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A bstrackt

U sing aetical din erentiatian model ofendoganas gronth with stodhestic
R&D activity we daracierize the gptimal patait e time the govarrmatt
wauld setin adarto maximize eananicgonmh. W eshovthata.. nite patent
e time doss edst ad is unigue proadad that the exqpected rate of rietum
fomR &D issut datly e A dditiaally we analyze the impactofthe el
of ampetitian iINR &D sectoy; the inersst rate, the bvel oF mangpdly pro.t
ad the praductivity parameter of research tednology an this gotimal patenit
e tme
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1 Introductian

Sinee Sdumpetar (19 42), the need o proJce innowatars with sane form ofmarket
poner (i.e pataitprolectian) in ader o stimulate ilnvestmattinR &D  hes been
widely reaognized. 4 s the patent protectian helps ilmoators 1o bere. than thar
rescardh e ots, itaaass arinaessss the inaantives o innovate. | talbo saaks o
add duplication of research @ ats and 1o pramote tednolog Gl progress.

T he analysis ofgotimal patent e timeis Tounded an twobrandes of iterature.

In the indutrial agenizatian Ferature the analysis is besed an the hypothesis
that a sodety must balbnce the gairs acauing fran repid tednologcal praogress
agairst the welfxe bss assodated with the presance of tempaary maqpadlies in
the use of new tednolgy: | adhaus (19 6), L aury (19 79), and recantly D enicolo’
(1999), amag aothars, all study the inaantives and the distortias induasd by a
patent systam within a static partial equi ibrium framenorkk Judd (1985) is the
.. Istattemptitostudy the gotimal patent i ime thraugh maximizingsodal weliére
fUnctian in a dynamic general e ibrium sekup. H e builds an exoganas gonth
model where ilmowatian, thaugh endogenaus, is not sustainsble vwhen there is no
exagenas inaeese in the Ebaur o

W ithin endogenaus gronth ierature innovatian basad eaonamic gronth hes be
ame an impartant ...ed of researdh due 1o the works of Segarstran etal (199 0),
Ranmer(1990),6 rossmanandH elpman (1991), A dianandt onrtte(199 2) and B arro
and Saki-l artin (1995). Casidaring innoalias as 1o aeate a market fordic ex
atiated products by inaessing the degree of praduct \ariety ar qualty, in these
macek No attenctian is paid 1o the patatsystem as a govarmment policy ool 1
de=d R aner (1990) ad ¢ rssman and H ebman (1991, dgpter 3) assume thata
suasssiull innovator acaues an in.nite patantprotlectian. 1n a reaeentwork 1l idel
and l yssen (1998) anmalyze patait e time in an endogenaus gronth macel with
harizantal praduct dic erentiatian. H onever; thar anmabysis is Imited in the sarse
that they aasidara deterministic innovative activity. Sincel aury (19 79), the Im-
its ofmadelinginmouative ectivity as a deterministic procsss, insteed ofastodestic
are hae been widely reaognized.

6 ivenallthis itis surprising thatt the impactofpatait e time s agovemmeant
pdicy ool an econamic gonth is aincst entirely aosant fram thearetical work
0 ur motivatian in the presant pgperis 1 .. Il this gp in te erature. In this
sase Ve Toas an the gotimal patant ke time the goraemmeattwauld setin ader
1O maxdmize eananic gonrh in an endogenas tednologcal dange model with
\ertical diz erentiation and stodesticR &D ectivity, W thin this framenorkwe alo
study haw this gotimal patent e time wauld dhence in riespaese o dangss in
te bel of ampetitian inR &D , the intersst rale the productivity parameter of



rescardh tednology and the maapoly pro.t
T he pgper is aganized a5 Ollons. Sectian 2 presaits the model Section 3

intraduass econamic gonth. Section 4 dnaraderizes, thraugh numerical analysis
the gonth maximizing patent ke time and perfams amparative statics. Finally,
Section 5 aondludes.

2 Thel odel

W e axrsidaran econamy ampasad of three sectrs. Final adtput sectorproducss a
homagenaus aansumption good, intermediate sectarproducss . Gpital goods wheress
rescardh and - development sector producss ilmmovatias. Final adtput is dotained
by aombining Boaur and cepital goods through a Cdob-D auges tednology ad is
wsaed as an inputin theintermediate goocs andR &D  sectars. Fims whidh qperae in
the researdh and develpmeant sector race 1o produce ilémovatians in terms of guali ty
improanats in the edsting pital goods” product ines. T he suasesssiul inmmovator
wirns a pateritvhidh is icasad 1o pital goods” producers.

2.1 FHral0 utputSedtor

Final 0 utput ( the numeraire) is producad in a ampetitive industry according o
the olloning arstat retums 1o sak production Tunctiat

Zy - %3
Ye=L1® @ dds X & d@Xapx0<@c<liogrl ()
0 m=0
whareY ;L and gdanote autput; ..>e&d supply Ebaur, and aguality dderindex
respecinely. T he dagee of harizantal dis erentiation is . >xed oertme j 2[0;17]
X mj;tist’eqﬂ‘rﬁlyl,sajoﬁl"ejt tpeofimtemediate good with auality bvel m;j:
I § baing the higestaualty bwel aa EbE in se(xj’j;x}tisﬁ’eqﬁllg/ajjusm
amauntofthevariety j enpbyed attimet.

Suppasing that oreadh variety j, anly the tp quality greration d ) is pro
ducd in equilibrium |, ... nal autput productian ONctian can be recsstas ollons:

Zl
Ye=L 10 0 d s xy;0d @



T he rpresariative .. produding the hamaogenaus ..nall adtput maxdamizes its
instatanecLs pro. twith respect Xy -

Z,
maxyY gw i  @Cu;Xu; ©)
0

In equatian (3), the price of the ...Nall good hes bean namalized o unity ad
Tor eese ofFnotalion the subsaniptt hes been anitded. T he solutian 1o this prdblem
yieks the set ofintermediate input demand schedulkes:

Ky = CI Ayt @

Py,

T he implied price demand ebstiaty (1) taad by eadh intermediate mangpolist
P~ 1.
is gven by 50 -

2.2 Inermediatet oock Sector

A tany pantin time tere is aaxtinuum of..ims indexed by j 2 [0 ;1 Jgperating
in this ssctar: Eadh .. producss a dic erantiated intermediate good thattis used
in the production of ..nal autput as an input 0 Ne unit of forege aasuMpiian
allons eech .. m toproduce ae unirtof intermediate good inespective of its \ariety.
A coodingly, the margnal asst ofeedh . is equal O ae. In ader to dotan the
gotimal price ofthe highestawa Eb e guality ofeech intermediate good, ... rms equate
theirmargnal ast o tharmargral evae Eeding Py | = %. Thus priceis a
.>ad marke up an the margnal astofproduction. 4 .. m thathss alreedy inauned
the . xad astinestmantin a patatwi ll dotain the Blloaing instantaneous pro. €

B0, =€y i DXy, = 0050 oIl g2p;i] ©))

1\ tany pdntin time the anly sunk asstoed by eech .. im qperatingin the intermediate goocs
sectoris the inftial ependiture an the patentT his assumptian is hamess in the presat aitext
as the intermediate inputdemand is statianary in ecui Ebrium.




2.3 R essardh adD eselbpmaitSector

In this section, we postulate enR &D  tednolgy whare the date of ilmoatian is
uncertain. Folloning L aury (19 79), D esgupta and Stidhtz (1980) and D enicoky’
(1999), we assume apdssan pracss Tarinmovatias Whidh wi lbring disaete ouality
improemants forthe intermediate goocs. T he timing ofinnovatians stodestically
depads an theR &D iInvestment, namely the amaunt of ...nal autput devoled
R&D .4 ../ intradudng an inmovatian wi llmaintain a Al patentwhose e ime
is set qoimally by goermmaentin ader to maximize eaonamic gronth.

Canceming the structure of the secior; at time t eedh .. determines the
amauntof resourass devoted 1oR &D  through maxamizing its expected pro. t

EFMI=_NZE[VIiNiiF ©
where
A 'z P P
X TG H% LI . i+ T ND
ENI= ;. Ni e i d 'r’Qie'rT)e ' @)
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Inequatian (6, N j is the pdssan amial rate ofinnovation Tor..mm 1 devoling
N j anantofresaurcss R &D with | > (| baeing a paraneter retecting the pro
ductivity of the rescardh tednology. A part fron Toregre asumptian, thereis a
.xed astF ; that..ms pay in adertoengege inR &D - A tany pantin time ..m
i innovates with prdoebility | N ; and acaues the valbe of the patent; V -

A .. that dotairs a certain qualty improemant kegps the private property
of this inmowation anly during the cal paterit e time T2 H onever;  ifthe next
inmowation amives before T elgpsss, then the actal e time of the patent will
be Imited by the duratiaon betinean these 0 caseautive inmoatiash s apadssm
procsss is assumed Trinmovatias ﬁemmmmmw\elnnano”s
follons an epaatial distribution with an amval raie of (- ;N §). A coodingly
the eqaedted \ale of a patentgven in equatian (7) is ampasad of tho terms that
Gpture the prdosbi Ity offeving the nextimowatian before arafter T elgpses, with
r danoting the intersst rate.

Canaatrating an symmetric eou ibrium, we analyze the se whare all .ims
devote the same amauntof resourass 1R &D  in aderoimproe the quality ofthe
\ariety whidh wauld induae the highest anaunt of maxqpoly pro. tT hus, withaut
Iss ofgenerality, essumingthatN =N ToralliandmaX gy ; ;3201 b= ::
the .. Istader anditian foramaxdamum beaomes:



r+ NS r (r+ NS)
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where$S is the numberofsymmetric..mims exgeged INR &D . Itis eddantthat S
is baunded as itis a deaessing Tunction of the . >edR &D ast F :

Q iei(H’N S)T)

3 EBEcaoxmict ronth

Using (2) ad (4), the bwel of aggecate autput (Y ) can be recsstes:

Zh L 2@
y =11i®  di@d"iyel g) Y =LenieQ @)

0

wvhere(Q ~ Rg qiie" ig is the aggrecate quality index. H ence, the gonith 1ate
of autput is egal O the gonth rake of Q . Fa’a\enelyj, te propataate
daengeinQ due © asuasssiil innoatian is (ql-® i 1 )ad uderthe synmetric
equi ibrium hypothesis the o prgodosbi Ity ofa suasess due 1o pdssan proasss is
N S. A coodingly the eqpectad gronth rafe of the econamy Gan be stated as

2_3

= -

Y e
g=E4 5 =NS Giie 1 (10)

Far haing a pasitive ecoamic gonth, the amaunt of resaurass devoled
R&D by eadh .. shaud be pasitive as the number of../ims engaged INR &D  is
baunded Chadding the .. rstaderadtiargvenin @) whenS ! (| andS ! 1
bEecstotheadtias, § > rad, §; =1 ; repedinvely inaderohaeN > 0:
an beinlelprelajasmeeqoeclaj raleoﬁelumﬁon n&sﬁr‘g@emtofhegre
asumptian inR &D . Clearly, itshauld be bigger then the interest rade in ader
g\e sut dattinaaitive .. 1ims o inmoate.

31 ( ronthll axdamizngP atentl ifle tme

U nder synmetric egui ibrium, for gven S ; the govermmeant’s prdolem 1o set the
Al patent e time that maximizes econamic gronrh reduass 1t maximizing N
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with respect 10T : Implidtdic erentiatian of ) yieks the lloning anditian ora
gonthr maximizing patent ke time

N —
B=0>

Ci NTY + NSE.NIT,
NCNST §S 1) je ™ )ei-N S L =N rei (+.N 9T
r r+ NS

T he solLition 1O the govammentts pradbleam Gan be dotained thraugh soMing (8)
and (11) simultanecssyU niortunately, we have nothbean ebke toaaductaampEete
alpbraic analysis and so we have prossedad with rumerical smulatians. T hese
smultias shovthat, underthe aadiian r< | § < 1;a..nite gonth maximizing
patent ke time doss edstand is unigue.

= 11

4 | umercalA nalsis

T he am of aur rumerical anabysis is 1o daracterize the lBCcal patent e time that
maxdmizes econamic grorh and 1o see howvit dangss with respect o the bel of
ampetiian inR &D , nemely the rumberof... ims engaged in researdh, inteyestrale
maqpoly pro. tand the researdh productivty paraneter:

Figare 1 aan be used o illstiate the Ecal patent e time 77 ; thatwill be
sst by goemmant in ader 1 maximize econamic gonrh and the conrespading
amauntofresourass devoted toR &D by eadh..m, N 7 ; underthe parametervalLes
reparted inTebke 12.

TabEl
P arameterV ales and Conesponding T? and N 2

,=09005 §=500 r=095 S=100[T?=108354 N’=157%

In..guae 1, acoading O the aditias gven in 8) ad (11), we hae plbtied
™o ainves(with aantinas and adeshed ine  respectinvely) that gve the amaunt

2\ e have assigned thevale of, in the ine oftheemprical .. ndings ofD uguetand Keba (1998).
Farsake ofepaiticalsimpliidty, we have assiged abittary values Tor | ; beinganare ofthe &ct
that; indead itdgpends an the parametars, ®;9 and M : Finally we have seta usual valbe orthe
inersst rate.
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Houre 1: Charaderizingt ronmhll axdimizingP atetl ieT ime

of resourass devoted toR &D by eedh ..im in terms of bcal patentt Fetime. T he
intersectian of the 0 gves the solution 1 the goermmant’s prcbkem, T2 4 sis
daarfram the Figure ToradmissibE paranetirizatias, a...nite gronth maximizing
patent e time exdsts ad is unigque.

W e dssernve thatan inaesse in the rumberof. ims, thus the lbvel ofcompetitiaon
iNR &D sector; ack 1o a deaesse Iin the numbear of resourass devoled 1o researdh
by each ..1m. H oneveritinaessss the IR &D investment; N °S 3 T his implies
a declire in the exqpected duration that would elgpse betineen Ao cosaautive in
noatias, Whidh in tum reducss the incantive ofeech .m oengaer iNR&D . To
ampasate o this, the goemmeantsets a higer koAl patent e time in ader o
maxdmize Il , henae econamic gronth. 1N Tablke 2, Tor gven parameter vabes ( ;
' ad ywehae ipated 77 ad the conespadingN ? values with respect t©
dic erentrumbers of .. IMms iNR &D .

3L aury (19 79) hes abo an..imed the same relatiaship betneen the rumber of . mms, the total
anauntofR &D inestmattand the expected time © invatian. H onever; he hes not dealtwith
eananic gonth and thus grontty maximizing patent e timeg whidh is the main ancem of this
paper:




Tabk?2
T he Impactof el esel of Canpettion inR &D

. =09005; _ _ _ _ 6
' 25005 =095 S=1|S=101|S=1001|S=1000|S =10
T? 934 | 10297 | 10.364 | 10.H7 10.368
N7 71128 | 14412 | 1575 0.1%9 0.016

W e abo perfom numarical eerdsss for analyzing the impact of dicerantr; |

and ' anT’ T he results are aontained in Tebks 3, 4 and 5.

TabE3
T he Impectofte INnElestR ake
. =02005; _ _ _ _
" 250055 =100 r=095| r=020 | r=015 | r=020
T’ 10.364 | 10921 11983 | 1423
N7 1575 1.053 0.658 0247
Tebk4
T he ImpactofR essarch T ednology P arameter
r=0195; _ _ _ _
" —500:5 =100 ,=02002 |, =020005|, =09010 | , =020015
T? 29.175 10.3%4 4.65 2.709
N7 0.7@& 1.575 2.20 3455
Tabk5
T he Impactofil axgoolyP ro.t
. =02005; . . . _ . _
S =100:r=095 2 =200 | g=>500 | g=1000 | §=1500
T’ 29 175 10.34 | 4688 2.709
N7 0.305 1575 4.60 10.36

A hidher rate of interest implies a bwner eqoected vale Tor a patatas ..mms
wauld discount futLre pro.ts more. T he incantive © inmovate reducs due 1o a
deaeese in the expedied net gain perunitof resourass ( § § N devoted IR &D .
T hus the gotimal kecal patant ke time maximizing econamic gronrth inaesses0 N
the otherhand an inaeese in the epected netgain perunitof resourass (due toan
inaesse indather, ar ;) rsss the incantive ©inmowate so thata smallenale ofa
oAl patent e time wauld su¢ ée 1o reedh the maxdmum  Ievel ofeconamic gronth.



5 Caxdbsaon

In this pgper; we have daraderized the patent ke time thatwoul be setby gov
emment (T ’)in arder to maximize econamic grovth within an endogenas gronth
mockel with vertical dic erantiation and stodesticR &D actity, T hraugh numer
ial smulatian, we have shonn that a ..nite gonth maxdmizing patent e time
doss edstad is unique. W e hae abo shonn that T? inaessss with the bel
of ampetiian iN R &D sector and the interest rate Wherss it deaessss with the
maqpoly pro. tand the productivity paraneter of researdh tedology. Forfuture
wak alongwith patent e time the impact of other policy instrumerntts (sudh as
patent breedth) an econamic gronth would be analyzed.
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