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Trade pattern reversal: The role of technological change, factor
accumulation and government intervention

Klaus Walde, University of Kiel, Kiel, Germany

During the lastdecades, som@sian countries have experienced a substantial
change of theiproduction structure leading to a changethdir trade patterns.
Whereas formerly high-tech goods were imported, they now constitute an important
fraction of the countries' exportBossible reasons for suchsiduation to arise are
investigated in a model combining Ricardiand Heckscher-Ohlin effects. In
addition the role of government intervention on factor accumulation and
technological change is studied. A reversal of trade patterns candbgenously
explained by these features.

1. Introduction

Sincethe end of World War 1l somgastAsian countries have undergone a rapid
economic change. Theour Tigers and Japan aleading in averag@er-capita

GDP growth in the period of 1960-1988hich, to a largextent, is attributable to

a physicaland human capital accumulatiprocess, taking place atsanificantly

faster pace than in other counttieds a consequence, some countmésch
formerly were exporters of labour intensive goods have witnessed a change of their
trade relations and are now high-tech exporters. Empirical evidence is reported e.g.
for Japan by Grossman (1990) aBdlassa and Nolan(l989). Few theoretical
investigationsare undertaken of how &xplainthe mechanisms a$uch a reversal

of trade relations, exce@rossman and Helpmgi991a, ch. 7) and Grossman
(1990). In thesemodels, however, a change tohde patterns isxplained by an
exogenoushange in the endowment béman capital whicliloes notallow to

study themechanismshow such a change in endowment takes place, and, most
importantly, why ittakes place at a faster pace thamtimer countries. It is the
scope ofthis paper to provide a firstttempt to study more in detail, how trade
patterns can be reversed.

In having the experience of Japan orFoar Tigers irmind, it seems necessary to
take bothtechnological progress agell as differences ifiactor endowment into
consideration. Consequently, trade patterns will be determined by the interaction of
Ricardian as well as Heckscher-Ohéiffects. The next section present$we-
country world with endogenous technological change &ndan capital
accumulation, thuscombining two "engines of growth”: Human capital
accumulation as in Lucas (1988) anpublic knowledgestock as irGrossman and
Helpman(1991a). The third section studies 8tability properties of thenodels,

Klaus Walde, cl/olnstitut fur Theoretische Volkswirtschaftslehre, University of Kiel,
24098 Kiel, F. R. G. email: kwaelde@econ-theory.uni-kiel.d400.de.
| would like tothank Horst Herberg, Michael Rauschand Paul Tang, agell asseminar
participants at the Tinbergen Institute, Amsterdam, The Netherlands and the Institute of
World Economics, Kiel, Germany, for helpful comments. Admaining shortcomings are
mine. Financial support by the state of Schleswig-Holstein is gratefully acknowledged.

1 For a comprehensive study of the "East Asian miracle", cf. World Bank (1993).
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drawing a distinction between three cases: a worlhich either Ricardian or
Heckscher-Ohlin features dominate and a world whetk effects interact. The
subsequent section then givesficient conditiondor a reversal ofrade patterns.
In the fifth section, thenfluence ofgovernment intervention on the evolution of
the economies is studied. Velow both for subsidiesfor the R&Dactivity and
measures which increasdne human capital accumulation capacity. Again,
conditions for a reversal dfade patterns arderived under thelifferent cases.
Finally, the sixth section completethe findings on trade patteraversal and
discusses, undevhich conditions amnitially poor country (measured in terms of
per capita consumption) can increase its share in world consumption.

2. A two-country world

The theoretical growth literatutgasput forwardmanydifferent explanations for
long-run positivegrowth rates. Onelistinguishes models based on technological
progress (Solow, 1956)Jearning-by-doing (Romer, 1986), human capital
accumulation (Lucas, 198&)ublic stocks of knowledge (Romer, 199Brossman
and Helpman, 1990), publimfrastructure (Barro, 1990) olinearities in the
production function (Romer, 1987; Rebelo, 199ying to capture essential
features of a catching-up processkafst Asian countries, however, requires to
allow for several endogenous changbsth of technology and of stocks of
production factorsDifferences in technology could be modelkb@ easiest by
assuming different productivityactors, which, however, wouldnot allow to
discuss an endogenous change of technology. Thus we thedetate of the
technology by the depth alvision of labour, and use thgpecificationproposed
by Ethier (1982), which is the analogue tolat and Stiglitz(1977)formulation

in consumption theoryWith this specification, technologicatogress iequivalent
to an increase of the number of intermediate goods.

The world economy we considénades infinal goods,but does noallow for
international capital movements amade inintermediate gods. Forconvenience,
we assumeéhat both countries armmcompletely specializedfter opening up to
trade.

Consumption side

For modelling the consumption side, we choose the Lucas (1988) framework
extended to twa@onsumption goods. Sintlee scope of theodel isnot tostudy

the effects of disconnectedness betweeividuals orcohorts(Blanchard, 1985;
Weil, 1987; Buiter, 1988) wassume a bequest motive 8kro (1974)and thus

let members of household living in countryj, maximize at time the discounted
stream of future utility with an infinite horizon which can be expressed by

Ui(t):.|':Oexl:{—p(1—t)]ui (1)dr, 1)
where theiime preferenceate isgiven byp. Instantaneoutelicity u' resultsfrom
the consumption of thiinal goods X' andZ'. It is expressed in the log form as
u(t)= In[ X‘OZH], where x o < 1 Staticutility maximization impliesstandard

demand functions fofinal goods,depending on consumé&s total expenditure
E'(t) and on pricegp, andp,,



i_ 0 i i i
X o E'(t), Z > E'(t). (2)
Now reinsert these stat@ptimality conditions into (1) anchaximizethe modified
utility function with respect to the share btiman capital allocated f@roduction
' (t) and total expenditur&'(t), subject to a flovbudget constraint andraman
capital accumulation constraint which read
E'(t)+ A() = () A(t)+or (9+w () + w, (9u' (9 H(9), 3
HI(t) = H'(t)8(1-w (t). (@)
The first constraint equates expenditures and the change wéltlee of assets,
householdi holds, A'(t), to asset, R&D, labour anduman capital income,
ri(t)A(t), @i, wi(t) and w/,(t)u'(t)H (t), where each household owns one
unit of labour and allocates a sharét) 0]0,1] of human capital tgproduction.
The second constraint relates tieenaining human capitshare *u'(t) to the

human capital accumulatioprocess.Since preferencesp) and human capital
accumulation capabilitied) are by assumptioidentical for each household and
the interest ratei(t) and factor rewardsw), () are exogenouslgiven, every
household of country behavesghe same. Thus the outcomes of itiividual
maximization problems can leasilyaggregated to determine the behaviour of the
economy as a whole. As optimality conditions ¥l (with the time index
suppressed)

El

E = rj —p, (5)
W—'J.*: ri-s, (6)
W,

and as aggregate accumulation constraints

E'+A=rA+o’ +wLl+wp H, (7)
Hi=HI§(1-p'). (8)

Some remarks can already be made wgpect to the outcome of tmeodel,
given these equations. Provided that interest ratpslize, by (5) each country
will experience theamegrowth of aggregate expenditure, a resuatiphasized by
Rebelo(1992). This meanghat, given internationally perfectly mobil&nancial
capital, therate of growth otonsumption per capita ®@mpletely independent of
the productiorside (in contrasto, of course, théevel of consumption per capita).
Internationally completely mobileapital, however, isot anecessary condition for
"consumption growtlrate equalization™: Assume thahe endowment of both
countries is suckhat neither countryspecializes; thefactor pricesequalize and,
by equation (6), interest rates equatizeven with internationallymmobile capital

— which, again, implies identical growth rates of consumption per capita.

In addition to thedynamic optimalityconditions and constraints, aggregate static
demand functions for final goods have to be added. They are given by

X° =2 (EA+E®), z0=1"9(gr+ o),

X Z

2 The source of R&Dincome amounting tclipli on the individual and:plj on theeconomy
level will become clear when discussing the R&D process.
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Production side

Two final homogenous goodX and Z are producedusing human capital and
labour,given a certain technology level. Since technology chamgestime, the
specification ofhow technologynfluencesthe productivity ohuman capital and
labour, is crucial fothe outcome of the modélwo extreme examples help to
illustrate thepossibilities:Either technological progress increases the productivity
of human capital and labour tbe sameextent (as e.g. iWwalde, 1993 or in
Grossman and Helpmart,991a, ch. 6) oronly one factor mys higher
productivity, leavingthe other factounaffected. In a two-country world, thiest
specification woulchot bevery interesting: The technologidalvel of a country
would simply determine the countryiscome level,but wouldnot exert any
influence ontrade patternsConsequently, Ricardian effects would rbessing in
the model and a simultaneous study of technological change facidr
accumulation wouldhot give further insight. Therefore, weake here the second
approach and assuntleat thetechnologicallevel increases the productivity of
labour only3. The basicstructure of the productioside ofthe economy is thus
given by three activities: Production diwvo final homogenous goodand of
differentiated middle goods.

The production of the consumptigoodsfollows standardconstant-returns-to-
scale production functions withtwo inputs, human capitaH and a set of
intermediate goods represented by an ind&x

. . S\ \1-a
z' =7)(H)' ()™, 9
X1 =X (H) (k)™ (10)
Without loss of generalitythe outputlasticity of X with respect taH is higher
than theoutput elasticity of Z with respect toH: B>a. Perfect competition
ensures zero-profitwhich can beexpressed by equality of prices and wusts.
Further,since consumptiogoods are perfect substitutesdependently of their

country of origin, fredradeequalizeggoodsprices and unitosts mussatisfy, as
long as both countries are incompletely specialized

p = (wh)" (we) ™",
o, = (wh, ) (i)™,

where the pricendex w, reflects the prices of intermediatescessary to obtain
one unit of K. As is well-known, thesegricing conditionsimply factor price
equalization inw,, andw,, given the absence of factor intensity reversal.

The production process in the consumptiood sectorspecified in (9) and (10)
has to beunderstood such thditms employ humartapital inorder toassemble
intermediategoodsi to obtainfinal outputX or Z. TheindexK is given by similar
to Ethier (1982),

K/ :U:'(y‘)edi)w, <0< 1 (11)

This index increases ite (measure of theumbern’ of intermediategoodsi,
available incountry j, which allows torepresent technological progress in the

3 There is a further - technicalnecessity whytechnological progresBas to be restricted to
labour only:The rate of innovation imodels a la Grossmand Helpman is an increasing
function of a country's factor endowmeiithus, if thestock of human capitalinfluenced
technological progress, we would obtain ewareasing rates of growth which ligrd to be
justified on an empirical basis.
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production ofX andZ by an increase in the range of intermediaiedg. The
higher n', the higher the degree ofpecialization andhe higher output of
consumption goods.

Intermediategoodsi are produced in aonopolistic competition setting.irfs
producing eitherX or Z then choose among intermediaeods optimally by

minimizing total costsj: p,Y di with respect toy' subject to (11). Thigjives
demand for each variety of the form

e (¢ \-elxe YO
y =) [ ()" ai) (12

The production of varieties dhe middle goodsconsists oftwo steps. Due to
infinite patent protection, each producer of intermediatedg, as thdirst step,
has to develop its owhlueprint for producing a varietyhis R&D process is
described by a simple cost function which reads forifirm

¢, =@/ Kn'.

This equatiorbasically says thahe development of a ndvueprint requires the
spending of soméxed costs@ (a similar specificationvas used by Barro and
Sala-i-Martin, 1992)divided by the total non-appropriabttock of public
knowledge accessibléor firm i. Clearly, this isthe Romer (1990fea of
technological spillovers which results from the R&D process as a by-product to the
development of new blueprints, an idea usedensively by Grossman and
Helpman (1991a).

It is well-known,that thosespillovers resulting from R&D can result in positive
long-run innovatiorrates.Since inthe present model, technological charejies

on that mehanism, a furtheryery important assumptioabout international
spillovers has to be made ircantext of a two-country world. Informatiamhich
flows freelybetween countries leads to innovatiare equalization (Rivera-Batiz
and Romer, 1991; Grossman and Helpmi&®la, ch.7; 1991b, secti@). The
balanced growth paths afodels ofthatkind can also be shown to lally and
globally saddle path stable (Walde, 1994). On dkeer hand, if knowledge
diffusion is restricted to the domestic market, then the world economy is
characterised by hysteresis effects (Grossman and Help@®is, ch.8; Feenstra,
1990; Devereux and Laphaf993). Itseems unrealistic to assuthat the rate of
technological progresjualizes automaticallcross countries; thus we prefer the
second specification whetiee public knowledgestock is restricted to the country
where it wasbuild up. This implies innovation rates which differ between
countries.

Relating the public knowledge stock to thenumber of differentiatedyoods
available incountryj, restricted R&Dspillovers translate into an expression for
R&D costs of@/n’ instead ofcp/(nA+ n®), whichwould be the case if we had

international knowledge spillovers. Consequenthe intertemporal zero-profit
condition reads

o/t =v()= " exd (R ()~ RO\t (1) a. (13)

4 Different innovation rates due to restricted knowleflges are also obtained by Rivera-Batiz
andXie (1993). Other possibilities to model growth rates whiiffer between countrieare,
e.g., Buiter and Kletzer (1991), Alogoskoufis and van der Ploeg (1991a,b).
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, o j P
where profitstt =(1-6)p)y’ =(1- E))%I;]—J are discounted by aumulative

factor R"(u):J'Ou r'(s dsdepending on the interesite r’(s). Note, that R&D

costs as in (13) which firms have to pay, flow back to consumethamdenerate
income, amounting athe economyevel to n' ¢/n' =@U', as included in the
economy's budget constraint (7).
The production of the intermediag@odsfollows a simpleconstant-returns-to-
scaleproduction functiony' = L' and producerdacing demand function (12), set
prices according to

w,

p) = e (14)

Sinceall firms ofcountryj have to payhe same labourewardsw/, equation (14)
implies that all varietiesproduced in that country aeqqually priced at pj. The
expression focosts of the set ahtermediategoodsnecessary to obtain onmit

of K therefore takes simple form. Inserting (12) into thestfunction '[: p, Y di
and using (14) givesosts as dunction of labour rewards and thtechnological

. W ygey N ey w)
level of the economyuyy, = _[0 (pg) di =(n) —=.

Market equilibria

By equation (12), equal prices falt intermediategoodslead to equabutput per
variety. Thus, aggregatiemand for labour can be simply expressed as a function
of demand for intermediate inputs as

L® =nlyl, (15)
Demand for intermediate goods.timn, depends on the togliantity ofK used in
the production process of consumption goods, since by (11)

Ki=(n)*y =(n)""y,

Finally, sincethe indexK is related tdinal output ofconsumptiorgoodsX andZ
by

B (Wi, W) X+ ag (wh, W) 2= K, (16)
wherea, (w,,w, ) are unitdemand functionghe full employment condition for
labour reads

By (W W) X+ 3 (Wi, W) 2= L) (17)
The supply of human capital depends thre choice of consumers of how to
allocate it between production and accumulatiowhan capitalthe quantity
p'H! used for production is then furthsubdivided betweeproduction offinal
goods,

B (W, W) X+ g, (W, W) Z =10 HL (18)



3. Solution of the model and dynamic properties

Reduced form
In order toderive the reduced form of tlmodel presented abowene firstsolves
for human capitatewards and the prigedexfor intermediatggoodswith thehelp
of clearing conditionfor factor markets angoods marketand pricing conditions
for final goods. This give§
CL

1-6 1-6
(nA)T LA+(nB)7 | B
wherec, is a constant, representing preference and technology parameters.
Then the budget constraints ammplified byinsertingfactor rewardsw, andw,,,
and the capital market no-arbitrage conditiasmich can be obtained by
differentiating (13) withrespect to time. It turngut thatone budget constraint is
always fulfilled if the other one isatisfied (which ighe verification of Walras'
law). This allows us teahoose total expenditure aameraire which implies, since
by (6) interest ratesqualize given incomplete specializatiors p. Finally, the
remainingbudget constraint and the expressiosrng the factor reward fonuman

capital is differentiated with respect tione andthe resulting equations can be
solved to yield

A = 1 (Q)(A+R°A)+p (B -p), (19)
(® == (Q)AA +p®) + (%5 -p), (20)
where, for notational convenience, we defined

2 (1-0) rel o e\
f(Q)=—= LALBQ © (Q o8- LA)(LA+Q 6 LB) :

(1_CL) (pe

Due to the simple R&D structure, we can derive an explicit expressions for the rate
of innovation of country which turns out to be

R
J J
W)er o
6 6 '
(nA) 5 LA+(nB) o 8@
It is an increasing function othe countries productivity-adjusted labour
1-6
endowmen(nj) ® | and decreases in tfigzed component of R&Dcostse |, in

1-c,

WK: :“AHA+“BHB

E, W,

' =(1-0)

(21)

consumers' time preferencate p and in6 . A value of @ close tounity
indicates a high elasticity suibstitution (given bg =1/(1-8); cf. equation (11))
betweenany two varieties. Thus thdiigher 6 , the less aradditional variety
contributes to an increase of output and the lower the innovation rate.
Analyzing further, onefinds thatthe outcome of thenodeldoes notdepend on
absolute quantities of differentiatg@ods orhuman capitalput on ratioonly.
Thus we introducéwo new variables whicbxpress the ratios of theumber of
varieties and ofhe stock ohuman capitabetween countries. Theyedefined as

S5 Note that factor rewardscan becomputed explicitly only inthe case of factor prices
equalization inw, and W,. This is given as long aboth countries aréncompletely

specialised.
6 A detailed derivation is contained in an appendix, available from the author upon request.

-7 -



Q:=n®/n* andA:= H®/H". Using the human capital accumulation constraint (8)
and the innovation rate of counjrnthe reduced form is completed by

A=8(uh - pP)A, (22)
1-0
. Qe LE-LA
G=(1-0)> > —_~ q. (23)
(p LA+QTLB

Thus therelatively simplereduced form consists of four equatiamy; (19), (20),
(22) and (23).

Stability analysis

In analyzingthe stability of the model, we first focusur attention onhuman
capital accumulation alone and thus exclude (relative) technological change. Then,
only technological changetsken into consideration befofemally, the interaction

of technological change and human capital accumulation is studied.

No relative technological change In the present framework, neelative
technological change occurs (and tlRisardian effects vanish) the ratio of

differentiated goods equals dixed number given bythe countries' labour
1-6

endowment:Q =0 = nB/nA:( L/ L®) ¢ . In the subsequerdnalysis wewil
assumehatthis holds.Note, however, that the resultghich will turn out are not
restricted to this, admittedlyather specialcase, but arevalid equally if e.g.
technological spillovers would be excludedtioe model would bespecified with
identical technologies right from the outset.

If Q=0, f(Q)=0 and equation (23) can be neglected. The economy is on a
balanced growth pathdefined by (19), (20) and (22fr W' = p/d. The stability
properties of such aequilibrium are easily analyzed bgraphical phase plane
analysis irthe(uA,uB) space, where soliarrows indicate the direction afotion

of W' anddotted arrowspointing upwards indicate an increase/ofimagine a
third dimension).

[Insert figure 1 around here]

Note that bothshares of human capital allocatedpt@duction,pu” and p®, are
control variables. Ifone of the countries decided to choos@éitial value, right
after opening up ttrade, a pointvhich doesnot satisfy ' = p/3, then eitheq”

or u® must eventually hibne of the boundarids, ) Irhen theoptimality
condition (6) could no longer be satisfied. Consequently, prowadedcountries
want to maximize current utility, they both choose at once the equilibrium#alues

No human capital accumulatienThis wouldsimplify the model to such an extend
that one would no longer have to worry abetability properties. Theoptimal
share of allocation of human capibdtween education and production would no
longer be an issue aride model would be a&implified version of thehysteresis
model of Grossman and Helpman (19914, ch.8).

71t will be shown later that equilibrium values fall within the required inte]'Oal].
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Technological change and human capital accumulatibet us now turn to the
certainly more interesting case where technological changehanthn capital
accumulation interacAssumethatinitial conditions are sucthat Q =0 Ot which

implies that f(Q)>08. Then theinnovationrate of countryB approaches its

autarky innovation rate
B

°=(1-0) S -p 0T - (1-6) S p. (22
Q_? LA + LB (p (p
and the innovation rate of coun#kybecomes zero (in finite time!) since
N L* ¢ e (1-8¢ )L
LA +QT LB (p p L

The innovatiorrate of country was shown in (21) to be a function of its relative
size (measured in effective labour endowment) in the world economgotfation

in countryB is higher than irthe other countryits effective labour endowment
1-6

(n‘:“)T L® increases absolutely and relatively ttee other country and, as a
corollary, therelative effective size dhe other country decreases. Then, however,
at a certain point in time, countdys effective labour endowmenttiso small to
sustain positive innovation rafes

SinceQ is a monotonous function in time, we can divedgiations (19) - (22) by
equation (23) and thereby obtain a non-autonomous thmensional system in
Q, which can bdreated bygraphical means. To this end, determihe zero-
motion loci by setting the equations of motion equal to zero. This gives

A 1
pA=0- uBz-“T((uAé-p)f(Q)‘ +1), (26)
1720 - p* < p®A((u%-p) (@) -1), (27)
A20 o ptzpt. (28)
Obviously,the f(Q) plays a cruciatole fonttiesynamicproperties of the

model. Its optima are implicitly determined by the function
1-26 1-0 1-0
Qe(—LAZ +4LALRQ O - LBQZQ) =0.
In the special casg=1/2, they can be explicitly computed to be at

LA LB (L0 LBY
Q”:F+Fi\/(F+F -+

otherwise theylie near these values. The functidfQ) approaches zero &
goes to infinity:f (Q) O [T] - 0 and its value ahe origin iszero: f (0) = 0. Since

La
it is positiveiff Q = (L / L®)+, a typicalrepresentation of (Q) can be plotted as
in figure 2.

8 Making theopposite assumptiof < 0 [Jt would lead to a completely symmetrical analysis
where countnA has been renamed counByand vice versa.

9 This is the cruciabifference to models witinternational spillovers of knowledge. Ithis
casethe innovation rates of both countrieuld equaliseand depend on thesum of the
effective labour endowment of both countries.
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[Insert figure 2 around here]

After thisanalysis othe technology function, we can plot the zero-motion loci for
a certainf (Q) = f(ﬁ) in figure 3, taking into consideratianly the loci fding

broadly withinthe range oft’ 0]0,1]1%. The planesre determined by equations
(26), (28) and the upper branch of (27), solvedufgrwhich is given by

Tk :%i/\(/\(f(Q)+p)i\/46 f(Q)APA+A2(f (Q)+p)z). (29)

[Insert figure 3 around here]

How doeshis phase diagram change wihincreasing further? Thg® = 0 plane
becomes flatteruntil in the limit it is a horizontal line(compare equation (29)

u® 0O RN %). The maximum ofthe i* =0 parabola moves up suthat the

slopes at th@®B intercepts become steeper and steapgl, in the limit, the lines
are vertical. Inorder tofind initial values chosen byonsumers in country we
subdivide figure 3 itwo parts, one foA greater and one fagx smaller than 2.

[Insert figure 4 around here]

Figure 4 represents the figsart offigure 3 and showthe zero-motiorines for
control variablesy’ andstatevariableA in the (u?,p1®) plane, forA <2. Again,

solid lines indicatehe direction of motion of contrefriables andlottedlines of
A\. The same relations hold wittespect to zero-motion loci, as in the three-
dimensionalgraph: AnincreasingQ will increase the slope of th&¢" =0 and
flatten thef1® = 0 line, which, inthelimit, gives aphase diagram identical to figure
1. Note,however, that here thequilibriumpoint can never be reachsithicethere
will always be an increase tbie technologicajap.Which are thenitial conditions
the consumers of countdy andB will choose? By analogy tihe phaseliagram
with no technologicaprogress, we take the intersection point of fife= 0 and
(1® =0 line,denoted by5, as a candidate for a solution. On this palhéquations
of motion aresatisfied, thusthe optimality conditionsfor both countries are
fulfilled. Further, this point approaches the long-run equilibrium pannth lies on
the A=0 line. An analogue argument to thdecision problem with no
technological change excludedtial valuesother than poinS Eventuallyone of
the boundaries fop’ would be reached and omgtimality condition would be
violated. Sincethe point Sies withinthe area ®u”*,u® < ,1the optimal initial
values constitute an interior solution.

A similar argument can be invoked tbie area\ > 2. In this casehe [i' =0 lines
do notintersect. Thenitial conditions forp” and p® are then chosen suthat
they will reach the intersection point of the=0 lineswith A growing large and
f (Q) approachingero. Thusjndependently of initiatonditions ofstatevariables
A and Q, the precedinganalysishas showrhat the system has well-defined

10 This graph was drawn by using Mathematica (cf. Wolfram, 1991).
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equilibriumtrajectories. For the subsequamialysis, it should beetained that an
increasingQ implies thatu® is always greater than®.

4. Endogenously changing trade patterns

As a benchmark case, consitieo economies with no technological change. Then
the decision problem of consumers consists in choasiagptimal repartition of
human capital between production and education. The last section (cf. figure 1) has
shown thathis leads to an immediate jump on a balargreavth path where both
countries allocated the shaué = p/3 to the production sectoHuman capital is
then accumulated in both countries at Haenerate d—p and the countries’
relative factor richnessdoes notchange ovetimell. Clearly, in such a situation,
initial trade patterns will be observed ever after. If, on the dtlaed, capital
accumulation ceases and the evolution of the economies is characterised by
technological change only, thethe technologically leadingcountry will
continuously expand its technological leadershipouin case ofinternationally
immobile capital, interest rates wouldot beequalized andhe share of the
technologically leading country in world expenditure would approach unity.
Let us now turn to the interaction @ccumulation of human capital and
technological change. In the absence of government interventiogivemdfixed
preferences, the evolution of technologgaspletely determined by variables, out
of the range of consumeisfluence. Once aountry istechnologically leading, it
will forever expand its leadershifts innovationrate will approachts autarky
innovation rate from below, whereas the other countryfsiovation rate will
becomezero infinite time (compare equation (24) and §25The accumulation of
human capital, however, is determined by an intentional choice of the consumers: If
a country istechnologically backward (again, saguntry A), it will allocate a
lower share ohuman capital t@roduction (i* < uB) and thus experiencehegher
human capital accumulatioate, as washown in the last sectiomtuitively, this
becomes clear from looking at its budget constraint, which can be expressed by
L +(1-c )—1
1+Q 9P 18/ Y1+ Ap®/pt
Total expenditure of countr is given bythe constant amouri ”. It can neither
in- nor decrease ovéime, sinceotherwise optimality condition (5) would be
violated. Sincethe ratio of intermediatgoodsQ increases, the firgtart of the
budget constrairfalls and, consequently, its second term must increagsh can
be achieved only by decreasitige human capitaratio A =H®/H”. Thus the
technologically backwar@ountry A increases human capitalore rapidly than
country B and vice versa: The countrywhich is technologically leading
accumulates human capital at a lower rate than the other country.

Ef=¢

Under which circumstances can a changetm@de patterns takelace? Our
assumptiorthat both countrieeemain incompletely specialized when they open up
to trade amounts teequiring that the countries' factor endowmentsnare too
dissimilar, acondition which idamiliar from static Heckscher-Ohlin models. Since

11 of course, in order that growth rates are positive we peed. If this holds therp.j <l
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preferences dmot differ between countries, an export of theman capital
intensivegood X is equivalent to an highesutput ratio&:= X/Z. This inturn
depends exclusively on factor endowment since it can be shown that
A B AgA B B B 1-6 B
XD X WHE oLt qe st a
zh  Z° AVo 1A (nB)o s L T
() s (n®)e L

Thus trade patternshange only ifthe relative endowment othe economies
changes. lour contextwhere countryB is technologicallymore advanced and its
innovation rate is higher thanthe innovation rate of countryA, country A
accumulates human capifakter than countri3. As a consequence, thgnamic
equilibrium ischaracterised by an increasifigand a decreasingy. Thus, if the
initial conditions are such that count8yis human capital richeéhan countryA,
then countryB will initially export thehuman capital intensivgood. After some
time, however, it will betechnologically advanced to such an extend and its
endowment with human capital hiaflen relatively tothe human capitastock of
the other country that it will export thechnology intensivgood. Achange of
trade patterns has occurred.

A change of relativéactor richness can alsoccur if human capital accumulation
does not takeplace. An argument for a reversal tohde patterngan then be
invoked following the same lines asbove. Contrarily, however, interest rates
would not besqualized andhe technologically leadingountry would expand its
share in world expenditure.

5. Government intervention

The last section has shown that changnage patternganoccur inthis model
only if a technologically leadingountry initially has a relativeNow stock of
human capital. Such an evolutidmwever, doesiot describe the experience of,
e.g., Japan in asatisfying way since itvould imply that all countrieswhich
experienced a fundamental change of their econatnicture during the last
decades werewhen beginning totrade with industrialized countriesalready
technologically leading.Therefore, in this section wéurn to government
interventions and study how they cafluencethe evolution of an economy. It
should be stressethat this is a purely positivattempt to re-draw observations
and the question, whether these interventions are to be favoured Wweifai®
point of view, isnot a matter otoncern here, although it is at least of equal
importance and should be at the core of future investigations.

Two naturalpossibilitiescome intomind, how a government can intervene: Either
research activitiesare subsidized orthe accumulation diuman capital is
encouraged. We discuss both of these possibilities separately.

R&D subsidies

Many factors influence research and development in an economy; consequently, the
government can choose amonwny possibilitieshow to encourage research
activities. In thefollowing we will discussthe influence of subsidies tBR&D (as

e.g. Grossman and Helpman, 1991a, ch. 8).

Costs to produce one newariety are given by c, =@/n’. Let the government
commit itself to subsidize eagmoduction of a newariety by paying @hares' of

total developmentcosts. Given an innovationrate of 1! the government's
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expenditure at every moment is given By = s@i'. These expenditures are
financed by lump-surtaxesT' which changeshe aggregate budget constraint of
countryj to

El+AN=rA+q@l +wU+wp H-T. (30)
Due to thissubsidy, R&Dcosts on théirm level diminish toc, = g(1- &' )/ n and

the free-entry condition becomegl-s') / n = V(1. Sincefactor rewards and

allocation decisions dirms are notinfluenced by this modificatiorfactor price
equalization inw, and w, still holds (given incomplete specialization) and the
same rearrangements and conclusions #simodelwithout intervention can be
undertaken. What changes, however, is the evolution of the technological gap
between countries. Aftenodifying equation (23) tanclude R&D subsidies, the
condition whether countrfg increases its technological advance over coultry
does not only depend on current technologidérenceqrepresented by the ratio
Q of differentiatedgoods in countryB and A) but also on R&Dsubsidies and
reads
1-6

QeL® LA

> :
1-s°  1-§"
Let us continueour analysiswith the assumption of countri@ being more
technologically advanced. bfoth countries renounce frosubsidizing R&D then
the technologicalead over countryA would ever increase, thus coun&kymight
want to interven&. Consider the limiting case that counfrgimply wants to avert
falling further behind. Then ithooses (let countr be passives® =0) s* such
that

Q>0

LA
1-6
QeL®
From this equation interestingnplications can be derived. Assume a certain

technological lead of countryd, which translates into a certaif2 = Q >1,
assumingL” = L® for simplicity. Then the share of R&M@osts to bepaid by
country A areunambiguously determined by (31). Thizare, howevemight be
too high when opening up ttvade and approachesity if the technological gap
increases. Thus, in this model it seemdsisable, ifthe technologicdkvel is a
matter of concern, not to intervene too late.

What happens #”* is chosen above thitical level whichkeeps theéechnological
difference at aconstantlevel? Then Q begins to falland the technological gap

narrows. Thus” can be reduced over time to vanish where

1-6 1-6
n®e L®=n"e LA
Combiningthese results with thenalysisundertaken in the last section, it is clear,
that thesenterventions can result in changittgde patternsAssumethat country
A is technologically backwartbr some time. It will then beertainly be more
human capital ricthan countryA. If it subsidizes R&D to such axtent that it
becomes thé&echnologically leadingountry, it will accumulatéuman capital at a
lower rate than countrig. Provided thathis technological lead is extended over

sh=1- (31)

12 As mentioned beforehe scope otthe model ifot to study normative issues. this case we
would run into difficulties since both countries could subsidi&D to increase growth rates
to infinity, due to the specification of the R&D process.
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time, trade patterns will change from exporting the human capital intensive good to
exporting the high-tech good.

Subsidies to human capital accumulation

Again, one carimagine differentvays, how the government could try to foster the
accumulation of human capital. A natusalggestion could be to subsidizetor
rewards forhuman capital. Oneould thinkthat higherrewards forhuman capital
should lead to an increasing share of human capital allocatdéte t@ducation
sector. Thendividuals' optimizingproblem, however, leads the same optimal
behaviour as with no factor rewasdbsidies. Thushe aggregate behaviour of the
economy does not change and such a policy would fail. An intervention adadgsh
influence human capital accumulatioates, the one waevill investigate here,
consists in changinthe productivity of the educati@ectorwhich isrepresented

by the parameted in human capital accumulatioconstraint (8). Thebasic
assumption in théollowing is that this productivity can be increased by investment
of the government into the educatisector. We vl undertake dormal analysis

for a two-country world withhuman capital accumulatioand technological
change. Section 6 il then discuss what happens if technological progress is
neglected.

Productivity of the educatiosector is expressed b§(1+dj), given that the

government decides wupport the education sector sybsidiesd’. The human
capital accumulation constraint (8) then becomes

HI=HI§(1+d! )(1-w),

and theoptimality condition concerninghe allocation ohuman capital to the
production sector (6) changes to

Vi .

W _pi 3(1+d7). (32)

J
H

Factor rewardscan still be explicitty computed and we obtain factqrice
equalization inw, and w,,. Now, however, factoprice equalizatiordoes not
imply interest rateequalization, sinceeducationsubsidies might differ between
countries. Consequently, in contrast to (21),itim@vationrate nowdepends on

countryj's interest rate’
1-6

iYe (i
(n)e L c
6 6
(nA) 5 LA+(nB) o 18 @
What is further needed to discuss the evolution oftweecountry world is a
relation between interest rat@kich can be derived fromquation (32), by noting
thatw/; =wf, as
rA=r®+3(1+d #)-3(1+d &) =r 8+3(d *-d 9),
and the budget constraint of one coumnityich can beobtained by following the
same steps as in the last section. One finds for colintry
LA “A

EA = C|-—1;9+(1_CL)TB/\

LA+Q [2) LB p‘ p‘
Further take into consideration the ratio mfman capital endowments and the
technological advancement varialleTheir timepaths are determined by

' =(1-9) -rl, (33)
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AN =8(d?(1-p®) - d"(1-p ) +p A= f)
1-9
Qo LE-L"
o

LA+Q @ L®
Finally, again, we choos#tal expenditure asumeraire.Now, however,since
interest rates areot equalized (providedhat education effortdiffer: d* # d®),

this choicedoes notimply thatexpenditure of each country is constant. We now
have

0/a=(1-0)%E +3(d” - d®) |.

EA E®
F:r’*—p, E:rA—é(dA—dB)—p.

It caneasily beseenthat thesystem behaves just e two-country world where
governments are absent, if both governments undertalsanesteps tancrease

the productivity of their educatiosector (d* =d®). Now assumethat the

technologically backward@ountry A undertakes a higher education effort than
country B. Then its interestate ishigherr” >r® which impliesthat its share in
world expenditure increases. Higher inteneges, however, have a dampening
effect on theinnovationrate sincefuture profits are discounted ath@gherrate,
which reduces the presemalue of a firm. Consequently, R&Ebsts mushot be

as high as witHower interest rates and innovation, by (33), is dampened. As a
consequence theidening ofthe technological gap to tim¢her country is speeded
up.

On the otherhand, if thetechnologically leadingountry undertakes education
productivity enhancing activities, it cagrasp an eveincreasing share of world
expenditure and at tteame timedoes notoose its technological lead. The effects
on trade patterns are obvious: If iakrease of the productivity in the education
sectorleads to a change dhe technological leadershgyentually, alsdrade
patterns will change.

E®=1-E*,

6. Conclusion and Do countries catch up?

There areseveral mechanisms whichn lead to a change toadde patterngrigure

5 distinguishes between laissez-faire situatiorteenfirstcolumn and government
intervention in the second. Tlidferent variants othe modelare in rows one to
three. First, trade patterrn reverse if theechnologically leadingountry is
initially human capital abundant bugfter some time, technological progress
overcompensates fowuman capital abundance. Thigapresented in thiggure by
"Initial conditions" andwas discussed at the end of section 4. Second, various
government interventions can chanigale patterndoo. We haveseen in section
5, that bothR&D subsidies, awell as investment inteducation can havehat
effect in a world with both technological change and factor accumulation.

What remains to be discussed isitiflience oftrade and governmeitervention

on convergence. In figure Be possibility of catching up or forginghead, terms
taken from Abramovit1986), isindicated by an upwards pointirgrow 9.
Catchingup/ forging ahead isunderstood inthis context as arincrease of a
country's share in total world expenditudamalogously falling behind isndicated
by an downwards pointing arroW. The third arrow is then self-explaining.
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[Insert figure 5 around here]

Section 4 mentioned alreadyat in a world characterisaxhly by technological
change, strondpysteresis effects can be observed and a technologieatiing
country will preserve and extent forever its technological lead angaivillan ever
increasing share oforld expenditure. In such a situation government intervention
can stop this forging ahead and can induce a catching up process of the
technologically backwarctountry. Theanalysis ofgovernment investment in
education (section 5) has showthat a countrywhich reaches ahigher
accumulationrate thanits trading partner will increase its sharetatal world
expenditure. Of course, theame resultturns out iftechnological change is
neglected. Intervention into R&D activities, wsll as nointerventions at all, will,

in the presence dfuman capital accumulation, leave expenditat®s unchanged
since interest rates equalize as long as factor prices are equalized.

Finally, a concluding remark concerning preferences. Who digd time
preference rates argentical between countries? Neglect technological change for
simplicity; then a more patient country (lower) will increase its share in world
expenditure. Thishift of preferencesould perfectlyexplainthe economic success

of some Asian countries.
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Figure 1: The decision problem with no technological change

f(Q)

v

Figure 2: The technology functici(Q)
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Here you shouldind agraph of a thredimensionaphase diagram. Unfortunately,
| did not manage to include it here. Please send an email to

kwaelde@econ-theory.uni-kiel.d400.de
with Subject: TPR 3D
and your fax number in the body. | will then immediately fax you the graph.

Or send a fax to Klaus Walde, Institut fir Theoretische Volkswirtschaftslehre
+49/431/8802072

Sorry for any inconveniences.

Figure 3: A two-country world with technological change
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Figure 4: The decision problem with technological change
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Figure 5: Trade pattern reversal, catching up and falling behind

-20 -




