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ECONOMIC VALUE OF BIODIVERSITY IN SRI LANKA.
A CASE STUDY ON PHARMACEUTICAL PROSPECTING

SUMMARY

Srt Lanka 15 recogruzed as a "biodiversin hotspot” of global importance Conservanion and
use gf biodiversuv is necessary to achieve sustainable development

This stuay has reviewed socio-economucs causes thar depletes bwaiversay the role of
ervironmernal econonucs in faciinanng poloy decision makang to conserve biodrversin, The
studv provides a simplified review of economuc theory on value of biodiversity and rechrugues
of valuznion The study finally demonstrates the applicanion of a valuanon techrmgues to
value the pharmaceunical prospecang value of bioarversity of the Sinharaja forest  The
Jfind.rgs of the study are used 1o suggest policies 10 conserve prodrversin

There has been very few siuaites done 1o exarune Soclo-€conomic causes rhar deplete
prodversiny tn Sr Lanka Nor knowing the causes of deplenon of biodiversizy is a serous
lapse to suggest effective policies o conserve biodiversuy  Since Snt Larka has adopred a
marker econormic svstem, @ s proposed that marker incenttves and dis - incennives be used to
encourage soclery to conserve biodiversiy However pruden: research snould be done to
waenfv Sucn mcermves or dis-incengnves

Failure to recogruze the total economuc vaelue of biodrversivy leads devlenon of pioarversit
cue to nionan over-use Estmanion and appropnianion of toral econonuc value of proarversin
could recuce over-use of picanersity Policy aecision mafang on bioanersuy conservanon
primanty depends on deciaing on optimal land allocanion petween land use for conservanon
and developmert abiernatrves Ermvironmertal econormucs could facluare policy decision
makng by prowiding monetary values of bwdversity which could be compared wuh
alternanve land uses This stuay has demonstrated the applicanion of an econonuc valuanon
rechrmugue to value an opnon value of biodrversuv  viz, pharmaceutical prospecting value

The results shows annual pharmaceunical prospecting value of enderruc woody planzs (10 cm
dbn) in the Sinhargia forest as 118 11 USS per hectare Sensunuv anabysis on polic)
variables viz, the approprnianon raze (a), the royalty rare (r) and probapiliry of mvermion of
successful plant based pharmaceutical (p) shows thar opportunuy cost of land use under tea
culrtvanion can be compensated if a = 50% and r = 27% under p = 5 in 10000 These are
high values which may be difjficull to achieve yer could be pursued Policies 1o increase the
possibilines of appropriate pharmaceunical value of biodrversuy 1s discussed. It 1s necessary
10 establish intellectual propern nights for biodiversiy  Further research should be done 10
gather formation on the availabilmy of species  Gahering trformanon on indigenous
knowledge on use of plarus jor medicines will be worrly Vertical integranon in brodrversizy
prospecting 1 e developing indigenous meaicines could appropriate value of biodrversuy in



the short-run This has the advantage of capiuring growwng markers for natural marhets
wrrernationally and also using the exisung possibiiry of patenting products

The study suggests, pharmaceutical prospeciing vaiue of brodiversity alone would not proviae
incentives to conservation and sustawnable use of biodiversity Therefore policy to conserve
and use biodwversity would have to focus on valuing and appropriating other benejits of
brodiversity such as direct use values (sustainable use of non tumber forest products, eco -
tourism medicinal plants use), ndirect use values (watershed protection, ecological

protection rutnent cycling caroon sequestration), existence values erc, 10 provide icennives
for biodrversity conservation

The esttmated pharmaceurical prospecting value 1s an under-estumation because not all the
enderuc plant species in Sinharaja were taken in to accoun! the avalabiliry of inaigenous
knowledge on plant use for medicines was not expliculy recognized The value is based on
marker value of currenziv marketed western pharmaceuncals only It does not recogrnize e
value of indigenous medicines and the values of lves saved The value of pnarmaceuncal
prospectng s ont one component of the total economuc value of Sinharaja As other siuaes

have shown the toral economic vaiue of Sinhargja 1s much hugner Policy dec.sions snouid pe
based on total econonuc value

u
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National decision making 1s partly guided by Nawvonal Income (NI) accounts Current NI
accounung neglects values of most environmental and natural resource use and the
degradanon of natural resource Bio-drversity 1s a namral resource, the values of 1ts services
are not immediately realized mn the 'present marhet there by not mncluded m NI Therefore

1] bio-diversity nesd to be valued and
2] mregrated 10 panonal mcome accounts,

1o guide ranonal policv decision malung on conservation and use of bio-diversity to achieve
sustamable development

12  ™atbonal Context Strategy for the Preparation of a Biodiversiry Action Plan for

Sr1 Lanka

Ir orde” w0 abice by the commumment to the Bioaiversity Convenuon (CU™N  1992) and on
long-term nanonal development iterests, the Sn Lankan Government will be preparmg a
Biodiversirs Conservanon Acnon Plan As an mmnal siep a Swtategy to Prepare the
Bioaversiv Acnon Plan has been prepared (MTHEW A, 1995) The swategy outlines the

data (informanon) and analvsis that are recuwed 10 support the preparauon of the
Bioarversiy Conservation Action Plan

Tne SPBAP soucits proposals on techmiques to value biodiversity m S Lanka and on
methods to integrate the value of biodiversity to nanonal mcome (Terms of Reference 6 of
e SPBAP 1995) The specificauon of Terms of Reference 6 1s as follows

11] Develop techmques 10 value bio-diversity
2] \ alue bio-diversity m Sni Lanka (bv conducung case smaies)
3] Develop methods 1o mrtegrate value of bio-diversiy 1o NI

<] Develop svstems to ensure that local commumines affected by conseriauon
are benefred

Two staies were conducted to achueve above These are
[11 Pharmaceuncal Prospecung Value of Biodiversity i Sr1 Lanha

2] Integraung Forest \ alues 1o Nauonal Income Accounung 1n Sri Lanka
Thus study presents the first of the two smdies

2



13  Sigmficance of Valummg Biodiversity mn Sr1 Lanka

St Lanka 1s persevening to achieve simultaneously, the development objectives of allevianng
povertv and conserving the enviromment. Given the mtricate mix of complementary and
conficung 1mterdependencies between the two development objectives nanopal policy
decision making has become comphcated Nanonal policy decisions, proposed development
plans and projects are often subjected to controversial public debate Policy makers, and the
public require scienufic mformanon to resolve these contoversies amuicably, such that
pursunt to achieve national development 1s unhmdered

St1 Lznka 1s bestowed with a rich environmental and nawmral resource base Biodiversitv 1s
one suco resource that has vast potennal economuc value' If biodiversity 1s sustamably
conserved ard used 1 could conmoute to sustamaple development of the counm

Regremaply, there are powerful econormuc forces acung agamnst Its conservanon (see secton

22

Figure 1 comparss the biodiversiy of Sm Lanka with other Asian counmes It 1s
observed that Sr1 Lanka has a very lugh biodiversitv and also a very high human aensit

er unut land arsa The mcreasmg population pressure on limited lana area has lead to
-anid cegradaton of bioarversitv which may conunue if unavated Thus thee 15 an
mperarhve ana 1mpending nesd to take delioerate policy acuon to conserve and use at
least tne remawung biodiversitv of Sm Lanka Knowmg the economic value of
bioarversity would enable the companson of cost and benefits of biodiversit

conser ation with other land use alternatives and there by facilitate rational decision
makling on policy opuons

1 howeve it nesd w0 b~ recognized that bioaiversin conservauon could be 2 Pandora s box  which wnen opensd man
uncover musem (00 ' To quote Nesiah (1995)

Bioiogeal pollunon could be even mor= threaterune than chemucal or nuclear and chemical poliunon
Pr-paredness 10 avert such disaster 1s required whilst focusing efforts on the conssnavon and use of biodiversin



Figure 1 Biodrversitv of Srr Lanka 1z Companison with other Asitan Countries
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CHAPTER 2

SUSTAINABLE DEVELOPMENT AND BIODIVERSITY CONSERYVATION

8]
-

Sustainable Development

Develooment as commonly understood 1s a process of increasmg the satisfactuon of human
bemngs of a nanon The concept of development has undergone an evolutnon through

adamon of new operanonal atmbutes The evolution of the concept of development 1s
surnma=ized 1 table &

Tapte 1 Evolunion of the Concept of Sustamable Development

| Ooe-anonal Aunbutes of Deveiopment

10°] g Growth m nanonal mcome (12 Martemal devetopmen

S92 < i Growth m navonal ncome — 1nwa-gens-auonal sgw,~  aTMa2SS M DS GLSTTDUNO™ Of nanonal

| IrComre (egaiane de S1opmenn

Crow(l 17 mALOM2L .ASOM2 — INTC gememalonl 3CL.” ~ 2 L 3To.asr o matonal moore -~
Imorovemenr wn the qualin or e

1980 s Growth in naoonal mcome Inra-gens—-anonal equn m we disibunon of nanonal mcome —
Lrorovement mn me quabn o1 hife — Safeguardmg bumar =ights women s ngnts chilaren s
nigats and democact (ngnteous develooment)

1990 s Growth m nanonal income ~ Inwa-gens-anonal scuih 1 nie aismouton of natonal mcome —
I==rovement i the gquahn o Iife — Safeguaramng numaz —~gnis — Z-vironmental conse™ anon

> 2212 e ute” genzminotal sau N i e osThLaer o ~em: s of a8 ziopmett e

+ Sustainapie development

2 Tr= ~zn0ds ar~ onhy 1ng cauve and not emo ~ically based Th~ penogs ar aunors wdeement o e penod dunng
wnizh 3= ar-te~en developmen .onceots we~ puontch maa= awars 10 S- Lanaa

]}



In the decade of 1950 development was thought to be a process of growth mn natonal income
(1 e the monemwry value of commodities produced withun the country m a given year) The
pasic presumpuon was that hgher availability of commodiues and 1ts consumpuon increases
sausfacuon of a nanon s societv The value of commodines produced mm a given vear 1s
measured by Gross Domestic Product (GDP) As shown 1 figure 2 the GDP of S Lanka

has increased from Rs 15 812 to Rs 453,092 million during 1970 to 1993 (Annual Reports
of Cenmal Bank of Sr1 Lanka)

The experience of 1960’s decade was that mcreased nauonal mcome perse had not acrueved
asvelopment Although nauonal mcome mcreased "nch were gemng richer™ and “the poor
werz getung poorer' resulung to discoment of the sociem  As shown m figure 3 m Sn
Tonha quong 1973 1o 1991 the wop 10% meome recenves hac mcm2ased m come forr 30%

«« 60%% whist the mcome of the bottom 10% of mcome rece ve~s nas dropped fromr 8% to
1

¢ It was nence tougmt thatr aevelopment requires no. ONUy 2 growth 1n natonal mcome
Su. als0 an 2auiaple shanng of we nanonal mcome among the population

During e penoas of 1970 s and 1980 s further armputes such as the necsssitv 10 acmueve
ar acceprabie qualitv of hife (1 ¢
samutation snelier e

avallabiliv of basic facuimes of educauon healthy
e ) the necessity 1o safeguard human nmghrs of svarious sectors of the

socan (women cnildren social mumonines etc ) were added as necessarv amributes of
asveropmen

As spown wn figure 4 the maternal and wmfant mormalin has aecreasec
scpsanually over the vears In the 1930 s the maternal ang mfant mortality rates have been

around 20/1000 and 25/1000 respectively and m 1990 s r the matenal and mfant mortalin
ratzs are acout 21000 and 8/1000 respecuvely

Ir a2 1990 s tne concept of susiamable aevelopment eme~gad Entironment 1s recogruzed

as ar mtsgral resource thal comioutes 10 sustamable aevelopment This :5 because the
2TroMmeT S

{1] A source of supph of renewable (e» nawmral forests fisheres) and non-
renewable (ex land mmuneral deposits bioarversin) resources

2] A smh absorbing the wastes resulung from producuon and consumpnon of
commodites (ex CO. Sequesmauon by forests)

3] A source of supply of global supporr semvices (ea protacuon by ozone lave~)



Figure 2. Growth of GDP m Sn1 Lanka
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Figure 4 Maternal (MiMR) and Infant (IMR) Mortality Rates m Sr1 Lanka
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Past development activities has lead to rapid depletton of remewable and non-renewable
resources This has also resulted to reduction of the ability of the enviropment to assimulate
waste and has damaged global support services Thus looms the uncertainty whether past
development trends could be sustamned to the fumure A comprehensive descripuon on natural
resource use and trends m Sr1 Lanka 15 given m “Natural Resources Conditions and Trends
(NARESA, 1991) To consider few examples of natural resource use trend, the extent of
forest had reduced from 84 % to 20 4% of the land area during 1881 to 1993 (see figure 3)

Vehicle registations (2 proxy of urban air pollunon) has mcreased from 8000 o 10000
during 1970 1o 1990 (see figure 6)

Sustamable cevelopment recognizes the human senmment of wanung to take care of
development nesds of future generauon ° Thus sustamavie aevelopment 1s most commontv

as=fired as a orocess of development that

bast sausfies the present generation withour compromuising the oppormumtes for
furure generauons to sausfy themselves "

From an economuc pomt of view, sustainable development 1s where aevelopment has the
following charactensucs

L1 Economuc growth (nanonal mcoms) Incmeases or least 15 Consant over wme
2] Economic growth 1s subject to least variance over nme
[3] Economuc growth 1f dropped could adjust rapidlv to earlier growth rates

[4] The bepefit of economuc growth 15 egumablv shared mma and mter
generationally

-

3 Sus.anabl- developmszn 1s not merelv an economic concept Susminable development 1s 2 comprehenstve con.ept
mat 1 olves the mtegranon of economu. social and ecolomical concopts Munasmehe and Shearsr (1995) gives a
comprehensive descripnon on tie concept of sus.atnable d»velopmen 2z smdy conducted bv Pathiama and hotagama
(1990) usint an meegraied index comprising of economic social and ezological vanable concluded that although

coasml resources in the halpitna resion in Sn Lanka was used at ugh economuc efficiency the social and ecological
suszmabilin was low



Figure 6 Trend m Vehicle Use In S1 Lanha
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some have argued that sustamable development could be achieved even through the total
onversion of the environment and natural resources to man-made capital This however 1s
efutable, on the followng reasons

[1] Natural capital and man-made capital are not perfect subsumtes 1 supplymg
parucularly global support services

2] Although man-made capital can be rebuilt if destroyed, natural capital can not
be rebuilt if deswoved The destruction of natural capital 1s ureversible

31 Man-made capral lachs diversity whalst namural capital possesses diversity that
enables to withstand shocks of change (1 e resuence)

Thus copser anon of the environment 1S an imperatve to achieve sustamnable developmemt
Fnv ironmental and namral resources are gifts of namre 1e non-producible bv human
pemmgs One such environmental resource 15 biodiversin It's conservanon and use 1s
le:f:ssar\ aue to the following reasons (Munasinghe 1993)

1 Biodiversity supports food fiver medicmal and other current producuon
I s stens anc mdiec: producis such as recreador

2] Biodiversity could provide resithience for the fumre production sy stems

{3] Some of the funcuons (such as ecological function) of biodiversity cannot be

substitiiea by man made capital

4] Bloarversin contibutes 1o development and sustenance of culmre

11



22  Role of Conservation and Use of Biodiversity 1n Sustamnable Development

Biodiversity refers to the variety of biological bemngs (plants and amumals) on earth There
are broadly three levels of biodiversity, genetic varianon within species, the varety of
species within a habitat and the variety of habmats m the world Biodiversity could be pamral

as found 1o patural habitats or aruficial as found m artuficial habitats that human beings have
created

An example of nch natural biodiversity m Sm Lanha 1s the Simharaja forests and the
Kmuchles forest The Simharaja forest covers a land area of 11 187 hectares i the wet zone
of Sm Lanha About 51 3% of the woody plants of 10 cm dbh found m Simmharaja are
endermnic (Forest Deparmment Nauonal Consemvauon Review Data Base) The Knuchles
forest 1s located m the center of S Lanhka withn the d—  mtermed.ars and wet zones 1t has
several arverse nabmars There are 24 endemuc plant species 14 bird 3 fish, 1 amphioian
1 repule endemuc species 1o the Knuckles forest (Knuchles Management Plan, 1993)

An example of nich arnficial biodiversity 1s the Kandvan home gardens A typical Kandvan
home garden 1s at least one generatnon old and 1s about O 4 ha There are on the average 46
plan- species per home garden (Perera and Rajapahse 1991) A swdy conducted by
Bartagaila and Kotagama (1996) confirms above species rnichness of Kanavan home garaens

Biodiversitv 15 a scarce resource that could be used to sausfy human bemgs Thus
bioaiversity has an econormc value (see secuon 3 1 for details on meanming of economic
value) Biowversity as a resource 1s different 10 a biological resource (genes/ species/
habuwat) Biodiversity as a resource 1is the difference mn the generauon of econormic value
berween a diverse range of genes/species/habnat and less diverse range of genes/ species/
habitat Hence the econormuc value of biodiversity 1s not the total econoruc value generated
oy a piological resource The economic value of biodnersitv is the difference m rotal
economuc value of a habitat (a biological resource) that 1s diverse and less diverse Thus to
esumate the econoruc value of biodiversity 1t 1s necessary o estmate the total economic

value of biological resources * The components of total economic value of biological
resources are portrayed m table 2

4 Bassd on this mterpreanon of the ezonomuc value of biodiversiy it could be said thar most studies conducted thus
far has esamated the economuc value of biological resources and not th~ economic value of biodnersiv Howese  if
the base biological resourse 15 considered 10 have zero economic valuz then the sconomic value of a brological
resource 1s equal to sconoric vaiue of biodiversin

12



Table 2

Components of Total Economic Value of Biologacal Resources

Tomal Economic Value (TEV)
Use Values Non-use values
(personal consumpuon of commodines) (oon-personal consumpnon of
commodites)
Present use values Fuwre use values
Direc use Inawrect use values Opuonal use Beguest values Ex.stence
values values values
Value Value generated from Value gene-ated \ alue generated from | Value
generated mares consumouon of from mumtomng | conserving for generated
form direc commoaraes opoons for either | consumpnon from
consumpuon awrect or mdirect opporurunes for prese ving
of consumpuon of fumre human existence ot
commodines commodines genes~anons biological
fumure resources
for their
own sale
Food Fioe~ | Mamenance or ecological Lse or cnemucal Pres2rving unigue Prese— 1ng
Timoe- sisiems Nument recveling as fumre habirats species ez endangersd
Fuel-wood Carbon sequesranon pharmaceuncals habitars
Medicines ‘Wate-shed protzcuon etc Use of genes n spesies
Rezreanon mcreasing fumre ewc
et agniculmral
producn it

Economic value 15 denived from human unliny (sabsfaction) generation n the use of scarce
resources/ commodines Biodiversity 1s a scarce resource

generanon

13

Human sansfacton can be
generated through either personal or non-personal use of biodiversity In persomal use of
biodiversity mdividuals gam sansfacuon by meenng mdividualisuc/ selfish desires In non-
personal use of biodiversity 1s not used by indrviduals nstead mdividuals derive sansfaction
on the feehng that 1t will be available for use by other maividuals, parnicularly of the next




Personal use of biodiversity could take three forms, viz direct use, mdirect use, and opuon
use Direct and mdirect use occurs at present and option use may occur n future Direct use
refers to the direct consumpuon of products of biodiversity erther destructively or non-
destructively Examples of destructive use of biodiversity are harvest of tunber and some
non-umber forest products such as food, fibre, medicimes etc from forests’ The value of
tmber harvest m 1995 has been Rs 521 muthon from patural forests and forest plantanons
(De Sidva and Kotagama, 1996) Around 500 plant species are believed to be used
medicinally m S1 Lanka (MTHEWA. 1993) ‘villagers n the peniphery of the Knuckles
forest range use 48 forest plant types for food, medicines, ropmg matenal etc, denving a
value of Rs 4095 00 per ba per year (Gunanlake et al 1993) Simularly, villagers m the

permphery of the Smuparaja forest derive a value of Rs 575 00 by harvesting non-tumber
forest products (Gunatilake et al, 1993)

Non-destrucuve use of biodiversity 1s exemplified by emjoving the scenery of diverse pature,
use of biodiversiy for educamom, photography, eco-tourism etwc In 1993, 13 273 Sn
Lanhans and 963 foreigners have visited Sinharaja forest, for above purposes On enmrance
fees tis would have earned approxmmately Rs 200 000, 1 e about Rs 18/ha/year (Steel,
1996) Similarly the value derived form the Horton Plans and Yala wild bife sancruanes are
Rs 1150/hasvear and Rs 250/ha/vear, respectively (Steel, 1996) Kanyawasam (1992) has
estimared the recreauonal value of Sinharaja forest to Sr1 Lansans as Rs 394 000 00 and we
value per visit as Rs 1 350 based on a travel cost studv A study done by (Gunawardene,
Edinsimghe and Kotagama, 1995) has esumared the willingness to pay for recreatonal

benefirs of Hikkaduwa marne sanctary of Smi Lankans and foreigners as Rs 222/year and
358/ vear, respectively

Indirect uses of biodiversity 1s through the mamntenance of ecological funcuons For example
the mamntenance of food chams, regulation of pests m cultmnated crops through natural
predators and the mere mamntenance of natre as a prumary resthent life support sy stem elc,

Further habrtat conservation of biodiversity could mdirectlv contribute to preservaunon of
watershed funcnons of water and soil conservanon and Co. sequesmanon © Very few
econornic studies have been dope to estimate these values, mamly because of the madequacy

5 Mot all non amber forss® harvests are desrucnve Non ombe  forsst producss may b~ non-destructvely and
sustamable harvested too

6 The relanonship of biodiversity with watershed (soil and water protz=coon) 1s not clear A mono-cropped plantmanon
forest may be able to funcnon effectvely as a forest with hich biodiversin
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of bio-sciennfic mformanon De Silva and Kotagama (1995) have esumated the watershed
value (agro-hydrological and domestic water) of forests m Sn Lanka as Rs 3555 mullion. It
has been estmated (Bandaratiiake, 1951 quoted m Knuckles Management Plan, 1994) that
the run off/ ramnfall rato m the Kaluganga catchment of the Kruckles forest range has
mcreased from Q 5 to 0 65 between 1960 to 1969, during which Knuckles forest was cleared
for cardamom cultivation It has also been recorded that ‘A’ horizon of the soil has reduced
form 30-35 cm 1 patural forest to 15-25 cm m cardamom culnvated areas Also the
morsture holding capacity has dropped from 50-60% m patural forests to 15-25% m
cardamom culuvated areas (Kouckles Management Plan, 1994) De Silva and Kotagama
(1997) have esumated the Co, sequesmranon and Carbon sk value of natural forests m Sn
Lanka as Rs 90 87 thousand per hectare per year

Ap ympo—tamt mdirect use of biodiversits 1s 1ts influence on moral and culrural values of
soclietv Tradimional Sr1 Lankan culmire have had mumate relations with nature Many
customs norms and mstirutions that guide human behavior had links to pature The
expression of human feelings too were expressed 1n relation to narural phenomena ’
Culmre sustenance 15 considered as a necessitv for sustamable development Whether the
study of the influence of biodiversitv on human culture 15 within the domam of econornics 1s
arguaple Culwmre 15 a strong factor that mfluences human preferences thus economuce values

Opuon use of biodiversity refers to the sansfaction gammed through opung to conserve
arversity with the hope that m future 1t could be used directly or wnarectly Conserved
biodiversity could probably be used as a source of genetic matenal 1n crop or livestock
mmprovement or in extracting chemicals for pharmaceutical purposes Contngent
valuauon studies have esumated the opuon value of Sinharaja (Abevgunawardene, 1992)
as Rs 54 70svear and Rs 204 50/vear for peripheral commumuues in Sinharaja and
Urban communuues in Sr1 Lanhka, respectuvelv Gunawardene, Edinsinghe and Kotagama
(1995) also using contingent valuation have estimated the opuion value of Hikkaduwa

Marine sancruary as Rs 106 62/ year of S Lankans and Rs 145 00/ year of
foreigners

7 Such as strong love been expressed in sinhala 25 gaher vela: wage (like the wine enmneied on a wee) and the
oppasite strong hate expresses as nonvar muganven: wage (like the snake and mongoose)
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The common understanding of the value of biodiversity 1s based on 1ts option values,
1 e the potential to produce pharmaceuticals usmng plant based chemicals and potential
to0 mmprove crop® and hvestock producuon using genetic materials of wild culuvars The
economucs of these aspects haves not been studied mn Sr1 Lanka® Hence a case study was

done to esumate the option value of pharmaceutical 1 the Sipharaja forest The findngs are
reported 1 chapter 4

Non-personal use of biodiversity could take two forms, viz, bequest use and existence
use Bequest use 1s where people gam sausfaction on the knowledge that biodiversity
would exist to be used by future generanons Existence use 1s where people gamn
satisfaction on the knowledge that brodiversitv exists for its own sahe-- for the sake of
the ecosvstem Sr1 Lanka have had a culmre that has greatlv apprec ated existence

values Around 300 BC, Arahar Mahinda s sermon to the king Devanampivatissa 1s
believed to have mentoned

"the birds and beasts have equal right to this land and the king was only the
custodian of them”

Using conungent valuation Abevgunawardene (1992) and Gunawarasne and Kotagama
(1995) have esumated begquest and existence values of Sinnaraja forest and Hikkaduwa
marine sanctuary The bequest value of Sinharaja has been estumated as Rs 72 30/ year
of peripheral communities and Rs 271 20 /year of Urban communities and the existence
value has been esumated as Rs 41 30/ vear of peripheral communities and Rs 171 60/
year of urban commummues i Sr1 Lanha The bequest value of Hikhaduwa marine
sanctuary has been estimated as Rs 270 93/ vear of Sr1 Lankan and Rs 496 50/ vear of

foreigners and the existence value as Rs 83 56/ vear of Sn Lanhans and Rs 133 00/
vear of foreigners

8 At present the profimbiin of the producuon of rice 1s dropping A main reason 15 th mcrzasing cost of Jabor A
large pormon of labor {and also energy) is spent n the preparanon of land seasonally  If paddsy could be improved
such that ratoon harvest could be obtatned 1t would immensely benzficial Such possibiliuss exists by using wild

strains of paddy  such as uru wee (Pzrsonal Commumcavons Dr Gern Javawardens Dhrzctor of the Horueulre
Insonste Deparmment of Agnculnure)

9 A studv on the value of genenc up grading m paddy 1n Sn Lanka through a use of local genztic matenal 1s bemng
done at the Post graduate Insnnite of Agncuiture Untversity of Peradeniva
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Which of above values of biodiversity are mmportant to a society would depend on 1ts
stage of development and the cultural association with environment Generally poor
developing countries, under the present economuic comntext, would value more the direct
uses that give immediate benefits, Whﬂslt affluent developed countries would value the
existence of biodiversity

23  Causes of Loss of Biodiversity

Of the flowering plants known mm Sri Lanka 14 3% are considered threatened of
extincuion It 1s also believed that 13 orchud species have been exunct (Stee] 1996) Of
snakes known to have existed m 1950 least 10% are not recorded currently Of the

more +isible ammals, within a centurs the elephant populauon has dropped from about
10 000 w 5 000

Sr1 Lanka nave had 311 known paady varieues (Perera, 1995) of which most are

eatmnct It 1s believed that the geneuc diversity of plantation crops too have drasucallv
droppad ¥

The loss of pioarversitv arises when the rate of extunction of species far exceads the rate
of creziicr Tae pavsical causes oI pioaiversity loss are habnat loss degradauon and
fragmentauon, destrucuve explomanon of resources introduction of species alien to
habitars, pollution and global chimate change Underlymg some of these physical causes
of loss of biodiversity are socio-economic causes The economic causes of biodiversity
losses are development pressure due to population increase, market failures (property
rights, externalities, uncertamty and wreversibility, market imperfections), policy
miervention failure (meffecuve posiive mterventions and umntentional negative
mrtervenrions through fiscal, monetary, land policv etc,) and polincal failure (inherent
weaknesses 1o polincal systems and lack of polincal will, etc,) The economic causes of
biodiversity loss 1s elaborated below

10 Personal commumicanons with th- Coconut Research Insnmre Research Board
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2.3 1 Economuc development

Though sustammable development 1s deswred, 1 practice httle has been achieved m terms
of mvestments to avert and recufy environmental degradatnon (Puapittya, 1996) Over-
consumpuon, populauon growth, expansion of mfrastructure and mono-cropped areas
are some of the direct economic development related causes of loss of biodiversity

Indirectly factors such as mequities m the distribution of wealth could too lead to loss of
biodiversitv (Flint, 1991)

Mass scale loss of biodiversity m the wet zone occurred clearly aue to mono-crop
plantauon cultivation of coffee tea ruboer and coconut etc by colomal governments
Since gammng mdependence m 1948 further forest areas were rapidly cleared for the
eapansion of wrigated paadvy cultivanon m the arv zone and hyvaro power generaron
About 50% of the loss of natural forast simce independence was due 1o these large scale
development projects The Mahawel development project alone lead to the clearance of
about 200,000 ha of patural forest, displacing about 20% of the elephant population
(NARESA, 1991) As a result of the development acuviues the forest cover has
decreased from 84 % of the land area 1n 1881 10 23 5% n 1992

The mmpact on biodiversitv m terms of loss of species m namral habitats due w©
aevelopment actisines of the past will never be known The tareat of furure survival of
species will become greater as their habirats dimimish and gets fragmented The forest
cover i the wet intermediate and montane zones, which 1s more mmportant i terms of
biodiversity and environmental services contributes only 15 9% to the total forest cover
(NARESA 1991) Because of dense human population the loss of biodiversitv is
greatest in the wet zone where endemism 1s highest (FSMP, 1995) However, recent
studies show that the rate of natural forest depletion (clear felling) has stabilized
(Wategodakumbpura and Kotagama 1993) Nevertheless, selective illegal over-harvestng

of narural forest tmmber and non-tumber forest products, for domestic or export ay
further cause the loss of biodiversitv 1n the furure too !

11 Pe-sonal commumecations Mr Sumi Livanace Forest Deparmment Sn Lanka
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2 32 Market failure

The marhet 1s the most widely used (including Sr1 Lanka)economucs system Whalst the
marhet system 1s efficient mn allocating many resources 1t clearly fails in the allocation
of biodiversity resource The market fails m the allocation of biodiversity due to
mmperfections 1 the market, lack of non-attenuated property nights, prevalence of
externalines, public goods, and mability of the market to derive true preferences of
society mtra and mter-generational The market 1s unable to reveal and appropnate the
toral economuc value of biodiversity Hence, S Lankan society continues to take
conomic decisions based on under-valuation of biodiversitv

Nanavakhara (1995) has studied the ‘Intellectual Propertv Rights (IPR)’ 1n Relauon to
biocve-si~ conservation It reveals that the present Sm Lankan parent regulauions as
heavilv brased towards mdustrial patenung and does not provide for defining property
rigats on biodiversity It has recommended that property rights of biodiversity to be
vested on the state Outside (internauional) access to genetc resources to be provided on
valid prospecting agreement However defimtion of detailed propertv rights would be
wortky 1s quesuonable Property nights would be worthy and effecuve only if markets
develop for biodiversitv prospecung The miernational evidences suggest that effecuve
bloc ve-siv prospecung markets mav not develop (Sumpson et al 1996) Nevertheless
on tie principle of ‘precautionary management of resources’ developing property rights
on biodiversity should be a national priority

2 33 Pohicy failure

When marhets fail to achieve sociallv desired allocation of resources govermments may
throagh economic policy mrervene to correct marher fallures These policies could take
the form of direct market regulauons such as price fixing of mputs and commodities,
serung aside resource use (conse~vation areas) and allocating quotas for production and
mairect marhet regulatons through fiscal (government mcome and expenditure) and
monetary (regulation of money marhets) controls

The government msuturions mayv be mefficient m the management of resources due to
mniernalities and private goals, redundant and nsmg costs, derived externmaliies and
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dismbunional mequines (Wolf Jr 1979)

Government ownership of land (80% of the land 1n S;m Lanka) may lead to undue
pressure on the privately owned marketable land for construction and agrniculture leading
to rapid loss of biodiversity m such lands In a recent study (Batagalla and Kotagama,
1996) 11 was found that nearly 90% of the land under Kandyan Forest Gardens have
been privately owned (sinnakara) for least two generations These lands are the first to
be used to construct houses due to high security of tenure Also it was found that land

fragmentauon and thus reduction 1n the land holding size lead to reduced diversity of
species

In 1965 lands in the Knuchles forest range was alienated to private entrepreneurs 1o
cultnate caraamom with the aim of earning foreign exchange This lead to rapid illegal
culun anior of cardamom which has destroved the biodiversity of the forest The number
of wess 1 the natural forests of Knuckles has been 7, 21 and 67 in the top, muddle and

low lavers, respecuvely This has changed to 9, 4 and 4 1n the top, muddle and bottom
lavers respecuvelv m cardamom cultivated areas

Other than above cursory observation there has not been deliberate research on
examriung the mmpact of economic policy on biodiversity Policv changes could have
more environmental impacts than several projects’-, swmnce policies effect the whole
nation manv economic sectors and all individual decisions made on resource use

Fiscal policies - taxes and subsidies - though implemented to achieve certamn deswred
social objecuves may lead to ununtended loss of biodiversity Subsidies given for mono-
cropped agriculture may lead to clearing of forests (as may be the case around Sinharaja
forest m the caltvauion of tea) or biodiversitv rich home garaens (as may be the case of
Kandy an Forest Gardens) etc  These 1ssues are bemng currently researched (Battagala and
Kotagama 1996) The effect of monetarv policy (regulation of domestic money marhets
and exchange rates) on biodiversity has not been studied 1 Srt Lanka

12 Projects are mnvestment actvines that are clearly 1denufied in t2rms geographical temporal adminisoaove
boundanes et Environmental impact assessments should be done for specified projects in Sn Lanka
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Polhitacal farlure

1 systems are expected to represent society’s preferences and allocate resource
he market fails However, the poliucal system too could fail This 1s due to short
nizons of poliical planming, encouraged by short periodic electoral systems and
e to electoral divisions of contiguous matural resource bases and politicians
> to compettively satisfy her/his constituency The economic management of
TSIy requires a long term planmng horizon and preferably a natiomal plan
e electoral activity These 1ssues have not besn given the due mmportance despite
ource use decisions are very clearly and dominantly taken by the pohitical system
Lanha Given the rapid changes that are occurring m the sphere of political
s m Sr1 Lanka socio-economists mav want to Investigate the umpact on
TSITY Of suco change

ch not ‘scientfically proved’ and 1s tautological, 1t 1s fact that weak law
>ment 1n natural resource use issues 1$ due to - Imm COmMMON DPErsonS jargon -
al inierference’ This would have lead to mcreased rates of agncultural
chment and umber curung etc In Smharaja only 66% of the forest remains

v forests rest has been encroached (Bavnard and Fernmando 1988) ¥°
|

nservanon of biodrversity 1s an up-hill climbing task’, given the present polinical
nic system, 1m which the mdividual, the pation and the present generation is
The costs of biediversity conservation 1s private, nanonal and borne by present
ion as foregope development oppormumties but some of the benefits of
=rs1ry conservauon 1s public, mternanional and are promused for the future Since
nhan sociery has opted the market economic svsten and the global mclinations are
Lams tne persistence of the market economuc svstem 1t would be best to address
tdures of the market that were menuoned above to conserve birodiversity
jnmental economuics proviaes a framework to address conservanon of biodiversity

arket economic SySstem

13 Whether people should be tomilv kept awav from forest for biodiversin conservanon Is a CONMENISCIOUS 1S5UE
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24 Role of Environmental Economcs m Conservation of Biodiversity

2 41 Market failure and role of environmental valuation

Economics 15 a scientufic study of human behavior, of how choices are made m the
allocation of scarce resources to best satiate human desires Econonuc theory provides
an analytical frame work to examune and guide decisions on how best to allocate

resources at micro levels of mdividual decision making and macro level of nauonal
policy making

Among the ‘arious economic systems that are adopted following are the two most
Prominent Svsters

(1) Cenrrally planned (command and conwol or commumist) system The

promunent feature of this system 1s that a central planmng orgamzation
decides on resource allocation

2) Free marhet (Capmalist system) The marhet coordmates "wishes and
apilies of mdividuals” on consumpuon (demand) and production (supplv)

tnrough aeciding prices The relauve prices deciges on  resource
allocation

There are theoreucal and pracucal pros and cons of the desirabilitv of the systems
Therefore many countries including Sn Lanka has adopted a mix of the two economic

sistems The current wend however 1s more inclined to adopung the marhet economuc
S) SI2m

The market economuic s3stem presumes that individual values make up societal values
Values of resources are not intrinsic and that value anse due to human deswe to
consume Thus the value for the environment arise because people desire to consume it
The consumpuion of the environment could direct such as to comvert 1t to other
producuve forms (wet land habitat used for housing and other purposes) or to use
phvsical products that are provided narurally (fishing 1n natural water bodies), to use 1t

9
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for amemrty value of the present generation (recreation of sight seemng, swimming
boating etc ) or to opt to "not physically use” with the expectation of using 1n future (as
expectauons of discoveries that would benefit humankind on use of genetic resources
contamed m the npatural environment) or opt to "not physical use” the environment for

nationalistic and altruistic reasons etc , of preserving the environment for future
generatons

If property 1s defined and enforced, if perfect competition prevails ** then the market
would allocate resources efficiently, under prevailing distmbution of income Efficiencv
1S meant as a siuaton where resources are allocated to "best” satisfy human desires
under conditions mentuoned above

Desone the strength of the marher svstem 1w efficiet allocation of resources 1t has
weakness ternal 1o the svstem too that leads to the failure of the market These failures
arise 1n following siuations

1) Barmers to perfectly compeunve markets (such as 1m the case of
economues of scale allowing for monopolies)

{2 Deficiencies 1 propetv rights either m defimng nights or i the
enforcement of rignts (as the case for environmental resource such as
clean air)

3) Prevalence of public goods, 1 e commodinies of which consumption by
one mdividual does not reduce the amount of commodity available to
another mdividual, (such as the emjovment of scenic beauty)

(€)) Externalitv when production or consumpuon of one person effects
another and 1s not compensated for the ben=fit or the cost (such as the
upstream pollution of water bodies effecting aownstream uses)

(3 Missing preferences and equity

(a) Inter-generanional equity Market does not represent the wishes of
the poor The market works on the wishes and purchasing power

14 1¢ large number of buvers and seliers homogenous products free mobility of resources technology and
mtormason fres enoy and exn to the mdustny erc prevails m the market
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(mcome) of the existing distmbuuon of imcome Thus the
efficiency n resource allocation mav not ‘best’ satisfy the society
on asprrations of equity (famrness) of resource allocation

(@) mternational equity Market does not represents the preferences
of the unborn (future) generations Hence market may not
allocate sufficient resources to mest needs of future generations

The market fails (due to reasons given above) mm allocating most environmental
resources due to 1ts mabilitv to price environmental resources Environmental economics
offers techmiques to value environmental resources within the frame work of the market
economic svstemn The valung of benefits of environmental conservation or cost of
emvironmental degradation m monetarv term providss an objective quantuative
comparable indicator, that could gne guidance 1o pouicy makers to mahe rational
decisions to efficiendy allocate environmental resources

2 42 Econonucs strategy for biodiversity conservation

The conservauon and use of biodiversity mvolves the mmplementanion of several acuvines
tra ougnt to be cvelicallv limnea These actunvities are idenmiied m figure 7 Biodnersin
coula pe conserved and used only 1f owners and conmputors to the consertauon and use of

bioarversity are compensated equivalent to foregone oppormmity costs and the compensatons
are equitably sharasd

For sustainable use of biodiversity it 1s mrually required that the society through mtellecmal
deliberauon and awareness creanon understand what 1s biodiversity and why 1t should be
conserved " The ouicome would be the society bemng convinced that bioanersiv has an

econormuc value 1 use and thereby nead 10 be sustamably used The acuyiues there on ought
10 be pragmatc

15 There 150 t yet a precise understanding of what 1s biodiversitv  The absence of precise defintuon and razasure of
biodiversity hinders effecnve management Ths difference berween biological resources and biodiversitv remans

ambiguous The ethical objective of preserving all exisung biodiversin 15 often muxed up with anthropocentmic
econormuc objectve of conserving what 1s of value to human beings
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Figure 7 Strategy Cycle for Biodiversity Conservation and Use
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It 1s first required to have mformation on bio diversity This information could be
collected through research/sample surveys of fauna and flora '* Upon having
mformauon on existing biodiversity decisions could be made on optimal extent on
localities etc, to be conmserved !7 Conserved biodiversity requires to be used The
production of some biodiversity uses, such as genetic improvement of agncultural
production possibilities would require the application of bio technology * Next the
values of the products need to be known Simce the markets do not value some of
biodiversity uses (indirect use, option use, bequest use existence use) values may have
0 be estimated” These values then have to be appropriated™® The approprated

values have to be finallv shared among the custoaians and those who contrtbute to
generate use values of biodiversity !

16 informauon on biodiversin would help n 1ts conservavon througn priontv semng of habuats to be conserved and
also m expediung the use of biodiversity Informauon gathenng 15 itellecmallv snmulanng and brings personal glon
thus has 1ts wnternahized meenuve In the conmarv biodiversitv consenanon umpiementaoon 15 more 2 public acovin
with most benefits external w those mvolved Borh acuvines research and mplementanon competz for the same
hmited resources In the past mierests and invesonents have besnmore on ressarch and wnformauon gathenng and
rame- less on implemenmaon of bio diversiny conservanon

1 It ne=d w be recognuzad that decisions on biodivessity conservanon (ex selecnon habiacs and extent) should be
not basad sol~lv on ecological cmitzna but should also recogmuze socio e.onomuc critenia Some such socio-economi.
€™ 27 ars 0 conside the possibilin of maxumzing comptementa™ pen~fits appropnanng use values in the shonast

possibie mme e emupencs of threat, comparaave advanmges nhelthood of suscess etc An approach of conserving
exten of safe mmmum 15 most appropnate

18 Although biodiversitv 1s most found m poor counmes biotechnology 1s most found 10 nch counmes Theretors
cooperanon betwesn nich and poor countnes 1s requured This requirss procssses of biodiplomacy

19 To quote the Smategy for Biodiversinv Acuon Plan of Sn Lanka Xt would be useful 1if some quannfisd economi.
value could be placed on the components of biodsversity not onlv of those components that are (directlv) used but
also the oppormmny cos of conserving biodiversitv Such an economy. valuanon 15 a longstanding conundrum  but one
that deserves 10 be amempted howsver difficult the tash and howevs mmperres the result achizved

20 Biodiversin prospecang r=fs-s 10 the procass of appropniaung commercial values of biodnversin products The
most known example of biodiversity prospecting is between the Cosm Rica s Nanonal Biodnversity Insomte (INB1o)
and the US based pharmaceuncal firm Merck & Co Lid The agreement berween the two parues was financing an
mmal research budget of US S 1 135 000 (for 2 vears) and that rovaluss would be paid w INBio of anv wmvengon of a

commercial produc  INBio to conmbute 50% of the rovaln o the government national parh fund for the
conservanon of those

21 The huchest biodiversity 15 found internanonally and nanonallv among the poor nanons and poor people Tropical
forests that cove~ 7% of the earths surface contmns 50% of all species However biotechnology 1s available 1n the nch
countries Thus suggests the need for cooperanon berween nch and poor counmes which would allow the use of
biodrversity What 1s equally impormant 15 the sharning of the value of biediversin  Currendy developing counay
germplasm adds US $ 50 bilhon/ year Developing county germaplaswr adds US $ 32 bilhon/vear to the
pharmacsuncal industry m USA It has been esomated that medicines denved on indigenous knowledee accounts for
US $ 43 000 mutlion of which less than 0 001 % goes to indigenous psaple
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Sustainable use of biodiversity requires
[1] The completion of the cycle of activiues,

21 The benefits of biodiversity conservation and use are larger than the costs

of biodiversity comservation and use, and the bepefits and costs are
equitablvy shared

Policies snould be implemented to ensure that the cycle 1s effecuvely completed
However at present what has besn at least moderately achieved 1s the formal gathering
of pioarversity mformarion and the development and mmplementation of some strategies
for conse—vation of mostiy narural habmats Policies and strategies for biodiversitv
uclization has not been adequatelv addressed at the nanonal level (Kotagama 1996)

For sustamable use of biodiversity 1t 1s necessary that the benefits of use are larger than
costs of conservation Biodiversity conservation is a land use ecomomic policy issue 2
The benefit of biodiversity conservanon 1s the abiliry derive sausfacuon through use of
biodiversitv directls indrrectly erc The cost of bioaiversity consernvauon 1s the value of
dz\v210pmen opporznu tes forsgone on lana (marire toc) The oppormmun cost of land
would pe dependemt on the siage of development of the country, on macro-economic
vanaoles (fiscal policies), welfare policies, msntutional strengths (propertv rights) etc, There
are numerous land use opuons viz, preservanon, comservauon and conversion These all
have a role m ensuring sustainable development Large number of biodiversity benefits
which are not normally exchanged in market are generallv ignored m decision making, on
land use Unaervaluauon of these welfare enhancing ser ices mtroduce distornen to efficient
resources allocanon Therefore anv decision made on land use opuon must pe based on the
towal economic value 1 e bomn markered and non marheted benefirs

22 Sec Puanalanda and Komgama (1994) on apphicanon of mulu objecnve (conscrvanon and agnicultural) linear
programmung analy s1s on land use allocanon in the Knucldes forest rezion

27



CHAPTER 3
REVIEW OF ECONOMIC THEORY VALUE OF BIODIVERSITY AND

METHODS OF ESTIMATION

31 The Meamng of Economuc Value

It 1s unformunate that even economuist do not agree on what 1s economic value Robmson (u d)
an ernnent economist on reviewing the meaning of econoruc value has conctuded

N alue will not help It has no opemauonal content 1. 1s just a word'

While such bold conclusions based on concepmal gymnastcs 15 warranted to strewch the
borders of knowledge, such mav not be useful m meeung with pragmanc needs Both,
economust as well as ecologists would agres on the existence of value of biodiversitv Thev
may aisagres whether 1t could be valued and should be valued, whose values to consider if

it should be valued what ougnt 1o be the umt of value eic Some of these issues are
aiscussec pelow

Whv Value? Valuation of bioarversity 1s fundamental to the effective mmplementanon of
convennion on biodiversity consersauon (Brown and Moran 1994) Knowimng the value of
biodiversitv could facilitaie policy decision making on conservation and use of biodiversity
(such as in deciamg land use for biodiversity conservanon by comparing cost and benefits of
alterpamnes land uses providing economic mcenuves/ dis-mcentves, enacting laws erc ), m
pnioniuzing and allocaung nanonal invesmments for conmservanon and to bargam with
mternanonal commumnity 1o appropriate values of brodiversiy etc

Whose Values? There are two discourses on the 1ssue of whose values should be considered

m the valuanon of biodiversity These two are the anthropocenmc and eco-centric
discourses



The anthropocenmic discourse which 1s based on western Chrisuan ethic and market
econonucs, considers brodiversity as a resource for buman use Hence value arises on human
preferences to use the resource and on the scarcity of the resource The market economic
svstemn, 1s able to aggregate mdrvidual preferences on resource use to derive social values -

referred to as market prices Economuc value 1s thus a relationship among people and
berween people and resources

An economust estunatng value of biodversity m a marhet economic context, 1s not gyving
ber/hus personal value but 1s deriving the values given by the societv on biodiversity An
econormust 1n posiave {objecuve) analysis 1s essentially "holamng a muror to the soctety” If
society 1s confused, 1gnorant (of the value of biodrversity) or even selfish (thus deswoving
biodversin ) an econoric studv that idenufies these charactenisucs through low economuc
values spnould not be blamed' The economuc value of biodiversity 1s not mmsic, absolute
or permanent It 15 aenived, relauve and dvnamic It depends on dynamuc relatonship among
people and biodiversity

The ecocenmic view of value 1s based on the thmking that biodiversity has an momsic valne
of uself Biodiversity has 1t own nght of existence as much as human bemgs do Human
bemgs are onlv one component of bioarversitn Evers person has an legitimate nght
c2moczrauc soclen 10 claum that piodiversin has its own night of exstence The fact 1s that
such preferences are forced to be revealed through the economic sysiem If society has

swong eco-centric values, society may opt not to give high values to destrucuve use of
broarversiry

Unit of Value Money has been globally accepted as the umit of measuring value Monev as
umt of measurement of value enables the conversion of different forms of goods, services

resources 10 a common comparable denormupator This facilitates companson of altermanves
and therebv faciliates better decision making

Total and Margmal Value Total value refers to the iotal sansfaction gammed imn the
consumption of a commodiy Margmal value refers to the satnsfaction gammed per umit
mcrease 1n the consumpnon of the commoaitv Grven all other commodities consumed 15
kept constant, the increased consurnpton of a commoditv will increase total value will
mcrease at ap Increasmg rate, then mcrease at a decreasmng rate, reach a2 maximum and then



reduce Corresponding to the change 1n total value the margmal value will increase and then
decrease This obvious law of nature can be understeod by considering the consumption of
any good (say rice) by any person (say your self) Air as a commodity 1s consumed m
breathing to mamntam hfe Thus awr must have a high total value Awr however has a low
market value Aur for breathing 1s rarely priced Market values are based on margmal values
(the value of an addmonal urur) and not on total values Decisions on the quanuary to
consume of a commodity 1s based on marginal values In the market m purching a
commodity a price has 10 be pad, 1 e a margmal value given up m terms of consuming
some other commodity Hence a person will always equate the price (margimnal value given
up) to the margmal value gamed 1n deciding the quantty of a commodity to be purchased
If the price 1s lower than the margmal value gamed more will be purchased and vise versa
Ajr for breathing although has a igh total value has a zero marginal value (a zero marhet
price’ value) Biodwversity sumilarly althougn has a high total value could have a low
margmnal value Where margmal value 1s low more of 1t 15 used The purpose of economic

analysis 1s analvzing decision mahking on conservauon and use of biodiversity Hence the
relevant concept of value 1s marginal value

32 The Concept of Total Economic Value

The value of pioanersiy resource 1s expressed 1 terms of Towal Econormuc Value (TEV)
The components of TEV m relanon to Sni Lanka were descrived 1 section 2 2 To bnefly
rerterate, TEV 1s compnsed of Use Values (UV) and Non-Use Values (NUV) UV are
Direct Use Values (DUV), Indirect Use Values (IUV) and Opuon Values (OV) NUV are

Bequest Values (BV) and Existence Values (EV) In an Equanonal form TEV of biodiversity
resource (sav X Sinharaja habitat) can be expressed as follows

TEV, = UV, — NUV, = (DUV, — IUV, — OV,) = (BV, + XV,)



33 Economuc Value of Biodiversity

The value of biodiversity 1s the difference between TEV generated by a lughly diverse (say
TEV,) and a less diverse (TEV) biological system (gene, species, habimat), 1 e value of
brodiversity = TEV, - TEV, Though this defimuon 1s conceptually correct 1t’s practcal
applicaton 1s difficult One would have to decide a base case (2 less drverse system) to
esumate values of diverse system Valuauon of biodiversity without a base case may not be
useful m pohcy decision making, where companson 1s required However due to mability to

accept such a base practically what 1s estimated as the value of biodiversity 1s the value of
biological resources 1 a given habitat =

3 4 Techmques of Biodiversitv Valpation

\ aluanon techmques(VT) that could value biodiversitv are broadlv classified as objecuve and
subjecuve techmques Objecuve techmques 1mnally esumates the "phvsical hinkage” berween
the changes of brodiversity and the change (damage function) of marketed commodines
The level of damage 1s subsequently valued using marhet prices of those commodines

The subjectuve valuanon techmques can be classified as revealed preference and stated
preference techmques Revealed preference techmiques presumes that the value of
bioawversitv 1s mclude m the price paid for a marketed asset Therefore the price of an asset
1s decomposed (through econometric techmques) to esumate the value of the biodiversity
The stated preference techmques directlv elieit (by survey techmques) the value of the
brodiversity from mdividuals The principle upon which each VT 1s based, the steps of
conducting the valuanon the advantages and disadvantages of using each techmiques is
brieflv explained next A possible applicanon 1s also mentioned

23 Nevertheless thers are econoruc studies that have even considered the genenc differsnces berween species 10 guide
policy decision malung on what species o preserve (Weizman  1993)
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341 Objective Valuation Techmques
3411 Productivity change

Primnciple

Where a change m biodiversity, effects a change mn the production of a marketable

commodity, the value of biodiversity 1s estmated by the market value of the change m
quantitv of the commoditv

‘Method
The method consists of two steps as follows

€Y Estimanng the relanonship between the change m biodiversitv and the change
m quaputy of marketable commodity

2) Esnmaung monetary value The change m the quanntv of the commoaitv 18
muluplied by the market price of the commodity

A dvantages
1) If dara are avauable, the method 1s analvucally simple

) Due 1o the pure scientific base on the esumanon of damage funcuon and
close relanion to market it 1s mtelligible, and 1t appeals to pure scientists who
do not receive knowledge on econormuics and other social sciences

Drsadvantages

1) Data on damage funcuon are not reaailv available Even if available may be
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site specific Esumanon of damage funcuons could be expensive m terms of
time and resources required Estumating damage function could have techmical
problems of 1solatng the cause and effect from other extraneous factors and
of accounting for natural change that occur

&) Market pnices use for valuatnon may be distorted (doest not represent true
social values)

3) Onl+ use value of biocarversiy couid be esumated

Possible Application

Ornamental fish are sold to foreign and local markets on a explicit market price Coral reefs
are breeding grounds and Iiving habitat for many types of fish The orpamental fish mdustry
i St Lanka 1s largely dependent on coral reef habitats The coral reefs are bemg depleted
rapidlv due to various economic activines ranging from direct extraction to produce lime and
due to coastal pollunon eic  An example 1s the coral reef m the Hexade marme sanctuan

The value of biodiversity of a coral reef could be esumated if the techmical relanonship
between loss of coral reef biodiversity and loss of ornamental fishery 1s established
3412 Preventive cost and replacement cost

Principle

The value biodrversity 1s esumared by esumaung the cost people wmncur to prevent change on

biodiversity or the expenditure people would mcur to replace the changed biodrversity to its
miual state



Method

Two methods could be used

(1) Esumate the actual cost people mcur to prevent or restore change m
biodiversity

2 Esumate the prevenuve or restoranion costs based on opmion of techmcal
EXPETts

Advantages

H Does not require sopmsucated methods of analssis

) Due 10 the clear mwumuve principle the prevenuve or restoration cost
esumates may readily be accepuable by those with no knowledge m
€COoNOMmICS

Disadvantages

A The prevenuve cost techmque assumes that people are aware of change m
biodaversity and would take prevennve actnon

@ The techmque 1s brased on values of the nch who could afford preventve
cost

(3 The techmque assurnes that the bepefit from prevenuve cost 1s solely the
prevenuon of damage due to loss of biodiversity, whereas the expenditure
could give other benefits too

) Replacement cost assumes that the ongmal bioanersity coula be fully
restored This may not be techmcally possible

3 The methods will recognize values only of those people who are attempting

to avert the damage due to loss of biodiversity by being on-site It mayv not

recognize the values of those people who have totally moved from the site of
tne damage 1 anncipation of 1t
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Possible application

Elephants are a endangered species The elephant populaton 1s dwindling rapidly due to
habnat destrucnon There are many attempts to prevent further reducnon 1 the elephant
populanon Those attempts take different forms viz, mvesting on electrical fences, driving
elepnant to better habuat etc  The cost of these mvestment done to prevent the extinction of
elephants may pe considered as the value society (wilhingness 10 pay) gives to conserving
elepnants  Also it 15 found that farmers 1 the Handapanagala have change the crops

cultivated to crops that elephant do not consume The cost of this change (though may be
low) 1s an prevenuon of damage to crops by elephants

3413 Human capital

Prmmciple

VWhere bioarversity effects the health of people, the value of proaucovity lost (or gamed),
medical meatrnent cost (or saving) and 10 the case of death the present value of lost (or
savea) producuviry of the person is consiaered as the valve of the biodiversiny

Nethod

The apphicanon of the human capital approach 1s sumilar to that of productvity loss (gam)
approach It requires 1o established the hinh berween biodiversity and the effect on human
health and the number of persons effected 15 quanufied the loss (or gam) of working days
and the wages earned are known to estimate the 1alue biodiversit

Advantages

(1) The analyncal method 1s simple

) Inelhigiple to pohicy makers



Disadvantages

(1) The labor markets (wage) and health care markets (price of health care) may
be distorted

)] To consider the value of unemployed and poor as zero could be an
mequitable proposmon

3) Psychological costs of suffermg and long term chromc condinons of illness
will not be valued

€5 Valumg human life monetanily may be ethically objected

Possible apphcation

Ir siuanon where degradauon of pioaiversity leads to an increase of disease causmg msect
/ orgamistn The value of biodiversitv can be estmated 1 terms of loss of hurnan capital
The value of medicinal plants used awrectly m producing medicines can be valued interms of
value of expensive substmute medicines or values of hives saved

3414 Hedomc value

Of e ™o hecomic techmaques of valuanon viz, Property value and Wage differennal
tecnmgues only the property value method 1s relevant i valung biodiversity

Principle

In e absence of a market for bioawversity the value of n 1s obtamed from pnces of
surrogates of property values Thus 1t 1s presumed that the properry value encompass a value
of biodiversity  Further that the value of biodiversiy could be decomposed 1f all other
factors aelermiming property ‘alue are known

Method

Daz 15 collected on the value of property m varying biodiversity habitats and the factors
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effecung the propentv value Through regressmg the property value with the factors
determine those along with biodiversity varniables the value of biodiversity 1s estumated

Advantages

(1) Could esamate TEV
Disadvantages

(1 Neeas a large data base

) Nezads use of stamsucal techmaques iz regression Proolems with use of
regression techmgque are therefore associated with tne echmque

3) Bioawversity as a vanable may not be accurately quanufiable as required for
regression
(<) Markets for property and may be distorted due 10 government mtervention

&) People may not be aware of the biodiversity quahry difference

(6) NNot so mielligible 10 techmical sciennsts and policv makers

Possible apphication

Divers landscapes fauna and flora make-up beaunful scensnies Land site that face beaunful
sceneries ferch high price than otherwise  Tounst hotel demanas such sies resulung to

mcreased property value Data on property values thus could be used esumate value of
drves habnat

3415 Travel cost

Principle

The value people place on biodiversity 1s esnmated based on the cost of traveling 10 a sne
and the value of productive tume that 1s lost, 1n visiang the site
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Method

The area surrounding the concerned site 1s divided m to equ distance concentmnc
circles/zones Viswanon rates for each of the zones are calculated The visitation rates are
regressed on travel costs and other socio-economic vaniables for each zone to demve
demand curves for each zone Consumer surplus (value) is esumated from the demand

curves
Advantages
(1) Tortal economuc value of biodiversimy mav be esnmated
Drsadvantages
1 High dama requirement
) Aralyneal procedure 1s complicated Probiems with use of regressions anses
< Consiaering the value of producuve tme may be erroneous if travel 1s
undermken durimg leisure or by unemploved people
C)) Travel uself may be part of the pleasure of visinng sies Hence people may
spend high wavel cost for the pleasure of mavel rather than gam pleasure
form visiang the sue
&) A tmp may be to mulnple siies In such siuanons decomposing the travel cost
10 a single sie may difficult
(6) The value of biodiversity esumated by mavel cost does not consider the total
value of the environment It ignores the opoon and exstence value Tt also
1gnores the benefirs derived from the sie to those who do not visit the sie
such as those living close to 1t
N Access to sies may be artficially controlled 1e restricted market
(&) Travel costs to urban amenities may be small and travel too could be part of

the pleasure Most urban amemnes would be used spend lerwsure during non
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productive tmes
Possible apphication

Sr1 Lanka has several habitar that are conserved for biodiversity, such as Yala nanonal park,
Horton plamns Bundala etc These are visited for recreanon and other purposes by many

foreigners and locals Therr travel cost data could be used to esnmate the value of these
babiat

342 Subjective Environmental Valuation Techmques
3421 Contimgent yaluation

Principle

People are directlv asked the willingness to pay for the conservanon of biodiversitv or the
willingness 10 accept compensaton for the loss benefits of biodiversity, assuming that people
are aware of the umplications of change m biodiversin on human welfare

Method

Sample survevs are conducted to elicits peoples valuanon on willingness to pay Or accept
Different techmoues are used (open ended quesnommg biocamg games ec ) 1o elicnt
Tesponses

Advantage

48 The techmque 1s able 1o esumate total economuc value of biodiversity

) The only apphcable tecnmque for valuing brodrversity components that do not
have even an mairect marhet
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Disadvantages

¢ The techmque 1s of hypothetical nature Thus its results ray not be readily
accepted by techmecal scientists and pohicy mahers

) The techmaue has the possibilitv (which could be corrected) of estmaung
biased values

) The techmque requires that people are aware of the environmental problem
ana 1ts bkely mpact

(4) The techmique does not conswamn. the aemand for a good epvironment on

mcome Hence estimated values may be unrealisuc

Paossible apphcanon

With appropriately designed expenment the method can be apphed 1o value species
or habitats 1n terms of willingness to pay for their conservation

3 4 3 Multi—critenia analysis

Principle  Where monetary valuanon 1s mmpossible or unacceptable mult criteria analysis
could be done 1o present trade offs berween two phvsical vanables, one represennng the

environment For example one could be a measure of biodiversitv and the other the quanutv
of elecmicny generated through different options of generatung elecmicity

35  Crtena to Assess the Potential to Apply Environmental } aluation Techmques

The crena that could be considered m assessing the apphcability of EVI's are brefly
discussed below

3 51 Data requrement

There are two types of data that could be used ‘iz, primarv and secondary data Collecnon
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of primary data 1s generally expensive It requires more trammed personal and tme
Subjecive EVT’s require primary data whilst objecnve EVT 1s require secondary data
Objecnve EVT require rehable data on damage funcnions, whuch if not available would
require considerable techmical expernse and experimentation to generate damage function
However since damage functions are technical, 1t 1s believed that once esnmated those could
used mm most crrcumstances

352 Congruence with free market

The major assumpuon on wnich EVT’s are based is that tne value of the environment as
besn aemived from aggregauon of individual values/preferences Price 1 a perfectly
competinve marhket grves social value of resources based on mdniaual preferences  Most
EVT s (except conungent valuanon techmque) depend mdwrecty on a marhet price of a
commoartv that 1s effected by environmental change Hence the ‘degree of perfectness of the
marhet” of the considered commodity determines the degree of accuracy of valuauon

353 Abilty to esttmnate the total economic value of the environment

The value of the environment 1s composed of broadlv of use values and non use values Use
values generally are more tangiote (fishenes producuon) and measurable, whilst non use
values are not (preserving species for the future generanon) Objective EVT’s are mostly
unable o value non-use values of the environment whilst subjective EVT s are able, to value
both use and non-use values of the environment

3 54 Analytical requrement

The sophisucanion of stansncal/econometrics techmiques required for the application of
objecuve EVT s 15 less than that required for subjecuve EVT s

3 55 Ethical/ Cultural acceptability

Tecnniques such as the human capal approach may not be ethucally acceptable, because 1
values human life Those techmques that indrectly depend on markets pnices, thereby
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derives values based on the exisung property nights and mcome distribution may not be
acceplable

356 Intelhgbility to pohicy makers

Techmaques that could be mmnvely understood and seem plausible may be better accepted

by policy maker and techmcal scientists i case they do not have an adequate understanding
of economics



CHAPTER 4
PHARMACEUTICAL PROSPECTING VALUE OF BIODIVERSITY

IN SRI LANEA

41 Role of Pharmaceutical Prospecting 1 Brodiversity Conservation

Potenral 10 use bioarve sity io produce pharmaceuncals has long been reaiized Around 119
pure cnemical substances exwacted from about 90 species of higher plants are used for
medicmal purposes throughout the world The World Health Orgamizanon has lListed over
21000 plant names (mciuding synonyms) that have reported medicmal use around the world
(World Conservanon Momtoring Center, 1992) In the 15th century, prior to the advent of
tnz pharmaceuucal mmdusty, medicmal preparauons were denved directly from namre

mostlv from plants Often a mux of plant parts were processed (grinding boiling etc ) and
consurmea The use of sacn medicines sull contunue all over the worla and parncularly m Sn
Lanka The 1solanon of acuve mgredient/s (1 e specific chermcal/s that 1s effective m curing
a ausease) and mass producuon of pharmaceuncal is recent, and has lead to the
pnarmaceuncal mdustry The growth of the pharmaceuncal mdustry has been of cycheal
namre (Findeisen and Laird, 1991, Aylward, 1993) Durng the past 20-30 vears very few
major new pharmaceutical have been developed from plant sources (Avlward 1993)

In tne recemt years new technological developments im screeming piant chermcais have
rekandled the mterest of the pharmaceuncal industry 1n searching disease curmg chermeals m
plants In addmon knowledge over the rich sources of plant chermcal diversity found m the
opical ram forest may have also added to the mterest to explore the potenual of plants m
pharmaceuncal applicanons (Aylward, 1993)

Conservanon of biodiversity 1s an opportmumty cost i terms of alternative development
opportunsties foregone on land use (such as conversion of namral forests 1o agncnlmral use,
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n = Number of pharmaceutical developed from plants species [40 m
USA]

H = Extent of land under biodiversity conservanon [1 billion hectares the
approxumate area of tropical forests)

Accoramg to estmates bv Pearce and Moran (1994) pharmaceuncal prospectng value of a

hectare of land on biodiversity conservation 1s 20 US § pe- hectare pe~ year (Rs 400 per
acre per vear)

Esumates on pharmaceuncal prospecimg values of Moist Tropical Mexcan forest made oy
Adger Browm Cervigimm and Moran (1995) using the Pearce and Moran (1954) model are
1 6 and 90 US S/ha/vr for low, central and lugh esumates Assumpuon of this study has
been (a) 5000 species 1s the lower esumate of the number of species 1 moist ropical forests
m Mexaco (b) Forest area 8 7 mulhion ha , (¢) Probabilin of success 15 0 0003, (d) Royaly
rate 15 5% (e)Low esnmarea = 01 Vin=US$ O 39 million/yr (f) Cenwral esnmate
a=05 Vyn=USS1bihon/+vr highesumate a =1 Vyn = USS57bidhon/vr

Kuman (1995) using the Pearce and Moran (1994) model has estirnated the pharmaceuncal

prospecung ‘values of Peninsular Malaysia Table 3 gives the values esamated for protected
areas

Table 3 Pharmaceuncal Prospecung Value of Bio Diversity m Penmsular Malaysia
(US $/ ha/ Y1)
Appropniaton Rate low (W/n) Medmum (V/n) High (V/m)
100% 3873 99 30 695 11
50% 19 36 49 56 347 55
10% 387 903 69 51

Note (V/n) = § 390 mulhon (Jow) $ 1000 mulhon (medmm) and $ 7000 mullion (ugh)
H= 711472ha N = 2826, P = 5/10000 r = 5%
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Above esumates are average values and pot marginal values of land under biodiversity
conservaton It 1s the marginal value that 1s used n the decision making on the optmal
extent of land allocation for biodiversity conservauon and would be paid by mrerested
prospectors 10 conserves of biodiversity (in a perfectly compennve market)

Simpson et al (1995) have esumated the *upper bound’ margmal value of a hectare of land
for 18 world biodiversity hot spots’ The value esumated for Southwestern Sr1 Lanka 1s US
S 16 84/ ha Thus 1s the second highest value next to Western Ecuador (US $ 20 65/ ha)

These smaies suggest that the pharmaceuncal prospecung value (average or margmal) as
ve~v low (tough 1 could have a lugh vamance) Thus the possioditv of pharmaceuncal
prospecung 1o proviae meenuves (financing)for biodrve~siy conservauon 1s Jow

44  Pharmaceutical Prospecting Value of Biodiversits m Sr1 Lanha

441 Method of analvsis

Troes studs estumated tne pharmaceuncal prospecung value of plant bioarversmy i Sinnaraia
vy using tne Pearce and Moran (1994) model It was shghtly modified to enable the
calculanon of average as well as marginal values of land area under biodiversiy
CONSEn auon

TN ,@L) ={Np p r a V/n} perannum (1)

It 15 assumed m Pearce and Moran (1994) model that the species-area relanonship is linear
However, the theory of 1sland biogeography (Simpson et al, 1996 quoung MacArthur and
Wilson 1967) have suggesied an exponennal relanonship berween habitat area and richness
of species, viz

n, = XAS @)



‘Where the notatiops are,

n = Number of species of a particular taxon
», = Constant that measures the species richness potental of an area The value
for South Western forest m Sr1 Lanka 1s 61 46 (Sunpson et al, 1995)
= Size of an area

z = Falls between 0 15 and 0 35 or on the average 0 25 The average value 1s
used m this smdy

By usmmg eguanons (1) and (2) the followmng mode} can be obtamed
TV ={xA7 p r a Vin} peranmm 3)

Numper of emgemuc species 15 obtamed bv mwoducmg the propormon of endemic plant
species 10 towml plant species (e/my to the eguation (3) thus aemnving equanon (4) Only
endemic plants are consideraed m the valuanon because endemuc plants are the plants that are
economucally scarce (not bemg found n other countries) Although non-enderuc plants mav

have pharmaceuncal values, Sni Lanka will not be able to fully appropriate such values with
owner counmes selling the plant in the market

TV = {xA? en, p 1 1 Vin)peraamum (4)

AV, ={xA? e&n, p r r VVUn}/Aperanmum (3)
MV_=x en prr VVn z A?! perannum (6)

Average value of land area uncer biodrversin conservanon
MV, = Marginal value of land area under biodiversity consen aton

AV, was calculated using available nanonal data on species diversity m Sinharaja, extent of
Sinharaja and usmng average values of internanonal data on probability of mvennon of
successful plant based pharmaceuncal the royalty rates, the approprianon rate Sensiuvity
analysis was done m order to examune the vananon of pharmaceuncal value for different

s
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values of policy vanables (nationally controllable vanables), royalty rates and appropriation

rate etc  Senswvity analysis was also done where information was uncertain, ex, species
number 1n Sinharaja

AV_ 1s considered as the pharmaceutical prospecting value of biodiversity on the assumpton

of a monopoly market for endemic biodiversity The monopoly 1s due to natural reasons of
plant endemicity

4 4 2 Selection of location

The Sinharaja Man And Biosphere (MAB) reserve was selected for the case study since 1t
nas been smdied exiensively and data on species dnersitv was reaadly avaiable The
Smmhara,z - low lang evergresn ramn forests - covers 11187 hectare of nnaismrped and logged
forest scrub and fern land It was declared as Iniernanonal Man and Biosphere Reserve by
UNESCO 1n 1978, then a Nanonal wilderness Area m 1980 under the Nanonal Widerness
Area Act No 3 of 1980 and subsequently a World Henitage Site 1n 1989 (Forest Departmment
Undated)

The value of Sinharaja 1s well known as a “store house of great biological wealth” It 1s
describez as a “nich weasure wove of namre with great diversity of habnats and a vast
repository of St Lanka s endemic species™

4 4 3 Data collechion

Primarv data were collected by direct mterviews The followmng insumibons provided the
data Mmusmy of Agriculmre Land and Foreswy (Forest dnision), Mimstrv of Transport
Environment and Women Affare (Environment amision), Environmental Foundanon
Limited Cejylon Insurute of Scienufic and Industrial Research Registry of Patemt and Trade
marh, Bandaranavahe Memonal Ayurvedic Research Insumte Faculty of Science (Botany
Deparmment) and Faculty of Medicine of the Umversity of Peradenrya

Data used m research swdies i other counmes, were collected on review of lierature
Probability of mvennon of plant based pharmaceuncal, the royalty rate, the approprianon
rate and the average apnual value of plant based pharmaceuncal so far developed were
collected from imernanonal hteraure These s and related 1ssues were discussed with Sn
Lankan researchers admumstrators and policy mahers

P
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444 Analyss

4441 Relationship of plant species diversity and pharmaceutical prospecting
value

A swmdy on floral and faunal species diversity 1 several forests i S Lanka has been done
by the Nauonal Conservatnon Review (NCR) Project of the Forests Departmment This stady
has 1dennfied only woody plant (10 cm dbh) species diversity (table 4) Pharmaceuncal
prospecung 1s however not himited 10 wooay plants only In fact 1t 15 generally believed,
based on vse of plants for mdigenous medicines that bushy plants ao have equal or more

potenual on pnarmaceutical prospecung Lower order plant tvpes 100 have pharmaceuncal
prospecung potenual

Table 4 Woody Plant Species Diversity m the Smharaja Forest
Famihes Genera Species Species
Umque Enderm Threatened

Nanon World

194 198

(¥8)
Wl
L |
19
00
ey
~J
(V3]

31 11

Source NCR data base of Forest Deparmment

Data given m table 4 shows that 51 3 % woody plant species are endermuc, 31 and 11 are
threatened panonally and globally, respecuvely Gunaulake and Gunanlahe (1996) reported
that tne total angiospermn flora of the Siharaja reserve incluaing all woody and non woodv
life forms m both pnimary and secondary vegetanonal elememts could be esumated 10 be
around 700 species based on several flonstc surveys and herbarmm collections Inclusion of
lower vascular taxa such as ptendophvte, brayophytes microfung: and lichens may imcrease
this 10 1000 or even more As explamned earlier (see secuon $) another possibility to predict
the number of species 1n 2 habnat 1s 10 use the theory of 1sland biogeography (MacArthur
and Wilson, 1967, Sumpson et al, 1996) Thus the pharmaceuncal prospecting value was

estrnated on the different sources of dara on species diversity m Smharaja and are given m
table 5
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Table 5 Pharmaceutical Prospecting Value with Varation of Species Diversity

Number of Source Propornon of Pharmaceuncal value
plant spp endemuc spp 1n US $/yr/ha
Sinharaja
337 NCR data base 513% 62 97
632 Based on Island 513% 118 11

biogeography equation

700 Gunaulake and 50 0% 127 49
Gunaulake (1996)

1000 Gunatilake and 50 0% 182 13
Gunanlake (1996)

Note x,=6146,z=025,¢/n=0513,p=5wm 10000 vo=163bilhon r=005,a
=01 A=11187ha

The results mdicate that the pharmaceuncal prospecung value as mcreases with creased

mformation on species avallability Therefore research studies to idenufy species diversity

are needed 1 oraer to jusufy 1U's conservanon However the mmcreased average value per
ecies 15 very Jow (US § O 18/ha/vr) requining prudence of such research

4442 Relationship between probability of mvention of successful plant based
pharmaceutical and pharmaceutical prospecting value

In the past few vears, new technological development, including advances m chemucal
screening technologies have mcreased probabiliry of mventon of plant based pharmaceuncal
Cerlon Insnmte of Scientfic and Industrial Research (CISIR), Medical Research Insnwie

]



and Bandaranayake Memoral Ayurvedic Research Instmte are the mam msttutions that are
mvolved with imual steps of pharmaceutical prospecting acuvines The view of all
mterviewed experts regarding probabiity of invemnon of successful plamt based
pharmacenncal were smmlar All of them expressed that " technological advances m So
Lapka are not sufficient to develop successful plant based pharmaceuncals” However
exiensive research has been carmned out 1n St Lanka examimmng potennal to ‘harness namral
products’ for development (Gunatlake, 1986) Over 800 species of plants have been
screamed for vanous classes of biodiversity important phyto consatuents such as alkaloids,

steroids terpenoids and flavonids The studies have idennfied 17 plant species which have
potennal commercial pharmaceuncal use

Balance Poganv and Forsmer (1992) has reported that over the past 30 years, 90 % of new
commercially pharmaceuncal ongmated from 10 counmes- the US, Japan and eignt

European counmes The whole process of ressarch, producnon and marhenng of

pharmaceuncal products 1s immensely expensive and also developmg countries may not have
comparative advantage m mmvesting m such mdusty (Simpson, 1996) However, this does

not preclude Sn Lanka m undertakang some of the process within the country to retam value

adainon from pharmaceuncal prospecung A disuncoon need to be made berwesn

pharmaceuncals used m western medicine and i mdigenous medicine Generally western
pharmaceuncal are based on a single active mgredient while maigenous medicines are based

on mieracnon of several acuve ingredients The focus of thus smdy 1s on wesiern
pharmaceuncals

Smee 1t 15 reasonable to assume that Sr1 Lanha at present do not have adequate capacity to
mvent plant based pharmaceuncals, the probability of mventung plant based pharmaceuncals
on mternanonal expenences is considered m this study  Pricipe (1991) has estmated that the
probability of anv given plant species giving rise 10 a successful pharmaceuncal a between
1 1m 1000 and 1 m 10000 Table 6 shows sensiuviry analysis of pharmaceuncal prospecting
value with different probability of mvenuon of successful plant based pharmaceuncal



Table 6 Pharmaceuncal Prospectung Vaiue with Variations in Probability of Invention

of Pharmaceutical
Probabihitv of mvention Pharmaceutical value US $/ha/yr
1 m 1000 (0 001) 236 22
1 1 10000 (0 0001) 2562
5 m 10000 (0 000S) 118 11

Note »,=6146 z=025, e/n,=0513, r= 5% a= 01 V/bp = 163 US § bilhon
A =11187 ha

The expeniences and knowledge of people wno live m contact with piant and animal species
1s extremely unportant 1o mmprove the probabilitv of mvennon of successful plant based
pharmaceuncals This 15 because these commumnnies have had hundreds of vears of ‘mal and
erTor experimentauon on usefilness of plants as medicmes This mdigenous knowledge can
be used to maicate which species has high potennal for pharmaceuncal prospecting With the
use of indigenous knowledge, research need not be done randomutv at great cost Therefor
forest habnars wat nave more recoras of mdigenous use may faich higher pharmacsuncal
prospecung value Hence n the pharmaceuncal prospecting valuauon a weight should be
grven to the degres of availability of mdigenous knowledge The esumates given m table 6
shows that a small change 1 probability of mvennon could make a large change m the

pharmaceuncal prospecting value Hence recording mdigenous knowledge on plant use may
pe worthy

4443 Relathonship between pharmaceutical prospecting value and patent right

Patentabilin and 1t s nights (of earnng royalry ) are aiscussed by Imellectual Property Raght
(IPR) Acts and related laws m a counoy Nanayalhara (1995) has smdied Sm Lankan IPR
In relanon to biodiversity conservanon

In St Lanka, the present code of IPR Act 15 found m Act No 52 of 1979 and No 30 of
1980 This code clearly mennons that plant and ammal species can not be patented The

5
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mmplication bemg lack of mcentives to search and discover species

However, newly mvented pharmaceuticals can be patented The registers of the last 15 years
maintamed by Registry of Patent and Trade Marks were searched It was found Sn Lanka
does not have any patent for pharmaceuncals Therefore a royalty rate for plant based

pharmaceuticals developed m Sr1 Lanka 1s not currently available It 1s reasonable thus to use
the mtemanonal average royalty rates

According to Pearce and Moran (19%4) the exisung royalty agreements mvolves rovalty rates
of 5 - 20 % for pharmaceuncal development Table 7 shows sensmvity anmalysis of
pharmaceuncal prospecung value with differenr rovalty rates The pharmaceuncal
prospecung value 15 verv sensmuve 1o the rovalty rate This suggest that royalty rate 15 a
strong policy variable that could be used to appropnate ‘alue of biodiversin

Table 7 Pharmaceutical Prospecung Value with Variation in Rojalty Rate
The Royalty Rates Pharmacenncal Value US $/ha/yr
5% 118 11
10% 236 22
15% 354 33
20% 472 44

Note »,=61 46, z=025, e/n=0513 p= 5m 10000 a= 01, v/n=US § 1 65 bilhon,
A= 11187 ha

However, the possibiliues of bioaiversiy value appropnanon is clearly dependent on a
smong IPR system Genenc resources and indigenous knowledge are not sufficiently
protected by exsting IPR system 1 Sri Lanka All mieniewed experts emphasized the need

of strong IPR system to protect biodiversity and mdigenous knowledge to appropriate value
of bwodiversiy



4444 Relattonshup between pharmaceutical prospecing value and the
coefficient of rent capture (The appropriation rate)

The potennal pay-off from "very highly profitable - blockbuster” pharmaceuncal provide
compelling argument for the idepuficanon and preservanon of species rich ecosystems
(Pearce and Moran, 1994) Although Sn Lanka 1s very rich m biodiversity, as discussed
earher, 1t has not been able to develop novel pharmaceutcals due to lack of technology Sn
Lanka as a third world developmg country, could presently engage i lower sieps of
pnarmaceutcal prospectung process of supplymg raw matenals (plant specimens) Whilst
aeveloped countmes are mvolved i researcn production and marhenng of acuvines of
pnarmacsuncal prospecting process

11 sucn cwrcumstances the possibiiy for Sm Lanka 1o caprure the potenual economuic
beneflts of piodiversity conservanon I1s weak Abilirv to capwre these potenual economic
values from mvennon depends on the IPR system and capabilies of the msnmmnon to
appropriate value The poor mstwmnonal capability 1o appropnate values are well exemplified
by the alleged rampant smugghng of ornamental fish species and vanous other fauna and
flora fro Sm Lanka

Rurnenbsck (198€9) suggest that rent caprure 1s Likely to be 2s low 25 10 % m low mcome
azvslopipg counmes — Table 8 shows the sensimviny analvsis of the pnarmaceuncal
prospecung value with different approprianon rates

Table 8 Pharmaceutical Prospecting Value with Varations in Appropriation rate
The appropriauon rates Pharmaceuncal value US $/haryr
100% 11811
50% 590 6
10% 118 11
5% 59 06
1% 11 81

Note  x,=0146 z=0.35 em=03513 p=3m 10000 1= 5% v/n= US516>pion A =11187 ha

s
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4445 Relationship between annual value of a plant based pharmaceutical and
pharmaceutical prospecting value

The value of pharmaceuncals could be considered mn terms of the market value of
pharmaceuncals or the value of lives saved Since value of Lives saved mav not be
appropriated by the marhet the market value of pharmaceuncal 1s used m this sady The
annual market value of a pharmaceuncal have been estmated on 2 wide range Pearce and

Moran (1994) has used a range of 0 39 10 7 bilhon US $ and Aylward (1993) has used 1 63
US §$ (Tzble 9)

Table 9 Average Annual Value of Pharmaceuncals (in 1990 Dollars)
Annual value of a plant based pharmaceuncal (US 5 390 mlhon
Mulupher extending US data to OECD 3
Annual value of plant based pharmaceuncal (OECD) $1 17 bilbion
Mulnplier exiending datwa to world 14

] Annual value of plant based pharmaceuncal (world) $ 1 63 bilhon

Source Pearce ana Puroshothaman 1992 Ayviward 1993

The pnce of the pharmacenncal reflects, of course, many more mputs than the cost of plant
source materials The raw materzal value 1s usually only a very small propornon of the over
all retail price of the pparmaceuncal which mcludes factors such as research, production
marketing, taxes eic Therefore esumate based on retall values of pharmaceuncals
necessarily represent upper bounds on the raw matenals values In that respect the
pharmaceuncal price grosslv overstate the value of the plants and habrat The royalty rate
and appropriaton rates are assumed 1o bring down the market value of pharmaceuncals 1
the value of plant at host counmes Equally market price could understate rue willingness

to pay for pharmacenncal there will be mndrviduals who are willing to pav more than market
pnce for pharmaceuncals

Taple 10 gives the esunmate of the pharmaceutical prospecung values based on above
esumate of value of plamt based pharmaceuncal It 1s clearly observed that the
pharmaceuncal prospecing value 1s very sensmve 1o the value of plamt based

567
s¢



pharmaceuncals The available estimate range widely as mentoned earher and ther
availability 1s uniested

Table 10 The Relationship Between Market Value of Pharmaceuticals and
Pharmaceutical Prospecting Value

Market value of pharmaceuticals (Bilion US Pharmaceuncal prospecung value
5) (CS &/ ha/YT)
039 0 028
163 118 11
700 507 22
4446 Cross sensiivity analysis on pharmaceutcal prospecting value

Table 11 to 13 shows the vanianon of the average annual pharmaceuncal value (US 5) m the
Sinharaja forest witn the variauon of the royalty rate ana the appropriatuon rate with different
probability of mvennon of successful plant based pharmaceutical



Table 11 Sensirvity analysis of Pharmaceutical Prospecting Value USS Royalty
Rates by Appropnation Rates given p = 1 m 1000

Appropriaton rates Royalty rates
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Note x,=6146,z=025,en=0513,p=1m 1000 V/n =1 63 bilhon, A= 11187 ha



Table 12 Sensravity analysis of Pharmaceutical Prospeching Value US$ Royaity
Rates by Approprniation Rates given p = 1 m 10000

Appropriation raie Royalty Rates
5% 10% | 15% | 20%
100% 23617 | 47225 /70883 Bty
50% 21251 | 42502 llé%ﬁfz{w S
80% 11890 | 37708 | 7 {75560
0% 16520 | 33057 | #9586 | 66115
60% 14167 | 28335 | 42502 | 56670
50% 1181 | 23612 | 34519 | 47225
40% 9445 | 18819 | 28335 | 57780
30% 7082 | 14167 | 21251 | 28335
20% 4723 | 9245 | 14167 | 18990
10% 2361 | 4725 | 70838 | 9+ 45
1% 236 | 472 | 708 | om:

Note x,=6146,2z=025 en=0513 p=1m 10000 V/n = 163 billion A= 11187
ha



Table 13 Sensitivity Analysis of Pharmaceutical Prospecting Value USS$S
Approprnation Rates by Royalty Rates given p = 5 m 10000

Appropriation raies Royalty rates
% 10% 15% 20%

100% | UL FQHITs s SR e

90% - sfers7 I Fomsditl amrm
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50% 59031 | FIIEESH v TS ERGRRe T
40% 41225 | ST I sas ~% %ﬁ”&&g@“
30% 35419 |<EHBIBNT D 166057 it 1aH do
20% 23612 | 472025 - TRIS L. 94451,
10% 118 11 236 12 354 19 47225
1% 11 81 23 61 35 41 4722

Notz x=6146 z=025 e/n=0513 p = 51 10000, V/n = 1 63 bilhon A,= 11187
ha

If the next best alternanve of land use 1s cultivanon of tea m the adjacent land of Smhbaraja,
opportumty cost of biodiversity conservauon 1s approamately 30500 00 Rs (595 US §) per
hectare per annum (Cenmral Banh Report, 1995)

As hypothesized, pharmaceuncal value that could be appropmated by bwodiversity
conservation must be higher than oppormmry cost in order to provide mcenoves for
conmservanon As shown in tables 11 to 13 the oppormumity cost of land use under tea

667
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culuvanon can be compensated on combinanon of appropriation rates and royalty rav
wmdicated by hatched areas These approprianon and rovaltv rates are hugh values which m.
be difficult 1o achieve However, the pharmaceuucal prospecung value is only one value ¢
brodiversity conservaunon If the other values of TEV of biodiversity conservanon ar
considered 1t may econonucally jusufv conservatuon of biodiversity The possibilities t
mcrease the value of pharmaceuncal prospecting 1s briefly proposed m table 14 T~
principle 1s to imcrease pharmaceuncal prospecung values and decrease appropriating COst

alternanve land use Separate studies need to be undertaken on each possibility proposed
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

Failure 10 recogmze and appropriate TEV biodiversity leads depletion of biological
resources Esumation and approprianon of the TEV of biodiversity 1s necessary for
efficient conservanon and use of biodiversity Thus sady has demonstrated an economic

techmques for valung one optional use of biodiversity, viz pharmaceutical prospecting
value

The results shows annual pharmaceutical prospecting value of endemic the wooay plants
(10 cm dbh) 1n the Sinharaja forest as 118 11 US 5 per hectare This 1s an under-
esurnanon of pharmaceuncal value because not all the endemic plant species mn Sinharaja
were tahen 1n 10 account the avaiabiiiv of mdigenous knowledge on plant use for
mecicines was not explicily recognized The value 1s based on market value of currendy
marheted western pharmaceuncals only It does not recogmze that value of magenous
medicmes and the values of lives saved The value of pharmaceuncal prospecting 1s only
one component of the total economic value of Sinharaja As other studies have shown the

total econormuc value of Smbaraja 1s much lagher Policy decision should be based on the
total economic value

Sensimvity analysis on policy vanables viz the appropnianon rate, the royalty rate and
mnvenuon of successful plant based pharmaceuncals shows that oppormumity cost of land
use upaer tea culuvanon can be covered only if 2 = 50% and r = 27% under 5 m
10000 probability of mmvennon of successful plant based pharmaceuticals These are high
values wiuch may be difficult to achieve, vet could be pursued The policy possibilmes
were sumrparized m table 14 The mmmediate need would be to establish IPR for
bioarversity on a “precauuopary principle” of biodiversity conservanon Further
research should be done 1o gather informanon on the availability of species It would be

mors worthy 1o gather mformanon on mdigenous knowledge on use of plants for
medicmes

The smdy suggests, pharmaceuncal prospectung value of biodiversity alone would not
provide an mcenuves to conservanon and sustamnable use of biodiversity Therefore
policy on biodiversity would have to focus on valung and appropriating other benefits of
biodiversity such as direct use values (sustamable use of non timber forest products,
ecotourism, medicinal plant use), mdirect use values (watersbed protection, ecological
protecnon nutrent cvcling) exsience values e 1o provide meentves for biodiversity
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conservanon VYernucal mtegranon m biodiversity prospecting 1 e developmg indigenous
medicines may be an alternanve of approprnatung value of biodiversity in the short-run
This has the advantage of capruring growimng marhets for natural markets mternanonally
and also using the existng patentmg possibiity
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