Transitional dynamics, convergence and international capital
flows in two-country models of innovation and growth

Klaus Waldé
March 1995

Global stability properties of dynamic two-country modeda beeasily studied irthe case ofinternational
capital flows and simple capital market no-arbitrage conditions. With internationally constant relative
productivities, long-run balanced growptath values for factor prices will hold on any equilibriypath
unless one country experiences a period of no innovation. Innovation rates convbgease of perfect
internationalknowledge spillovers bubng-run consumptiofevelsand trade patterns are patdpendent.

The trade balance of the rich country is initially positive but after some time turns into a deficit.

1. Introduction

Issues of internationélade areusually analyzed in Bbng-runequilibriumframework where
all trading economies are in a steashate and factor allocations are constarttis is
especiallytrue for investigations into dynamieffects of internationatrade. Theusual
assumption is that economies are on a long-run balgnoedh path (BGP) andll findings
on wages, trade patterns, consumptevrels orgrowth rates are then restricted ttos
possiblestate of the world. Thaim ofthis paper is to descrilibe evolution otwo trading
economies fronthe moment thepegin totrade until they reach their common long-run
BGP. We therefore daot restrict ouattention totwo disconnected points (autarky and
trade equilibrium in a static analysis) or periods in {jauarky and trade BGP indgnamic
model) butirace theébehaviour of variables awerypoint intime fromautarky to a long-run
trade equilibrium. Such arapproach has the advantage to provide exact conditions for
convergence and thereby to suggesssible policy measures foster a catching-up. It
further allows to determine some properties of the BGP, such as consusygisortrade
balancesthat cannot dways be determined by consideritige BGP aloneSince such an
approach requires global stability analysis othe model under consideration, this paper
adds to a recent series of contributions on transitidpaamics inendogenous growth
models. The general motivationderlyingthose papers is ttomplement an analysis of the
BGP itself by astudy of itsstability propertiessince a priori it is not clear whether
trajectoriedeading to @BGP exist forall possible, historically givemitial conditions. Once
this has been establishatle task consists meterminingproperties of thosequilibrium
paths given that a real world economy is always much more likely to be in tratcsitamds

a BGP rather than on the BGARelf. Mulligan (1991) andMulligan and Sala-i-Martin
(1993) were among tHest to analyze transitionalynamics irendogenous growtimodels.
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The basic idea is to consideatios rather thanlevels of variabléswhich is applied by
Mulligan and Sala-i-Martii1993) to aclass of models characterizedthg accumulation of
two factors of production. Thenodels they consider inclugeg. the Lucas (1988phodel
for which a numerical analysis of global stabilitghaviour is given. Thefind that for the
parameter values under consideration, the long-run equilibrigiobially saddle path stable,
i.e. all variables, independently of initiatonditions for state variables, converge
monotonically to theiBGP trajectories. Aanalytical analysis of global stability behaviour
provided byCaballé andSantos (1993fonfirmsthe global stabilityresults and provides
additional outside-BGP findings athe levels of capital and human capital. #thorough
analytical investigation othe local stability properties byBenhabib and Perl{1994)
emphasises, however, that the BGP of the Lucas (1888¢! isnot necessarily saddfeath
stable, but can rather be reached, for certain parameter values, by a continuun®of paths.
Clearly, every analysis of dynamics of a model faceade-off between tractability and the
complexity ofthe modelThis paperdefinitely opts for strongesults and therefore takes as
a framework thesimplest possible model which still hals ingredients of a typicatwo-
country world of innovation angrowth. Themodel which ispresented in sectiamwo is a
two-country version of Grossman and Helpman (1991a, ch. 3.2)lkhas for international
capital flows, i.e.firms are not restricted tdomestic savingdor financing their R&D
expenditures, a fact that will tuout to becrucial forthe analysis.The firstanalysis of out
of BGP behaviour of ‘rademodel ofthatkind wasundertaken by Grossman aHdlpman
(1990)themselves, in their first paper tme impact oftrade on growthThey findthat an
equilibrium path towards a BGP is characterized by constdative wages and prices and
that the BGP is saddle path stable. As theyntion themselves thesedingsare subject to
the conditionthatinnovationrate in both countries apsitive during the transition period
and therefore concludbattheir findings hold in theicinity of a BGP only. Devereux and
Lapham(1994) study thestability properties of the Rivera-Batiz and Romer (199ibdel

on economic integration and endogenguswth. They focus onthe knowledgelriven
variant of Rivera-Batiz and Romer (1991) which basically is a two-country version of Romer
(1990). This impliesthat an importanassumption has to be madéout international
spillovers of knowledge, gsointedout byGrossman and Helpmgi991a, ch. 8)They
show that knowledgespillovers whichare restricted to the country where knowledge
resulted as a by-product from the Ré&ldtivity imply a local instability ofthe BGP, i.e.
innovationrates of countries W never converge. Devereux and Laph@éi94) make a
similar point: Sincethe Rivera-Batiz and Romarodel has national spillovers only, it can be
shown that a BGP is knife-edge resulivhich holds only itknowledge stocks (i.eaumber

of firms active in the market) are identical prior to a trade liberalization. If this condition fails
to hold, a country thatas a momentary advance in terms of domestic knowtmdgeits
trading partners will end upeingthe only country doing R&D. Thus the BGP with equal
innovationrates in both countries is unstable. Whatahalysisdoes nofrovide, however,

is an analysis of the model propertieshia case of international knowledgmllovers where
global convergence can lexpected as théollowing analysisindicates. This is quite
understandable, however, given the complexity of the model.

The maincontributions of the present paper are as follows: Section three presemsithe
mechanismand economic backgroumdhy a simpleproof of global stability analysis in this

1 An approach previously used e.g. in resource economics by Suzuki (1976).
2 Segerstrom (1994) analyzes the stability properties of the quality ladders model by Grossman and
Helpman (1991c).

-2



and related models is possible and presdatsproofitself. Thefourth section then shows

why wages and prices must be constant augivalently, why(the failure of) long-run

factor price equalizatiomirectly translates tdhe entireequilibrium path. The section
proceeds byhighlighting the precisenechanism leading to @atching-up of a backward
country and themplicationsfor innovationrates and thdnalf-life of convergence. Since
these findings argalid for positive innovatiomates in both countries during the transition
period, anexplicit conditionfor a "zero growth period" of tHeadingcountry is derived
which is followed by a discussion of what happens in such a situation. The section concludes
by focusing onthe implications of international capital flows arstresses the path-
dependence of long-run expenditure level$ach sometimes neglected the analysis of
growth models with international capital flows. The findings debt accumulatiomluring

the transition period are in stark contrast to but mesdistic thanthe prediction of a
neoclassicatwo-country model with international capital flows. A reversal tbk trade
balance from a deficit to a surplus is shown to lbeasure of the catching up process. A
natural question to ask is then how robust these findings are to changes. Hencejvgection
discusses whichesults carry over tothermodels and what type of models carabalyzed

in thesame way apresented here. The focus is on extended versions of the preskatt
countries with different technologies or preferences and imperfect international knowledge
spillovers. Finally, some conclusions are drawn.

2. A typical two-country world of innovation and growth

The model consists ofwo countries producing one differentiatdmhal good using
homogenous internationalijnmobile labour as input. Countries are assumed to be at or
after a certain point iime denoted by, . when theystart to interacactively by trading
final goodsandfinancialcapital which will give rise to intra-industriabde and interesate
equalization anghassively by experiencingerfect international knowledge spillovers. Since
the model is a straightforward extension of Grossmanteidman(1991a, ch.3) to avo-
country world, the description il be short. Utility of a consumerliving in country i
(i=A,B) at timet stems from a stream of future consumption, discounted aintiee

preferenceaatep , and is given b)Ui(t)='|-:°exp{—p(t—t)]ui(r)dt, where instantaneous

utility u'(t) depends on consumption of varietiesf a differentiatedinal goodx produced
in both countries. Letting' indicate thé'number" of varieties currentigroduced in country

) n*+nB a Ya
i, instantaneous utilityamounts tou'(r):log(j0 (%) dk) , 0<a <1, where the

constanelasticity of substitution betwe@my two varieties is given bg =1/(1-a). These

preferencegmply thatdemand of countryas a whole for a varietyis a function of prices

p*, of the number of differentiatedgoods and of current expenditure',

XX =( pk)_E E'UOnA+nB( pk')l_E dk)_l, k D[O,nA + nB]. Optimal allocation of expendituower

time is then derived by reinserting this demand function th& intertemporaltility
function andmaximizing itwith respect to expenditure subject to an intertemporal budget
constraint. Aggregating over consumers, the consumpittenof economy as a whole is
then given by an equation determining allocation of expenditure,
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wherer(t) is the world wide interest rate, a budget constraint for each country of the form
E'(t)+ A(t)=r(t) A(t)+w (1L, (2)

which equates current expenditure and change ofahe ofassetholdings A'(t) to asset
and labour incomer(t)A'(t) and w (t)L', respectively,two transversality conditions,
lim exp{-p7] A(t)/E(1)=0, and aggregate worldemand for a varietyproduced in

countryi, given by

i (p)"

X = 1-¢
n*(p*) + n®( pf)

In expressinghe last equation, the fact has been ukat] as will turnout when looking at
the production side, all varieties in countgre equally priced.
The productionside is characterized kyo activities: Production of varieties favhich
blueprints have already been developed and development of new blueprints. The production
process takes place under constant returnscate and followghe simplestproduction
function possiblex* = LS, where L stands for the quantity of labour allocated to the
production ofvariety k. Since varietiesire imperfect substitutes, each gucerhas some
monopoly power and maximizes profits by charging a price

p=w/a. (4)
It is this equatiorwhich implies that alvarietiesproduced in country areequallypriced. If
the outcome of thenodel implies factor price equalization, theall goods in the world
economy have the same price.
The development of a new blueprint requittes allocation of a certain quantity of labour
and some knowledgehich is egarded as a public gogRomer, 1990). The production
function readsy = L, Kn', whereKn' represents the knowledgtockavailablefor firms in
country i and L, is the quantity of labour of countiy which is allocated to R&D.
Knowledge results as a by-product from the R&dlivity and is assumed to be proportional
to the number of differentiated goods available in the world economy; this amosaysitp
that knowledge flowsfreely between countries. By a suitable choice of unikss
relationship can be expressedky' =n= "+ rf. It should benoted thathis assumption
is crucial for the global stability result. We will turn to this point in section 5.
In analogy to static models free entry requiles absence of pure profits. Thus the present
valueVv' of the future profit stream resulting from the development of abhesprint (and
the subsequent production aselling ofthe variety) must equal its developmeosts and
the free-entry condition yields, given that innovation takes place,
v =d,=w/n (5)
In a perfect-foresigheéquilibrium, the value ofthe firm is determined by its future profits.
We obtain

V()= [ exp[~(R(1)~ RY)Jrt (1) (6)

where profitsti (1) =(1-a)p'X are discounted by eumulativefactor R(u) ='[0u 9 ds

—(E*+E®). (3)

depending on the interestte r(s). Finally, the full employment conditiorfor the factor
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market requires thatemand for labour alhe R&D sectorand of the production process
equals fixed supply,
A /n+r= L (7)

3. Global stability of the balanced growth path

Firm values and the reduced form

A simple analysis of global stabilityehaviour and thereby of wages, consumpticage
patterns and prices outside the BGRa&sible by exploitingnterest rateequalization due to
international capital flows arttie fact thatlividendrates are a decreasifighction offirm
values: Consumers can finance R&D activitiedirais in eithercountry. Per period returns
they obtain from an investment amount to thesum of capital gains plus dividends,
rv' =v' +1t, an equationwhich can bebtained by differentiating (6) wittespect tdime.
The per-period interest rate which is equalizethrough free international capitédws is
thengiven bythe rate otapital gains’ /v plusthe dividendrate 1t /v . This impliesthat
dividendrates cardiffer only if the rate otapital gains differ anthat only in opposite
direction: A lowerdividendratein, say,countryA must be compensated for bhigherrate

of capital gains, otherwise interasttes wouldnot beequalized andaill financialcapital
would flow to countryB. Computing therate of change of theelative firm value as
vA/vA -8/ VB =% vB— 1t vA shows, however, that differing dividend ratesd to aself
enforcing process dividendrates are decreasingfirm values. The latter holds (which can
be established by inserting (3), (4) and (5) in{a) =(1-a)p'X ) as long as both countries
have positive innovationates atevery moment in time which ihe case foall initial
conditions, e.g. if the backward country ssfficiently small orthe leading ountry
sufficiently big. The rest othis andthe firsthalf of the next sectioassumeimplicitly
positive innovatiorrates in the transition period. We wglve a formal condition and a
description of what happens if it doeet hold at a later point. Thus, dividend rates
differed, the gap betweedividend rates wouldincrease further and further and "relative
bubbles", differing firm values which anet entirely covered by differerfirm profits, would
occur, which is acontradiction toequilibrium. Thus, we can concludiat dividend rates
have to equalize not only on the BGP but everywhere on an equilibrium saddhgpphial

to ourexample economy, we obtaift/vA - ¥2/v8 =0« (V&) =( ") =0 and therefore
firm values equalize on every equilibrium saddle path.

We will now usethis result to derive a simple reduced formtled model which allows
further investigation. Choosingtal expenditureE = E* + E® as numeraire and setting it
equal to unityimplies, due to the assumption miternationally completely mobili&nancial
capital,thatnominalinterest rates argiven bythetime preferenceate,r = p. We can then
solve the factor marketlearing condition (7)or r'f/ n and combine it withaggregate
demand functions (3), where (4) and (5) angVv” =Vv® have been insertedVith
n=n*+n® andmt=(1-a)/n, the reduced form reatls

3 This specification implicitly rules out an overlap of varietiethat both countries had partially produced
identical varieties before opening up to tradend excludes therefore competition between two firms for
market shares for one product.
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Balanced growth path

The BGP is thenly path in this economwhich satisfieghe transversality conditionshis
requires that both countries innovate atsamerate atwhich firm valuesfall andthat these
ratesequalize internationally. Givehese conditions, the above reduced form ofntloeel
implies aninnovationrate of g=(1-a)L—-ap, L=L"+L® which exceedshe sum of
autarky innovatioratesg' =(1-a) L' —ap by ap. A further property of the BGRyhich
relates the ratio ohumbers of varieties®/n® to endowment byn*/L* = n®/ L® makes
clear whyaspects of transitionalynamicsare of importance ithis model: This equation
holds only by coincidencand everythinghat changes th@ecessaryatio of activefirms
puts theeconomy off it’BGP. Thevalue ofall firms inthe world economy ¥ = vn* + v
and hence thegalue of asset& held by consumers amounts Yo= A=( L+ p)_l and the

value of firms incountryi is V' =(L+p)™" L'/L. Note that, as it be discussed more in

detail in section 4, it inot possible to determine accumulated saviAg®f a given ountry

by looking at the BGP alone and therefore neither consumption levels nor trade patterns.
Sincethe value of marginaproduct oflabour in the R&Dsector isequalized internationally
factor price equalization holdshich implies bythe price setting behaviour (#)at good
prices equalize, as well. Since furttiee value of firmsfalls atthe samerate adirms enter

the market, wages and prices are constant. Demandjieeravariety andherefore thesize

of a firm can then be shown by (3) to fall at the innovationg:ate

Stability analysis of a substitute reduced form

We derive global behaviour by using a substitute reduced form reflecting the evolution of the
two-country world in terms of aggregate courfiny values. The idea, taken fraxtulligan
(1991) andMulligan and Sala-i-Martir{1993), consists itransforming thevariables of an
original model, whose solution is a BGP, in such a thiay the solution of theew model is

a steady state (all variables are constant over time). We use as new heakliess of all
firms active in countnA andB, respectively,

VA =nhy, Ve =nfv. (10)

It is obviousthat with nA andnB growing atg andv falling atg, thesum offirm values in
either country are constant if tlheiginal model is on GP. Sinceone can also conclude
from constant newariables to aEBGP of theoriginal model,the newsystem being in a
steady state implies that the original model is on a BGP. Some rearrangementsfrstarting
the reducedorm of the original model, given by (8) and (9hen givesthe substitute
reduced form,

. VA
VA=(VA+VE) LA +pVA-——ro,
( ) p VA+VB
B
Ve =(VA+ve) LB+PVB‘VAVT’ VA VES O, (S)

We now simply have téind the zero-motion loci and can then undertake a piiageam
analysis in the\(#, V ®)-space. The zero-motion Io((siA,VB) forV* =0 are given by
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(\7A+\75)LA+p\A/A—L—O (11)
VA+VE

In order to get amdea of where these loci can be foundhia positive quadraigfirm values

cannot become negative), we determine the intersection point of these loaywigtarting

from the origin,given byV® =08V *, where6 ranges from zero to (plug)finity. Inserted

into (11), the intersection points are at
(1+6V L*+pV*-(1+0) " = 0~ V*=(1+0) [( 1+6) L"+p]
Thus the zero-motion loci are given as a functioh ad

(\7",\78) :[( (1+0)*  e(1+0)™ )

-1

1+0)L* +p ' (1+0)L  +p
Given thisnotation, we see that there is dntrsection point with th¥ *-axisfor 8 =0 at
((LA +p)_l,0). Letting @ increaseV * decreases and approachkeso ash goes toinfinity.

V2, however, isiot monotonic inB. Sincethe slope o¥® atf=0 is positive it increases

first and then at a certain point must decrease siapply L'Hopital's rule- Ve approaches

zero a¥ goes to infinity. Thus we can unambiguously draw the zero-motion loci determined
by (11) as in figure 1. In an analogous wg zero motiooci for VB =0 can be
determinedNote, that wedid not make anystatements whether theaxima ofthe zero-
motion loci (with respect t& * andV ®, respectivelypre to thdeft or to the right of the
intersection point of zero-motidmes. This,however, is of no importance for ts&bility
properties of the system and can thus safely be ignored.

(Insert figure 1 around here)

We can now return tour original question Assumethat two countriesbegin totradewith
eachotherwhich are ofdifferent size. Inthe context of the present mod#is meanghat
the country with a larger resource base, say, codntnas a higher autarky innovaticate
than the other country. Asng as both countries dwt trade, théead of countryA over
country B will continuously be extended and the ratio of differentigtaobls will steadily
increase and deviate further and further fromtrissle-BGPvalue n*/n® = L/ L®. The
guestion we want to answer is: Is it possibldirid for everyinitial ratio of differentiated
goodsn”®/n® an initial valuess suchthat the two-country worldinds itself onthe stable
saddle path an thus converges to its long-run BGP?

Since history dictateiitial conditions forn*® and n® the ratio of aggregate countfiym
valuesV * to V® is equally given by historgind is represented in figure 1 by a dashed ray
starting from theorigin anddenoted byOR The bigger the advance of countyover
countryB in terms of differentiated goods, the flatter tag OR and viceversa. Now the
guestion of globastability is equivalent to askinghether we caffind a suitabldirm value
such that initial conditions faf * andV ® always lie on the stable saddle path (pbinThis,
however, is no problenvaryingv means moving up ardbwn onOR, thusv has simply to
be chosen sudatinitial conditions arendeed given byointl. Thus,independently of the
initial quantities of differentiatedoods in countryA and countryB, the worldeconomy
always converges to its long-run BGP. The system is globally saddle path stable.



4. Wages, trade patterns and consumption in the transition period

Wages, firm size and the catching-up mechanism

The last subsection has shothat, given positive innovationates for both countries, both
the transition period and the BGP are characterized by an equalizdtionwaiues. Due to
perfect international knowledge spillovetise value of marginaproduct oflabour in the
R&D sector equalizes whichimplies that factor price equalization carries over to the
transition period, as well. Since thalhfirms face identicaproduction costsll varieties are
equallypriced (4) which irturn implies by (3)that thefirm size equalizeacross countries.
Factor andyood prices are constasincethe decrease of the outprdlue of labour in the
R&D sector is compensated by therease in the productivity of labour due to ithirease

of knowledge available for R&D, whereas the plant size decreases by (3) as new competitors
enter the marketThis establishes a genefalding on factor prices or prices igeneral:
Long-run BGP propertieslirectly carryover to theequilibrium sadle path converging
towards the BGRgiventhe impossibility of"relative bubbles" as explainedtae beginning

of section 3 and internationally constant labour productivity ratios, i.e. productivity of labour
must change in both countries at Hamerate, which means inhe presentnodel perfect
international knowledge spillovers.

These properties of the stable saddle path exclude that the catching-up paroess iy a
R&D cost advantagdR&D costs arggiven by (5),factor rewardslivided bythe domestic
knowledgestock. Bothquantities are independent of the country, howegmen free
international flows of capital and knowledge older toexplaincatching-up, other reasons
have therefore to be evokedhy inthe lagging country more factors are allocated to the
R&D sector. Looking at the factor-markaearing condition (7) showbat thenumber of
factors in the production sector increases in the numbemsfactive inthat country. Since
plant size equalizes internationallige country thahas more laboyser firm (divide (7) by
n') has more factoravailablefor the R&D process and thereforédigher innovatiorrate.
Since this is the case for the laggard, convergence in innovation rates takes place

Innovation rates during transition

A further interestingmplication of "firm valueequalization" ighat the world asvhole is
permanently on &GP which meanghat the rate awhich newgoods aredeveloped is
constantall during and after the transition period. To #se mostclearly add the budget
constraints of both countriggven by (2), divide byvorld assetsA= A" + A, insert (5),

and observe theE =1 andr = p, to obtain a world budget constraint which reads
A 1

—=p+L-—. 12
AP A (12)

We know fromthe analysis ofthe BGP that in the long-run thalue ofall firms in the
world economy igjiven byV =(L+p)". Since this value has to equié value of world

assets, the long-run equilibrium value of accumulated vgaxlohgsA is given bythatvalue,
too. Equation (12), however, tellss, thatthis equilibrium valueanonly bereached if total

wealth is constant a@very moment in time and given By=V =(L+p) . Sincethe value

4 An immediate implication is that convergence as observed here can take place only if the R&D sector can
carry out the "buffer stock" function sketched above. One condition is that labour moving from the
production sector is instantaneously capable of acquiring all the skills necessary for doing the research
task, which is a reasonable assumption only as a first approximation.
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of world assets iA = vn, thevalue ofthefirms v thereforealwaysfalls atthe samerate as
the number of varieties ithe worldn increases. Computing the worfthovationrate then
shows thathis can holdnly if it is constant and equal " =(1-a)L-ap. Thus, though
innovationrates in countriesliffer duringthe adjustment period, nexarietiesare always
introduced, in the world as a whole, at the constant ragg’ of

(Insert figure 2 around here)

But how doinnovationrates of countries lookke? In autarky, thennovationrate of the
bigger country is higher which is shown in figure 2 for the period bé&fggavhen countries
open up to trade. Theduring the adjustment period, timovationrate of countryA and
countryB approach the BGRnovationrateasymptotically. Giverthe definition ofV * and

V&, the innovation rates of countfyandB are

n_A—E—X—£+ and n_B—V._B—X.—V._B+

VISV Ve v ovE

respectively. Since byhe stability analysis weknow thatV”* decreases whereas®
increases, giverthat country A has developed more varieties relative to its labour
endowment than countr, V*/V* is negative and/®/V® is positive. Therefore, the
innovationrate of countryA is always smallethan the long-rumnovationrate g, whereas
the innovation rate of countB/"overshoots" and approaches its long-run value from above.
A natural measure for the speed of convergence isaliife of the distance from the BGP
as given byn*/ " - n®/ L®. Generally speakinghe half-life of a processa(t) is thetime

T -t that is required to reduat) by 50%,implicitly defined bya(T) = &t)/2. Assuming
that a(t) falls exponentially at aate of A <0, thehalf-life is given by It X-A)"". In the

present context, we can use the constancy of world assetderive a closed-form solution
for the labour marketlearing conditions (8) and can then shbwat thedistance from the
BGP falls at arateequal to the negativeot of (8).Half-life of convergence is therefore

given by I{ A(a(L+p))". Theoretically predicted convergence is therefbee faster the

bigger the countrieghich tradewith eachotherand thehigherthe time preferenceate or
the higher the elasticity of substitution between varieties ]/(1—0(). Interestingly, the

argument is1ot simply thefaster countries innovate, the faster they convesigeg highp
andhigh a reduce the worldnnovationrate. What should be interpreted with care is the
impact ofthe size of countries; this term wouappeardifferently if knowledge spillovers
hadnot beerassumed to be perfect. Consequently, it woulaniseading toargue that
regions ofhighly populated areas should converge (neigrexv) faster tharsmall trading
blocs, simply because the condition of perfect knowlesjgkovers (apart from other
conditions) is not fulfilled.

A "zero-growth" period

So far we have assumdaiat innovationrates of both countries deoot become negative
during the transition period. If we focus on teadingcountry for a moment and undertake
the same reasoningbout itsinnovationrate during the adjustment period as did for the
backward country, it is clear that a low labour fer ratio impliesthat factoranoveout of
the R&D into the productiosectorwhich impliesthat the growth rate is the lower the
lower thisperfirm endowment. Obviouslyhe interesting questias: Canthere be a period
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of "zero growth"? Can thinovationrate g*(t,,,.) be lower as depicted in figure (2) or

even becomeero forsometime®? Looking again athe factor marketlearing condition (7)
shows that thennovation rate equalszero if labour endowment i®o small to satisfy
demand by firmg”* =0 « L* <n”x which is equivalent to

n* > L L°
ne < E-g¥

9% =0 , if LP-g"Z 0. (13)

(Insert figure 3 around here)

The second term after thieequality, LB/( L®-g%), is illustrated in figure 3. It can be seen

as a measure for how far the ratio of fimign® mayexceed its long-run BGP ratid'/ L®
before zero growth in countd sets in. Sincg” equals the labour force allocated to R&D
activities inthe world as a whole, thgossibility of aperiod of zero growth ibased on the
condition whether more researchers are active in the world as a whole than &sintry
labour force. If this weréhe casel.® - g" <0, a zero-growth period by (13) woutgver
set in simply because even if all labour of couBtwere allocated towardsatchingup, this
would not beenough to match theate atwhich newfirms enter the world economy as a
whole. Clearly, such a situation can be imagiaoely if country A begins totradewith a
much smallecountry. If on the other hand counyis nottoo small, L®* —g" >0, a zero-
growth periodbecomes the morikely the smallerthe worldinnovationrate. Consider a
very small g": If country A has a slight advanaer countryB and a catching up process
sets in, itwould become veryikely that all innovation is temporarily be undertaken in
countryB and no newirms of countryA would enter the markeGenerally the probability

of a zero-growth period is reduced the bigger coulsfthe more consumevslue different
varieties (lowa) and the more patient they are (Ig@) since this increasethe world
innovation rate.

The prediction of a zermnovation period fothe leadingcountry is a rather extreme one
but is alogical consequence tfe assumption of perfect international capital flowsothe
savings ofthe leadingcountry werenot reinvested in the foreign countioyit wereavailable
domesticallyfor R&D investments, a zero-innovation period would be excluded. We
therefore sketclnly briefly how a detailec@nalysiscould be carrie@ut and what happens
during such a first phase of transition: The weafes of trading partners are related by
country A's factor marketlearing condition (7). Sincthe number of firmsproducing in
country A is constantthis relation is static. Further relevant equatiares then the factor
market clearing equatidior countryB which can be solvefbr theinnovationrateand an
equation, derived from (5) and (@hich determineshe evolution of wages in countBy
over time. We therefore have a reduced faonsisting of one static equatidetermining
w”, andtwo differential equations determining® and w®. Since it can be showthat
innovation in countryB must be positive antthat wages in the backward country are lower
than in the leading country as long as innovation stands still, this period is characterized by a
convergence of wage rates and ends with factor price equalization ex#utlypaint where

5 The innovation rate cannot become negative since this would require firms to exit the market which is
excluded since firms always provide positive profits. Note that we cannot fimgpgnbound for

gA(t"adp) since the closer the two countries to the BGP, the higher the innovation rate of godritey
upper bound for count is clearly given by its factor endowment.
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innovation inthe leadingcountry A resumes. We therefore havsimilar result to standard
trade theory, thougtwith a completely different background: Hoth countries are
incompletely specialized, factor prices equalize, otherwise they do not.

Consumption levels and the Balance of Payments

Let us now turn to thanpact of international capital flows on consumption levéaks,trade
balance andhe current accoungolving the budget constraint (2) of a country #(t)
yields, bytaking the transversality condition insxcount, thefamiliar budget constraint
which limits the presemtalue of future expenditure any point intime t by thesum of
wealth and the present value of future income,

A(t)+'|.t exp{—J.tr(s) ds} w(T) Ld='|.t expﬁ—jt (3 d]s K1) d
Employing the fact that on the stable saddle path interest rates, wages and expevelgure
are constant, =p, W =W, E' = E', assetoldings of households abuntryi turnout to

be constanttoo, A =p(E' -W L). Thelevel of consumption therefore depereistirely

on thevalue of assets of a country aftemde infinancial capital is openedp, which are
made up otwo components: The number ffms which is entirelypredetermined by the
number of firms active in the economy before capital flsgtan and thealue of firmsafter
trade incapital is allowed forA' =V ri. Since athe momentrade incapital is allowed for,
a revaluation of all firms takes place (which leads, as we have seen to an equalifiation of
values) but no firm shares are internationally traded befordimewntries requiréinancing
of their R&D expenditurés relative wealth and therefore relative expenditevelsare a
function solely of thenumber of activdirms prior to trade incapital: If both countries,
before taking up trade irapital have theameratio of firms to labour endowment (by, say,
having already enjoyekhowledge spillovergor awhile) andtherefore aralready on their
commonBGP, asseholdingswill be given by A =(L+p) " L'/L and the expenditutevel

is E' = '/L and, thus, consumption per capita is equalized. If, oottiterhand, countries
are very far away from their common BGP, expenditure per capita will never eqluaire
international borrowing and riding. What wefind in the latter case is theell-known
consumption smoothing effect due to gossibility of international lendingnd borrowing
The expenditurdevel of both countries is constant but for the backward couBton a
higher level- compared to a situation witto international capital flows att, . but lower
in the long-run. Expenditure of tkeadingcountry, however, igitially lower but will in the
long-run be higher than the no capital flow level.

Clearly, such an effect ot aunique feature ofthe presentnodelbut it illustratesnicely
that the traddbalance is nothingput a residual to intertemporal consumption samng
decisions as emphasizedthg literature on current accoudynamics(e.g. Obstfeld 1982,
Svensson and Razih983, Persson and Svensson, 1985). Further, the preed&nism
appears morplausiblethan in a neoclassical model with internatigoiasical capital flows
where capital is a factor of production. In the lattexdel GDP per capitenstantaneously
equalizedue to a jump of debt of the poorer counsgycountryB, to equalizehe value

6 | am indebted to Elhanan Helpman for discussion of this point.

7 An identical mechanism can be observed in the absence of international capital flows when trade in
goods affects interest rates and time preference rates differ internationally, as emphasized by Stiglitz
(1970).
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of marginalproducts:Y, ,( A* - D, L") = Y.( &+ [F, E). Starting from thignitial level,

debt will smoothly increase to reach its long-run stestalteleveP and the tradéalancerB

of theleadingcountry is avays negative reflecting income from foreign wealth and slow
international capital flows. It is thisnplausible prediction ofnstantaneous capitfibws

which ledmanyauthors to introducexplicit adjustmentosts to obtain smootbhehaviour

(e.g. Liptonand Sachs, 1983, Matsuyama, 1987, Sen and Turnovsky, 1989). The present
modeldoes notredict instantaneous capital flows everthie absence of adjustmeatsts

since, as argued abowalowing for capital flows leads to a revaluationfioms only and

debt is zero at,, .. Afterwards, debt of the backward counB)(DB = —DA) accumulates

slowly due to the tradeff between R&D angroduction (as in theeoclassical model the
trade-off betweersaving andproduction)which can be seen by consideritige identity
A® =V °® - DP® observinghat asseholdings of eaclsountry are constant arllat the value
of firms of countryB approaches its long-run value from below. The prediction reghect
to the international distribution of ownershigfiains is as follevs: Withconstant wealthh®
and values ofirms falling atthe worldinnovationrate g, the number of firmsowned by
households in count® increases a”’. This impliesghatR&D of the "extra'firms created
during the catching-up process in courris entirely financed by householdsamfuntry A
and therefore ownership of thdgens lies incountryA. Theimplicationsfor tradebalances
can be found by considering countis Balance of Payments identifyB”* = D® —r D®.
Sinceinitially foreign holdings otountry A which is indebtedness abuntryB is zero but
there is a positivdlow of financial capital to countryB, the tradebalance ofcountry A is
positive. After some time, however, whartome from foreign wealth D® exceeds the
flow of foreign R&D financingthe tradebalance reverses and becomes negative. Hence, in
this framework consumptiolevels are completely delinked fromthe tradebalance. The
crucial difference to a neoclassical model which is resporfsibléhatfinding is that debt
accumulatiorstarts from a zertevel whichstresses one conditithathas to be met before
capital flowssetin: There must be profitable ventures toflmanced which means in the
present modethat, asemphasized befordactors must movejuickly enough from the
production sector to the R&D sector.

8 Perfect international capital flows lead to an equalization of the per capita capitek gigek linearly
homogenous production functions. Optimal per capita consum@itiancumulation paths are given by
c = p(h+ d) (Blanchard, 1985, with probability of deaph= 0), whereh is the sum of discounted
future per capita labour income which is identical for both countries since interest rates and wages are
equalized and' are per capita asset holdings which equal the difference between domestic capital stock
and debta' = k—d'. Sincec':i/d = I'=pP, consumption of both countries increases at the same rate
and(h+ k+ dB)/ b =( h+ k- OB)/ ¢. Solving this ford ® showsd ® > O since by assumption

a”(o) > a’( t"ade) > a( I;rade) and therefore” > c®.

9 The trade balance of a country is given by the difference of gross domestic product, consumption and
domestic investment. Observing the equalization of per capita GDPs and capital stocks this reads

TB'/ L' = y— ¢ - k SinceTB® = —TB", subtracting yieldd B"/ L* + TB*/ L®=-c*+ ¢
which impliesTB* < 0.
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5. Discussion of the model and possible extensions

In order to keep thanalysigractable, the results of the previous secti@webeen derived

in a model deliberately chosen as simple as pos3ib&.cruciafinding which facilitates a
proof of global stability is the fathat thedividendratemust be equalized internationally. In

the presentmodel this led to an equalization fim values, whichsimplified but by no
means is necessafgr the proof ofglobal stability. This convenient implication holds for
other models ofthat type, e.g. whereconomies produce both differentiated and a
homogenougoodwith several factors of production (Grossman kletpman,1991a, ch.

7), where long-run growth petersut (Grossman and Helpmad989), or wheretime
preference rategiffer internationally (W&lde1994) andderiving global findingsvould be
straightforward. In the latter case, however, the share in world expenditure of the more
patient country would approach unity, wher#ses other country wouldonsume less and
less. In a model whemne country has a comparative advantage in R&D (Grossman and
Helpman,1990) firm values (and thereforiactor prices andirm values) donot equalize,

but dividendratios would equalize otihe stable saddle pathhis thenfixes the ratio offirm
values(to avalue different from unity) which leads tonstant relative wages and prices all
along the stable saddle patibwards the BGP. Amodel with internationallydiffering
technologies woulchot predict a constant world innovatiaate g" but a reasonable
conjecture of its timepath can be made by takiregreallocatioomechanism ofabour into
consideratiorwhich takes place at,.,. The backward countrshiftsresources to the R&D
sector whereas thkeading country specializes temporarily ithe production of goods.
Assumingtheleadingcountry is characterized by a comparative advantage in R&D then the
transition period is characterized by a lower world innovatdewhich approaches itong

run value from below. Such a model is also characterized by slow accumulation of foreign
debt and path-dependence of long-run per-capita consuni@els. Country innovation

rates would behave qualitatively in the same way as in the simple model above.

A counter-example where an eadgbility analysis asketched above 3ot possible is the
model of endogenouysroductcycles by Grossman and Helpm@®91b): A two-country
world is characterized by R&D activities intechnologically advancédnorthern country

and imitation of varieties developedtire north by a southern country. TWadues offirms

equal the discounteslim offuture profits; in the soutfirm profits are discounted at the
international interestate whereas in the nortlthis interestrate is augmented by the
probability of being imitatedu to adjust for the riskhat firms stop production and
distribution of dividends. Since the northern no-arbitrage condition reads
vN/vN =—m"/vN+ r+p, the change of the ratio dirm valuesover time becomes a
function of the imitation rate which excludes a simple stability analysis.

The analysisabove focused on the case of perfect international knowledge flows, as
expressed bn' = n=n* + rP. This can be viewed as one benchmark case compared to the
other extreme oflomestic spilloverskn' = ', whereas inbetween there is a continuum of

cases with decreasing returns to foreign knowletigé= i +(n')°, £ <1 or time lags in

the dissemination of knowledge (Grossman and Helpmi#®91la, ch.3). The case of
spilloversrestricted to the economy afrigin was analyzed in Grossman artdelpman

10 |n the sense of a higher productivity of labour in the R&D sector but identical productivity in the
production sector.
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(1991a, ch.8) where it is shown that convergenaenavationrate isexcluded and R&D
will be undertaken (apart fromgurely coincidental case) one countryonly. The case of
decreasing returns to foreign knowledgdime lags can beegarded as a generalization of
domestic spillovers and implicatioasesimilar: The country with a higher knowledgeock
when opening up tarade will have a productivity advantage R&D and will thereby
innovate and also increase its knowledgeck faster than the other countBuen if after
some time some knowledgellvbe disseminated internationally atite spillovers between
countries arenot asymmetri(i.e. the backward country cadoptall the knowledgdrom
the leadingcountry butnot vice versa) thdead ofthe high knowledge country will be ever
expanding and no convergence in innovatrates takes placeThis meansthat the
benchmark case of purely domestic knowledge represdintse intermediate cases of
imperfect international knowledge spillovers. Ndtat in contrast it is not to bexpected
that proportional international knowledge spillover&n' =n +& ', would lead to these
strong hysteresis effectbut one would rathédmd convergence to a common long run-
innovationrate which, however, would be lower than timle case of perfespillovers. A
detailed analysis of imperfect knowledge spillovers will be the focus of future research.

6. Conclusion

This paper has studied the behaviour of an economy from the moment it opensadge to
until its long-runBGP. The framework o&nalysiswas provided by #&pical two-country
model of innovation andyrowth with internationalfinancial capital flows. Theglobal
stability analysis whichvas required was shown to be possible by exploiting intexiest
equalization due to perfect international cagital’s andthe sinple structure of thecapital
market no-arbitrage condition. The crugabperty ofevery stable saddlgathleading to a

BGP turnedout toconsist in an international equalization of divideateswhich can be
fruitfully applied for theanalysis ofrelated models as welGiven thisproperty, long-run
factor pricesdirectly carryover to the entireequilibrium sadle path, providedhat the
productivity of labour relative to the other country does not change over time which requires
in the present framework perfect international knowlesfaovers. The innovatiorate of

the backward country overshoots its long-run B@Rie, whereas innovatiaates of the
leading economyapproach the long-rumnovation rate from below. The reason for
convergencdies in perfect international knowledgspillovers and a frictionless shift of
resources out of the production into the R&D sector during the adjustment period caused by
a higher labour per firm endowment of the backward cou@tbgtadvances in R&D do not

play anyrole since factor pricesequalized at every moment in time. An implication of
international capital flowsare a non-equalization of long-rlevels of consumption
indicatingthe consumption-smoothing aspect of international borrowing and lending. The
initially rich country will always have a higher consumptievel than the backward country.

The accumulation of foreign wealth follows in contrast to a model with directly productive
capital a smooth pativhich implies an initiallypositive and then negativeade balance of

the leadingcountry. Perfect international capital flows can even hlagemplication that
innovation inthe rich country comes to a halbr sometime sinceall investments are
concentrated in the backward country. Convergence is predicted albes foaise. Thénal
section has derived results fathermodels with perfect international knowledgllovers
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but different technologies or preferences and has artwsdsarious types of imperfect
international dissemination of knowledge exclude convergence.
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Figure 1: Global saddle path stability of the balanced growth path
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Figure 2: Innovation rates before and after opening up to trade
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Figure 3: The zero-growth condition
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