister, wth the private
sector being unwilling to provide conplete insurance. The
current insurance programdates only to the Crop Insurance Act
of 1980, which allowed private insurance schenmes to operate in
this area, but the evidence fromthis period is clear.

The Federal Crop Insurance Corporation (FCIC) currently
subsi dises the prema paid by farnmers by about 30% The anount
of governnent subsidy can be seen in the difference between
Total Premium and Farnmer Premium The total costs of the
protection offered including the subsidy and adm nistration
costs are shown in the follow ng table.

Nat ure and Extent of Al Governnent Costs
(' 000s of US $)

Prem um Excess

Subsi dy Losses
1981 46995 30471
1982 91990 132250



1983 63669 297971

1984 98296 204314
1985 100224 242438
1986 88043 233806
1987 87536 466900
1988 107830 585678
Tot al 684583 1731597

Source: "Report of the commssion for the
| nprovenent of the Federa
Crop Insurance Progrant.
Washi ngton D. C

During the 1980s, the U S. governnent spent $3.8 billion on
crop insurance progranms for U S. farners. This is a very
i mportant fact, for two reasons.

First, this is indicative of the extent of the crop failures
occurring under specialised agriculture. Although eight years
is insufficient grounds for the ascertainment of any trend
the novenment toward crop insurance is definitely a devel oping
trend.

Secondly, and nore inportantly, it 1is obvious that these
markets were requiring substantial governnent subsidies for
oper ati on. The U.S. governnent spent $685 nmillion on direct
subsidies in order to encourage the operation of the market.

Crop insurance programmes operating through nethods of

"pooling risks" cannot be effective, because of t he
correlation of the risks involved. It is not possible to
replace the assurance function of diversity through the
i nsurance markets. Nevertheless, it has recently been

suggested in the economc literature (Mranda, 1992) that the
failure of crop insurance programes in the U'S. could be
remedi ed by the adoption of "area-yield" insurance. These are
policies that would recognise the correlation in farners’
returns under poor  environnent al condi tions, and then
conpensate the group of farnmers only in the event of a fall in
average yield across a |large area. The idea is to avoid the
probl em of conpensating individual farnmers for poor farmng
practices, while conpensating the group in the event of the
occurrence of a "joint risk" (such as a pest or drought);
however, this identifies the reason that these progranmes
fail, not the basis for their rectification.

It is necessary to pool wuncorrelated risks for a financial
instrument to operate successfully; the pooling of the
practititioners of nodern agriculture cannot satisfy this
condi tion.
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At present the natural form of insurance (diversification of
the agricultural portfolio) is not being allowed to operate.
It is instead being preenpted by a government policy that is
encouragi ng the substitution of the financial market by its
subsidisation. This sort of policy discourages farners

from using natural diversity for the provision of insurance,
even when it is the only neans of doing so. Nat i onal
governments are responding perversely to variability by
encouraging farners to continue the process of specialisation
that is causing this variability to exist.

4.5.2 Covernnent Responses: Gene Bank Network

The need to supply insurance is also being net by the

establishment of ex situ gene bank networks. However, the
attenpted ex situ solution addresses only one of the four
distinct forms of insurance values, i.e. the quasi-option

aspect, and it is not clear that it acconplishes this object
very satisfactorily.

As nentioned above, there are both insurance and informational
notivations for diversity conservation. Insurance is provided
by diversity when variability is reduced; diversity-supplied
information may take the ultimate form of either variability
reduction or yield enhancenent.

It is likely that the gene bank approach focusses on the
|atter to the exclusion of the forner. It concentrates its
efforts and resources on those varieties that are nost closely
related to those in production, and virtually ignores all
species that are not currently in production. This is the
approach that would be recommended by a strategy of vyield
enhancenent; it focusses upon the retention of those varieties
wWithin which it is knowmn that traits exist that will be usefu

in currently-practiced agriculture under a foreseeable range
of environnental conditions.

The i nsurance val ues of biodiversity concern nore w de-ranging
(unforeseeable) conditions and nore w dely-varying (unknown)

potential phenotypes. They are not so useful as near-term
inputs into production, as they are essential as nmediumterm
or long-term provisions against the unforeseeable. The
i nformati onal values of diversity (for yield enhancenent) are
very likely appropriable in the near term by commercial

or gani sati ons. The true insurance values are unlikely to be
taken into consideration, even by the existing gene bank
net wor K.

In addition, current attenpts at ex situ conservation do
nothing to address the other ("static") externalities within
the conversion process, i.e. the problens deriving from the



instabilities introduced within the current harvest year from
reliance upon so narrow of a production nethod portfolio. The
continued conversion of the biosphere to a small set of
honbgeneous varieties nust ultimately generate high gl obal
costliness, and this costliness is registered in these other
forms of porfolio effect value as well.

Therefore, although it is theoretically possible for a gene
bank network to perform sonme of the necessary tasks of
bi odi versity conservation, it is unlikely that the existing

network is actually constructed for this object. It is
probably geared nore toward yield enhancenent strategies than
variability reduction. In addition, no ex situ approach is
capable of generating all of the values emanating from

di versity conservation; sone of these values (i.e. the static
ones) require an in situ approach.

4.5.3 CGovernnmental Responses: Informational Property Rights

It is inportant to note once again that in the case of both
forms of informational values, quasi-option and exploration,
the contribution to the agro-econony nay take the ultimte
form of either enhanced nean yields or reduced variability.
To a significant extent, the problem of bi odi versity
conservation for agricultural purposes could be rectified if
these informational values could be rendered operationally
effective.

In addition, it is not that difficult to conceive of
approaches that mght resolve this side of the problem Al

t hat is required is sonme nmechanism for conpensating
investments in "in situ gene banks": lands retained in an
unconverted state and explored for potentially useful
varieties under prevailing conditions. A review of the two
forms of val ues (exploration and quasi-option) wil |
illustrate.

It is economcally rational to maintain a l|arge group of
unknown |ife fornms (that are perceived to be largely
val uel ess), precisely because the variability in returns wll
be very large given how Ilittle we now know about these
i ndi vidual organisnms. This variability may be translated into
either an enhanced nean or a reduced variability in
production. This is the value of prospecting, or "exploration
val ue".

It is also reasonable to retain a nore well-known (but equally

val ueless) group of life fornms for potential agricultural
usage, on account of unforeseeable shifts in existing
envi ronnental conditions. This is the value derived from

exogenous information, or "quasi-option value".
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These values are treated as "global public goods" at the
producer-state |evel wunder existing property rights systens,
but they need not be, and they are not treated as public goods
at all other levels of the plant breeding industry. The
values are potentially appropriable, as it is equivalent to
stating that there are a large nunber of "genetic lottery
tickets" distributed across the globe in correspendence to the
amounts of unconverted lands (largely wthin devel oping
countries). A few of these tickets wll pay "jackpots" to the
gl obal agricultural system at sonme unknown point in time. The
bi odi versity problem is that the tickets may be lost |ong
before their true value is reveal ed.

This facet of the biodiversity problem need not exist, if the
"host state" for the unconverted |land were allowed to keep the
proceeds from the jackpot if it retained the l|and that
contains the ticket. This prospect of a return mght then be
sufficient to induce the retention of large quantities of
di verse lands (as many countries vied for a single jackpot).

The real biodiversity problemis that the "jackpots"” derived
fromretaining less well-known plants on diverse agricultura
| ands have not generated returns for the "host state". They
are captured further up the vertical chain within the seed
i ndustry. These conpanies are able to develop the find as a
new plant variety, and claim propietary rights over the
ultimate product. (Juma, 1989; Hobbelink, 1990). That is, it
is very likely that the rents generated by this "exploration
val ue" are appropriated (rather than dissipated), but at a
level within the agricultural industry far-renoved from the
i ndi vidual s making decisions concerning |and conversions.
Thi s phenonenon of "absentee rent capture" creates a very poor
set of incentives for conservation. (Swanson, 1989; Swanson
1994).

Furthernore, wunder existing institutions, there is no real
prospect for this to change in the immediate future.
(Swanson, 1992; Sedjo, 1992; Kl oppenburg, 1990). Ther ef or e,
given the wunlikelihood that any future returns from these
lottery tickets will be appropriated, the host state will see
l[ittle reason to invest in the retention of diverse resources
for this purpose.

In sum the informational values of diversity may ultimtely
be appropriable within the agricultural sector, but it is
essential that they are appropriated at the correct "level" of
the industry for conservation effectiveness. Rents should
al ways be collected, for purposes of maximsing aggregate
wel fare, by those best able to invest in the resource
generating them (Hart and Moore, 1992). The best investors
inin situ diversity conservation are the host states (and the
i ndi viduals naking conversion decisions), and so property
right systens should allow these states (and especially their



"farnmers") to capture the portion of agricultural value
attributable to diversity.

As an aside, it is interesting to note that, should existing
institutions be nodified to nake it possible for host states
to appropriate these "exploration values", then the problem
woul d be reverse; there would be incentives to oversupply
rat her than undersupply diversity for these purposes. This is
because probabilistic returns tend to generate excessive
aggregate efforts to appropriate them this is the nature of a
"patent race". Shoul d states acquire sone part of the rights
to any "jackpots" acquired by reason of their investnents in
the retention of diverse lands, it would be anticipated that
these rights would translate nore than proportionately into
efforts to appropriate these val ues.

4.6 Conclusion - Externalities in the Appropriation of d obal
Val ues

This section comenced with the "ground Ilevel"™ incentives
determ ning diverse resource supplies because it is at this
level that the decisions are taken that determ ne whether
| ands are converted or not. However, it was quickly found
that these ground |evel incentives were thensel ves determ ned
by higher orders of incentives, and in particular by the
devel opnments occurring within the farner's country and the
actions taken by its state. In general, the events over the
past few decades have transpired to cause individual farners
to replace diversity-supplied assurance wth other forns.
This is another one of the driving forces behind the decline
of biodiversity.

It would be the responsibility of national governnents to
conbat this trend, and to cause individual farnmers to take the
benefits of diversity to be taken into account; however, it is
nore typically the case that governnents are |eading the
nmovenent toward other forns of insurance by neans of a wde
range of policies. Governnents create incentives to
conversion both directly through subsidies to specialised
agriculture and indirectly through subsidies to other forns of
assurance.

The core problem of biodiversity is that the nobst of the
val ues of diversity (outlined in section three) are not being
channel l ed through the hands of citizens of the host state.

This nmeans that the state that invests in diversity-retention
bears all of the costs of that act wth no reasonable
expectation of receiving a greater proportion of the benefits.
At base, this is the problem of biodiversity: it is the
absence of institutions for either "cost-sharing" or "benefit-
appropriation”. Part B discusses the capacity of economcs to
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pl ace a value on the benefits from genetic resources. Part C
i nvestigates the general nature of the institutions that m ght
be able to renmedy the biodiversity problem



PART B

The Val uation of the Contribution of Plant Genetic Resources

By David Pearce & Raffaello Cervigni
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5. Techni ques for the Valuation of Environnmental Resources
[By David W Pearce]

This section provides an introduction to the field of
envi ronnmental econonmics, especially as it applies to the
guestions of valuation. Much progress has been nade in the
past decade in the devel opnent of a nethodology for placing
val ues on various resources and services never before given a
nmonetary valuation; this section identifies these approaches
and indicates the range of uses for which they were devel oped.

Equal ly inportantly, this section also gives an indication of
the limts to environnental economcs and the range of val ues
that cannot necessarily be estinmated by the use of these
nmet hods.

In short, environnental economcs has nmade great strides in
providing concrete answers to previously unanswerable
guestions; however, it has not yet devel oped the capacity to
say sonething definitive on every environnental resource or
servi ce. This will be an inportant point to keep in mnd
while reviewing the remainder of the analysis within this
report.

The reader who is famliar with the various concepts of
econom ¢ val ue, and the nethods used to estinmate these val ues,
may nove directly to section 5.4 without a |oss of continuity.

For the remai nder of our audience, the follow ng sections are
intended to indicate the scope application for these nethods
and their potential applicability to the problem of the val ue
of PGRFA

5.1 The |ssue

The concept of 'econom c value' of an environnental resource
is nmeasured by individuals' wllingness to pay (WP) for
increases in the resource, or by individuals' wllingness to
accept conpensation (WAC) for Jlosses of the resource.
Economic value is therefore anthropocentric: it is based on
human preferences for or against changes in the anount or
quality of the environmental asset in question. Moreover,
econom c values are, at least in principle, expressible in
nonetary units since both the WP and WAC concepts can be
expressed in nonetary ternms (although they do not have to be
in noney terns). Clearly, other ethical values are relevant to
deci sions about the protection of environnental assets. It is
possible to argue that the assets have intrinsic value that
may be expressed as 'rights' to existence, for exanple. This
view is widely held with respect to |iving resources, although
it isless widely held with respect to plant resources.




There are particular reasons for focusing on econom c val ues,
of which the nobst inportant is that the preference-based
approach is best suited to the real-wrld contexts in which
choices are made about the quantities and qualities of the
resources in question. For example, PCRs increase or decrease
due to habitat change. In turn, habitat change is notivated by
t he apparent need to clear land for agriculture or sone other
form of econom c devel opnent. The economi c value of that |and
conversion is expressed in terns of the flow of outputs for
human consunption - food, tinber, etc. Those flows of outputs
are neasured in noney ternms. By expressing the value of PGR
conservation in noney terns, then, we secure a direct
conpari son between the 'value' of PGRs and the value of the
alternative land use that is generally inconsistent with PGR
conservation

Wiy does a direct conparison matter ? The main reason is that
it permts the quantity of conservation or devel opnent to be
determ ned. Adopting the 'rights' approach, for exanple,
produces 'all or nothing' outconmes. If it is norally wong to
deplete biological diversity, then it is wong for al
diversity, not just sonme of it. Yet conserving all diverse
resources is infeasible in a world where population growth
prom ses a 50% i ncrease in the next 30 years. Put another way,
t he econom c approach permts priorities to be determ ned.

The problem with the econom c approach is that many of the
functions of environmental assets have no nmarket. Hence
econom sts have devel oped a nunber of ways in which non-nmarket
values can be estimated for resources that |ack markets for
their functions and services. This non-market problemis |ess
true of PGRs since they have a clearly identifiable uses for
crops that will eventually be markets, although neasuring that
econom ¢ val ue is conpl ex.

W briefly review the nethodologies for 'revealing economc
value in non-market contexts, and then focus on the relevant
nmet hodol ogi es for PCGRs.

5.2 Total Econom ¢ Val ue

The total economic value (TEV) of a resource is generally
classified as being made up of use and non-use values. Use
values are as they sound - the value arising from making
actual use of sonething (consumng it, visiting it, etc.). A
use value can relate to a use now, or to a WIP to keep the
resource in being for potential future use (an insurance val ue
of option value). Non-use values relate to the WP for
sonmet hing even though no actual use is nade of it, nor is any
use intended in the future. This is very relevant for
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bi odi versity, for exanple, because nost people wll not
experience the direct benefits of the biodiversity, nor my
they ever do so. Yet nmany people want diversity to be present,
per haps because of sone feeling of intrinsic value, sone sense
of 'stewardship' or sone notive of bequeathing an intact
environment to future generations.

5.3 Estimating WIP and WTAC

Environnental benefit estimation techniques have advanced
significantly over the past twenty years.

The first distinction is Dbetween direct and indirect
approaches. Although definitions vary, direct approaches | ook
at techniques which attenpt to elicit preferences directly by
the use of survey and experinental techniques, such as the
Contingent Valuation and Contingent Ranking nethods (see
bel ow). People are asked directly to state or reveal their
strength of preference for a proposed change. Indirect
approaches, on this interpretation, are those techni ques which
seek to elicit preferences from actual, observed market based
information. Preferences for the environnmental good are
revealed indirectly, when an individual purchases a marketed
good with which the environnental good is related to in sone
way. The techniques included here are, Hedonic Price and Wage
techni ques, the Travel Cost nethod, Avertive Behaviour and
Danage Function approaches. They are all indirect because they
do not rely on people's direct answers to questions about how
much they would be wlling to pay (or accept) for an
envi ronmental qual ity change.

Figure 5.1 provides an overall classification of the various
t echni ques.

5.3.1 Direct Approaches

Boxes 1 and 2 give an outline of contingent valuation and
contingent ranking approaches. In each case the approach is
based on direct questioning of respondents as to their WP or
WIAC suns of noney (CVM, or their ranking of alternatives one
of which is then 'anchored" in a market price (CRM. CM
operates by asking questions such as 'Are you willing to pay
X for sone defined and identified change in environnental

quality or in the quantity of an environnmental asset. Numerous
bi ases may occur, not the l|east of which is the hypothetica

nature of the question - i.e. will people really be WIP "X in
the event that the environnmental asset really does have to be
increased or decreased in quality or quantity ? There are
nunerous test for such biases and the nodern approach to CVM
permts nost biases to be avoided at the outset by careful

guestionnaire design, and for remaining biases to Dbe



identified and estimated through subsequent statistical
anal ysi s.

This group of techniques wll often be the only nethod
avai l abl e for valuing non-use val ues. The indirect approach
techni ques can only neasure use values, for reasons that wll
becone apparent later. As such the direct approach has a very
inmportant role to play in environnental benefit estimtion,
being able to nmeasure use and non-use values. It should al ways
be renmenbered that values obtained from indirect techniques
al though failing to capture non-use values, are never nmeant,
theoretically or enpirically to capture these values in the
first place.

5.3.2 Indirect (Production Function) Approaches

| ndi rect approaches are alnost certainly nore relevant to PGRs
than direct approaches. Sonme econom sts classify all indirect
techni ques as 'production functions'. Wthin the indirect
group of techniques, there are certain techniques which can be
grouped together. These are collectively known as Surrogate
Mar ket techniques. They involve |ooking at narkets for
"private goods' and services which are related to the
envi ronmental commodities of concern. Private goods are goods
that when consunmed by one person cannot be consunmed by
another. They contrast wth 'public' goods, such as air
quality, that can be enjoyed by nore than one person in such a
way that one person's enjoynent does not affect another
person's enjoynent. The goods or services bought and sold in
these surrogate markets wll often have as conplenents (or
attributes) and substitutes the environnmental conmmodities in
question. Individuals reveal their preferences for both the
private marketed good and the environnental good when
purchasing the private good. They leave what is called a
'behavioural trail' as they nmake actual decisions that affect
their lives. These techniques are therefore sonetines
preferred by policy makers because they rely on actual choices
rather than the hypothetical choices involved in the direct
approaches. Surrogate market approaches include Hedonic Price
and Wage techniques, the Travel Cost nethod and the Avertive
Behavi our nethod. Damage Functions conprise the other main
category of indirect techniques. Danmage functions involve
estimati ng sone dose-response function, and then using market
prices (sonetinmes adjusted to account for econom c distortions
such as taxes and subsidies) to value the response. For
exanple, if air pollution affects crops, then the output | ost
can be multiplied by the nmarket price to obtain a nmeasure of
the loss. Box 3 outlines the main features of the damge
function approach. Sonmewhat confusingly, danmage function
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approaches al so enbrace a context in which an input is related
to an output and the resulting effect is valued at market
prices. This is relevant to PGRs since they are an input to a
process giving rise to an output - crops or other products.
So, damage functions are sonmetines called 'production
function' approaches as well.

Wthin the surrogate narket group of techniques, further
demarcation can be nmade between the Hedonic Price and Wge
techni ques (known sinply as Hedonic) and the Travel Cost and
Avertive Behaviour Techniques (known as Household Production
Function approaches)!. W explain in detail the differences
between the two later, but basically they are concerned with
di fferent assunptions about consumer choices and fixed prices.

1 The Household Production Function approaches should not be confused with Damage function techniques (sometimes referred to as
production function techniques) or with what Maler [1991] calls the Production Function approach (see later). According to Méaer's
classification, all the techniques described here as indirect techniques are subcategories of what he calls the ‘Production Function Approach'.
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The Househol d Production Function (HPF) approach places val ues
on environnent al resources by specifying sonme famliar
structural relations (restrictions) between the environnenta
services of interest and other private goods. The approach
argues that the environnmental resource and private goods are
demanded as internediaries in a househol ds production process,
together with tine, to produce service flows. The approach
descri bes how goods and services are used and so enables us to
see how the environment affects the service flows. In a HPF,
the environnment enters the individual's behavioural/preference
function through the restrictions of perfect substitutability
and weak conplenentarity. The values of the environnental
resource are found by | ooking at changes in the expenditure on
goods that are substitutes or conplenents to the environnental
resource

Perfect substitutability neans that the environnmental good and
the private good are substitutes: a one unit reduction in the
envi ronmental good, for exanple, must be associated with an
increase in the private good by sone constant ratio® This is
the basis of the Averting Behaviour technique, which |ooks at
how averting i nputs substitute for changes in t he
envi ronmental good of concern. Exanples here include; |ooking
at expenditures on inproved ventilation in order to reduce the
exposure to radon in houses; valuing the costs of siltation
from upstream erosion by |ooking at the expenses that farners
i ncur when installing protection structures. Weak
conplenmentarity neans that when the demand for the private
mar ket able commodity is zero, then the wvalue of the
environmental good is also zero. In other words the value of
the environmental good is entirely due to its use alongside
the private good. Wak conplenentarity is a generalization of
perfect conplenentarity (where a resource and some input nust
be used in constant proportions), in that the value of an
environmental good is zero if demand for the other input is
zero.

This is the fundanental idea wunderlying the Travel Cost
approach. Travel is used to infer the demand for recreation by
virtue of the fact that it is a weak conplenent, i.e. when the

quality of the recreation site changes, we |ook at how
expenditures on the narketable conplenent, travel, change. The
Travel Cost nmethod estinmates the demand function for
recreational facilities and finds how visitation to a site
changes - how the demand curve wll shift - if an
environnmental resource in the area changes.

The hedonic approach differs in that it operates through
private good price changes rather than the private good
guantity change. The hedonic pricing approach | ooks at markets
in sone private good for which the environnental good of

2 This constant ratio is known technically as the 'marginal

rate of substitution'.



concern is again a weak conplenent (or attribute), in order to
infer individuals' preferences for environmental quality. An
exanple of this is the property market, in which one of the
attributes of housing influencing an individual's decision to
buy or sell, is the level of environnental quality, e.g. air
pollution in the surrounding neighbourhood. G ven that
different |ocations of property will have different |evels of
environmental attributes and that these attributes affect the
stream of benefits from the property, then the variation in

attributes wll result in differences in property values
(since property values are related to the steam of benefits).
The Hedonic price approach |ooks for any systematic

differences in property values between |ocations and tries to
separate out the effect of environnental quality on these
val ues. The resul ting “inplicit prices’ f ound for
environmental quality nust then be related to consuners'
tastes and preferences in order to find the willingness to pay
for the attribute. In order to estimate the value of changes
in the environnmental resource using Hedonic pricing, weak
conplenentarity is assuned and the supply of the private
mar ket abl e good is assuned fixed. A change in environnental
resource availability will then be capitalised in the nmarket
price of the private good and so it is possible to estimte
the value of changes in the environnental resource by | ooking
at these nmarket prices. The difference between the HPF
approach and the hedonic pricing approach is that HPFs work,
t hrough changes in quantity, and therefore expenditure (since
price fixed) of the conplenment or substitute good, while
hedonics work through changes in the price of conplenent
goods.

Boxes 4 and 5 outline the features of the HPF and danage
functi on approaches.

5.4 Economic Valuation and Pl ant Genetic Resources

Which of the preceding techniques is nost relevant to PGRs?
One purpose of this report is to ascertain the extent to which
econonm c estimation is a useful approach for the resolution of
the problem of biodiversity conservation. That is, when can
the methods nmentioned in this introductory section be utilised
to guide policymakers in the construction of rational plans
for biodiversity conservation, and when are other nethods
required?

In section 6 we will return to the precise answers to these
questions, indicating what sorts of studies can be done and
what alternatives to these approaches exist. At this juncture,
we wll give a brief preview of our results that will indicate
the nature of the task at hand.
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The answer to our questions concerning the value of PGRFA is
that PCRs have a nunber of distinct val ues. First, they are
explored for use as inputs in the plant breeding industry for
t he purpose of enhancing yields of existing agricultural crops
(exploration value for yield enhancenent). Secondly, the
conservation of the diversity of PGR in current agricultural
usage contributes to current social welfare through creating
nore stable systens at the present tinme (the portfolio value),
and by maintaining a pool that may be explored for the
ascertainment of traits that mght contribute to the future
stability of agricultural production (exploration value for
reduced variability). Thirdly, the conservation of a diversity
of PGRFA also creates a pool of resources available in the
event that environnmental <conditions alter substantially,
rendering known traits nore valuable (the quasi-option val ue).
That is, a measure of the benefits of PGRs should strictly
enbr ace:

(a) the direct contribution to the value of products
produced wth PGRs (exploration value for yield
enhancenent) ;

(b) the wvalue of avoiding output variability and
providing for future sustainability (across countries
and across tine) (portfolio values and exploration
val ue for reduced variability); and

(c) the wvalue of maintaining potentially valuable
traits in the event of environnmental shifts (quasi-
option val ue).

W will see that there are promsing nethods for estimating
the contributions of genetic resources to nean agricultural
yields, and also (to a lesser extent) for estimting a few of

the portfolio values of diverse resources. However, to a
|arge extent, the solution to the problem of biodiversity
depletion will have to be inplemented in the absence of the

gquantification of many of its inportant values. This does not
mean that biodiversity is not valuable, only that the
appropriation of its value may be a better approach than
estimation in generating the optinmal quantity of conservation.

The role of economic valuation in this instance is nore |ikely
to be for the purpose of indicating the existence of
significant values in particular case studies (such as the
contributions of gene banks to the breeding of particular
varieties of wheat, for exanple). It would be possible (wth
unlimted resources) to undertake a |arge nunber of case
studies and to aggregate these values into a accurate estimate
of the contributions of gene banks to plant breeding
generally, however even this manner of proceeding wll omt
from consideration nost of the range of different forns of
bi odi versity's values (its portfolio and quasi-option val ues).
These values are just as real, but nore difficult to estimte.



Therefore, this report wll show how the nature of the
bi odi versity problem indicates that either estimation or
appropriation nethods are reasonable ways to proceed towards
an agreed solution to the problem and that the choice between
the nethods depends in large part upon the relative cost-
effectiveness of the alternatives. This report sets out these

alternatives, and indicates the relative nmerits and denerits
of each.
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BOXES

Each box outlines the features of the technique. Reference is
made to tests of 'validity'. Theoretical validity refers to
the consistency of the nethod with the precepts of economc
theory. Convergent validity refers to the test whereby the
answer from one technique is conpared to the answer from
anot her technique. In sone cases, simlarity of results wll
add credibility to the answer. In other cases, there may be
reason to expect that one technique will give a higher value
than another technique. Repetition validity refers to the
answers being simlar if the sane technique is applied to
simlar contexts. Criterion validity refers to the values
bearing sonme relationship with real market behavi our.

BOX 1
CONTI NGENT VALUATI ON

Range of Applicability Extensive since it can be used to
derive values for alnost any environnental
change. This explains its attractiveness to
‘valuers'. Only nethod for eliciting non-use
val ues.

Procedur e

Various fornms of 'bidding ganme' can
be devi sed i nvol vi ng 'yes/ no'
answers to questions and statenents
about maxi mum WIP. Resulting survey
results need econonetric analysis to
derive nean values of WP bids.
Literature tends to suggest that
nost sensible results cone from
cases where respondents are famliar
with the asset being 'val ued'.



Validity

Case Study

"true' values. They may do this if
they think there is a 'free rider’
situation. But there is limted
evi dence of strategic bi as.
Hypot het i cal bias arises because
respondents are not making 'real
transactions. Expense usually limts
t he nunber of experinents involving
real noney (criterion validity), but
sone st udi es exi st. Conver gent
validity is good. Construct validity
- relating values to expectations
about values of other neasures - is
debat ed, especially t he mar ked
di vergence in many studies between
WP and WITAC.

Case mat eri al IS ext ensi vely
reviewed in RMtchell and R Carson
Usi ng Surveys to Value Public Goods:
the Contingent Valuation Method,
Resources for the Future, Wshington
DC, 1989.
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BOX 2

CONTI NGENT RANKI NG

Range of Applicability Unknown but could be extensive.

Pr ocedur e

Validity

Case Study

Limted nunber of st udi es exi st for
environmental context and are confined to
‘private goods' -i.e. goods purchased in the
market place. It is unclear how extensive
the application could be for environnental
goods but this is under investigation in the
context of house | ocation decisions.

characteristic and price. ldea could
be extended to a ranking of house
characteristics with some 'anchor'’
such as the house price being used
to convert rankings into WIP.

suggest CRM WIP exceeds CVM WIP

W Mar gat , W Vi scusi, J. Huber
'Paired Conparisons and Contingent
Val uation Approaches to Mrbidity
Ri sk Val uation' ', Jour nal of
Envi r onnment al Econom cs and
Managenent, Vol .15, 1987.




BOX 3

DAMAGE COST (' PRODUCTI ON FUNCTI ON ) APPROACHES

Range of Applicability Ext ensi vel y used wher e ' dose-

Pr ocedur e

Validity

Expense

response’ relationships between pollution
and output or inpact are known. Exanples
include crop and forest damage from air
pollution, materials danage, health inpacts
of pollution. Limted to cases where there
are markets - 1i.e. cannot estinmte non-use
val ues. Replacenent cost approaches also
wi dely used because it is often relatively
easy to find estimtes of such costs.
Repl acenent cost approaches should be
confined to situations where the cost
rel ates to achi evi ng somne agr eed
envi ronnmental standard, or where there is an
overall constraint requiring that a certain
| evel of environnental quality is achieved.

or shadow price. Mst of the effort
usually resides in the non-economc
exercise of establishing the dose-
response links. Miltiple regression
techni ques often used for this.

Repl acenent Cost : ascertain
envi ronment al damage and t hen
estimate cost of restoring

environment to its original state.

at all, are threshold |evels before
damage occurs; are their 'junps'
(discontinuities) in the dose-danage
relationship ? An adequate 'pool' of
studies nmay not be available for
cross-reference.

Criterion validity not rel evant
since presence of ‘'real' markets
tends to be a test in itself -i.e

reveal ed preferences in the market
pl ace are bei ng used as t he
appropri ate neasure of val ue.

Repl acenent Cost: wvalidity limted
to contexts where agreed standards
nmust be net.

Dose-response can be costly if large
dat abases need to be manipulated in

65



Case WMateri al

BOX 4a

order to establish dose-response

rel ati onshi ps. | f D-R functions
already exist, nmethod can be very
i nexpensive and wth low tine
demands.

Repl acenent cost is usually very
i nexpensive as standard engineering
data often exist.

US Environnmental Protection Agency,
Costs and Benefits of Reducing Lead
in Gasoline: Final Regulatory I npact
Anal ysi s, EPA- 230- 05- 85- 006,
Washi ngton DC, February 1985

HOUSEHOLD PRCDUCTI ON FUNCTI ONS | : AVERTI VE EXPENDI TURES

Range of Applicability Limted to cases where households

Pr ocedur e

Validity

Expense

Case Study

spend noney to offset environnental hazards,
but these can be inportant - e.g. noise
i nsul ati on expendi t ur es; ri sk-reduci ng
expenditures such as snoke-detectors, safety
belts, water filters etc.

Has not been used to estinmate non-
use values though arguable that
paynents to sone wldlife societies
can be interpreted as insurance
paynments for conservation

envi ronnent al risk need to be
identified. Exanples include noise
abatenent, reactions to radon gas
exposure -e.g. pur chase of
nonitoring  equipnent, visits to
medics etc. Technique needs to be
managed by experts as significant
econonetric nodelling is usually
required.

met .
Econonetric analysis on panel and
survey data usually needed. Fairly

expensi ve.

M Di ckie, S.CGerking, M Agee, 'Health
benefits of Per si st ent



M cropol lutant Control: the Case of
Stratospheric Ozone Depletion and

Skin damage Risks', in J.B.Opschoor
and D . WPearce (eds), Per si st ent

Pol l utants: Economics and Policy,
Kl uwer, Dordrecht, 1991.
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BOX 4b

HOUSEHOLD PRODUCTI ON FUNCTI ONS 1 | : TRAVEL COST METHOD

Range of Applicability General ly limted to site

Pr ocedur e

Validity

Case Study

characteristics and to valuation of tine.
Former tends to be recreational sites.
Latter often known as discrete choice - e.g.
inplicit value of tinme can be estimate by
observing how choi ce between travel nodes is
made or how choice of good relates to trave
time avoided (last case has been used to
value wonen's water collection tinme in
devel opi ng countries).

Cannot be used to estinmate non-use
val ues.

travel I i ng, and presence of
conpeting sites.

that nunber of trips should be
inversely correlated with '"price' of

trips -i.e. distance travelled. Some
UK  studies do not show this
rel ati onship. Conver gent validity
generally  good in US studies.
Cenerally very accept abl e to
official agencies and conservation
groups.

K WIlis and J.Benson, 'Valuation of
Wldlife: A Case Study on the Upper
Teesdale Site of Special Scientific
Interest and Conparison of Methods
in Envi r onnent al Econom cs', in
R K. Tur ner (ed), Sust ai nabl e
Envi ronnental Managenent: Principles
and Practi ce, Bel haven Press,
London, 1988.




BOX 5a

HEDONI C PRI Cl NG

HOUSE PRI CE METHCOD

Range of Applicability Applicable only to environnental

Pr ocedur e

Validity

Case Study

attributes likely to be capitalised into the
price of housing and/or |and. Mst relevant
to noise and air pollution and nei ghbourhood
anenity.

Does not neasure non-use value and
is confined to cases where property
owners are aware of environnental
variables and act because of them
(as with avertive behaviour).

factors likely to influence these
prices. Mul tiple regressi on
techni ques are then needed to obtain
the first estimate of an 'inplicit
price'. Technically, a further stage
of analysis is required since the
mul tiple regression approach does

not identify the demand curve
directly. Oten this stage of the
analysis is omtted because of
conpl exi ty.

approach. Data on prices and factors
determining prices often difficult
to cone by. Limted tests of
conver gent validity but reveal s
encouragi ng resul ts.

D. Brookshire et al., '"Valuing Public
Goods: A Conparison of Survey and
Hedoni c Appr oaches', Ameri can

Econom ¢ Review, Vol.72, No.1, 1985.
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BOX 5b

HEDONI C PRI CI NG I'I: WAGE RI SK METHCDS

Range of Applicability Limted to valuation of norbidity

and nortality risks in occupati ons.
Resulting 'values of life' have been w dely
used and applied elsewhere, e.g. in the
dose-response approach.
Procedur e
is a measure of risk of accident.
The resulting 'wage premium can
then be related to risk factors to
derive a so-called value of a
statistical life.
Validity
Case Study A. Marin and G Psacharopoul os, 'The

Reward for Risk in the Labour
Mar ket : Evi dence from the United
Kingdom and a Reconciliation wth
G her Studies', Journal of Political
Econony, Vol .90, 1982.




6. Estimating the Benefits of Plant Genetic Resources for Food
and Agriculture: Suggested Approaches [By Raffaello Cervigni]

This section sets out an agenda for future research in this
ar ea. It focuses on the identification of a nunber of
dat abases that mght be used for the purpose of estimating
various facets of the global value of biodiversity; it does
not focus on each individual value of diversity and its
relative capability for estimation. This is because the
prospects for estimation are determned by the existence of
rel evant datasets, and in the case of PGRFA there are not many
of these. Therefore, in this section, the various val ues of
PCGR that are able to be estimated are identified, and the
nature of those projects detail ed.

6.1 G obal Benefits of Plant Genetic Resources: Can they be
esti mat ed?

Plant genetic resources (PGR) are a crucial input to both
farm ng and plant breeding operations. A |arge pool of genetic
resources nmakes it weasier to select the genetic traits
necessary to produce high yielding varieties (HYV); this is
one part of what we have terned "exploration value". By
estimating the inpact of the previous wuse of gernplasm
collections, it is possible to infer the magnitude of the
value of retaining <collections for purposes of future
expl orati ons. At the sanme tinme, the adoption of a large
nunber of plant varieties reduce the risk of a w despread
envi ronment shock (e.g. occurrence of pests or diseases),
whi ch could negatively affect production and farmers' incone.
This second type of benefit has often been defined as a sort

of "insurance" service, and it is equivalent to one manner of
"portfolio value" that we have identified. By | ooking at
national crop insurance data, it is possible to see how

changes in diversity have inpacted aggregate risks in that
nation's agriculture.

These yield and insurance val ues represent two useful neasures
for estimating the benefits deriving from PGRFA, even though
they are only partial estimates of the aggregate value. They
are proposed not because they are likely to represent the
greater part of diversity's value, but because these are the
val ues for which data exists. The follow ng sections outline
possi bl e ways of neasuring those values, given the information
which is known to exist. Before proceeding to this, it is
inmportant to express sonme caveats about the neaning of these
estimates.

First, as indicated above in the previous sections, these two

values (i.e. exploration and insurance values) are terns that
categorise nost of the values of PGR  however, we are
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investigating here only particular subsets of these two
val ues. The exploration value of diversity exam ned here wl|l
be only that part related to nean yield enhancenent. This is
the primary concern of the plant breeding industry, and the
study proposed here would be looking at only this sub-part of
expl orati on val ue.

This would be a novel study. There is already in existence a
substantial literature on the contribution of gene banks and
pl ant breeding programmes to agricultural output. (Byerl ee
and Moya, 1993; Fehr, 1984; Evenson, 1991; Evenson and CGol lin,
1993). These studies do not attenpt to disaggregate between
the various factors of production used in plant breeding; they
are intended to estimate the total contribution of public
expenditures to enhanced agricul tural outputs.

The study discussed here would utilise the existing databases
to disaggregate between the various factors of production in
pl ant br eedi ng, and their respective contributions to
agricul tural production. This would allow for the precise
identification of the contribution of genetic resources to
enhanced yields, separating this out fromthe contributions of
human capital, technical equipnent, and tinme and effort. Such
a study is necessary to focus on the specific contribution
made by genetic resources.

However, the values that would be estimated would have to be
aggregated in order to cunulate to the total value of PGRFA
The estimates that we can give concern the values of very
specific collections (e.g. the wheat collection at Cl MWT, the
rice gernplasm collection at |IRRI), but all of these
contributions would have to be aggregated to get the total
contribution of PGR for enhanced yields, even in this one
appl i cation.

Secondly, the "insurance value" of diversity is even nore
difficult to assess. The study proposed here concerns the
i mpact of differing crop production nethods on crop failures,
using US crop insurance data. This study is being proposed

primarily because it is the nobst significant dataset
concerning the mtter, and it would be capable of
denonstrating the degree of connection between crop production
nmet hods and yield variability. However, it is difficult to

see how this would i nprove upon existing studies. The work of
Hazell and Anderson has previously analysed the relationship
between the adoption of high-yielding varieties and output
variability, in both developed and developing countries.
(Anderson and Hazell, 1989; Hazell, 1986, 1989). In addition
there are already nunmerous studies denonstrating the farmer's
selection of crops in reaction to the provision of various
forms of assurance (governnment, nmarket integration, etc.)
(Brush, Bellon, and Schmdt, 1988; Herath, Hardaker, and
Ander son, 1982). This study would examine this "farners'
demand for assurance" relationship in nore detail, but this is
also of little increnental val ue.



This is because the nore problematic "assurance values" are
not captured in farners' demands for crop assurance. The nore
troubl esome values are "international"” (system resilience-
based) and "intertenporal™ in nature. The farnmers' demand is
based solely in the notivation to assure a single season's
harvest; it is the governnent's role to assure these other
val ues. It is very difficult to ascertain any objective
evi dence of governnments' attenpts to assure these values, wth
t he exception of the establishnment of the plant gernplasm gene
bank net wor k.

This brings this introduction to its final point. One of the
nost interesting studies that mght be conducted would be an
analysis of the relative cost-effectiveness of in situ and ex
situ conservation techniques. It is not clear from the
[iterature whether this has been attenpted, but it seens to be
the case that there are many concerns about the security of
the gene bank network as a long term solution to the problem

(Orians, Brown, Kunin and Sw erzbinski 1990). An attenpt to
assess the probabilities of gene bank failures and the
costliness of optiml gene bank replenishment would nake for
an interesting case study, but one that is not conpletely
anal ysed here. This sort of relative cost-effectiveness
anal ysis could be useful in establishing the role of in situ
nmet hods in biodiversity conservati on.

In short, this paper identifies a nunber of interesting
studies that mght be undertaken in order to estinmate the
contribution of PGRFA in various ways. However, it must be
enphasi sed that these values do not approach an aggregate
valuation of diversity's contribution because they do not
address all of the facets of that value, and because (for the
facets that they do address) they do so only in the context of
particular case studies. Wth sufficient resources nade
avai lable, it would be possible to rectify the latter problem
(by conducting a l|arge enough nunmber of case studies) but it
will not be possible (given current techniques) to ascertain
values for all of the inportant facets of PGRFA

6.2 Cenetic contributions to yield increases: a Production
Functi on Approach

The | ast few decades have w tnessed spectacular increases in
crop yields worldw de. Larger agricultural vyields generate
substantial benefits in ternms of alleviating fam nes and
poverty in many developing countries. | nprovenents in
technol ogi cal conditions which are largely responsible for
these increases include the wdespread use of chenica
fertilizers, pesticides, irrigation techniques, but especially
the generalized adoption by farnmers of advanced plant
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varieties, featuring several desirable characteristics, like
high vyields, pest and disease resistance, resilience to
climatic stresses.

Several attenpts have been nmade to try and separate the
different conponents of advancenents responsible for vyield
gains. In many cases, neasures have been provided of the
percentage of increase attributable to the introduction of new
varieties®. The econonic benefits of the new varieties is then
given by the product of this percentage by an appropriate unit
price of the crop under investigation.

These neasures provide an estinmate of the total value of the
new plant varieties. That is, the value of all the stages of
the breeding process, and the value of all the inputs involved
in that process. The purpose of this section is to sketch a
framework to isolate the value of one set of input to the
breedi ng process, nanely plant genetic material.

6.2.1 Analytical Franmework

For expositional convenience, it is helpful to formalize the
approach with sone equation. Suppose that at any tinme t the
production of a given crop, Yy, can be represented by a
production function, i.e. a functional relationship between
the quantity produced and the inputs enpl oyed in production:

yt = f(atkty!btlty!Saut) 3
where k is capital, including fixed equipnent, energy,
fertilizers, etc; | is labour, a and b are two technical

progress coefficient (for exanple a=e™ and b=e™), s is seed
variety used, and u is a random vari able representing climate,
pests and ot her environnment factors.

Yield varies over tinme and space. Tine series of vyields
averaged spatially (i.e. across farns, counties or regions)
normally display an upward trend for alnobst all countries.
Time-increasing yields can then be explained with increased or
nore efficient use of the k and | inputs, or with changes in
the s variable. The studies nentioned above attenpt to isolate
the contribution of the s variable to the increase in average
yield over a give time span, -y(s), and then value this
contribution at an appropriate shadow price* p, so that the
benefits from genetic inprovenent, B(s) are given by B(s)= p-y

(s).

3See, for example, the contributions to the volume edited by Fehr (1984).

“The price is normally chosen in such a way to eliminate policy distortions like tax, subsidies, exchange rate over- or
under-valuation. For this reason in many cases world rather than domestic prices are used. Notice that in any event the use
of afixed price is valid only as a partial equilibrium approximation. If a new variety increases the supply of a given crop
worldwide, this will affect the equilibrium price of the crop, so that the price and quantity effect on consumer and producer
income should be evaluated jointly.



The s variable, however, is not a primary input, but is itself
the result of a production process which conbines genetic
material, g, labour, |° and capital, k® into inproved seed
varieti es:

S = h(Ctktsadtlts!gt) 4

where ¢ and d are two technical progress coefficient (for
exanpl e c=e”™ and d=e®) reflecting grow ng breeding know edge
enobodied in |abour abd capital. Under ideal conditions of
conpetitive markets, the returns from the use of a new
variety, s, should be used to renunerate the factors enpl oyed
in its production. One of the production factors, g, 1is
however not transacted in markets in the same way capital and
| abour are. Genetic material often lacks a definite owner who
can appropriate the returns fromits services. As a result, no
systematic statistics exists on the value of genetic materia

exchanged between suppliers and breeders.

A measure of the value of genetic material could however be
approximated by the difference between the benefits of the
i nproved variety and the cost of all other factors (capital

| abour, etc) enployed in breeding operations. The cost of
t hese factors should obviously include an appropriate rate of
return on investnent in human and financial capital.

If we define as B, the sum of discounted benefits of a given
variety i, and G the sumof discounted cost of its devel opnent
(after including sone appropriate rate of return on the
physical and human capital invested®, then R, the overall
val ue of the genetic input to the devel opnent of that variety
is given by:

R =B -G 5

The R term should capture the returns to an hypot hetical owner
of the genetic information enbodied in variety i of providing
that information to plant breeding activities. Notice that
such a value refers to the whole lot of genetic material
contained in the given variety. In nmany cases, varieties are
the results of a |arge nunber of crosses anong wild relatives,
| andraces and advanced breeding lines. As the nunber of

®As noted above, new seed varieties are introduced as a result of labour and capital being used in breeding operations,
but also as result of technical change in terms of more efficient use of those factors. When the stock of human capital
resulting from technical progress increases, specialized labour (i.e. scientists' effort) is likely to command a higher rate of
remuneration. Therefore, when applied over sufficiently long periods of time, the analysis summarized in the text should
use some measure of rate of return on human capital which appropriately reflects the growing value of scientific
knowledge. In some cases, such a growing value should be provided by market data. For example, it is quite likely that
salaries of specialized breeders have been growing over timein real terms.
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crosses increases, so does the ampunt of genetic information
contained in the devel oped variety; and it increases the nore,
the higher is the nunber of its progenitors which are
t hensel ves the result of crosses.

The conpl ete geneal ogy of the released variety could be very
conplex; in order to estimate the value of each the genetic
steps which |ead to devel oping the rel eased variety, we should
be able to neasure what is the yield value added and what is
the cost of +the particular cross. That 1is, to produce
estimates of the B and C variables at each stage of the
breedi ng process. Apart from being extrenely conplicated, this
may not be possible when sonme of the progenitors served only
for breeding purposes, and have never been used for actual
production (or no information has been recorded).

Estimation of equation 5 requires detailed information on
act ual breeding activities. These information could be
provided by breeders in the private or in the public sector,
but it may  not be equally accessible for obvi ous
confidentiality concerns of private breeders. A possibility
woul d be to approach the International Agricultural Research
Centres nenbers of CGE AR (Consultative Goup on Internationa
Agricul tural Research). One of them ClMWT, possesses a |arge
dat abase on wheat varieties, which appears to be particularly
suited for a detailed analysis. The way in which this could be
carried out is illustrated in the follow ng section.

6.2.3 A possible case study: the wheat varieties database at
Cl MWT

The Centro Internacional de Mjoramento de Miz y Trigo
(Cl MWT), possesses a database of all wheat varieties rel eased
by National Agriculture Research Systens (NARS) in the
devel oping world from 1966 to 1990. For each variety, this
dat abase includes source gernplasm type of wheat (e.g. spring
habit, wnter habit, bread wheat, durum etc.), ecological
niche (e.g. rainfed, irrigated) and the approximate area
covered by varieties grown in 1990.

| nformati on concerning source gernplasm seens to be accurate
enough as to enable investigators to trace back partial or
conpl ete genealogies of the released varieties. That is, it
may be possible to identify many, and in sone cases all of the
ancestors of the nodern varieties.

Retrieval of information contained in this database, along
with consultation of experts within (or outside) ClIMWT could
enable to reconstruct plausible estimates of cost and benefits
of devel opi ng selected wheat varieties. It may not be possible
to provide estimates at the individual variety |evel, because
the unit of account for cost neasurenent is often the research
program Each research program nay |ead to the devel opnment and
rel ease of nore than one variety, and it may be difficult (or



arbitrary) to divide the cost of +the program anong the
different variety devel oped.

On the costs side, relevant variables are likely to be:

- the tinme length of the devel opnent process, or of the
research program

- the nunber of scientists involved, divided by |evel of
qualification, area of expertise, etc.;

- for each scientist type, estinmates of the cost per
scientist, including salaries, benefits, and overhead cost;

- sonme neasure of experinent station and support services
cost, plus sone neasure of annualized capital cost of fixed
assets and equi pnent.

On the benefits side, the following elenents seem to be

necessary:
- Type of benefit provided by the new variety (e.g. increased
yi el d, hi gher and/ or prol onged pest resi st ance, | ower

requi renment of pesticide, fertilizer, and so on);

- Measure of the benefit, standardized® in terns of increased
yields, as provided by the results of evaluation trials.

- Extent of areas where the inproved variety is sown’. This
measure, nmultiplied by the increase yield, gives the aggregate
i ncrease in yield.

Data on the adoption of new varieties are not available for
all countries, but in a few countries, including Brazil,
Argentina, the Punjabs of India and Pakistan, and Egypt,
detailed statistics are available on wheat varieties sown by
farmers over tinme (Byerlee and Mya, 1993).

Both costs and benefits would have to be discounted over
rel evant periods of accrual (which may not be the sane for
costs and benefits) by wusing (possibly different) discount
rates appropriately reflecting the opportunity cost of
capi tal

In summary, the main outcone of the analysis of the C MWT
dat abase would be an estimate of the econom c benefit of wheat
genetic resources in ternms of their contribution, relative to
other inputs to the breeding process, to increases in wheat
yields. These estimates wuld be calculated only those
countries where data on varieties adoption is avail abl e.

®Higher pest resistance decreases the probability of yield losses in a given year, or across a given time period, and
therefore increases the average yield; alower requirement of pesticide or fertilizer increase yield at any given input cost.

"This variable depend on policy and institutional factors, like efficient seed multiplication and marketing, extension

efforts, etc. This implies that the benefits of a new variety can be substantially increased by appropriate changes in these
policy and institutional variables.
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6.2.4 Possible additional research wth this database:
Conparative costliness of ex-situ vs in-situ conservation

The large variety of information contained in a database |ike
ClMWT's could nmake it possible to conduct also other types of
analysis. In particular, it could enable to evaluate the
conparative costliness of ex-situ vs in-situ conservation®

From the pedigree of the released varieties?, it should be
possible to ascertain how many wild varieties have been used
in any particular breeding program and what is the
geographical origin of these wild relatives. A sanple of areas
(say 5 or 10 areas) which have relatively contributed nore to
the program could then be selected. These areas, which are
likely to be areas of high genetic richness, have played the
role of natural repository of gernpl ans.

The cost of securing this supply of gernplasmin-situ is given
by the opportunity costs of conversion (the foregone benefits
from the alternative, nost profitable use of l|and), plus the
possi bl e direct costs of establishing conservation facilities
(e.g. infrastructure against intrusions and encroachnent,
costs of screening progranms). The opportunity costs of
conservation may be low or negligible if there is little or no
threat of conversion. Direct and opportunity costs nmay be in
principle estimated, so long as the necessary information is
available in the areas identified as genetically rich.

Conversely, the gernplasm could also be conserved ex-situ,
essentially in gene banks. Information on the costs of gene
banks should readily be available, or it should be possible to

obtain it. These costs wll conprise initial |abour and
capital establishnment costs, plus recurrent naintenance and
operations costs. It should be possible to work out the

average cost of conservation per variety (or per other
genetically honogenous unit) per year, which would include a
fraction of the initial and of the recurrent costs.

Multiplying this figure by the nunber of wld relatives
enpl oyed in the program one could derive the cost that would
have been incurred had the wild relatives been conserved ex-
situ. Conparison between the estinmates of the in-situ and ex-
situ costs could give sone indication on the relative cost-
ef fectiveness of the two techniques.

8In-situ conservation involves maintenance of genetic resources in their environment of origin, where they will be
subject to a dynamic process of continuous evolution. Ex-situ conservation comprises all those techniques entailing
collection of the resources from the environment, and relocation or storage in man-made facilities.

°Reconstruction of varieties genealogy has already been attempted for the case of rice: see Evenson (1991) and Evenson
and Gollin (1993). The methodology followed by these authors to evaluate the benefits of plant genetic material is however
different from the oone outlined in the previous section, since it is based on direct econometric evaluation of the impact of
the different traits of genetic material on rice yields.



The validity of such a conparison would rest on the follow ng
assunpti on:

- WIld relatives are collected at tine to, say, but the in-situ
cost is neasured at tinme t. It is assumed that (discounted)
direct and opportunity costs of conservation neasured at tine
t were the sanme at tinme to.

- In-situ and ex-situ techniques are perfectly fungible for
conserving the variety under investigation.

This study requires nuch further developnment but the initial
indications are that an interesting case study mght be
constructed about the relative cost-effectiveness of the two
different fornms of plant gernplasm conservation. The database
at CIMWT enables the estimation of the various facets of
costliness and the rates of degradation of the genepool at a

bank. If a time series of data is available in a traditiona
farmng community, this mght be used as sone basis for
conpari son. In sum the indications are good that sone sort

of a conparative cost effectiveness study could be constructed
with the cooperation of an institution such Cl MWT, but we
have not yet had the tinme to construct the project or to
adequately assess its feasibility.

6.3 | nsurance Val ues

Agriculture is an economc activity subject to a high degree
of uncertainty. This emanates from its natural, econom c and
socio-political environnment. Natural factors like «climte,
weat her and the occurrence of pests and diseases influence
crop yields. The economic and socio-political environnment
governs demand factors, |ike incomes, and supply factors, like
credit, which interact in determning the equilibrium on the
mar ket for agricultural crops.

Al these elenents are largely outside the control of farmers,
and contribute to create a risky environment in which they
have to operate. If farners are not indifferent to the
exi stence of risk, i.e. if they perceive the existence of risk
as a cost, they will engage in activities ainmed at reducing
such a costs. Insurance is a particular form or risk-reducing
activity. It is broadly defined as a contingent contract, in
which a farnmer pays a price, called premum in exchange for a
return paynent called indemity, which is contingent upon the
occurrence of a given event which affects negatively the
returns fromagricultural activity (i.e.

yield or price fluctuations).

| nsurance, however, is not the only form of risk-reducing
practice. In many historical or geographical situations where
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i nsurance markets are not available or not well functioning
farmers adopt other fornms of risk reducing activities. One of
these activities which has been traditionally used in many
different times and countries is crop diversification, at both
the species level (type of crop) and genetic level (variety
cultivated). Using a broad genetic pool in agriculture
guarantees that the insurgence of a particular source of crop
failure (like pests or diseases) does not harm all
cultivations with the sanme intensity.

If two or nore fornms of risk reducing activities are
avai l able, a question arises about their conparative nerits

The purpose of this section is to illustrate a conceptual
framework for analysing the conparative advantages of crop
i nsurance versus genetic diversification as agricultural risk-
reducing activities, and their degree of conplenentarity or
substitutability. Stemming from this analysis, an enpirical
approach is suggested which could be used to provide estinmates
of the benefits of genetic diversification in terms of its
ri sk-reduci ng characteristics.

As reported in previous section, H gh Yielding Varieties (HYV)
have been increasingly adopted by farnmers worldw de. The
consequent huge increase in nean yields has been obtained at
the cost of a narrower genetic base. At the same tine, average
yield increase has been acconpanied by an increased
variability of yields. Statistical studies! suggest that the
phenonenon is nore due to increasing cross-section covariance,
rather than to increasing tinme-variance at the farm |evel.
That is to say, when a given type of crop failure occurs, it
seem to affect many farns and regions at the same tine.
According to sonme experts, this suggests that the w despread
adoption of HYV, and the consequent narrower genetic base is
responsi ble for the observed increased variability of vyields.
Does the use of HYV inpose an higher cost of risk to farners
and to society? How do they respond to such an increase in
risk?

6.3.1 A conceptual franmework

In an insurance contract, farmers trade off a given reduction
in their average incone against a reduction of the risk they

0See, for example, Hazell (1984), and the various essays collected in Anderson and Hazell (1989).



face. Similarly, by adopting a diversified, rather than a
honmogenous genetic base for their production, farners give up
increases in average yields in exchange for a reduction in
yield risk associated wth the Jlower |ikelihood of a
generalized crop failure. It is plausible that if both risk
reducing activities are available, farnmers would use a
conbi nation of both of them

In 1 a utility function for noney of a representative farner
is drawn. Assuming that the price of the crop is constant, the
noney revenue changes only with the yield of the crop, y. Only
two states of the world are assumed possible, designated with
a 0 subscript (bad state, low yield) and a 1 subscript (good

Y
ufy,Y) U(Y1)
u(EY) u(y1 )/
u{Ey) /
u(y0) W;::::%
Y: low ylelding variety Y: High yielding Variety
Frgure T

state, high yield). If the farmer uses a l|large genetic base
yield varies between y, and y;, whereas if a narrower genetic
base is used, the upper bound of the range increases to Y;. The
average yield with low yielding varieties (LYV), which are
supposed to entail the use of a larger genetic base, is Ey;
the average yield with high yielding varieties (HYV) is EY
wi th EY>Ey.

“An ideal insurance contract eliminates completely the risk, i.e. provides complete cover against all sources of farmers
income variation (crop price and yields, input costs including interest rate, government policy and so forth). Since such a
contract is unlikely to exist in reality, only a partial reduction of risk would normally be available.
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Under a LYV regine, the maxinmum insurance premum that the
farmer is willing to pay is given by Ey-y.; under HYV, the
maxi mum premum is EY-Y,, which is larger than the forner
premum At the sanme tinme, the utility attainable with an
insurance contract 1is higher wunder LYV than under HYV:
a=Eu(y)>c=Eu(Y). In this particular exanple, the farmer spends
nore and ends up with a lower wutility if adopts HYV and
narrows the genetic base of its production. In contrast, by
using a larger genetic base, the farnmer could save (EY-Y.) -
(Ey-yc) in ternms of maxi mum insurance premum furthernore, he
woul d obtain a utility gain of b-d=Eu(y)-Eu(Y).

Notice that this result does not hold true in general. In fact
it depends upon the way the adoption of HYV affects the range
(i.e. the difference Y;-y;) and the probability of the
different outcones. It is possible to construct cases in which
adopting HYV entail a welfare gain, despite of the higher
demand for insurance. The analytical condition on which 1 is
based is derived in a sinple nodel reported in Annex 1.

In the case illustrated by 1, adopting a diversified genetic
base in production has two beneficial effects. It leads to a
wel fare gain, and to a |ower demand for insurance. The second
effect can be observed, whereas the first can not, although it
cam be inferred from the second by naking assunptions about
the shape of the wutility function. Note that the |[|ower
i nsurance paynent considered here is a benefit from the point
of view of the individual farmer. From the point of view of
society, a |lower demand for insurance has nore conplicated
inplications. On the one hand, it reduces the incone of those
who supply insurance services; on the other hand, it frees
resources which could be enployed for alternative uses. The
final effect on social welfare may be not so easy to neasure.
However, the saving on farnmers' insurance bill may a useful
first order approximation of the insurance benefit of plant
geneti c resources.

6.3.2 Enpirical estimation of insurance val ues

The previous framework is «clearly very sinplified. I'n
practice, we observe a conplex pattern of variation of the
genetic based used by farners, and, when insurance nmarket are
sufficiently devel oped, a conplex pattern of variation of the
demand for crop insurance. In the sinple paradi gm considered
above, farnmers decide on whether or not to genetically
specialize production, and choose how nuch insurance to
purchase, on the basis of a decision rule which only depend on
t he shape of the utility function and on the change in average
yields. In reality, farnmers choose both the degree of
specialization, and the expenditure on insurance premnm um on
account of many other factors not included in a sinply
expected utility nodel |ike the one above.



First, the correlation between increased specialization and
increased variability is still the object of debate' between
researchers, and it may not be so unobjectable to farners as
it is to sonme of the experts. Second, the demand for insurance
heavily depends on the type of public policy prevailing in
each country. Many governments®® subsidize crop insurance on
account of the high prema that even a conpetitive insurance

mar ket would charge on highly correlated risk. |nsurance
subsidies may have incentive affect on the adoption of
alternative risk-reducing neasures. The <causal Ilink wth
genetic diversification may even be inverted. Because

government intervention induces an artificially high demand
for insurance, farnmers may have |less incentive to diversify.
If this was the case, a (governnment induced) increase in crop
i nsurance demand would be responsible for specialization,
rat her than being caused by it.

The enpirical analysis should reveal how nuch |ess insurance
would farnmer be willing to purchase as a result of genetic
diversification. This inplies that an appropriate nodelization
and econonetric estimation of the demand for crop insurance
should be carried out. This should take into account the
economc and institutional conplexities briefly summarized
above. Next, two approaches could be followed. The first would
be to directly include sone neasure of genetic diversification
into the set of explanatory variables, verify that the
estimted coefficient is negative', as one would expect, and
then evaluate the extent of possible insurance savings on the
basis of the estimated elasticity coefficient.

The second approach would include sonme neasure of vyield
variability (e.g. last period s state or county variance)
anmong the explanatory variables. One would expect that as
variability increases, so does the demand for insurance. It
could then be possible to nmeasure the reduction of insurance
demand due to genetic diversification under different
assunptions about the ability of diversification to reduce
yield variability.

2Singh and Byerlee (1990), for example, analysing wheat yield data, find that country size and climate factors explain
most of the differences in yield variability, whereas high yielding varieties and fertilizers have no significant impact.
Another important finding is that there is evidence that variability in wheat yields may have declined rather than increased
over time, at least in developing countries.

For example, the US government subsides the premium paid by farmers on Multiple Peril Crop Insurance (MPIC) by
about 30%. In the period 1981-1988, the total expenditure on subsidies was of US$ 685m. (Source: Report of the
Commission for the Improvement of the Federal Crop Insurance Program. Washington D.C.).

YDiversification variables (at the crop, and not at the variety level) have aready been used as explanatory variables in
econometric studies of the demand for crop insurance. In a study of crop insurance in Montana, Niewuwoudt and Bullock
(1986) find that the entropy and Herfindahl indexes are highly significant in explaining the demand for crop insurance
with the expected signs, implying that producers insure more in specialised cropping areas.
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6.3.3 A possible case study: crop insurance in the US

The current US crop insurance schene dates to the crop
i nsurance act of 1980, which introduced a governnent subsidy
of prema paid by farmers to private conpanies. The market is

now fairly well developed: in 1990 total acres insured
amounted to 142m with protection guaranteed for US$ 12
billion, and total prema collected (including subsidies) of

US$ 821 m (source: Anerican Association of Crop Insurers,
1991).

Data on insurance purchases in the US is available at a pretty
good |evel of disaggregation. Information on several aspects
of the insurance contract, including type of insurance, crop
insured, acre coverage, prema, liability, indemities paid,
is contained in a database owned by the National Crop
| nsurance Services. This information is recorded at the county
| evel starting from the late seventies, and, at the farm
| evel, starting in the early 1980s. (Farm | evel data, however,
may not be possible to acquire for confidentially reasons).

Information on varieties adopted per type of crop, and hence
on degree of genetic heterogeneity in cultivation, should not
be difficult to gather from each state's agricultura
statistics, and agriculture census. This information should be
avai lable at the county level. It should be also possible to
reconstruct time series of county-|evel average yield per type
of crop, to analyze the pattern of yield variability over
tinme.

The proposed study would attenpt to analyze whether there is
any systematic relationship between an appropriately chosen
nmeasure of genetic diversification, and the demand for crop
insurance. This relationship can be analyzed at both the
cross-section level, and at the tine-series level. In the
first case, by verifying whether there is any relationship
between counties with a high degree of specialization, and
counties with a high (or low) demand for crop insurance).

In the case of tine series analysis, the relationship can be
observed for any given county over tinme. The analysis could be
further conbine the two approaches, should panel data be
avai l abl e for both the two sets of variables.

Annex 6.A A sinple nodel of <choice of varieties and
i nsurance

A representative farmer cultivates a given crop, the yield of
which, _, is a randomvariable. For sinplicity, suppose it can
only take on two values, corresponding to two states of the



world, O (bad outcone, low yield) and 1 (good outcone, high
yield). The farmer has a concave von Neunmann-Mrgenstern
utility function for noney inconme. Sale of the crop is his
only source of incone. Supposing a fixed unit price of the
crop, and expressing the yield as net of cost, which is
expressed in terns of crop too, then _ is the farner's net
income, so that we can consider utility as a function of the
yield: u=u(_).

The farmer has the choice of cultivating two varieties: a |ow
yielding variety (LYV), which yield is y, and a high yielding
variety (HYV), the yield of which is Y. W wll assume that
t he bad outcone under HYV stays the sanme as under LYV: yo=Y,.
On the other hand, the good outcone under HYV is higher: Y;>y;.
We further assunme that the HYV has a l|arger average and a
|arger variance than the LYV. Finally, the probability
distribution of outcones wll not, in general be the sane
under the two varieties. The essential elenents of the nodel
are as follows:

0
Bad Probabi  Good Probabi Average Varianc
outcone |lity outcone |lity e
LYV Yo X Y1 1-Xx Ey Var (y)
HYV Yo=Yo p Y1 1-p EY Var (Y)

Under each of the two varieties, the farmer, who is risk-
averse by assunption, wll demand insurance. H's maxi num
willingness to pay (i.e. the maximum premum R) for (fair)
insurance is given by the difference between the average yield

and the certainty equivalent: R = E- .. The certainty
equivalent is the yield which gives the sane utility of the
average utility. That is, ¢ solves: u(_) = Eu(l)]. The

farmer faces the followng trade-off. Under LYV, he wll
obtain a |lower average yield, but face a |lower cost of risk,
gi ven | ower variance. Under HYV, higher average yields can be
obt ai ned at the cost of higher cost of risk (higher variance).

However, in both cases the farmer can purchase insurance,
which will enable him to elimnate the cost of risk in
exchange for a reduction in average yields. The follow ng
guestions arises: under which regine will the farmer be better
off once insured? Under which cultivation regimne wll the
farmer spend | ess in insurance?

It turns out that the answer to this question depends on the
exact extent to which the probability distribution of outcone
changes when switching fromone regine to the other, for given
utility function, initial probability distribution, and change
in the good outconme. In particular, we have:
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u -u -
E[U(Y)] < E[U(y)]_ (Yl) (yl) < p p

u(y)-u(y,)  1-p 6
That is, the farmer will be worse off under HYV than under LYV
depending on whether the LHS in the second line of 6 is |less
than the RHS. If this condition is fulfilled, than it wll be
an optimal policy for the farmer to purchase a conbination of
"natural" insurance, given by adopting a nore diversified
genetic portfolio, and of market insurance. If condition 6 is
not satisfied, than it would be optinmal for the farmer to
purchase only market insurance.

Keeping u, Yi, VY1, Yo and X fixed, inequality 6 can be solved
in terms of p, the probability of bad outcomes under HYV.
Notice that not all the values of p satisfying 6 are
adm ssi bl e, because sone of them wll entail EY<Ey, against
the initial assunption of higher average vyields under HYV.
This restrictions can be easily expressed analytically', but
for a graphical illustration, a nunerical exanple has been
di splayed in 2. This assunes u=10-exp(-0.5y), vVyo=b, Vy:=10,
Y;=15, Xx=0. 2.

Prospects of HYV vs LYV

Utility: u(y)=a-Exp(-by)

3 |

= RY-Ry

1| \ \

° Ekfy

14 |

2 |

T Acceptable rangewhere is better to useLYV

4 | < ., =—

%y
(4

Fi gure 2

This can be done by simply imposing on 6 the restrictions related to mean and variance:

r+d 1- r+d)? 1-
EN>EW_2 > P vary > varg) 2 5 PP
r 1-p r P(L-P) Errort Mai n

Docunment Only.
where r isthe original range of variation of yield,r=y:-yo and L isthe increase in the good outcome, L =Y 1-y1.



The acceptabl e range of values of p where is better to use | ow
yielding variety is approximtely p=(0.28, 0.6).

What about expenditure for insurance premia? It turns out that
when condition 6 is satisfied, farmers will always spend |ess
in insurance under LYV than under HYV. In fact the only case
in which the reverse is true (i.e. insurance expenditure
hi gher under LYV than under HYV) is when EY<Ey, i.e. when
average yields are |lower wunder HYV than under LYV. A case
which has to be ruled out by definition. Again wth reference

to 2, this happens for p30. 82.
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PART C

Optimal Policies for the Conservati on of PGRFA

By Ti not hy Swanson



7. Optimal Biodiversity Policy - Creating Incentives for
Optimal Biodiversity Conservation

It is now possible to comrence bringing together the various
parts of the previous sections into a single framework for
optimal biodiversity conservation. Section 2 indicated the
nature of the economc forces at work shaping the biosphere
into a nore honbgeneous set of assets; wi thout the forces for
conversion used for the betternment of human societies, there
would be no threat to diversity. Section 3 discussed the
reasons why these conversions represent a cost as well as a
benefit to human societies; diversity perforns services of
value just as does honbpgeneity. Section 4 provided the
reasons why the values of diversity were systematically
underappropriated by those deciding whether to undertake
conver si ons.

The conservation of the optiml anount of diversity wll
require the correction of this bias toward conversion. This
inplies that institutions nust be inplemented so that host
states either: 1) appropriate the values of diversity at the
sane rate that they appropriate the values of wuniformty
(i.e. conversion to high-yielding varieties); or 2) receive
conpensation for foregone conversions.

The difference between the two approaches depends on the
preferred approach to resolving the uncertainties surrounding
the values of biodiversity; it is the difference between
using (in econom sts' terns) "prices vs. quantities"” for the
i npl ementation of a policy. If the values of diversity are
easily estimated (but difficult to appropriate), then a
guantity-based strategy is preferred; that is, relative
certainty about values inplies a reasonable estimte of the
amount of diversity that should be retained, and this "quota"
of diverse |lands may then be allocated to various host states
t hrough conpensati on nechanisns. Alternatively, if there is
great uncertainty about the global values of diversity, then
it is better to work on creating appropriation mechani snms
that charge a "price" to wusers; in this way the optim
amount of biodiversity conservation is determ ned through the
expressed willingness to pay within the market.

This section addresses the general nature of the institutions
avai lable to inplenent ei t her appr oach: conpensati on
mechani sns and appropriati on nechani sns. It then discusses
the application of these institutional fornms in the context
of PGRFA.

7.1 International Agreenents to Conserve Biodiversity:
Opti mal Conpensation Mechani snms and Appropriation Mechani sns

The creation of incentives for the conservation of the
optimal level of biodiversity requires the devel opnent of an
"international institution". This institution could be as
sinple as a single agreenent between sone agency representing



the "global comunity®" and a particular "host state";

however, it is inportant to realise that even these
agreenments should be constructed under the auspices of an
overarching "nultilateral agreenent”. This is because the

conservation of biodiversity is a problem that concerns the
flow of values from a group of "host states” to the "globa
comuni ty". Any action taken by the global conmunity with
regard to one host state wll have an inmpact on the
perspectives of all others, and it is inportant to take
explicit notice of this fact. Therefore, the first point is
that any institution to resolve the problem of biodiversity
decline nust be conceived as a nmultilateral agreenent between
the global community and the group of potential host states;
it must be resolved by neans of international agreenent.

The second point is that any such agreenent will only have
prospective effect; that 1is, in ternms of incentives,
"history" has only limted inportance. The optiml anmount of
diversity may be conserved (assuming that this point has not
al ready been passed) by creating incentives that take only
current and future (and not past) contributions to global

values into account. That is, the economc analysis of
incentive systens states that, for the nost part, "bygones
are bygones"; it focuses on the inportance of the issues of

efficient incentives with regard to the future and ignores
the issues of distribution and equity with regard to the
past . For the nobst part, the two sets of issues are not
cl osely connect ed.

They becone di sentangl ed because the idea of an economcally
efficient agreenment is one that is self-enforceable through
its own dynami c construction. It does not rely upon a
history of fair dealing or reasonabl eness for its
i npl enentation, but instead works on a period-by-period
basi s. The host state receives the conpensation anount at
the end of each period that will reward it for the previous
period's conservation efforts, and induce it to undertake
anot her period's efforts.

The anpunt paid is determ ned by nmechani sns that assure that
both the host state and the global comunity are "getting
what they pay for", and thus the agreenent is self-enforcing
each and every day. This node of operation does not require
any accunmulated working relationship or an external
enforcenent nechanism if either party to the agreenent feels
that the other party's performance is unsatisfactory, then
full satisfaction is received by neans of w thholding one's
own performance. 1In this fashion, the incentives to conserve
bi odi versity (and to pay for its conservation) are put into
pl ace on a daily basis.

Therefore, the nature of a solution to the problem of
bi odi versity losses wll be an international agreenent that
provides for sonme dynamic structure of paynents for the
benefit of the host states, in order to conpensate them for
their conservation efforts or to aid them in the
appropriation of the values of their diverse resources. The



next two sub-sections detail how these two alternative fornms
of international agreenents woul d operate.

7.1.1 International Conpensation Agreenents

As nentioned above, the source of diversity's decline can be
remedied through a system of strategic international
paynment s. This system of paynments would necessarily be
condi tional upon the host state's application of themto the
conservation of sonme specified part of its diverse resources.

The level of these paynents would be dictated by the anobunts
required to purchase the required "factors of production” for
the specified diverse resources and the difference in the
appropriated val ues. That is, the conservation of
bi odiversity in the context of PGRFA concerns the
substitution of one system of production (traditiona
agriculture and extractive uses of "natural habitats") for
anot her (nodern agriculture). The two nethods of production
would rely wupon distinct sets of assets and tools, and
generate different fornms of outputs. A system of
conpensation would have to pay for the net costs of the
additional factors of production required, and also for the
difference in benefits appropriated.

A crucial feature of any international schenme of paynents
based on conditionality (here, paynment conditional on
specific application) is its necessarily dynam c nature.
That is, it is only possible to re-structure the owner-
state's decision making process if the paynent is offered at
the end of each period that the state takes the specified
action. (Swanson, 1992).

The sinplest exanple of such an international conpensation
scheme would be the designation of sone parcel of |land as a
"reserve" under an international trust fund agreenent. A
"reserve" in this context neans the dedication of a given
land area to only those uses consistent with the nmaintenance
of its diverse resource base, such as a restriction to use
only for plant-prospecting. Such an agreenent would have as
its objective the acquisition of the rights to all uses of
the land - for the preservation of the values that wll flow
to the global comunity from such a restriction. The trust
fund woul d be established to provide the flow of conpensation
to the state in an anount necessary to conpensate for such
f orgone uses.

This is, in general, a problematic approach. First, this
agreenment, to be effective, would require the paynent of a
substantial periodic conpensation fee (corresponding to each
of the required "factors" required for the conservation of

the diverse resources, 1i.e. land, managenent, diverse
resource stocks). Secondly, such an agreenent is an extrene
approach to resource conservation that denies | ocal

communities nost of the uses of their |ocal resources. Thi s



approach is costly for both global and l|ocal comunities,
entailing higher nanagenment costliness and greater-than-
necessary intervention within the rights of sovereign states

and local comunities. Such an extrene approach to
conservation should be reserved for extrene situations; what
is required is a nechanism which wll acquire only the

smal | est nunmber of uses necessary for the preservation of the
di verse resource base.

The conservation of diverse resources wll often be
conpatible with a wde range of fornms of resource
utilisation. It is possible to allow many of these uses to
continue while restricting a few in order to protect
particular values of biodiversity. This is because an
"absolute property right" in a tract of l|and represents a

"bundl e" of many distinct rights and uses. The function of
nost "zoning" |aws under national legislation is to allocate
the various rights of use regarding a piece of |and between a
nunber of conpeting individuals and groups. The purpose of
an international conpensation agreenent would be to create a
sel f-enforceabl e nmechanism to acconplish the sanme thing at
the international |evel

Gven that the rights of use with regard to a particular
pi ece of land are separable, this neans that |and uses may be
di vi ded between the "global" and the "local"™ conmunities in
ways other than "all or nothing". Then the internationa
community may intervene selectively to acquire only
designated rights of use in a particular tract of |and.

This is, in essence, the developnent rights approach to
di verse resource conservation; to the extent that the
international comunity w shes to reduce the devel opnent
intensity away from the local optimum (of high intensity
conversion and use), then it nust be willing to provide a
stream of ex post paynents to conpensate for the foregone
devel opnment and to pay for the additional factors required
(managenent, |and, stocks). The approach of selective
intervention has the twin advantages of decreasing the
required global funding required while increasing the
benefits flowng to |l ocal communities fromlocal resources.

Generally, an efficient international conpensation schene
woul d be of the formof an international franchise agreenent.

(Swanson, 1994b). This is a three-way agreenent (between
owner-state, international community and franchisee) in which
the international community provides a stream of rental
paynents to the owner-state in return for its agreenent to
"zone" a piece of land for use only for restricted purposes
(as specified within the international franchise agreenent).
That is, the Iand woul d be franchised for use to individuals
or groups within the local comunity ("franchisees"), but
only for those uses consistent with the agreenent between the
nati onal governnment and the "international comunity".

The franchi sing mechanismallows for the efficient allocation
of "land uses" between the global and |ocal communities. |If
the global community w shes to restrict certain local |and



uses, then it nmust be willing to pay the full rental value of
t hose wuses. Simlarly, the wuses that remain for the
franchisee are |ikew se charged at their full rental rate.
Then these rental rates are determined in a |limted auction
(e.g. the global community could make bids for the sane
limted rights of use in a nunber of different tracts of |and
across the world) and only those states which wish to accept
the international bid are bound by the conditions of
agreenent . In this way the "increnmental burdens” of
diversity conservation (through use restrictions) are only
undertaken voluntarily, and only if the price paid by the
gl obal community is sufficient to induce agreenent.

At the sane tine, an international franchise agreenent also
creates an enforcenent nmechanism for the channeling of these
funds into diversity conservation. By paying a periodic
rental rate, the international community is assured of
receiving a stream of conservation benefits in return for its
paynments because, if the use restrictions are not enforced

the international conmunity retains the right to wthhold

paynent of future rents. In this fashion, the agreenent is
rendered "dynamically consistent”: each party has the
capacity to withhold performance in each period until it sees

the other fully perform its own obligation, and thus each
party is capable of self-enforcing the agreenent.

Therefore, a franchise agreenent is sinply an economcally
efficient form of contracting to provide certain services;
here, the services to be rendered are those of the diverse
resource stocks. The crucial conponents of such a contract
are the efficient allocation of the various uses of a tract
of land between global and |ocal conmunities - in the
context of a self-enforcing agreenent.

7.1.2 International Appropriation Agreements

The alternative to the subsidisation of the costliness of the
conservation of diverse resource systens is the enhancenent
of the returns derived fromdiverse resource production. The
former option effectively reduces the costliness of naking
the decision not to convert diverse resources; the latter
option (analysed here) effectively increases the benefits
from investing in diverse resource systens. Therefore, the
i npact of either approach is the same on the host state's
deci si on maeki ng regardi ng | and use conver si on.

Mar ket regulation is a policy based on assuring that the host
state receives the full value fromits diverse resources. At
present, this is the opposite of what is occurring wth
respect to nost diverse resources. African countries had
been capturing about five per cent of the value of their raw
ivory exports during the height of the ivory trade. (Barbier

et. al. [1990]). Tropical bird harvesters around the world
acquire between one and five per cent of the whol esal e val ue
of the animals. (Swanson [1994]). This is even true with



regard to many exports of tropical forest products. (Repetto
[1990]). The host states of diverse resources do not place
much effort into the appropriation of the benefits of diverse
resources, choosing to encourage conversions instead. Market
regul ation reforns are intended to redress this bal ance.

The crucial elenent to this approach is the creation of a
price differential for diverse resources that is available
only to those host states conserving their diverse resource
stocks. That is, the idea is to increase the "rental value
of the resource": the perceived value intrinsic to the
resource itself (as perceived by its producer/harvester).
Therefore, these price differentials represent the enhanced
appropriation of value by those states investing in diverse
resource conservation

The price differential creates the capacity for sone nmanner
of dynamic conditionality, as is required in an effective
agreenent. The prospect of receiving the price differentia
constitutes the inducenent to neet the conditions required to
be entitled to the differential, and the receipt of this
entitlement (conbined with period inspections) constitutes
the incentive to continue satisfying these conditions.

The conditions that would be specified to receive this
entitlement would be "stock-related”, i.e. they would specify
the levels of the conservation of |ands or stocks of diverse
resources required to be included wthin the price-
differential reginme. These stock constraints could take the
form of a nunber of hectares of specified diverse stocks or
di verse production nethods or even hectares dedicated to
restricted uses. The idea is to find sone sort of surrogate
for the level of anticipated global benefits that wll be
derived fromthe host state's conservation activities.

The price differential is inplemented via market regul ation
in the consuner-states. The sinplest form of such an
agreenent would be a restriction on all purchasers to acquire
the diverse resource only fromthe "listed suppliers”. Such
"exclusive purchasing agreenents” wll always create a
premum for the favoured suppliers and a penalty for the
di sf avour ed. The key to the success of such agreenments is
the investnent by the consuner states into the discrimnation
between the two sets of inports; to the extent that consuners
invest each period in barring inports from "nonlisted"
producers, an enhanced rent will be available to the |isted.

The inmportance of a truly international agreement (i.e.
multilateral) is nmade clear in this context. The extent of
t he price differenti al wil | depend entirely upon
i nternational enforcenment of the ban on unlisted producers;
ot herwi se, a single nonconpliant state nmay act as a conduit
for unlisted suppliers, mxing the two sources and exporting
both as "high price" commbdities. |In the final analysis the
extent of such piracy determnes the ultinmate price
differential achievable by sustainable producers, because it
is capable of flooding the market with conpeting supplies.



Therefore, the developnent of nechanisnmse to mnimse the
i npacts of such pirates is essential to the success of a rent
appropriation nechani sm

A bilateral agreement 1is also an inadequate neans of
appropriating these values. A bilateral agreenent may assure
a particular market to a particular supplier, but the highest
price that the consunmer state will be willing to pay wll be
dependent upon the exclusivity of its rights in the subject
resources (otherwise it owns nothing). Since the producer
state cannot guarantee exclusivity (because of other
pot enti al producers and potenti al | eakages to other
consuners), the value of its resources is nmuch enhanced if a
si mul t aneous agreenent is reached with all other significant
consuner states to recognise the exclusivity of its rights in
the goods traded with other consuner states. Then these
consunmer states receive these exclusive rights in the
transaction, and their willingness to pay is determ ned by
their belief in the assurances of the other consuner states.
The distinction between an international and a bilateral
agreenent for purposes of value appropriation is the creation
of this assurance of exclusivity and the value that it
represents.

Rent appropriation is therefore dependent upon the efforts of
all consuner states to enforce the discrimnation between
sust ai nabl e and nonsust ai nabl e pr oducers of di verse
resour ces. The extent of international cooperation and
i ndi vidual (consunmer state) investnments wll determne the
existing price differential.

The differential rents avail able to sustainabl e producers may
be further enhanced by virtue of managenent of the quantities
traded between suppliers and consuner states. The maxi mum
rental available may then be determned, and the nmaxinmm
produced quantity that this inplies wuld be allocated
between the various host states, developing a form of a
cartel -based pricing systemfor the resource.

The inportant point to remenber is that this enhanced rental
value is being paid not only for the good in trade, but also
for the global services that its production nethod inplies.
So, if sale of a particular commodity (such as Brazil nuts)
that is produced within a sustainable production system
inplies the retention of this system then this strategy
inplies the retention of all of the other services the system
generates. Then a subsidy to Brazil nuts is only a nmeans of
cross-subsidising all of these other wunpaid goods and
services. The incentive to conserve both arises out of the
fact that the production nethod (conbined with the use
restrictions) generates jointly both the tangible and the
i nt angi bl e goods and servi ces.

An exanple of this cross-subsidisation approach has been
attenpted in Sub-Saharan Africa. After the ban on the ivory



trade in 1989, several of the sustainable producers of
el ephants grouped together to forman "Ivory Exchange", based
in Malawi. The idea of the Southern African Centre for Ivory
Marketing (SACIM is to provide a verifiable conduit for
ivory flowing from managed elephant stocks, and thus to
provide a nechanism for consuner states to assure their
pur chases from sustainabl e producers. The enhanced rental
val ue that would result would subsidise not only sustainable
el ephant popul ations but also all of the other wildlife and
systens that I|ive on the Jlands dedicated to these
popul ati ons. (Swanson and Pearce, 1989.)

In summary, the idea of such exclusive market agreements is
to allocate the consuner markets only to those owner-states
investing in their diverse resources. The owner-states that

choose to mne their diverse resources will otherw se drive
down the prices, and rents, available to all states providing
di verse resource flows. An agreenent to restrict consuner

markets to those owner-states that invest in their diverse
resources (and the systens from which they derive) creates a
price differential: a price premumtarget to all sustainable
producers and a price penalty target to all nonsustainable.
Such a mnechanism mght be used in a wde variety of
ci rcunstances, where the stock-related investnents are
directly linked to the final product.

7.1.3 The Use of "Intellectual Property Right" Regines as
Val ue Appropriation Mechani sns

Anot her exanple of an exclusive purchasing schene would be
any form of an intellectual property right regine. Such a
regine would also allot specific markets in all consuner
states to specific producers in order to conpensate for
di verse resource investnents, but the connection between the
mar ket and the investnent would be less direct (as conpared
with diverse resource investnents that directly generate
tangible flows and jointly generate gl obal services). That
is, in this case, the jointness of production requirenment is
done away with in the context of these fornms of exclusive
pur chasi ng agreenent; otherw se, the nmechanism is identica
to those discussed in section 7.1.2 above.

The role of any form of intellectual property rights regine
is to provide a basis for conpensating investnments in stocks
t hat do not generate directly conpensabl e flows;

specifically, i ntellectual property regi nes reward
i nappropriable investnents in information with rights in
di screte markets. It has transpired in nodern societies that

investnments in human fornms of capital (e.g. education and
training) have beconme very inportant for production and
growm h; however, the outputs from these investnents are
usually intangible and nonappropriable, e.g. ideas and
insights. (Roner, 1990).

If there were no protection for human capital-generated
services, then the pirates of the world would sinply watch
for innovations and then copy these inventions and narket
them to the consuner states thenselves. | nt er nati onal



agreenents provide consumer states with the assurance that
their purchase of an idea or innovation wll be assured of
its exclusivity, and therefore they are able to pay the
producers of such innovations a differential price in
accordance wth this exclusivity. The extent of the
universality of these agreenents and the extent of i ndividual
states' efforts to enforce them determ nes the values that
flow to human capital investnents

In essence, the innovators in these nmarkets are anal ogous to
the "sustainable producers” of ideas; these are the states
that are producing ideas by investing in humans. The pirates
in the mrkets are analogous to the "nonsustainable
producers"; they are not investing in humans and only supply

i nnovations to the extent that other invest. |If the price to
both groups were the sane, then there would be no incentive
to invest in human forns of capital. Intell ectual property

| aws provide the price differential for those states able to
denonstrate such investnments, and thus they mintain the
incentives for continuing investnments in the production of
these intangi ble fornms of services.

The distinction between intellectual property rights regines
and the other fornms of value appropriation described above
lies in the criterion of "jointness of supply". |In the case
of the market regul ation nechanisns described above,
intangi ble flows of services could be assured by reason of
the jointness of their production wth tangible goods;
el ephant ivory inplied investnents in wildlife lands. 1In the
case of the services flowing from human capital investnents,
there is no requirenent that there will be a tangible good
that will issue with the idea; this "surrogate" nust instead
be created in a fashion that wll adequately reward the
i ntangi bl e servi ces bei ng generat ed.

This is the distinct function of an intellectual property
rights regine; it carefully describes a specific exclusive
consunmer market that is offered as a reward for a general
idea. The idea is then released to the global comunity for
general and w despread use, while the specified consuner
mar ket operates as an international exclusive purchasing
agreenent to create the award for the innovator.

A concrete exanple is the innovation of the optiml sized
racquet head, developed from a nore general fornula that
determ ned the optinmal trade-off between w nd resistance (too
| arge of a head) and required accuracy (too small of a head).
The inventor of the "oversized" tennis racquet determ ned
that a racquet of 117.5 square centineters was optimal for
tennis. In fact, this represented an investnent in the
creation of a pure idea that woul d not have been appropriable
t hrough marketing of tennis racquets (because other sellers
woul d have imediately entered the market with the sane
head). In addition, the value of the idea was also far nore



general than the specific application of tennis, as the sane
formula could be applied in many ot her sporting contexts.

However, the intellectual property rights reginme awarded this
inventor with a protected market right in all racquet head
sizes between 100 (the original size of a tennis racquet
head) and 135 square centineters. Al consuner states then

effectively, entered into an exclusive purchasing agreenent
with this innovator for these sizes of racquets. Thi s
protected narket then acted as conpensation for the
investnment in information-creation nmade by this inventor.

The inportant point about the nature of the intellectual
property reginme is that the exclusive rights in the tangible
good did not match up very well with the actual idea being
awarded; to sone extent, there was little "jointness of
suppl y". The innovator's idea was nore specific than the
range of tangible goods allocated, but this product market
area was what was required in order to conpensate the idea
adequatel y. Simlarly, the innovator's idea was also far
nore general than sinply this one application would indicate;
however, the patent allowed the nore general uses of the idea
to flow into the public sector while allotting a range of
nore specific uses to the inventor. Therefore, the tangible
good acts as an award for the provision of intangible
services, but it does not need to "match up" wth the
intangi ble services as well as in the case of the market
mechani snms nentioned previously.

It is equally possible to Ilink protected markets to
i nvestnments in diverse resources stocks, because these stocks
also feed into various industries in an indirect and usually
i nappopriable fashion. Just as investnments in human capital

Wil | generate i nformation (i deas and i nnovati ons),
investments in human capital also generate informational
val ues. The problens are virtually identical: How is it
possi bl e to encourage societies to invest in forns of capital
that generate inappropriable but I nportant goods and
services?

For exanple, many pharmaceutical innovations are devel oped
from a starting point of knowl edge derived from the
bi ol ogi cal activities of natural organisns. Wen a new start
is required, it is often inititated by returning to the
uncharted areas of biological activity (unknown plants and
insects), but after the long process of product devel opnent
and introduction, there is no conpensation for the role
pl ayed by the diverse resource in inititating the process.
The informational input supplied from the diverse resource
system goes unpaid-for, and this neans that there will be no
incentive to invest in the natural capital that generates
this information.

A "genetic resource right" system could be constructed that
woul d be anal ogous to an intellectual property right system
There woul d not be anything in this that would conflict with
existing reginmes; it wuld sinply represent an extension of
this idea for conpensating intangible services into real ns



ot her than those deriving fromhuman-capital investnments. To
a large extent, the extension of "intellectual property"
regimes to include natural resource-generated information
sinmply levels the playing field between those societies which
are nore heavily endowed with human capital and those which
are nore heavily endowed with natural forns of capital. I t
is a very rational approach to the resolution of the
bi odi versity problem just as the adoption of the Paris
Pat ent Uni on one hundred years ago was a rational approach to
the problem of protecting investnments in human i nnovations in
i ndustry.

7.2 The Inplenmentation of "Farnmers' Rights"

The application of the concepts developed in the previous

section is straightforward in the context of PGRFA If it
can be assuned that the neaningful ness of the concepts of
"Farmers Rights” and an "international fund" is the

expression of the desire (on the part of the global
community) to create a systemthat will create an optinmal set
of incentives for the conservation of PGRFA, then the
application of the concepts devel oped above to the global
val ues of PGRFA is all that is required.

The first objection to this premse mght be that the host
states see the object of the IUPGR nore broadly than this.
For exanple, they mght instead see this as an expression of
a "debt owing" for past contributions of PGR to the
devel opnents that created the green revol ution.

The short answer to this position is that, irrespective of
the nerits of this position, the maxi rum anount extractable
from the global community will be dependent solely upon the
prospect of future benefits to be rendered. The gl obal
community may be willing to allocate sonme proportion of this
maxi mum anount bet ween " past I njustices" and "future
incentives", however, this wll only have the effect of
reducing the aggregate anmount that the nmarket wll pay
(because if it reduces future incentives for biodiversity
conservation, it will reduce the anticipated future benefits
to the global comunity and hence their willingness to pay).
Therefore, the only objective of the IUPGR that w Il have
any chance of being inplenented is the one that establishes
optimal incentives for future conservation practices; it is
inmportant that this is the objective analysed so that it is
i npl emented effectively.

This does not nean that this analysis of the UPGR is biased
toward one perspective or the other; it only neans that the
common ground for an international agreenent is to be found
in the area of this single viewpoint. The notivating idea
behind any international agreenent is to provide an
institution through which all societies in the world can
gain; in this case, through the assured maintenance of an
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optimal anobunt of biological diversity by means of the
effective conpensation of its host states.

There is only one crucial question to be answered prior to
proceeding with the discussion of the inplenentation of

"Farnmers' Rights", i.e. to what extent can the global val ues
of PCRFA be estinmated prior to appropriation? If it is
believed that this can be acconplished outside of the nmarket,

then "conpensation-based” instrunents may be relied upon
exclusively; if it is not possible to assess wth any
accuracy the global values of PGRFA in the absence of sone
attenpts at appropriation, then it wll be necessary to

conbi ne conpensation-based instrunents wth "appropriation-
based" instrunents.

Part B of this paper gave an indication of the nethods that
m ght be used to resolve this prelimnary issue, and the
manner of the studies that m ght be acconplished. However

even with these studies done, it will be apparent that they
will only narrow the range of uncertainty marginally; it is
likely that there will be a role for attenpting to create

appropriation mechanisns in this context on account of the
extent of uncertainty.

This report suggests two new international institutions
(probably of the nature of protocols to the Biodiversity
Conventi on). One of these protocols would be based on the

idea of inplenenting a "conpensation-based" reginme and the
ot her on inplenenting an "appropriation-based" regine.

7.2.1 International System of Reserves for PGRFA

The conpensation-based reginme would be devel oped out of an
international system for the purpose of generating a set of
"reserves" for the conservation of PGR These reserves could
concei vably be of the follow ng types:

a) traditional farmng reserves - In order to preserve
resources for exploration value and to maintain portfolio
effects, the global comunity would wish to acquire al
rights of wuse inconpatible wth traditional agricultural
practices in certain tracts of | and. In effect, the gl obal
community would pay the differential costliness of the
restricted | and use.

b) biodiversity prospecting reserves - |In order to preserve
resources for exploration value, the global community would
wish to acquire all rights that were inconpatible with |ong-
term prospecting (e.g. any burning, clearing or conversion)
to certain areas of land with high potential for future
contributions to agricutlure (e.g. high plant diversity).

The international system to develop these reserves could be
best managed within a single institution that would establish
these as international franchises. This institution would
perform the follow ng tasks: 1) policy making - The



institution would need to ascertain the optinmal quantities of
each of the various forns of reserves (determ ning the range
of uses that would be allowed in each). 2) franchising - The
institution wuld have to develop the nmechanism for
auctioning the rights to host states (to host reserves). 3)
nonitoring - The institution would have to inspect the
reserves to ascertain that they were being used in accordance
with their agreed restricted uses. 4) periodic paynent - The
instituton would nmake periodic paynents to any state
adequately enforcing the ternms of it franchise. 5)
termnation of franchises - The institution would have to
termnate any franchise that did not neet the ternms of its
agr eenent .

The problem of extracting willingness to pay (fromthe gl obal

comunity) is solved inplicitly within this institution. 1In
essence, wllingness to pay wll be closely linked to the
observation of tangible benefits (i.e. the effective
conservation of diverse resources). Here, the institutiona

form contains assurances of conservation effectiveness (and
cost-effectiveness) and this has the effect of inducing
paynents for the anticipated benefits. To a |arge extent,
the resolution of the biodiversity problemis the creation of
mechanisns for putting "wlling buyers” and "wlling
suppl i ers" together. The creation of a mechanism that wll
assure consuners of conservation effectiveness (value for
noney) is the nmeans by which this problem can be resol ved.

7.2.2 International PGR Exchange

Many of the values of PCGRFA are already being appropriated
within the agricultural econony, but not at the |evel of
greatest conservation-effectiveness. | ndustries exist for
the purpose of incorporating newy identified useful traits
within existing plant varieties (capturing one facet of
exploration value). These sane industries commence screening
of supplies of genetic material if an environmental shift
requires an adaptation of existing varieties (capturing
guasi -option value when successful). Gene banks have been
establish to feed into these industries.

Wy does this appropriation of the values of diversity not
generate incentives for the optimal anount of conservation?

It is because value nust be appropriated at the right |eve

of an industry for incentives to inhere. Capture at a nore
distant level may have little or no inmpact on conservation-
ef fectiveness, depending upon the entity's capacity to invest
in the retention of diversity.

To date, the rents that have been captured from the diverse
resource have been appropriated by distant levels of the
i ndustry: plant breeders and seed conpanies. These rents are
generated when a conpany is allowed a nonopoly right on the
sale of a particular plant or seed variety. 1In an attenpt to
generate a return to the human capital invested in such
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innovations, the plant breeders rights and seed patents
allotted to such conpanies capture the rents created by the
conbi nation of both human intellectual factors and natura
genetic factors of production.

| nvestnents in natural capital generate intangible forns of
services just as surely as do investnments in human capital.
The rectification of the asymmetry in the treatnent of these
different fornms of capital under international |aw should be
one of the objectives of the Undertaking. The rents
generated by natural capital investnments should be returned
to their investors, and the rents generated by human capital
i nvestnments should be returned to theirs.

How is it possible to separate out between the contributions
of genetic resources and human resources in the plant
breedi ng industry? The neans of appropriating rental value

is the creation of internationally-recognised exclusive
rights. These are enforced through state-enforced exclusive
purchasing (i.e. forebearance from "piracy"). This devel ops

the price differential that accrues only to those states with
rights vested under the international regine.

It would be straightforward in theory to render these rents
appropriable by the host states. One such system would all ow
for the certification of "exchanges" for the trade in PGR

An exchange system woul d have as a nenbership requirenent the
all ocation of a specific quantity of lands in a host state to

ei t her tradi ti onal agriculture or pl ant prospecting
activities. It would then require plant breeders and seed
industries to purchase their genetic resources from this
exchange (not from one another or other reserves). Any
new y- mar ket ed seed or variety would have to be able to trace
al | of its characteristics to legitimtely acquired
speci mens. The exclusive purchasing requirenent would

generate the rents for its nenbers.

This paynment of rents for genetic resources is |ong overdue

with regard to nost plant genetic resources. It is economc
nonsense to allow plant genetic resources to remain within
the public domain at the nost inportant |evels for
conservation effectiveness. It acconplishes little purpose

to doubl y-subsidise plant breeders for their investnents in
human capit al (by allowing them to appropriate the
contribution of the natural capital as well), since they are
not in a good position to invest in the conservation of the
base resources over the |ong run.

The hosts states generating plant genetic resources should be
allowed to capture this value in return for investnents in
the retention of the diverse resource systens from which they
are derived. They could do this nost easily by nmeans of the
creation of "exchanges" that nake these resources avail able
excl usi vely through such nechani snms, and the gl obal community
could assure their continued provision by nmeans of exclusive
purchasing from these exchanges. The existing gene bank
network should be made to evolve into an exchange systemin
order to generate these rental paynents.



7.2.3 International Cenetic Resource Rights Cenerally

There are other forns of property rights systens that are
| ess centralised than the exchange option. For exanple, the
i nternational agr eement coul d provide for excl usi ve
purchasing from the first party to register a particular
genetic resource, rather than the first party to place a
sanple with an exchange. Then the rents would accrue by
reason of the consunmer states' enforcement of this exclusive
pur chasi ng obl i gati on.

The exchange concept is built upon this nore fundanental
right, but it is a nore cost-efficient node for adm nstering
the system As always, the key to appropriability is
exclusivity, and the key to exclusivity is consuner
recognition of this right. Any new property right regine
involving international industries wll be dependent upon
menber state enforcenent to give it effect. O herw se,
"pirate states" will effectively nullify its operation.

The advantage of an exchange system over any other genetic
resource right system is its international transparency;
states wll have their legitimte purchases of genetic
resources occur in an international forum The granting of
| ater nonopolies (plant breeder rights, seed patents, etc.)
should then be nade contingent upon the tracing of al
genetic stock back to an exchange transaction. This wll
mnimse the incentives to deviate fromthe agreenent.

If a non-exchange based genetic resource right system is
elected, the regine would then operate through central
registration and private trading. A state would qualify for
inclusion within the reginme by neans of investing in stocks
of diverse lands for the restricted purpose of exploration
(and conpati bl e uses). Then any discoveries within these
areas should be nmade subject to internationally-recognised
exclusive rights wupon registration wth sone sort of
centralised office (anal ogous to a patent office).

The registration office would then have the responsibility
for determ ning the scope of the nonopoly rights afforded by
the registration. In the case of clains to genetic resource
rights to traits of biological materials, it would probably
be necessary for these clains to be based upon the
specification of particular genes and their characteristics
upon filing.

As wth any registration-dependent right, the first
regi strant would be entitled to the entirety of the nonopoly
right. Thereafter, any user of the gene would have to
acquire a license from the registered owner prior to its
mar keting; otherwi se, an action for infringenent would lie.
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The rents generated by these nonopoly rights should create
incentives for conservation. Host states wth diverse
resources would invest in "certified prospecting reserves",
and charge fees and command royalties for any discoveries
within the reserve on account of the internationally-
recogni sed exclusivity in the discoveries found there.

Note that the creation of genetic resource rights requires

only a small enbellishment wupon existing |laws, which
currently proscribe the taking of rights in "nere
di scoveries”. The existing |laws require a substantial anount

of human intervention as an indication of a significant
anount of investnent in human capital to warrant its reward.

In the context of biodiversity, the infornmation-generating
role of human capital is replaced by that of natural capital
(diverse systens). Therefore, nere discovery should be
sufficient for the award of property rights in naturally-
generated substances, so long as they are derived from
substantial |and areas that are internationally- certified
for prospecting purposes.

7.3 Concl usion: Appropriating the Value of PGRFA for
Bi odi versity Conservation

This introduction to the ideas of the appropriation of the
econom ¢ value of PGRFA is necessarily brief and inconplete.
The purpose of this docunent has been to describe the
problem of biodiversity in this context from beginning to
end, and thereby indicate the general nature of its solution.
If the basic ideas put forward in the previous sections of
this paper are accepted, the conclusion is inescapable that
the institutions described in this section are what is
required to resolve the problemin this context.

The nature of that solution cones in the form of a proposa
for two new institutions: a conpensation nechanism and an
appropriation nechani sm

There are certain forns of diversity's value that are
i nappropri abl e by anyone or any state individually. It is in
everyone's interest to maintain these values, but it is
difficult to supply them because they are of the nature of
gl obal public goods. This is true for sonme of the portfolio
effects and exploration values attendant to biodiversity.

The solution to this problem is +the «creation of an
i nternational reserve systemthat conpensates host states for
any franchi ses placed within their boundaries. The system of
reserves devel oped under such an agreenent then serves to
generate the flow of inappropriable values fromplant genetic
resour ces.

How can it be assured that this system will generate the
right amount of funding and hence the correct nunber of
reserves? An international franchise agreenent system sol ves
this problem by putting a nechanism into place that wll



allow "willing buyers"” to acquire the amunts of diversity
they desire from "wlling suppliers". The value of
bi odiversity is then expressed in this wllingness-to-pay
when consuners see that their object is assured by virtue of
the right formof institution. Therefore, values (even very
i nt angi bl e ones) can be appropriated so long as their flowis
assured by the appropriate mechanism The nmechani sns
described in this section were devised to provide the
assurance of continued flows of diversity's services, and in
this manner it is expected that the wllingness-to-pay wll
be i nduced fromthe consuner states and their citizens.

O her values flowing from plant genetic resources are
appropriable (e.g. exploration value for yield enhancenent);
in fact, they are already being appropriated, only at the
wong level of the industry for purposes of conservation-
effectiveness. Plant breeders rights and seed patents all ow
the final stages of the industry to capture the rents from
both human and natural capital. For conservation
effectiveness, the rents from the natural capital should be
separated out and returned to investors in those forns of
capi tal

These rents may be captured at the earlier stages of the
industry through the institution of a plant genetic resource
exchange system Such a system would essentially displace
the currently-prevailing open access system at the world's
gene banks. The banks would have to institute nenbership
requi renents for storage of a country's depositions
(requirenents that restrict nenbership to those countries
investing in the retention of diverse plant genetic
resources), and an international agreenent would render it
illegal to purchase plant breeding stocks from any source
ot her than an exchange.

Such an exchange system would perform the sane function as

any other exchange (such as a stock exchange); it would
certify that the commodity acquired was "genuine", i.e. from
a sustainabl e producer of PGRFA It would in turn generate

the rents that are attributable to the natural capital
conponent of the industry. Once these rents began to flow to
sustai nable producers of plant genetic resources for
agriculture, the ~correct incentives to conserve these
resources woul d be in place.

The exchange system concept is a sinple denonstration of the
general idea of creating internationally-recognised genetic
resource rights. These are rights that derive fromthe first
registration of a particular gene with a central office,
anal ogous to any other form of right that derives from prior
regi stration (trademarks, copyrights, patents). Producers of
new seeds and varieties would then be required to show
licenses for the wuse of any newy-incorporated genetic
mat eri al . These |icenses would then generate the rents to
the regi stered owners.
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The exchange system is built upon the nore fundanental idea
of a genetic resource right, but it builds upon the existing
institutional apparatus (the gene bank network) and it
mnimses the cost of admnistering the system Wth a PGR
exchange system there is no need to break the registration
down beyond the level at which the genetic resource exists in
nat ur e. A supplier state need not pay for the analysis of
the specinen, or the creation of specific registration
docunents; the natural specinmen deposited with the exchange

and the registration requirenents are one and the sane. | f
the supplier wishes to register nore specinens, then it nust
sinply deposit nore sanples with the exchange. It is the

requi renents for exchange nenbership (that the specinens are
acquired and deposited in the course of a "sustainable"
operation) that «creates the incentives to conserve the
di verse resource.

The concept of "Farnmers' Rights" is Jlong overdue for
i npl ement ati on. It makes no sense to allow certain
fundanmentally inportant factors of production to earn no
return. This will certainly create incentives to underinvest
in their continued supply, as has been w tnessed over these
many centuries. If these genetic resource inputs are to

remain available in future, a system for conpensating
investnents in their retention nust be instituted now.

As nentioned at the outset of this paper, this has |ong been

a contentious issue between North and South. It has been
approached as if a "zero sum gane", i.e. an increase in
appropriable value for one group will coincides with a |oss
for the other. However, rent appropriation for the states
hosting genetic resources does not necessarily inply a |oss
in net value for consunmer states. The essence of the

"commons problem in economcs is that situations exist where
cooperation between the various users of the resource can
produce a gain for all.

In the case of PGRFA, the optinmal conservation of the
resource will undoubtedly yield a substantial increase in the
benefits to the global conmunity (a gain for all) by nmeans of
a relative increase in the rate of appropriation by the host
states. The fornmer is a policy instrunent for assuring the
latter. Wen discussing values such as the stability of the
entire agricultural system it is inportant to recogni se that
the gains frominvestnents in diverse resources are likely to
outweigh costliness resulting from the redistribution of
rents to the nost effective investors in those resources.



Ref er ences

Al auddi n, M and Tisdell, C 1988. "New Agricul tural
Technol ogy and Sustainable Food Production: Bangladesh's
Achi evenents, Predicanents and Prospects.” In Tisdell, C

and Maitra, P. edited Technical Change, Developnent and the
Envi ronnent: Soci o- Econonmi ¢ Perspectives. London: Routl edge.

---- and Tisdell, C 1988. "Has the 'Green Revolution'
Dest abi | i sed Food Production? Sone Evi dence from Bangl adesh. "
Devel opnent Economi cs, 24: 141-160.

---- and Tisdell, C 1988. "Impact of New Agricultural
Technology on the Instability of Foodgrain Production and
Yield: Data Analysis for Bangladesh and its Districts.”
Jour nal of Devel opnment Econom cs, 29: 199-227.

Altieri, MA 1987. Agroecol ogy: The Scientific Basis of
Al ternative Agriculture. Boul der, Col orado: Westview Press.

Altieri, MA and Merrick, L.C. 1987. "In Situ Conservation
of Crop Cenetic Resources Through Mintenance of Traditional
Farm ng Schenes." Econom c Botany, Vol. 41. 86-96.

----, Merrick, L.C. and Anderson, MK  1987. " Peasant
Agricultural and the Conservation of Crop and WIld Plant
Resources."” Conservation Biology, 1. 49-58.

Anderson, J R Hazell, P B R (1989), Variability in Gain

Yields: Inplications for Agricultural Research and Policy in
Devel oping Countries, John  Hopkins University Press,
Bal ti nore.

Anderson, J.R (1973). "Sparse data, climatic variability,
and yield uncertainty in response anal ysis". Anerican Journal
of Agricultural Econom cs 55, pp 77-82

Anderson, J.R and Hazell, P.B. 1989. "Variability in Gain
Yi el ds" Food Policy Statenent, International Food Policy
Research Institute, No. 11.

Arrow, K, and Fisher, A, (1974), "Environnental Preservation,
Uncertainty and Irreversibility"”, Quarterly Journal of
Econom cs, v. 88, p. 312-19.

Bart on, J. H and Christensen, R. 1988. "Diversity
Conmpensation Systens: Ways to Conpensate Devel oping Nations
for Providing Genetic Materials.” In Kloppenburg, J.R edited

Seeds and Sovereignty. Dur ham North Carolina: Duke
Uni versity Press.

Bent kover, J. D., V. Covello and J. Munpower 1986. Benefits

Assessment: The State of the Art, Dordrecht, Netherlands: D.
Rei del Publ i shing Conpany.

19



Berg, T., Asnmund, B., Fowler, C and Skroppa, T. 1991.
Technol ogy Options and the Gene Struggle. Norway: The
Norwegi an Centre for International Agricultural Devel opnment.

Biraben, J.-N., (1979). Essai sur |'evolution du nonbre des
hommes. Popul ation Bulletin, N 1.

Boul ding, K., (1981). Ecodynam cs, Sage: London.

Braden, J. B. and C. D. Kolstad 1991. Measuring the Demand
for Environnmental Quality, Ansterdam North-Holl and.

Brown, G 1990. "The Valuation of Genetic Resources”, in
Oians,G, Brown, G, Kunin,W, and Sw erzbinski,J. (eds.)
1990. The Preservation and Valuation of Biological
Resources, University of Washington Press: Seattl e.

Br own, G and Swi erzbi nski, J. 1988. " Opti mal Cenetic
Resources in the Context of Asymetric Public Goods"” in

Smth,V.K (eds.) Environnental Resources and Applied Wl fare
Econom cs, Resources for the Future: Washi ngton.

Brush, S.B. 1992. "Farners' Rights and Genetic Conservation
in Traditional Farming Systens." Wrld Devel opnent, Vol. 20,
No. 11: 1617-1630.

---- 1993. "lIs Conmobn Heritage Qutnoded?", Paper presented
to a conference on intellectual property rights and
i ndi genous know edge, Lake Tahoe, California.

---- 1991. "Farmer Conservation of New Wrld Crops: the
Case of the Andean Potatoes." Diversity, 7: 75-79.

---- 1991. "A Farner-based Approach to Conserving crop
gernplasm" Econom ¢ Botany, Vol. 45: 153-166.

---- 1989. " Ret hi nki ng Crop Genetic Resour ce
Conservation." Conservation Biology, Vol. 3: 19-29.

----  1986. "Cenetic Diversity and Conservation in
Traditional Farm ng Systens." Journal of Ethnobiol ogy, 6:
151- 167

----, Bellon, M and Schm dt, E. 1988. "Mize Diversity and
Agricul tural Devel opment in Mexico." Human Ecol ogy, Vol. 16:
307-328.

----, Carney, HJ. and Huaman, Z. 1981. "Dynam cs of Andean
Potato Agriculture."” Econom c Botany, 35: 70-85.

----, Taylor, J.E. and Bellon, M 1992. "Technol ogy
Adoption and Biol ogical Diversity in Andean Potato
Agriculture.” Journal of Devel opnent Econom cs, 39: 365-387.
Buttel, F.H and Belsky, J. 1990. " Bi ot echnol ogy, Pl ant

Breeding, and Intellectual Property: Social and Ethical



D nensions. " Weil, V. and Snapper, J. edited Owing
Scientific and Technical |nformation. New Brunswi ck, New
Jersey: Rutgers University Press.

Byerlee, D (1993), Personal Conmmunication, October.

Byerlee, D, Mya, P (1993), "Inpacts of International Weat
Breedi ng Research in the Devel opi ng Wrld", C MWT, m neo.

Centro Internacional de Megjoramento de Maiz y Trigo - Cl MWT
(1993), Wrld Weat Facts and Trends 1992-93. The Wheat
Breeding Industry in Developing Countries: an Analysis of
| nvest nents and | npacts.

Centro Internacional de Megjoramento de Maiz y Trigo (Cl MWT)
1986. "Conservation of the WIld Relatives of Mize." In
Cl MWT Research Highlights 1985. Mexico, DF: Cl MWT.

Chanber s, R. 1989. M cr o-envi ronnent s Unobserved.
Gat ekeeper Series No. 22, |1ED.

Chanbers, R, Pacey, A and Thrupp, L.A 1989. Farmer Fisrt:
Farmer Innovation and Agricultural Research. IT

Clawson, D.L. 1985. "Harvest Security and Intraspecific
Diversity in Traditional Tropical Agriculture.” Economc
Bot any, 39: 56-67.

Conrad, J., (1980), "Quasi-Option Value and the Expected Val ue
of Information", Quarterly Journal of Economics, v. 94, p.
813- 20.

Conrad,J. and dark,C (1987), Natural Resource Econom cs,
Canbri dge University Press: Canbridge.

Cooper, D. 1993. "Plant Genetic Diversity and Small Farnmers:
| ssues and Options for |[|FAD." Staff Working Paper 13,
I Nt er nati onal Fund for Agricul tural Devel opnent (1 FAD).

Cooper, D. 1993. "The International Undertaking on Plant
Genetic Resources”, Review of European Conmunity and
I nt ernational Environnmental Law, 2(2):158-166.

Correa, C. 1994. "Sovereign and Property Rights over Plant
Genetic Resources", draft paper prepared for FAO

Dasgupta, P. 1990. "Conmment on Brown's Valuation of GCenetic

Resour ces", in Oians, G, Brown, G , Kuni n, W, and
Swi er zbi nski,J. (eds.) 1990. The Preservation and Val uation
of Bi ol ogi cal Resour ces, Uni versity of Washi ngt on
Press: Seattle.

Esqui nas- Al cazar,J. 1993. "The d obal System on Plant
CGenetic Resources”, Revi ew of European Conmunity and

I nt ernational Environnmental Law, 2(2):151-157.

21



Evenson, E R (1991), Genetic Resources: Assessing Econom c
Value, in Valuing Environmental Benefits in Devel oping
Countries, special report by Mchigan State University
Agricul ture Experinment Station East Lansing

Evenson, R E, Gollin, D (1993) The Econom c I|npact of the
| nt er nat i onal Rice Gernmplasm Centre (IRCG and the
International Network for the Genetic Evaluation of Rice,
Yal e University, m neo.

Fat chanps, M 1992. "Cash Crop Production, Food Price
Volatility and Rural Market Integration in the Third Wrld",
American Journal of Agricultural Economics, 74(1):90.

Feder, G 1980. "Farm Size and the Adoption of New
Technol ogy Under Uncertainty."” Oxford Econom c Papers, 32:
263- 283.

----, Just, RE and Zlberman, D. 1985. " Adoption of

Agricul tural Innovations in Developing Countries: A Survey."
Econom c Devel opnent and Cul tural Change, 33: 255-298.

----, and O Mara, G T. 1981. "Farm Size and the Adoption of
Green Technol ogy." Econom c Devel opnent and Cul tural Change,
30: 59-76.

Fehr, W R (1984) (editor), GCenetic Contributions to Yield
Gains of Five Major Crop Plants, Crop Science Society of
Ameri ca Special Publication Nunber 7, Mdi son, W sconsin.

Fi sher, A. C. 1988. "Key Aspects of Species Extinction:
Habitat Loss and Overexploitation', in Smth,V.K (ed.)
Envi r onnment al Resources and Applied Wlfare Econom cs,
Resources for the Future: Washington.

Ford- Ll oyd, B and Jackson, M 1986. Plant Cenetic Resources:
An Introduction to their Conservation and Use. London:
Edwar d Ar nol d.

Frankel, O H and Hawkes, J.G edited, Crop Genetic Resources
for Today and Tonorrow, |[IBP, Vol. 2. Canbridge, MA
Canbri dge University Press.

Freeman, A. M 11l [1979], The Benefits of Environnental
| mprovenent: Theory and Practice, Baltinore: Johns Hopkins
Uni versity Press.

Fut uyna, D. (1986) . Evol uti onary Bi ol ogy,
Si nauer : Sunder | and, MNA.

Hanemann, W (1989), "Information and the Concept of Option
Val ue", Journal of Environmental Economics and Resource

Managenent, v. 16, p. 23-37.

Hanson, S. and Ladd, G 1991. "Robustness of the Mean-
Vari ance Mdel", Anerican Journal of Agricultural Econom cs,
73(2):437.



Harris, D.R and Hllman, G C 1989. Foraging and Farm ng:
The Exploration of Plant Exploitation. London: Unwi n Hyman.

Hawkes, D.R 1983. The Diversity of Crop Plants. Canbridge,
MA: Harvard University Press.

Hazell P B R (1984), Sources of Increased Instability in
Indian and US Cereal Production, Anerican Journal of
Agricul tural Econom cs, 66:3, pp. 302-311

Hazell, P.B.R Jaramllo M,and WIIliamson A (1990). "The
Rel ationship Between World Price Instability and the prices
Farmers Receive in Developing Countries." Journal of

Agricul tural Economcs, 41, No.2

Hazell P B R, Pomareda, C, Valdes, A (1986), (eds), Crop
| nsur ance for Agricul tural Devel opnent : | ssues and
Experi ences, John Hopkins University Press, Baltinore.

Henry, C. (1974), "Investnent Decisions Under Uncertainty: The
Irreversibility Effect”, Anerican Econom c Review, v. 64, p.
1006-12.

Herat h, H., Hardaker, and Anderson,J. 1982. "Variety Choice
by Sri Lankan Farnmers", American Journal of Agricultural
Econom cs, 64: 87.

Hobbel i nk, H., (1991), Biotechnology and the Future of Wrld
Agricul ture, Zed Books: London.

Hol dgate, M, Kassas,M, Wite, G (eds.), (1982). The World
Envi r onnment 1972 - 1982, United Nations Environnent
Programme: Nai robi .

Howard, N. (1991), Legal Protection of Biotechnology wthin
the European Conmmunity wth Reference to Environnental
Protection, unpublished dissertation, University of London.

International Institute for Environment and Devel opnent and
Wrld Resources Institute (1989). Wrld Resources 1988-89,
Basi ¢ Books: New YorKk.

Johansson, P.-QO [1987], The Econom c Theory and Measurenent
of Environnental Benefits, Canbridge: Canbridge University
Press.

Juma, C., 1989. The Gene Hunters, Zed Books: London.
Just, RE. and Zlberman, D. 1983. "Stochastic Structure,

Farm Size, and Technol ogy Adopti on in Devel opi ng
Agriculture.” Oxford Econom c Papers, 35: 307-328.

23



Li pton, M and Longhurst, R 1989. New Seeds and Poor Peopl e.
London, Unwi n Hyman.

Maler, K -G [1991], Measuring Environnmental Damage - The
Production Function Approach, Beijer Institute, Stockholm
m neo.

Mel I or,J. 1985. "The Changing Wrld Food Situation", Food
Policy Statenent, |FPRI:Wshi ngton.

Merton, P. 1992. Continuous Tinme Finance, John W/ ey: London.

McMwul len, N (1987), Seeds and World Agricultural Progress.
Nati onal Pl anning Associ ation, Washi ngton D. C.

Mller,J. and Lad,F. (1984), "Flexibility, Learning and
Irreversibility in Environmental Decisions”, Journal of
Envi ronnment al Econom cs and Managenent, v. 11, p. 161-72.

Mranda, M 1991. "Area Yield Crop Insurance Reconsidered"
Anmerican Journal of Agricultural Econom cs, 73(2):233.

Mtchell, R B. and R T. Carson. [1989], Using Surveys to
Value Public Goods: The Contingent Valuation Method,
Washi ngton DC. Resources for the Future.

Ni euwoudt, W L, Bullock, J B (1986), The Denmand for Crop
| nsurance, in Maunder, A, Renborg, U (eds), Agriculture in a
Tur bul ent Worl d Econony, Gower.

Nowshi rvani, V. 1971. "Land Allocation Under Uncertainty in
Subsi stence Agriculture”, Oxford Econom c Papers, 23:445.

AOdfield, ML. and Alcorn, J.B. "Conservation of Traditiona
Agr oecosystens. " Bi oSci ence, Vol. 37: 199-208.

Oians, G, Brown, G, Kunin,W, and Sw erzbinski,J. (eds.)
1990. The Preservation and Valuation of Biological
Resources, University of Washington Press: Seattl e.

Pearce,D., Brown, K., Swanson,T. and Perrings, C 1993. The
Conservation of d obal Biodiversity, GEF: Washi ngton.

Pearce, D. W and A Mirkandya [1989], The Benefits of
Envi ronnental Policy: Mnetary Valuation, Paris: OECD

Pearce, D.W, D. Wiittington and S. Georgiou [1993], Project
and Policy Appraisal: Integrating Econom cs and Environnent,
Paris: OECD, (Forthcom ng).

Perin, R and Wnkel mann, D. 1976. "Inpedinents to Techni cal
Progress on Small Versus Large Farns." Anerican Journal of
Agricul tural Econom cs, 58: 888-894.



Pi ndyck, R (1991), “Irreversibility, Uncertainty and
| nvestnent”, Journal of Economic Literature, v. 29, p. 1110-
48.

Pi nstrup- Anderson, P and Hazell, P.B.R 1985. "The |npact of
the Geen Revolution and Prospects for the Future." Food
Reviews International, 1: 1-25.

Pl ucknett, D.L., Smth, J.H, WIllianms, J.T. and Anishetty,
N.M 1987. Gene Banks and the Wrld's Food. Princeton, NJ:
Princeton University Press.

Ramaswam , B. 1992. "Production Risk and Optinmal Input
Deci sions”, Anerican Journal of Agricultural Econom cs,
74(4): 860.

Raup, D. (1988). "Diversity Crises in the Ceol ogical Past”,
in EO WIson (ed.), Biodiversity, National Acadeny Press
Washi ngton, D.C.

Repetto, R and Gllis,M (1988). Public Policies and the
M suse of Forest Resources, Canbridge Univ. Press: Canbridge.

Robi son, L. and Brake,J., 1972. "Application of Portfolio
Theory to Farner and Lender Behaviour", Anerican Journal of
Agricul tural Econom cs, 61:158.

Roner, P. (1990a). "Endogenous Technol ogi cal Change", Jour nal
of Political Econony, 98:245-75.

Roner , P. (1990b) . "Are Nonconvexities Inportant for
Understanding G owh", Anmerican Econom c Review, Papers and
Proceedi ngs, 80(2):97-103.

Rormer, P. (1987). "G owh Based on Increasing Returns due to
Speci al i sation", Anerican Economic Review, Papers and
Proceedi ngs, 77:56-62.

Roner, P. (1986). "Increasing Returns and Long Run G ow h"
Journal of Political Econony, 94:1002-37.

Roumasset, J. A (1974). "Estimating the risk of alternate
t echni ques: ni tr ogenous fertilisation of rice in t he
Phillipines" Review of Marketing and Agricul tural Econom cs
42, pp 257-294

Rutt an, V. W 1977. "The Geen Revol uti on: Seven
Generalistaions.” International Devel opnent Review, 19: 16-
23.

Sal azar, R 1992. "MASI PAG - Alternative Comunity Rice
Breeding in the Philippines.” Appropriate Technol ogy, 18
(4).

25



Schultz, T.W 1975. "The Value of the Ability to Deal wth

Di sequilibrium™ Journal of Economic Literature, 13: 827-
846.
Si mmonds, N.W 19709. Principles of GCrop |nprovenent.

London: Longnman.

Singh, A J, Byerlee, D (1990), Relative Variability in Wheat
Yi el ds acr oss Countri es and over Ti e, Jour nal of
Agricul tural Econom cs, 41:1, pp. 21-32.

Sol ow, R (1974). "The Econom cs of Resources or the Resources
of Econom cs", Anerican Economic Review, 64: 1 - 12.

Swanson, T. 1994. "Efficient Contracting Mechanisnms for
Bi odi versity Conservati on: The International Franchi se
Agreenment Option", in OECD Experts Goup on Biodiversity,

Econom c Instruments for Conserving Biodiversity, Paris: OECD

Swanson, T. 1994. Animal Welfare and Economcs, CSERGE
Wor ki ng Paper 94-05, CSERCE: University College London and
Uni versity of East Angli a.

Swanson, T. (ed.), 1994 (forthcomng). Intellectual Property
Rights and Biodiversity Conservation, Canbridge University
Press: Canbri dge.

Swanson, T. (ed.), 1994 (forthcom ng). Biodiversity Decline:
The Soci o-Economc Forces Driving dobal Change, John
W | ey: London.

Swanson, T. 1994. The I nternational Regul ation  of
Extinction, Macm | | an: London and New York University
Press: New YorKk.

Swanson, T., (1989), "Policy Options for the Regul ation of the
lvory Trade", in ITRG The Ivory Trade and the Future of the
African El ephant, Lausanne.

Swanson, T., (1990), "Conserving Biological D versity", in
Pearce,D. (ed.), Blueprint 2: Geening the Wrld Econony,
Eart hscan: London.

Swanson, T., (1991), "WIldlife Uilisation as an I|nstrunent
for Nat ur al Habi t at Conservati on: A Survey", London
Envi ronment al Econom cs Centre Di scussi on Paper 91-03.

Swanson, T. (1992), "Policies for the Conservation of
Biological Diversity", in Swanson,T. and Barbier,E (eds.)

(1992), Economics for the WIds: WIldlands, Wldlife,
Di versity and Devel opnent, Earthscan: London.

Swanson, T. 1992. "The Economics of a Biodiversity
Convention", AMBIO 21(3):250.

Swanson, T. and Pearce, D. 1989. "The Econom cs of an Ivory
Exchange", Paper prepared for the Conference of the Parties
to ClI TES.



Ti sdel I, C. 1990. "Econonmics and the Debate about

Preservation of Speci es, Crop Varieties and Cenetic
D versity." Ecol ogical Economcs, 2: 77-90.
Tobin,J. 1958. "Liquidity Preference as Behaviour Towards

Ri sk", Review of Econom c Studies, 25(2):65.

Vi tousek, P., Ehrlich,P., Ehrlich, A, and Matson, P. (1986).
"Human Appropriation of the Products of Photosynthesis",
Bi osci ence, 36(6):368-373.

Wl kes, H G 1987. "Plant Cenetic Resources: Wiy Privatize a
Publ i c Good?" BioScience, Vol. 37: 215-217.

Wtt,S.  (1985). Bi otechnology and Cenetic Diversity,
California Agricultural Lands Project: San Francisco.

World Conservation Mnitoring Centre (WCMO), (1992). ( obal
Bi odi versity, Chapman & Hall: London.

Wrld Resources Institute (1990). Wrld Resources 1990-1991,
Oxford Univ. Press: Oxford.

27



