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ABSTRACT
Neveloped in this paper js an optimal controi modei of the bepefits and
cosia of usiﬁg tropical forests as 3 vatoral repository of sﬁetie& ang foik
knowledge., The model! werves as a Framework for assessing how various market

aid tenurial Pncentives infiluence both defFerestation and the collection of

information in tropical forests and other ethno-biclofFically diverse

environmenty .
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IHTRODUCTION

.Trupinai deforestation has btecome the subjest of considerable debate and
concern. Experts dizagree aver how quickly tree-covered iand-neﬂr the
cquator is being cleared {(Myers: Sedjo and Clawsonl. Likewisc, it is
difficult to judpe whether tropical deforestation affects global climale more
or lesz than do other homan zctivities or natural phenomena (Prance]).

Less coatrovarsial is che claim that tree clearing near the eguatar
threatens the world's stock of "ethoo-bielogical infermation.™ The high
biclogical diversity of tropical forests is indisputable: although chey cover
less than ten percent af the Earth's land surface. they contain around haif
af the world's plant and snimal species {Wilson). Furthecmore, forest
dwellers' environmental knowledge is often lost as tree—covered land is
clearaed for agricultucal production and other purposes. Although precisec
assessment of trepical deforestatien’s impacts on biclogical) and cultural
diversity is a challenge, no one doubts that those impacrs are sevére.

In gpite of this, ecupomic 2valuation of etbno-bialggical information
lost as tropical forests are removed remains at an iﬂcipient stage. The uses
humankind has made of species and fﬁlk knpwledge originating in tropical
forests have been emphasgized, as has the patencially high cast of deanying
species and folk knowledge to fufure pencrations {Myers). Also, it has been
ohserved that ethno-biological information. like other envirenmental secvices
provided by tropical forests, is uﬁdﬁrvalued begalse it ig u0L1éKchanged In
markets {Sedjo). Beyond these obgservations. the literature centains
virtuazlly no angiysis of the value of species ﬁnd folk knowledge originating
in {ree—covered land pear the equator.

Unti]l wery recently, this omjssion was of no great conseduence, Decalse
nebody forgoing disturbance of tropical forests ever received compensatlon,

chere wis no need 1o avaluate wthop-bialeopicel inforpation and cother services



derived from trec-coversd !and in arder to detcemine gfficicnt compensation
Yewels., Certpinly, efficient murkets for tropical forests® ﬁthnhubinivgicaj
infornation reéméin a remcle ideat. Howsver, seérious attentlon is now beimg
given to the idea of affering payments to potential apents of deforestation
iﬂansen)_l ‘The necd Yo examine carciully the vaiue of using Lropical forests
az a cepasitacy of ethoo-biclagical ioformation has aige heco streggtheoed Ao
recont vears by rapid technological change (e.g.. dramatic inprovements in
techntgues Tor blotechnological researen). Soch change reduces e scarcity
valdue of pencbic information that i, for the most part, a suhurictute for
inforgation callectad "in the wild.” Also. management of ethug-biologically
diverse tropical forests is affected by evelving property rights in the
frutts of bictevhnolopical and related research {Kloppenburs).

This paper contains an analysis of the trade-offs aszociated with
preserving ethno-biologically diverse tropical forests. A model describing
the «ostx and Denefiits of both land clearing @nd information collection is
develoned o explain how variogs marcket aod lostitecicoal inceptives
inflvence the development of tres-covered land near the equator. This
paper's analysls iz general, addressing the economics of pzing any npaturzi

anvironpent #s 3 storehouse of cthno-hiological information.?

THE MODEL

“his paper's made} of the coests and berefits o trupical deforestation
reflects previous ceatributions to the literature. Ehui et al. {1988]) have
used control theory to describe how gquickly tropical forests should be
cleared so that the soiis they cover can be used for agrlcultural prodection.
Theiv wark, which does not address the problem af etlwo-biglogical

infoemation logt as tropical forests apre clearved, is not replicated here.



Simiiarly. Lhe problerm of moasbring the valuss society associates: with
preservation of a species or 2 natural habitat is ant reiterated in this
paper {Keutilla and Fisher: Cunmings el ai.j.

Thi focus, then, is on the trade-offs associnled with using Lese-—caversd
Land near the egqoator as a repesitorcy of echno-biological information.  The
mixle] addrosses two fupdasmentai and interrelated choices regarding the
management of ethoo-biglagically Jdiverse teapligal fourests. 0One. of course.
is the rate at which iland is cleared. The other choice, the rate an which
infaormation i=s collected. arises because information can be stored nobt ooly
in tropical farests but alsae in the outside world's gene banks and libraries,
This paper's model provides a feamework for assessing how both ol These
fundanental apd interreiatod decisions are infivenced by the vaine of
infocmation collected ig tropical €orests, biolemical and cultural evelution
in that environment, the opportunity cost of inputs {primarily scientjsts’®
Lime) reguired te cellect ethre-bictogical iaformation, uses of tropical
forests that do oot lepings an biclogigal diversify, apd the agricultural
rental value of deforested land.

At the beginnimg of this &Section, the model's state wariibles and
arpumentz of its objective {unction ave defined. Then. the model is used to
characterize efficient clearing of tree-covered land as well as efficientg
collection of ethno-biological infurmation;

State Variables. Initixl favested and deferestad {oc. arricultupall

area can be labeled F, and A,. respectively. Once cleared. a large share of
land formerly covered with trees stays cleared because of sustalined human
pressure .  Mucl, af the repaining deforested Iand never returas to iis
ariginal state or does so oaly after 2 very long time. For these iwo

riédsons, convertinag Fointo A iy treated as irceversibhle:
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_delit = -1 and H].

dasdt - b, ' 12)
where D is the deforesiatinn oate.

Let Al and BI, reprosent initial stocks of afehived {or previaously
cal lecked} awmd uncallected ethne-hiclocical information, respectively
Temporal change in the former depends on the rate at which species and folk
knowledpe are collected in tropical {orests. That rate, k. iy an Increasing
amd caticave function of both Ul and inpots o infnrmutiun gaihering, W:

i o= j(n,ur] . difoul and i/ 9N > o . £3)
archived Iuforpafion g also sublecet ta lagy. Althoooh thov would he
relflected in a compreliensive mnﬁﬂl describing management of ethoo-bielopical
infaroation. declines in Al xare gssumed o he nil ia this analyszis since

effor{ neaded to mlaimixe such declines is small reiative Lo effert spent

cullecting information or cloaring trees.

In addicion fto causing Al to prow, i is, by definition. 2 negative
argoment of temporal chapge in Ul.  That stock aIsu'grﬂws hécause af
biclogpical and cultercal svolution taking place in ecemaining tree—covered
jand. a newly evolved species or » new indigenous insight inte the
environment generally being part of UI. Evolutionary growth in Ul can be
expressed ay a4 concave fupcllon, v, of the settiop fuar evolution, F i3

w(F} . vt >0 . (4)
Av primary tropical forests dwindle to zére., v can bocome negalive (e.g. .
because wnkaown species hecome extinct due to limited habital). Huwevesr, [t
Is assurﬁt:d here that. becawse F is never smaller than some minimum critical
grea, v is always positive. ;

Arguments of the Objegtive Functivn. To specify the model's objective

1 s, Wie valoue of ethpo-biotopicatl information and otvher services

e



dmr;vﬁd from trapical Carest: pust be deliocd, as puest the opuoacrtuwily cosiy
al ionlaveeslion ol feclion and the vreatal value af deloapestod lﬁnd.

4 tunctien, P,. can be used Lo evaluate &nﬂi?uuﬂ&ntﬂl and cultural
seccaets vielded up LUy Ltenpical facests . The ﬁargiual value of onewly acauiced
juformation isx undaubtedly zLochastic Hince.a seloectatl species might either
th: nseless to hamanking o cattribute greatly to hwman healsch or agricultgral
pencdacCion around thi world . RecogniZing this stochasticity, we can say that

*

Pj. whictl io an increasiog and cancave fancvion of L, i the expacted ubtility
of newly acgeived informstion. o addition o incluyding o risk premium
gocicty s williny o pay because 1 Is unoeeriain aboal {'a yalose, Fi Ew alun
A decreasiay (unetion of AT since 2 new addition Us AL iz typicalliy a
substitute or a gane or Palk tale drawa raodomly feom the cumuelative stoack
ot past dizcoveriesg:
ﬁi = Pi{i. ALY Bijﬂi o0 oand aPifﬂﬂi O § T {5
afl ipcreasing and.cancaua function. Pg. can he_uﬁed o express forests’
watershed moanagesment 2nd climatic benefits. Whils the eollection of etlino-
bivlagical infornstion does el impinge on Fﬁ, those beielits ave smerificeod
as B 1% converted into #:9
P = Ppif} . Py' > O . (6)
The epprrlunity cost, W. of inputs to the collection of ethno-biclogical
information is an inereasing ant corvexr Tunciion of Lhose inputs:
W= WKy . wWoe D (7

Finally. the rental value of deforested land depends on Limber prices,

clearing costs, and Che net returns o agrievgltural production. The value of

Liober removed from eleared parcels ls generally an inereasing #nd concave
function of deforestatjion,

Py = Puib) | Pyt >0, (%}



just as clearing costs. C, are an ifncreasing and convex function of B,
ORI V£ I LRI (51
Het agriceltnral retuerns, P,. are an inereasigy and concave functlon of A:

Py = FulA) ., ot o> 0. ' (10}

a
Optimal Controj Problem. Given the precedior definitions of land use,

slocky of informabion, and net vetyrns to résource develophent optiohs, the

aptimal control model describing efficient manapement of tropical foresls is:

maximize GfT (P TI{R,UTY. AFY + PpiFY - HEHS + Pty - il FA{A}}Ehrtﬂt
+ Y{F{T},A[T).T] {11)
subject to dFFdt = -D . F(O} = Fg . F(T) > ﬁ .
aasdt = D, AfDY = A, AIT} >0,
dalfde = L{M UL} ar(o} = at, ALL{T] > D ,
dil/de = v{F) ~ ((N.UT) . ur(oy = Uf, . UI(T} > ©

in this problem, r iz the real discount rate and T is the endogenously
deternined teominal date.

Uniess ovolution of new sthno-biological infufmaLion in & natural
setting Is very rapid., which Is a.pussihility not investigated here, it can
i gxpected that the marﬂinal vailue product of inpuiz to infermation
collection, N, will eventually Fill below the margioal cost of those igpols
for all positive levels of B, In the context of thiz moedel, that point iy
reacied at the endogensusly determined terminal date, T. Given how T i3
defined, ¥, which is the pet preseoat value of natural resource development
after the terminal date, depends oo nelther AI nor UI and concrol variable ¥
iz positive throwghoul the pariod, O throuwgh T. It will alse be assumed that

deforestation. centrol variable D, is pasttive during the same Limespan.

Conditions for Efficient Resource Developasent. To solve the optimal

conlrol problem. we deline A;, A,, 3. and-1; as the costate variables of F.



A, A5, and Ul and differentiate the Following Wamiltenian.
o (PN, OI)ATE « Pg(E) - W(N} + Pt} - £40) + Fa(a)t e *F
A -0 ALY ¢ AR TEHINL0E)) o A EeiF) JEHL0ES) f12)
wWith respect Lo Lhe wwo cheice vaelables:
AH/ah = {ry' -~ C et w20 4 2, < 0 and {13)
BH/GN = {[BP;/2i Bi/0N| - Wite TN 4 4, Bi7AN - Ry Bi/BN = 0 . {14}

The solution is also characterized by four adjoint ggquacions,

da, /AL - -BH/BF - “Pptentt - a, v {153
Shyrdt - Bt/ = v e TE (16}
dia/dL = -af/BAl = -8P/3AI ¢ 7% | and (1%)

dig/dt = —3H/801 = -[aP /31 83/aUTle " « 23057801 + 281701 . (18]

as well as five trapsversality conditions,

A,{T) = BY/OF {193
Ag{Th = av/aa (201
A4 (T} = SY/3AY | (21}
Ag(T) = aysavr , ' {22)
H(T) + a¥/aT = 0 . ' (23}

Given the definitions of f and ¥, A31+} and 34{T} cqeal zeru.

The soletion to differentizl eduations (151 thrawgh (128} together with
the five terminal conditions, eguatfons (I19) through (23), give time paths
for the four shadow prices. The réturas asseciated 'wii.:ﬂh a parginal addicion
1o F at date t comprise three parts. First. by arresting deferestation at
that time, U1 is increased, the value of which depends on A,{t). Becond,
witershed management and climatiz benefits are enhanced during the period, ¢
through 'F. Third, the same benefits are increased after T. Each impact is
represented, in order. on the fellowiop equation's right-hand side:

A,0t) = A(t) v' o+ T PleTRds + BY/OF | (24}



Ssimilarty, the beaefits of marginally iacvedsing A ai the same Cime compoige
the prosent valne c_rf submedguent agriculiaral produeel ion on :iefnresu:d land:

Agit) = of7 pyte T ™Sds « av/ea . {25}

Murwinally iocreasing Al at date L ceduces the scaccity value of ethaa-
bivlorical intfermal ton collected sebsequently:

Agle) = th ap /3al e "Vds {26}
Figally, & wmacginal increase in Ul impeoves the graductivity of effort
subseguenlly deveted to informatien cellection. Informatien collectiaon, in
turn, aupnents Al and reduces 1. Each of these changes affects A,:

agAey = ST [a/01 aisaulie s ¢ 248i/30T - 2,(0) 3isauL

]

[81/0U11 {1 » 2isou1]™Y /T [ap /81 1 arj/oalle Tds

&)

R (J7 (9P /ai + 3p;/a3Al)e T5ds | (27)
Since the partial dacivagive, 317300, is iw all likelihaod a positive
fraction af one, the maximum plauvsible value of the coefficient, R, is one-
half., @f course, if a large stock of nncollected inforsmatioa has a
pepligible Seenot un the “sweoess” of informaiion tﬁilectiﬁn. then & and, by,
impiicétjnn. 34 approach zere. In additien, JAy{t} is an increasing function
of.thc marginal value of i. As explained in equatien {5]. thal marpginal
valpe depends positively on § and negatively on archived information., A).
Substitutigg equations (24) through (27) inte eguation (13), one

obtains the cendition fur efficient deferestztion al date t:

IPH* Y L th Pﬂ'e'r[ﬂ_t’dﬁ + DYfoA PLL th PH'ehr{s"t}ﬁﬁ v A¢FoR Ert

w v R JT 8P, /a1 + 8P /3AL)e"TSds | (28)

Deforestation should increase up to the = whoee Jeforescatijon's marginal
benefits, veproscepted by Lhe feft—haod side of equation (28), efjual forest
presecvabion’™s marginal benefits, indicated [0 the same eguation's right-haml

side. The former consist of timber revenues plus the present value of future



apricultural rents less cilgaring costs. The latter include values unrelaled
to cthuo-biolegical diversity, reprﬂsenteq by the right-hand ;idﬂ'ﬁ firsl fwo
terms.  The rves@ining right-hand aide ters i equation {23t indicatez tha
preseal valne of additionzi ethno-biclogical informatlon callected by future
generations because more forest ares remains untouched. In addition to
depending un 34, the present whive of additionzl iwformation is influenced by
v'. which is the additcienal cultural and biclegical evolution madg poszible
Ly Aan inoroass in torest Sred.

Efficient collectien of ethno-bhiological information in Lroplcal forests
can be characterized by substituting equations (26) and (27) into equation
{35y apd then dividing through by %'s marginal physical product, éifamt

aP;/31 - MC = R T fap sai + api/aal]e "Rds JY AP s8AL e TSds , (29)
where MG, equal to W' wmulviplied by aNs2i, represents the current marginal
cgst of newly collectied cthne-biological Information. Eguatisn {23
indicates that the difference between the marginal value of unewly collected
informatian. aPifai. and MC shaould egual Ul's shadew price plus Al's shadow
price. That is, efficiency requirés that informnation collection at one date
be infiuenced by the impacis of that activity both on subsequent rates of

information collection and on the wvalue of future additions vo Al

EFPICIENT TRADE-QFPFS IN DEFORESTATION AND YNFORMATION COLLECTION

Eguattons {£25) and i29) express the conditions for secially efficieﬁt
land use change and information collectlon. That is. they suggest how, at
aoy wiven date, hupan and nztural resoutvses should be allacaied to maximize
the present value of ethno-biological information, apricuyltural produclion,
atd other commodities obtained from land now covered with trees.

Of course, These conditions are never ohserved bhecmuse people who live



io

and work iu tropical forests do not coasider all the ecepomic impacts of
their activities., AL an extreme, many agricul lural colonisgts face Ltepure
regimes that preveal them {vram capluriag any benefil of (erest nanagemant.
Consequent)y, they never rofrajn from ¢clearing any pareel immediately ifF
agricultural rents can be caplored by doing so (Southgate and Pearce). In
the ¢ontext of Lhiis paper’'s model, deforestation continges unlil the leaft -
band side of oguation (28) lalls to zero.

indiviHUHjﬁ who clear tropical forests are responding toe market Torces
and tenurial conditions that are partly er fully determined by natignal
govoroments, Those incentjves are inconsisicnt with efficient resource
allocatian in tropical Ferests becanse gatianal poveramenls, like individual
apricultural calonists, do pol internalize all the benefiés of forest
congervation. For cxample, a povernmenl might help toe contain nenpoing
source witter pollution jn a neighboring country by jnducing its citizens not
to clear land. However, it will probabiy mat receive any compénsatlun for
doing so. Likewise, no country has been able to collect From the rest of the
worlid the value o9f climatic stakility and ethno-bicloplcal information
pravided by tropical forésty. Conseguently, deforestation's adverse impacts
on global climate and biclogical diversity are. [rom a naticnzl perspective,
an external cost.

OF course. misallocation induced ﬁy hatiunal governments' and private
individuals' fallure to internalize citte full social costs of deforestation is
amal]l if the parginal renis captored by agenés of deforestation -- the left-
hand side of equation (28) -- are so small that privately efficient
deforestation is negligible.® The severity of resource misallocation in
trapical Corests also depends on prilces, technology, and the degree to which

tropical forests® ethpo-bivlogical information sebstitutes for infgrmation



11
penerated or stored outside tropical forests. Indicated in the paragraphs
that Follow are the ippacts on deforestation and information cellection of
changes in those factors., Discussed at Che end of the =ection Is the
influence of properly cights In ethhe-biological informatien and uncertainty
abgul the costs of land clearing oo the development of tropical forests.

Prices. Inlteptemporal allocation is, of course, glways aflected by the
real digcount Eate, r. Trupical forest mauagemeni is no exceplion.
lnspection af the left-hand and right-hand sides of equation (28) reveals
chat, an incresse in Che discount rake reduces the macgioal benafits of both
defatestytion and forosl preservation. Oope abould bear in miod, lowever,
that the agrioculoural productivity of defarested land in the trugicg fails
¢ff guickly after clgaring {Lal)y while the salae of serevices obtaiaed fraom
tree-tovered lond exbhibits less tempodral decline {and might even increass
pver Lime). Conmequently, Lhe presont valne of future agricueltural
production on deforested land, which is represented by chne second and thicd
terms on the left-hand side of equatjon (28), is génﬂraily Ie#s sensilive to
changes i the discounl rate than arve the macginal benefits of Forest
preservation, the same eqﬁatiﬂn‘s right-band side. An increase in that rate,
then, acceleratesz socially efficient defeorestation and reduces the
discrepancy betwern socially efficient and privately e¢ffivient deforestation.

At the same Cime, a Higher discouat rate causes the present value of
fulure wellare losses dssociated with callecting ethno-biclogical informaiion
taw, Lhe right-hand side of equation (29), te fall. This eacourages current

infaormalion cullecltion. Heducing the opportunity cost of inputs to

n

infoermation collegction. W. has the same effect,
Socially effigient furest preservation and the differénce between

socvially efficient and privately efficlent deforestation are increasing
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functions of the climatic and watershed manigement values dervived from tree-
covered Iand, which are cepresonied by the First two terms on the right-hand
side of eguation (28), and decreasing {wnotivns of the rental valee of
apricultural land, expressed in equatien (28)'s lefi-hand side.  Under tenurn
regincs (acing apricultural colonists. an increase in Lhe value of marketakle
vimbher voemoved [rom deforastad land, Py or & decregse Iu cleacing casts, O
encourages that group to ciear land (Southgate and Pearce). tHowever, if Py
risecs enauﬁh, tenure tregimegs {averabkie to forest managamenl should evalve.
Techialory and Substitulion. Cerfainly, tecﬁnulagiual change can
enhance the value of newly vollected ethno-biological infermation. Py. For
cxanple, Pj risox when new uses are jdentified for tropical species.
tuterpnratation 90 egual g {2}3'} cugpgeste that zacially e{ficisnt
deforcstation declines as o resulfs. An increase In Pj alsi augments
egualtlon (249)'z right-hand zide as well as the current marginal returns to
intormation gellection, aP;/ii. Uowever, hecause the former is discounted
while che latter is nof, 2 higher P; causes informatien collection in the
present Lo increage. OO0 course, nelther privately efficient information
callaciion nor privately cfficient deforestation is greatly affected by
changes in P which iz, for the most part. a non-markei value,
Technological change a#is¢ enhances the outsgide world's ability to
collect ethno-biolegical iaformatieoh in tropical forescs. Thig-impact is
represented in this paper's model by ceductions in 8i/73U1 and ® (f.e.. by
successfuil information collection hec;ming less dependent on the existing
stack of uncellected infarmation] or by an increase in difaN {i.e., by a
reduction In the correnl marginal cost of newly collected information, MC).
Lf aisalil and R fall, the incentive to reduce current land elearing in order

b Tagilitate futyre joformation collectian ion trvapical farests is weakened.



iin the context of the model. the third ripht-hand side term ol cquation {2n}
is diminizbhad. ]! !'n additicn, currenl infermation colleclion increases
hepause of &vnliues both in MC and in cguation (29)'s cight-hand side.

Teehnologleal clinge outside of Lropleal Foresis also atfeels socialiy
efficient management of thai rescurce. FPor example, [t Is possible far
fmprovencnte in laboralery technlovces to enhance the valus of "missing
grenetic links" collected in tropical forests. This would he an =xceplion,
howover, to the rule that information generzted or collected outside of
natural environmenis is typically a subatituwte for loformation gathered in
the wild., Consegnentiy, leclmological change that increases the sepply éf
the Former diminishes Pi. thereby weakening the incentive Lo priéserve
trapical Forests and other ethno-biologically diverse habitats.

Property Rights in Ethno-Biolopical Informatior. EHarlicr in this
section, agricultucal eeolonists' celuctance ta mavage trapical f[orests
efficienlly was explained by the clearing of irees being a prerequisife for
property rights voader the typical firoantier tenure regimé, Eu&eed, the
nhﬁnruaﬂinn LAl property rights atlenuvation is a major coose of ineflicient
develepment of tree~coveréd land in the tropics is not unigue to this papar.
Sedie {1985). For one, stresses that tropical deforeztation is excessive
because pruperty_rights do not exist in ethne-hiological information.

Since any existing or potential markel value of ethpeo-bhiologlcal
infprmatiﬁn originating in trhpical foresys depends on the periormznce of
markels for information generated or collected elsewhere, changiag properiy
rileghts lﬁ the latter information, which affects [ts production and
allocaCion, shauld have an impact on the development of Lreﬂ"cuvefnﬂ jand
near Lhe equator. Proposalks to declave all genetic information, be It

gollected in a naturel environment oy generated In p laboratoary, the Ycomman



heritage of mankind” {in effect, to mateh atrenuated riphts in patural
anvironmenlts' ethno-hiological information with atilenuated riﬁhts in wther
informaticn) are being meoled in some international fora (Klovpenburg). o
general, however, property rights in information generated outside tropieal
forests are becoming more secute {Schmidi.T At Jeazl aver Lhe Jong run,
institutional evolution of this type ghould have the same affect as
teﬂhuulugical.innnvatiuu_ Thal Le. biofechnolaogical and reiated resedrth
should be stimulated, theceby depressing whatever market walue is attached 1o
Lronical forests’ ethyo-biclogical inforsation.

The Uncertaldn Costz of Tropical Beforestatlon. As acknowledped atl the

borianing of this paper. the t;imatic impacts of cropical deforestation
Teraln ithe subject of debate [(Prancel. Simijar]y, by no means is cthe valye
af ethno-oiclogical information colliected ir tropical forests easy to
determine, for which reason the functicen, F;. in this paper's deterministic
rodel is defined as the sxpected utility of newly collected information.
fnereasing uncertainty abopt the v%lue of etﬁnu-hjﬂ]agica] information
augmenls the risk premium that a risk-averse sogiety counts as a part of
aPifaj, As iutcrprstatian of equatjons {28) and (2%) suggests, such a change
should disceorage land clearing while stimulating information colleclion.
Uncertais information aboul some of the sther factors inTluencing the costs
of deforestation has the same effect. For example, estimation of v'; which
i% the additional celteral and Biclogical evolutjon made possible by an
increase ln forest area, is wvery difficult. Recognizing this inducez a risk-

averse society to refrain from a ceriain amcunt of land clearing.

SUNMMARY AND CONCLUOSIONS

imprevements in this paper's model of Lrade—offs associanted with the

Ig



development o ethio--biclogically diverse tropical forests ate certainly
possihio. A stochastic (and copsiderably gore complex) optimal cantroel model

could bhe developed rather than g deterginistic one. Doing 50, one would be

ble Lo comment moprc preclisely adbouel how uncertainly ragarding the impacts ol

land clearing shoulid ianfluence the wze of tropical forests as a pepository of
spaecies and folk koowledpe.  In addition, because this papoer's model lacks a
geopraphic dimension. the ingights it yields into where tu tvy to collect

ethno-biological Information and which tropical forests are most deserving of
proltection are hiphly ge“erﬂ[.E

Nevertheless, as tadicated in the preceding section, the model comprises
a satisfactory f{ranework for evaluatigg how a variety of markel and tenurial
Iucentives joiluence develvpment of tree-coversd land fedar the eguater.  Het
addressed in this paper is the véxing probiem of presenting potential agents
of tropica] deferestation with a set of economit incentives that will! indnce
them to use natural resources in a socizlly efficlent manner. However. the
economiv rationale for confroncing the incentives p;ublém, which is to
eahance tropical forests' watershed management ang climatic beanefits as well
as to relbain a natural StD;EhUUSE of ethno-biological information, is

clarified in this paper.



FOOTNOTES
indeed. transnational compensation to preserve tropical forests has
already gecurred.  in July of 1987, Conscrvalion lalernatianal gave Lhe
tnlivian government 3650.000 of Lhé Fatfir's debt, oblafned in
intersatiaan]l financianl markets foc abaut $100,000, in exchange for Lhe
gveriment's aromise to pratact 1.5 willion hectaces of grimparcy forest
in narthcﬁatcrn artiving,
TROough tropical ferests are pore Biologienlly diverse than aost ather
enviramnants, maintaining blolegical diversiivy is almost always one of
the arguments for preserving “undeveloped”™ jand in any part of the.
world., For exanpie, muuagEment of parks and wilderness areas in Che
United States has recently been crilicized on the gronnds that
Liological diversity has not bean preserved {Newnark).
Ta describe temporal chamngre in U more {ully, one woald have o relals
the evolution of new ethno-biologlieal information not only to F bat also
1o unzarchived sthnoe--bivlegical information aﬁd nn.arcﬁived plants,
animalys, and igdigenous cultures that continue to exist in the wild.
Unfortunately, p]auéib]c malhematical descriptions of evolution's
dependence oo the latter are., in geseral, intractable.
Watershed manzagement and climatic benefits lost as land is deforested,

F are not always greal. Many agricultural land vses are nol very

I
erogive and f;rmers can use¢ conservatien techniques. Also, while a
hectare of apricul tocs] ]and.uﬂntains considerably less living hlomass
than a bectare af primary forest, differences hetween poimacy forasts®
amd sccondary forests' biomass concentralions can be negligible.

Settlers® tendency to raise crops and liveslock where trees used Lo

stand instead of to wanage forests is pactly explained by frontier

I



b,

teaure popimes, which vest propecly rights only in thosze who clear land

(Soanthjrate and Peacec). Howewer, the slow rable o al owhich. Bieh-wvalaed

specivcs, which Lypically aceounl For g smald] porlion ol Forest biomass
ine Lhe Lrapics, malure offen dictates that timber cxtraclion leading to

land wse conversion is rational (Clark].

In many counteies, apcioaltoral rends capturod by those wha setile in

forested hinterlands are greatly enhanced by government subsidies

(Pearee and Myers: Mabari. Wheee that is thoe case, cutling Cthose

sbsidies Inhibits detorestation.
In the United States, for example, the Supreme Court extended patent

proteclian for breeders, cpdified in Sec. 101 of the 1970 Plant Variety
frotection Acl, Lo micraorganismns

Njamond v. Chakrabarty (100 S. Ct. 2204).

These topics are explored by Sedjo (1985) .

hred in laboratorics in the 1980 case,

rr
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