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ABSTRACT

Although industr ial ized countr ies have increasi ngly pressured developing

countr ies to t ighten the protection of intel lectual property, recent economic

l i te ra tu re  has  ques t ioned whether  the  deve lop ing  count r ies  shou ld  g ive  in to

such pressure. The l i terature has found that for an invention-import ing

count ry ,  where  domest ic  jnvent ion  is  scarce  or  nonex is ten t ,  p ro tec t ion  o f

intel lectual property developed elsewhere can reduce the countryts vtel fare

and, in some cases, world welfare. The analysis presented here concludes that

th is  f ind ing  may no t  be  app l  i cab le  to  p roduc ts ,  such as  an t ib io t i cs ,

fung ic ides ,  herb jc ides  and pes t ic ides ,  whose e f fec t i veness  d imin ishes  w i th

cumula t ive  use .  Pro tec t jng  the  in te l lec tua l  p roper ty  r igh ts  fo r  these

products can increase welfare--even when inventjon is provided for free.
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I.  INTRODUCTION

In the.Uruguay tound of Mult i lateral Trade Negotiat ions, industr ial lzed

nations have focused on placing intel lectual property r ights under the

auspices of the General Agreement on Tarif fs and Trade (GATT). These nations

want to use the GATT as a tool to motivate countr ies that weakly protect

in te l lec tua l  p roper ty ,  ch ie f l y  the  deve lop ing  count r ies ,  to  p ro tec t

intel lectual property r ights more strongly. At the same t ime, the developing

count r jes  f jnd  i t  a t t rac t i ve  to  cont inue us ing  invent ion  and innovat ion  in  the

i ndustr i  al  i  zed worl d wi thout payi ng for i  t .

One of the assert ions typical ly made in arguments favoring protection of

in te l lec tua l  p roper ty  r igh ts  i s  tha t  inventors  invent  fo r  f inanc ia l  ga in .

Protection of intel lectual property helps inventors to gain from invention and

motjvates them to do so. At the same t ime, the protection of intel lectual

property r ights creates a rnonopoly for the inventor which reduces welfare.

F los t  ana lys ts  see monopo ly  as  the  cos t  o f  s t imu ' la t ing  invent ion .

Recent economic l i terature (such as Chin and Grossman, 1988; Diwan and

Rodri k, 1991; and Deardorff ,  1992), however, cal ls into question whether

developing countr ies ought to respond to pressure frorn the industr ial ized

countn ies  to  p ro tec t  in te l lec tua l  p roper ty  r igh ts .  In  an  invent ion- inpor t ing

country, where domestic ' invention is scarce or nonexistent, protection of

intel lectual property developed elsewhere can reduce the country's wel fare

and,  in  some cases ,  wor ' ld  we l fa re .  The pr inc ipa l  assumpt ion  mot iva t ing  these

conc lus ions  is  tha t  marke ts  in  the  indus t r ia l  i zed  count r ies  a re  la rge  enough

that offering protectjon of intel lectual property in the developing country
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adds only sl ightly to the incentives for invention and innovation in the

industr i  al  ized world. Therefore, i  ntel lectual property protection impl ies

monopoly costs to the consumer that are not matched by rewards to motivate

e i ther  loca l  o r  fo re ign  inventors . l

These f ind ings  appear  cons is ten t  w i th  empi r i ca l  observa t ion .  But le r

(1990) notes that, as of 1988, 47 countr ies did not patent pharmaceutical

products, 59 did not patent animal variet ies, 57 did not patent plant

variet ies, and 2l did not patent chemical products. The large majori ty of

these count r ies  a re  non indus t r ia l  .  In  add i t jon ,  Gadbaw and R ichards  (1988) ,

Gadbaw and Kenny (1988), Richards (I988), and Sheruood (1990) f ind

cons iderab le  ev idence o f  indus t r ia l  count r ies  cont inu ing  to  innovate  even

after developing countr ies have appropriated their technology without

comDensat i  on.

I t  i s ,  perhaps ,  i ron ic  tha t  pharmaceut ica l  innovat ion  has  rece ived

part icular attention in the much of the empir ical work noted above. For some

pharmaceut ica ls ,  nane ly  an t ib io t i cs ,  deve lop ing  count r ies  may f ind  i t  to

des i rab le  to  p ro tec t  in te l lec tua l  p roper ty  r igh ts - -even i f  invent ion  is

cos t less ly  p rov ided by  d iv ine  in te rvent ion ,  pure  a l t ru ism or  dumb luck .

Instead, rnany of these countr jes have compromised the effect iveness of some

ant ib io t ' i cs ,  and o ther  p roduc ts  w i th  s imi la r  charac ter i  s t  i  cs ,  by  fa i l  ing  to

protect ownership of the night to produce these products.

For  a  c lass  o f  p roduc ts ,  such as  an t ib io t i cs ,  fung ic ides ,  herb ic ides  and

pest ic ides ,  e f fec t i veness  d imin ishes  w i th  cumula t ive  use .  For  p roduc ts  such

as  these,  consumpt ion  by  one ind iv idua l  can  impose an  ex terna l i t y  cos t  on

society which competit jve consumers and producers operating in a regime

wi thout  p ro tec t ion  o f  in te l lec tua l  p roper ty  r igh ts  wou ld  no t  take  in to
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account. As a consequence, product effect iveness is depleted at a faster than

soc ia l1y  op t i rna l  ra te ,  as  res is tan t  s t ra ins  o f  bac ter ia ,  fung i ,  weeds and

pests are devel oped.

In contrast, a monopoly producer, who owns the intel lectual property

right to such a product, has an economic incentive to preserve product

e f fec t i veness .  The monopo l is t  takes  in to  account  how one ind iv idua l ' s

consumption affects future effect iveness and consequent product demand. In

do ing  so ,  the  monopo l is t  in te rna l  i zes  the  ex terna l i t y  and be t te r  p reserves  the

produc t  fo r  the  fu tu re .  Th is  f ind ing  has  impor tan t  jmp l ica t ions  fo r  the

Uruguay Round negot ia t ions ,  o r  any  o ther  t rade negot ia t ions  invo lv ing

i ntel I  ectual property.

I I .  AN ANALYTICAL MODEL

[, le develop an analyt ical model of the market for a product whose

ef fec t i veness  d in in ishes  w i th  cumula t ive  use .  In  th is  mode l  ,  invent ion  is

costlessly bestowed under two types of pol icy regirnes, one v'r i thout

inte. l lectual property protection and one with i t .  In the regime without

in te l lec tua l  p roper ty  p ro tec t ion ,  a l1  p roducers  have equa l  c la im on the

invent ion ,  and they  produce in  a  compet i t i ve  marke t .  In  the  reg ime w i th

in te l lec tua l  p roper ty  p ro tec t ion ,  the  invent ion  is  bes towed on a  s ing le

producer who gains a monopoly.

l , le begin by presenting demand and supply condit ions for the product. l {e

next develop the social welfare maximizing condit ions for the market. l , le then

compare  these op t ima l i t y  cond i t ions  w i th  the  cond i t ions  tha t  wou ld  p reva i l  in

a  conpet i t i ve  marke t  (w i th  no  ' in te l lec tua l  p roper ty  p ro tec t ion)  and a

monopo i ized  rnarke t  (w i th  in te l lec tua l  p roper ty  p ro tec t ion) .  F ina l l y ,  we
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andconclude by comparing the competit ive

DEITAI'ID

monopol i  st i  c cases,

The quanti ty demanded at any moment in t ime (Q.) is a function

(Pr) and product effect iveness (E.):

0t = O(Pt'  Et)

of pri  ce

( l )

where OQ./EP, < 0 and AQt/aEt > 0.2

Natura l  se lec t ion  dr ives  the  process  in  wh jch  an t . ib io t i cs ,  fung ic ides '

herb ic ides  and pes t ic ides  lose  e f fec t i veness  w i th  cumula t ive  use  over  t ine .

Effect jve use of such a product can destroy alI  or most of the target

popu la t ion  o f  bac ter ia ,  fungus ,  v ieeds  or  pes ts  in  a  g iven eco log ica l  n iche .

In  some cases ,  smal l  numbers  o f  the  ta rge t  popu la t ion  w i l I  surv ive- - tha t  i s

s t ra ins  tha t  a re  res is tan t  to  the  an t ib io t i c  o r  pes t ic ide  in  use ,  l l i th  the

ecological niche cleared of competing members of the target populat ion, the

res is tan t  s t ra in  has  a  g rea ter  oppor tun i ty  to  nu l t ip ly  and f i l l  the  eco log ica l

n iche .  Eventua l l y ,  the  res is tan t  s t ra ins  w i l l  take  over  the  eco log ica l  n iche

and spread to  o ther  s imi la r  env i ronments .  As  th is  happens,  the  an t ib io t i c ,

fung ic ide ,  herb ic jde  or  pes t ic ide  be ing  used Ioses  j t s  e f fec t i veness .  Low-

valued uses may accelerate the process in which a product loses effect iveness.

We simpl i fy the process by assuming that product effect iveness at any

moment  in  t ime is  a  decreas ing  func t ion  o f  cumula t ive  consumpt ion  to  da te ,  X . :

t  =  E(X. ) (2)

where dE,/OX, < 0.
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At any moment in t ime, cumulative consumption to date is defined:

x,=1, Q, ar

where r is a dumny of integration for t  ( t ime) and Q. is the t ime derivative

(rate of change) of X..

For analyt ical convenience, we rewrite demand as an inverse function,

incorpora t ing  E(X, )  in  p l  ace  o f  E .

P. -  D(Q,  , t  ) (3)

where dPrl0Q. < 0 and aPt,/axt < 0.

SUPPLY

Product ion  occurs  in  n  ident jca l  p lan ts  so  tha t  the  to ta l  quant i t y

produced at any moment jn t ime (Q.) is simply the number of plants (n) t imes

the  quant i t y  p roduced in  each p lan t  (q ) :

Qt = nQt (4)

For  an  ind iv idua l  f i r :m,  the  to ta l  cos t  o f  p roduc t ion  (c )  i s  s imp ly

expressed as  a  func t ion  o f  ou tpu t  (q ) :

c. = c(9.) (5)

where  marg ina l  cos t  i s  pos i t i ve ,  0c l0q  >  0 .  I f  ou tpu t  i s  d is t r ibu ted

eff iciently across al l  n p1 ants, the aggregate total cost of production (C.)

can be v,r i t ten as a function of either Q or q.3

C,  =C(Q)  =n .c (q t ) (6 )
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SOC I AL H E LF ARE ITAX I I/.I ZAI I OII

The op t ima l i t y  cond i t ions  fo r  soc ia l  we l fa re  max imiza t ion  serve  as  a

benchmark against which competit ion and monopoly can be compared, Social

welfare can be writ ten as the present discounted value of the sum of consumer

and producer surplus, evaluated over t ime:

PVSH = l"e-"t flototx, x) -cr) oydt (7)
J U  J U

where  r  i s  the  in te res t  ra te ,  1 is  a  dummy o f  jn tegra t jon  fo r  quant i t y  (Q)  and

C,  i s  de f ined as  0Cl01 .  (To  s imp l i f y  no ta t ion ,  we drop  the  t ime subscr ip t  a t

th is  po in t  in  the  ana lys is .  I t  shou ld  be  unders tood as  imp l ic i t , )

Pont ryag in 's  max imum pr inc ip le  (and some nran ipu la t ion)  y ie lds  the

fo l low ing  op t ima l  i t y  cond i t ion  fo r  soc ia l  we l fa re  max imiza t ion l

P =Co+L (8 )

Pr ice  (P)  equa ls  marg ina l  cos t  (Co)  p lus  a  user  cos t  ( l ) . '

The user cost represents the marginal value of preserving effect iveness

for  fu tu re  per iods  as  fo l lows:

I = -e "[ . ' { l re 
-"" 

) dr (9)

where  P*  i s  de f ined as  OP/dX.  I f  .u* t . t iu .  consumpt ion  reduces

ef fec t i veness ,  the  pr ice  consumers  are  w i l l i ng  to  pay  fo r  the  produc t  fa1 ls

w i th  cumula t ive  produc t ion ,  then P,  <  0 ,  and the  user  cos t  i s  pos i t i ve .  I f

cumulative consumption does not alter effect iveness, then Px = 0, the user

cost is zero, and equation (8) becomes the famil iar optima' l  i ty condit ion where

pr i  ce  equa ls  marg ina l  cos t .

The op t ima l i t y  cond i t ions  a lso  ind ica te  tha t  the  user  cos t  can  inc rease
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or decrease in value over t ime. In part icular,

\=v7+P, (  l0)

which, given that P, < 0, indicates that the user cost grows more slowly than

the interest rate, and decl ines i f  P, is suff iciently negative.

The optimali ty condit ion expressed in equation (8) serves as a benchnark

against which we compare the competit ive and monopolist ic cases.

COIIPETITIVE CASE

In a purely competit ive case, product effect iveness inf luences demand'

but individual consuners and producers ignore the effect that individual

consumption has on future effect iveness.

In the competit ive case, inverse demand remains:

P  =D(Q,  X)  ( l l )

For each f irm, prof i t  maximizing condit ions are obtained at the output

where the f irm's marginal cost equals the market price:

P  = ro  (12)

Wi th  n  ident ica l  f i rms,  marke t  c lear ing  cond i t ions  requ i re  tha t  the  quant i t y

demanded (Q) equal the total quanti ty produced (n.q) at the market clearing

pr ice  (P) .  G iven the  cos t  func t ion  (6 )  and Q =  nq ,  i t  can  be  shown tha t  Co

equa ls  co .  There fore  compet i t ion  y ie lds  the  fami l ia r  case in  wh ich  pr ice

equal s marginal cost:

P  =  Co (13)

This famil iar case is not optimal ,  however. l l i th consumers and

producers ignoring the external j ty effects that consumption has on future
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effect iveness, the user cost found in equation (8) does not arise. Figure I

i l lustrates the effect for a giren demand curve at any moment in t ime. P* and

Q*  are  the  soc ia l i y  op t ima l  p r ice  and quant i t y ,  respec t ive ly ,  For  the  g iven

demand curve, the conrpeti t ive narket wi l l  yield a lower price, Pc, and a

h igher  quant i t y ,  Qc ,  than is  soc ia l l y  op t ima l  .

Comparing the dynamics of the competit ive case with those of the

social ly optimal case is somewhat more complicated. Because the competit ive

narket would produce above the social ly optimal rate, the demand curve shif ts

inward more rapidly than for the optimal case. At some point in t ime, demand

in  the  compet i t i ve  case w i l l  have sh i f ted  inward  enough more  tha t  ou tpu t ,  Q,

w i l l  be  lower  than i f  use  o f  the  produc t  had a lways  been managed in  a  soc ia l l y

op t ima l  fash ion ,  Th is  cond i t ion  w i l l  be  main ta ined therea f te r  un t i l  p roduc t

e f fec t i veness  goes  to  zero .  Never the less ,  a t  any  moment  in  t ime,  the

curnulat ive consumption to date, X, would be greater and the price would be

lower  under  the  compet i t i ve  t ime pa th  than under  the  soc ia l l y  op t ima l  t ime

oath .

The compet i t i ve  case can be  made soc ia l l y  op t ima l  by  impos ing  a  tax

equa l  to  the  user  cos t  o r  iden t i f y ing  and bann ing  low-va lue  uses .

Implementing such a tax or restr ict ing use of the product may be problematic

i f  the  po1 i t i ca l  ra te  o f  d iscount  i s  h igher  than the  soc ia l  ra te .  In  cases

where  po l j t i ca l  d iscount  ra tes  are  su f f i c ien t ly  h igh ,  po l i t i ca l  ac to rs  may be

unwi l l ing  or  unab le  to  op t ima l ly  de fer  consumer  use  o f  the  produc t .

MONOPOLISTIC CASE

In  the  monopo l is t i c  case,  the  s ing le  se l le r  has  an  incent ive  to  cons ider

how current consumption affects future effect iveness because the loss in

e f fec t i veness  w i l l  be  re f lec ted  in  fu tu re  sa les .  A t  the  same t ime,  however ,  a
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monopolist has the incentive to earn monopolistic rents by restricting output,

The monopol is t 's  prof i t  is  descr ibed as:

"  
=f  

"-" ' [P(0,  
x) .Q -c(Q)]dr

Pont ryag in 's  max imum pr inc ip le  (and some man ipu la t ion)  y ie lds  the

monopolist 's prof. i  t  -nraxi mi zi  ng condit lon as fol lows:

(  l4 )

P+Pa .Q=Co+ l (  ls)

I t la rg ina l  revenue 1R +  PoQ)  equa ls  marg ina l  cos t  (Co) ,  p lus  the  user  cos t  ( l ) ,

l {here  Po js  the  reduc t ion  in  p r ice  requ i re  to  se l l  the  marg ina l  un i t .

Equat ions  (9 )  and (10)  above descn ibe  the  user  cos t .

The presence of the user cost in equation (I5) shows that the monopolist

takes into account how current consumption affects future effect iveness. At

the  same t ime,  however ,  the  monopo l is t  a lso  res t r j c ts  ou tpu t  to  ob ta in  a

monopo ly  ren t .  F igure  I  i l l us t ra tes  monopo l is t i c  behav io r  fo r  a  g iven demand

curve at any moment in t ime. P* and Q* remain the social ly optimal price and

quant i t y .  For  the  g iven denand curve ,  the  monopo l is t  w i l l  se t  a  h igher  p r ice ,

P*  and se l l  a  smal le r  quant i t y ,  Q '  than is  op t ima l  .  (The monopo l is t  ob ta ins

a margina1 revenue of t l \ .)

Comparing the dynamics of the monopol ist ic case with those of the

soc ia l l y  op t ima l  case is  somewhat  nore  compl jca ted .  Because the  monopo l is t

wou ld  p roduce be low the  soc ia l l y  op t ima l  ra te ,  the  demand curve  w i l l  sh i f t

inward  less  rap id ly  than fo r  the  op t ima l  case.  A t  some po in t  in  t ime,  demand

in  the  monopo l is t i c  case w i l l  have sh i f ted  inward  enough less  tha t  ou tpu t ,  Q,

w i l l  be  h igher  than i f  use  o f  the  produc t  had a lways  been managed in  a

soc ia l l y  op t ima l  fash ion .  Th js  cond i t ion  w i l l  be  main ta ined therea f te r  un t i l
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the product effect iveness goes to zero. Nevertheless, at any moment in t ime,

the cumulative consumption to date, X, would be lower and the price would be

h igher  under  the  monopo l is t i c  t ime pa th  than under  the  soc ia l l y  op t ima l  t ime

path .

One method of encouraging the monopolist to behave in a social ly optimal

manner is to estabi ish a government mandated price path in which the market-

c lear ing  pr ice  in  each per iod  is  se t  equa l  to  rnarg ina l  cos t  p lus  user  cos t .

i . l j th a set price path, the monopolist would face a perfect ly elast ic denand,

and the  incent ive  to  res t r j c t  ou tpu t  wou ld  be  e l  im ina ted .  Set t ing  such a

price path would require considerab' le information about demand and true

produc t ion  cos ts .  In  add i t ion ,  such a  po1 icy  i s  r i fe  w i th  p rob le rns  o f

po1 i t j ca l  in f luence because the  nonopo l is t  wou ld  have an  incent ive  to  lobby

government  o f f i c ia ls  to  ra ise  the  regu la ted  pr ice  above the  op t ima l  Ieve l  .

An  a l te rna t ive  approach fo r  ach iev ing  op t ima l i t y  in  the  monopo l is t i c

case,  i s  to  o f fe r  the  monopo l is t  a  p roduc t ion  subs idy  equa l  to  -PoQ.  The

governnent could avoid making a transfer to the monopolist by auctioning off

permanent r ights to monopolize the product 's market with the government

subs idy  jn  p lace .  Under  compet i t i ve  b idd ing ,  the  monopo ly  ren ts  and subs id ies

would be recaptured by the government. 0f course, such a solut ion requires a

credible commitment on the part of the government to honor the contract.

I I I .  C0NCLUSI0N:  COMPETITI0N V.  M0N0P0LY

As shown above, neither competit ion nor monopo' ly is consistent with

soc ia l  we l fa re  max imiza t ion  when the  oroduc t ' s  e f fec t i veness  dec l  ines  w i th

cumula t ive  use .  A  compet i t i ve  indus t ry  wou ld  charge too  low a  pr ice  and

dep le te  the  produc t ' s  e f fec t i veness  too  rap id ly .  A  monopo l is t  wou ld  charge
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too high a price and produce too l i t t le of the product.

Our results are broadly consistent with those of Chin and Grossnan,

Diwan and Rodrik, and Deardorff .  They f ind that a competit ive industry rould

prov ide  too  I i t t le  invent ion ,  and a  monopo ly  too  l i t t le  ou tpu t ,  to  max imize

soc ia l  we l fa re .  In  the i r  ana lys is ,  compet i t ion  is  p re fe rab le  to  monopo ly

because the  we l fa re  cos t  o f  the  los t  s t imu lus  to  invent  i s  less  than the

welfare cost of restr icted output.

In our case, competit ion is preferable to monopoly when the welfare cost

o f  fa i l ing  to  p ro tec t  p roduc t  e f fec t i veness  is  less  than the  we l fa re  cos t  o f

restr icted output. 0n the other hand, monopoly is preferable to competit ion

when the welfare cost of fai l ing to protect product effect iveness is more than

the welfare cost of restr icted output. [ , le are unable to put prior values on

these costs other than to say they depend on the elast ici ty of demand and the

rate at which product effect iveness ' is depleted through cumulative use. In

some cases, a monopoly that protects jntel lectual property may be preferable

to  compet i t ion ,  even when invent ion  is  cos t less ly  p rov ided,

I f  we s imu l taneous ly  cons ider  bo th  the  incent ive  to  invent  and the

dep le t ion  o f  p roduc t  e f fec t i veness ,  compet i t ion  wou ld  resu l t  in  too  I i t t le

invent ion  and too  rap id  dep le t ion  o f  p roduc t  e f fec t i veness .  A  monopo l is t

wou ld  p roduce too  l i t t le  o f  the  produc t .5  As  a  consequence,  the  case fo r

protecting intel lectual property r ights is substantial ly stronger for products

whose e f fec t i veness  is  deo le ted  w i th  cumula t ive  use .

An even stronger case can be nade for government intervention in the

market for a product whose effect iveness diminishes with use--whatever the

regime of intel lectual property r ights and market structure. Governmenl

intervention can imDrove the al location of a oroduct whose effect iveness
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d imin ishes  w i th  cumula t ive  use  in  e i ther  a  conpet i t i ve  o r

The competit ive market 's al location of the product can be

e i ther  the  inpos i t ion  o f  a  tax  equa l  to  the  op t ima l  user

va lued uses .  The monopo l is t ' s  a l  loca t ion  o f  the  produc t

through either a production subsidy or the imposit ion of

path. 0f course, informational and pol i t jca' l  factors can

app l  i ca t ion  o f  such po l i c ies .

monopol ist ic case.

improved through

cost or a ban on low-

can be improved

the optimal pri  ce

inh ib i t  the  op t ima l
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NOTES

*The au thors  wou ld  l i ke  to  thank  Zso l t  Becs i

conments without implicating them in any of

The views expressed are those of the authors

those of the Federal Reserve Bank of Dallas

and Evan Koenig for helpful

the shortcornings of the analysis.

and do not necessari ly represent

or the Federal Reserve System.

l .  D iv ran  and Rodr ik  (1991)  and Fr ischs tak  (1990)  f ind  tha t  deve lop ing

countr ies can improve their welfare by protecting intel lectual property when

they have a strong demand for a product that is not part icularly useful in the

i ndustr i  al  i  zed countr i  es .

2. 0ver sone ranges of effect iveness, consuners nay increase their use of

an  an t ib jo t i c ,  fung ic ide ,  herb ic ide  or  pes t ic ide  to  o f fse t  reduced

effect iveness. l ie abstract from this case by assuming that they would do so

only at a reduced price. Therefore, at a given price, consumption fal ls with

e f fec t i veness .

3 .  For  s imp l  i c i t y ,  we assume the  same number  o f  p lan ts  in  a l l  th ree  cases .

Th is  assumpt ion  s imp l j f ies  the  ana lys is  w i thout  a f fec t ing  the  resu l ts .

4 .  Th is  op t ima l i t y  cond i t ion  shou ld  be  fami l  ia r  to  those who are  versed in

the econonics of exhaustible natural resources. See Dasgupta and Heal (1979).

5 .  The monopo l  i s t ' s  incent ive  to  res t r i c t  ou tpu t  may be  I  im i ted ,  however ,

by the potential entry of competing inventions. See Baumol ,  et.  a1 . (1988),
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