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Factor endowment, impatience and trade patterns in a
small open economy of endogenous growth

Klaus Walde
University of Kiel, Kiel, Germany

The prediction of trade patterns usually based on physical factor abundance. In a
context of endogenous growth, however, physical factor richdess not always

predict trade patterns in a reliablay. In a worldwhere countries differ only itheir

factor endowment trade patterns can easily be such that a physically capital rich country
exports the labour intensivgood. Further, if the consumers' tinpreference rates are
allowed to vary between countries, they influetia€le patterngpo, whichthen do not

reflect physical factor abundance for fairly general conditions.

1. Introduction

The pure theory of internationambde names various determinantstcdde patterns:

Apart fromdifferences in technology and preferencesrade due to transportation
costs,economies of scale arfdctor endowments angrobablythe mosprominent

ones. The latter is theinique determinant in Heckscher-Ohlin models of two
homogenous goods and two factors wherepthysically relativelycapital rich country
exports the capital intensive good. Economies of scale can be found in models of intra-
and inter-industriafrade (Helpman, 1981; Lawrence and Spiller, 1988jpman and
Krugman, 1985, ch.7) where tsamepattern of trade emerges, except for fiet

that now there is aet exporter and aet importer of the differentiategroduct,
provided thatincomplete specialization prevailsder freetrade. Analoguefindings

can be provided in a context of endogenarswth, caused byechnological
spillovers, as was shown by Grossman and Helpman (1991, ch. 7).

Factor richness in these models is measured in terms of physical factor endowment and
each country exports tlgwodwhich makes relative intensiuse of the factowhich

is physically relatively abundant ithat country.One conditiorthat this quantity
version of the Heckscher-Ohlin theorem holdbh& demand functions fdmal goods

are internationally identical. If they differ to such artend thatdemand outweighs
physical factor abundance (let e.g. the capital rich country have a strong preference for
the capitaintensivegood), theprice version of théieckscher-Ohlin theorem (af.g.

Ethier, 1984, p. 141) would have to &eplied inorder toobtain acorrectprediction

of trade patterns. Factachness would then have to be measured in terms of autarky
factor rewards.
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In the model presented below we derive two further reasons why the trade pattern of a
country no longer reflects ifghysicalfactor richness. By doing this we introduce a
further determinant dfrade patternsvhich so far hasttractedlessattention in the
literature. Theanalysis will beundertaken in a model of small openeconomy of
endogenous growthkince this allows an easiproof of the resultsvhich would not
change in a two-country world.

The organization and majdindings of the paper is as follows: The next section
presents asmall openeconomy model withtwo perfectly competitivesectors
producing two final homogeneous goods, one monopoliséctor manufacturing
intermediategoods and one R&Dsector. International capital flows otrade in
intermediategoods areuled out and the economy is assumedraxe infinal goods
only. The model isimilar to Grossman and Helpman (199h. 6) but uses more
general production functions. The next section also discusses conditioslanced
growth pathwith incomplete specialization. the economy oo small to sustain
positive long-rurgrowth,incomplete specialization requirgmt the endowment point
of the economyies within acone ofdiversification given byvorld market prices for
final goodsand production technologi€bhis condition is well-known from static
Heckscher-Ohlin models-or a growingeconomy, however, the conditions for
incomplete specialization is a function thfe domestic growthate and therefore
differs considerably fromstandard results. It is e.gerfectly possiblethat one
economy is completely specializétbugh it has amdentical endowmentatio capital

to labour as another economhich is incompletely specializedhe third section
analyzesthe impact of factor endowment on trade patterns. We will show that a
physically capital rich countrywhich is incompletely specialized wheérading can
become arexporter of the laboumtensive goodthough capital is itphysically
relatively abundantactor. This resultdoes notrequireany differencebetween the
countries apart from fact@ndowmerit It impliesthat even between countriesth
identical preferences and identical human capital to ladabiar;, inter-industriatrade
will be observed. In the fourth section we first investigate itgact of a so far
neglected determinant tfade patterns thetime preferenceate — and then let the
effects caused hyiffering timepreference rates interact with thiects due to factor
endowment. It turnout that acountry with afairly impatient population has a
tendency toexport thehuman capital intensivgood. The interaction oimpatiencé
and factor endowment effects then extents the result that a capital rich espotitg
the labourintensive good to éroader range of parametermlues and thereby
generalizes thedendings. Havingshown that thejuantity version of the Heckscher-
Ohlin theorem can no longer be applied to obtaicoarect préiction of trade
patterns, the subsequent section will show that the results are in acconitiince
standard trade theory if thwice version of thédeckscher-Ohlin theorem is used to
measure capital richness. & that inall situations where the quantity version fails
each country has indeed a relative comparative advantttge good it exports if it is

1 An alternative reason for such affect was suggested inracent paper by Dinopoulos et. al.
(1993). By allowing forinternational trade in assethiey showthat trade patterndepend on
asset-adjusted endowmergther thanphysical endowment alone. International capftaivs,
however, are not necessary for such a situation as will be shown here.

2 (High) time preferenceate, (high) individuadiscount factorand highimpatience will be used
synonymously throughout the paper.



measured in autarky factor rewardsfial section concludes thedings and gives
an outlook.

2. A small open economy

Production side

The economy in consideration gmall with respect to the economénvironment in
which it operates. It is endowedith two primary factors and producessvo final

goodsX andZ, whichare traded agxogenously givemvorld market pricesp, and
p,. Both goods are produced under perfect competitsamgthe two primaryfactors
human capitaH and labourL, as well as a@et ofintermediategoodsi as inputs.
Letting D;, j = X, Z represent amdex ofthe intermediatgoods used in sectgr

the production function can be expressed by

X = X, HEDIE" P, 0<B,n,1-n-B<1, (1)
for the goodX and by
Z=7ZH;DJL;"", O<a,nl-n-a<l, )

for goodZ. Theoutputelasticitiesare assumed to be sugh>a) that the production
of the high-tech goo& makes morentensivelyuse ofhuman capitathan the food
industryZ.

From this constant-returns-to-scale production functions agst functions, which
must equal pricep, and p,, respectivel§, can be directly derived. With a suitable
choice of X, andZ, they aregiven byc, (0 = WA piwt " andc, (] = we, plwi "
wherew;, j =H,L are the factor rewards fauman capital and labour apyg is the

price of theset ofintermediategoods used in production. Bapplying Shephard's
Lemma, unit demand functions for labatle inputindexD and human capital can be
computed. This gives for good with reinsertingp,,

_ n Px _  Px - Px
b, =B—, by = N—, b, =(1-n-pB)—%,
HX B WH DX r] pD LX ( r] B) WL
and for goodZ
—n Pz _ Pz - Pz
b, =a—=, b,, = : b, =(1-n-a)—=.
HZ a WH DzZ r] 5 Lz ( r] )WL

With the unitdemand function®,, andb,, for the inputindex D, we can readily
express total demand fbras a function of the quantity ¥fandZ supplied as
D° =P xs4nPzs 3)

Po Po
What we donot yet know, howevers, how this input index is specified. Wadopt
the well-known Dixit-Stiglitz (1977) specification whichwas introduced] in a
similar formulation into production theory by Ethier (1982). It reads

DS :Uon(yi)edi)w, 0<B< 1] (4)

3 Of coursethis holdsonly if bothfinal goodsare produced. Later on this section we willgive
conditions for such a situation.



wheren is the (measure of theumber of non-tradable intermedigt@odsi available
domestically.How will producers in sectaX andZ assemble intermediatpods in
order to obtain the required quantityl®@? The optimal choice results framinimizing

total costsjon p, Y di with respect toy' subject to (4). This gives demafat each
variety of the form
)-S/(ﬁ-l)

P i - n \1-¢ .
y =(p) " ([ ()" i (5)
and a unit cost function, which equals the ppgeboth final good sectors have to pay
for one unit oD and which reads

Po = ColP) = Uon(p;)l_s)y(l_g),

where € = ]/(1— B) is theelasticity of substitution betweeamy two intermediate
goods.

Obviously, before intermediagpoodscan be used in the production proces$inaf
goods,they must beroduced. The productidunction for each intermediate good is
Yy =V, H;i I_lyfy, 0 <y < 1 Each producerfaces her "own" demand functigiven by

(5) and maximizes profits accordingly. The resulting profit maximizing price is

Y -Y
py = %, (6)
which impliesequal pricing ofall varieties sinceghe production costs do nedry
between the single firms of sector
Aggregatingall firms ofthis sector, totaldemand forprimary factors depending on
factor rewards and aggregate outjgitis given by
LY =nby, (w, w,) ¥ = (1-y)(w/ w)" ¥, 7
HY =nby (w, w,) ¥ =y(w/ w)™" V. (8)
Prior to the production of zariety ofthe differentiatedjood,firms have todevelop a
new blueprint whichntroduces increasingeturns toscale forthe firms in sectorY.
The R&D processtself requires human capital and labour plus knowledgeas
production factors and is moreuman capital intensivéhan the manufacturing
activities. The production function is assumedxbibit constant-returns-to-scale in
human capital and labobut increasing-returns-to-scaleaihthree factors. As a by-
product of thedevelopment of new blueprints, non-appropriable knowleidg# is
increased (Romer, 1990) which is assumed imbeediately availabléor the creation
of new varieties. Formally, the production function fdslueprints is
n= f.(Hg, Lg)Kn. Knowledge which disseminates orbgally* (within the country

where the newblueprint was developed), is assumed to incréasarly in the
measuren for the number of varieties produced and consumed domestically. Thus with
a suitable choice of unit&n can beset equal ton. As is well known, it isthis
technological external effect which leads to positvmag-run growth rates. Under
these assumptions, tdemand functions for factoper growth-rateunit of g: = r/n

are given byag (w_,w,), j = L, H.

4 This assumptiorould be relaxed (which wouldot change thbasic results) by allowing for an
international flow of knowledge with decreasing returns to scale in foreign knowledge.
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In analogy to static models, free entry requthes absence of pure profits. Thus, the
present valuer of the future profit stream resulting from the development of a new
variety must equal its developmemistsc, (W, , W, )/ nwhich can be derived from the

corresponding production function. Thus, the free-entry condition yields

V=W, w,)/n 9)
with the present valuedefined as
v(t)= [ exd ~(R(t) - RY)[n(v) o, (10)

where profitst(t) are discounted by eumulativefactor R(u) = jou (9 dsdepending
on the interest ratgs).

Consumption side

The consumption side can beatedvery briefly. Sincethe economy ismall with
respect to the rest of the world, agecds buy and sell anyquantities they judge as
optimal at world market prices. Thus, we dot have toworry aboutdemand
functions forX andZ. What we have to take into consideration, however, is how
consumers in the home economy allocate expendiwreer time.This is given by
(see, e.g., Grossman and Helpman, 1989, p. 1265)

E/E=r-p,

wherer is the interest rate a@inet andp is the constanindividual timepreference
rate.

Market equilibria

Let us now turn to thepecification of markegquilibria. As already mentioned, the
adoption of a small open economy framework allows to negdgedibrium conditions
for final goods; therefore only the market for the differentiated intermegtiatts and
the factor markets have to be taken into account.

In specifyingmarketequilibriafor middle goods, which will bexpressed in terms of
the index D, we use the fact thatl varietiesare equally priced; this simplifies the
expression for the supplied quantityt»{4) to

DS = n]/eys - n(l_e)/OYS. (11)

Thus, equilibrium on the market for middle goods reads (cf. (3))

o0y = P sy Pe 7o (12)
Po Po

The factor marketlearing conditions can be obtained by equaigregatedlemand
of the four sectors to households' inelastic supply of factors,

aLR(WL’WH)g+ QY( W, V\ﬁ)?ﬁ' B<( R, W) X+ LQ( A w Z= L (13)
(W, W) g+ By (g, w) Y+ (R W X+ p(p W Z= H

Growth rate, wages and output
The specification ofthe model as given abovemplies (cf. appendix)that new
intermediate goods are introduced at a rate of

g=n(1—9)%—(1—n(1—9))p, (14)



under the assumption witernationallyimmobile financialkcapital. Since world market
prices are constant and no adjustnwodts ardncluded inthe model, there are no
adjustmentlynamicsthereforejmmediatelyafter trade opens up, both factor rewards
and (therefore linear homogenows) w, , w,) increase at theate of n((1-6)/8)g
which implies that g is constant. Nowdefine composite "productivity-adjusted”
(Grossman and Helpmar1991, p. 150) unitdemand functionsa, (0}, i =L,H,

] =X,Z, whichstand for the totatjuantity of factors (both foassemblinghe final
good and for producing theiddle product)needed for the production of one unit of
output. Then it can be showthat the factor marketlearing condition (13) can be
expressed By
a..0(p)+a, X+ 3, Z= L
8.r0(P) + 8 X+ 8, Z= H
where productivity adjusted unit demand functiap@] and modifiedoutputX andZ
are constant. X and Z are transformations ofX® and Z°® given by
X:= Xsexp{—n((l— 6)/6) d(p) t] and analogously foZ. This transformation is a

(15)

technically simplifyingstep andallows us to undertake comparative statics \pith
andH as exogenous variables. It should be bormeimal, however, that theutput of
both final goodsX $ and Z® grows at a constant rate nf(1-6)/8)g(p), as well as

factor rewardsdo, reflecting the increase of productivity due technological
progress.

So far nothing has been saibout thevaluethe growth rate takes or aboXtandZ.

The growth rate iositive, if the country isiot too small givenits preferences,
technology and world market prices. In figur¢h# line denoted bg =0 gives the

loci which dividesthe factor endowment space into an area winexa/ation takes
place and one where tigeowth rate is zefo Parallel to thizero-growthline, which

can be found by setting=0 in equation (14), other iso-growtihes can be drawn.

The more the distance between tiwe linesincreases, thhigherthe growth rate the
secondine represents. Aexample of anso-growth line with positivgrowth is the

line g = g,. The area delimited by the axes and the zero-growth line is characterized by
zero growth.

[insert figure 1 around here]

The conditions for incompletspecialization(X >0,Z>0) can be related to the
conditions in the traditionaHeckscher-Ohlin model: Providethat the factor
endowmenties within acertain cone of diversificatioime country produces both the
high-tech good antbod. In contrast to othddeckscher-Ohlin models, however, the

5 Since in thdollowing we will stresghe importance of the time preferemage, the growth rate is
written asg(p).

6 The growth rate canndtecomenegative, since thisvould either require an allocation of a
negative quantity of factors to the R&D sector or a reduction of the number of middle goods. Since
the former does not make sersal the latter is nqiossible by definition, growth muatways be
non-negative.



cone ofdiversification changes ase growth ratehanges, hence a close relationship
between the conditions fof andZ to be positive and the growth rate.

Consider an endowment represented by the pQirit this cas¢he country's growth
rate is zero and the factor market clearing conditions (15) become

NN

Ay Az £ HJ

just as in @wo good, twdfactor model. Lettingh:=a,/a;, j=X,Z define the
human capital intensity ahe production process, the boundarieshisf cone of
diversificationare given byh, L< H<h, L. In figure 1the cone iglelimited by the
lines starting from the origin and denotednbyandh, .

Now assumehat the endowment of the®me economy is suthat the growth rate is
positive; to beconcrete, take a poimthich lies onthe lineg= g,. Then by equation
(14) the value of the growth rate isnambiguously determined ante factors
allocated to R&D aregiven bythe vectora,,a..)dp) which is depicted in the
figure by R,. Now by rewriting the factor market clearing conditions as

|:aLX az :||:X:| _ |: L _aLRg(p):|

= ) (16)
Ay a2 H _aHRg(p)
it is obviousthat theboundaries of the cone diversificationwhose origifies now at
R, have thesame slopes dbke one starting from tharigin O. Ifthe endowment point
lies inside(e.g. N,) then the allocation of factors to thenufacturingsectors can be
derived in the usuakay by drawing a parallel line to, starting fromN,; R,Z, is
then the quantity of factors allocatedsectorZ andZ, N, is the quantity of factors
allocated to sectoX. If the pointlies outside the cone dafiversification(e.g. N,), the
country specializes completely in the production of one goodNfaf the food good
7).
Apart from factor endowment, the growth rate is furtinduenced byworld market
prices, the time preference ratand the technological parameteand6. The impact
of prices is ambiguous, we know howewdirat g decreases both i@ andp and
increases im. Whereas the interpretation fqr andp is obvious, the parametér
deserves further attention: A decreased immplies a decrease ithe elasticity of
substitutionszj/(l—e) betweentwo varieties which inturn expresses &igher
marginal gain from an additional variefthe derivative of (11) withrespect ton
decreases iA ). Consequently the lower tleasticity of substitutiorthe higher are
prices (cf. (6)) charged Hyms producing the intermediagood. Since higher prices
go along with highecurrent profits, thencentivefor firms to develop new varieties
will be higher, thus the probability gfto be positive is higher.
Since weare interested in a situation where the country producesgbotis and
grows at a positive rate gf we assume in the following that the country's endowment
is given by a point such as,.



3. Factor endowment and trade patterns

In the model presented above, at letwgd factors can be madasut which influence
the country's trade pattern: Tliene preferencaate and the factor endowment.
Throughout the following analysis it is assumed that they constitutalihdifference
between thesmall openeconomy and its trading partneisis impliesthat demand
functions forfinal goods areinternationally identical which allows to inferade
patterns of an economy from its output.

Whereas factor endowment mobably the determinant oftrade pattern in the
literature, the role oimpatience has so fattracted less attentiGnBefore we are
going to analyzeéhe impact offactor endowment on trade patternghis section a
remark on (thabsence ofRicardian features dhe model: Due to the assumption of
limited (i.e. only country wide)dissemination of knowledg#e technology wildiffer
between countries: Taksay, the production function fgoodZ (neglect constants)

insert the expression for the inpudex given by (11) and insethe production
1-6

function forY. Onefinds Z=n'© H®*¥ 1> which meanghat the output ofZ
grows at a rate of)((1-8)/8)g(p) if the allocation of factors tdhis sector is

constant. The production function foK can be rewritten analogously as
1;9

X =n'® HP* 27 Sincethe output oX grows at thesamerate as the output of

Z, therelative productivities at home and abraa@ thesamé. Thus, though the

absolute productivity differs between the home economy ameéshef the world (the

economies might eveavertake each otherRicardian effects play nomle in this

setting.

Factor endowment

Let us nowdiscusdrade patternsvhenthe home economgiffers from its economic
environment only ints factor endowment. If the economy was endoweddisated

by N, (cf. figure 1),the influence offactor endowment on trade patterns could be
studied by standard trade theorems. Heekscher-Ohlin Theorem would tell thsat

an increase of the factor endowment rétjd. leads to an increase thfe output ratio
X/Z. As a consequenceshift of N, on the lineON, (not drawn)would not change
the output ratiaand thus neither thteade pattern. Ieconomies with positivgrowth
rates (e.g. factor endowment pot), however, a relationship betweeutput ratio
and factor endowment ratio caot be as ady established. Analogwould suggest
that movingN, on the lineR, N, (not drawn) would not change the output ratio. This,
however, doesiot hold since a, saypwardshift implies anincrease of thgrowth
rate which in turn requires &higher quantity offactors allocated to R&D. As a

7 An accompanying paper (Walde, 1994a) investigates the impact of time preference rates on
factor-price equalizatiomnd trade patterns intao country worldwith global technological
spillovers.

8 If we had assumed that intermediate goods have an ureftepailonthe productivity of factors in
the production of the fingjoods(in our specification the outpetasticity ofthe input index is
identical in both production functionghen different growth ratesvould imply an endogenous
change of relative productivity. However, a balanced growth path analysis theulthe ruled out
(compare Grossman and Helpman, 1991, p. 146).

8



consequenceR, (and with R, the cone ofdiversification) wouldshift upwards.
Therefore, in order to study theslationship betweertrade patterns and factor
endowment, we first have fond out how the factor endowment has to chasgeh
that the output ratio doe®t change.

Figure 2 reproduces the factor endowment point in consideratiomyigie of its
cone of diversification and the iso-growth line it lies on (compare figure 1). In addition
the factor endowment ratio is drawn as dtlidted lineON, and an iso-output ratio
line €, is shownwhich givesthe loci whereall countries with positiv¢but different)
growth rates anddentical output ratiolie on. This line can be found as follows:
Solvingthe factor marketlearing conditions (15pr X andZ anddividing results in
the output ratio equation

X = g(p)aLRaLZ(hR_ hz)+ a,L-a,H

Z g(p)a‘LRaLX( h, - ha)_ B L+ ay H

Setting X/Z =&, insertingthe expression for thgrowth rate (14jgnd solvingor H
gives the loci where the output-ratio does not change.

[insert figure 2 around here]

Without goingtoo far into details (cf. appendix) it is worthwhile to mentibat the
intersection point of thibne with the H-axis liesbelow theorigin which isthe reason
why it intersects the lindk, N, (not drawn)and the endowment ratio li©@N, from
below.

In looking how factors are re-allocatedNf, shifts upwadls, it becomes cleavhy a
shift on R, N, is notenough to keep theutput ratio constant: Araction of the
additional quantitghe economyets byshifting N, will go to the R&D sectorwhich,
by assumption, is the mdstiman capital intensivene. Thus, the more tleeonomy
shifts on the lineR, N,, the more the ratio dfuman capital téabour, provided for the
sectorsX andZ decreasesvhich excludes @onstant output ratiolherefore, some
more human capital must badded in order to keep that ratio constahich then
allows to keeghe output ratiainchanged. Consequently the slope ofisloeoutput
ratio line must be larger than the slope of the Rn#l,.

Now consider the following

Lemma
The output ratio X/ Z increases, if the factor endowment ratlpL increases on an
iso-growthline, giventhat the threactivities of R&D and manufacturing andZ can
be uniquely ranked by factor intenditysuch thaty, > hy > h,.
d(X/2)
9 (H/L)
Proof: An increase ofH/L on an iso-growth line requires an increaseHoénd a
simultaneous decrease LofSinceg(p) Is constant, factor marketearing conditions
(15) are better written in the form of (16). Bividing the increase ofl/L into two
steps with one factoneld constant in each step, tla@plication ofthe Rybczynski
theorem completes the proof. %

>0 if hy >h, > h,.

g=const



This allows us to completaur investigation ofthe influence offactor endowment on
trade patternsAssume acountry whose endowment given by N, and another
country whose endowment given by N,. Then theoutput ratio ofcountry 2 is
identical tothe output ratio of afimaginary)country whose endowmentgs/en by

N, since they share d@mso-outputline. Country 2', however, can be placed on the
same iso-growth line as country 4 and therefore by the amovea weknow that the
output ratio ofcountry 4 is higher thatihe output ratio o€ountry 2. Thus the more a
country lies to the left of,, the higher its output ratio.

Given this situation, it should be obviow$y acountry relatively abundant in one
factor does no longarecessarilyexport the goodnaking relatively intensivese of
this factor, even if countriediffer only in their factor endowment. Compare
endowment poiniN, and N.. Prediction byphysicalfactor abundance wouktate an
export of thecapital intensive good bgountry 5 and an import dhat good by
country 2, because country 5pisysically relativelycapital rich. Country 5, however,
experiences a highgrowth ratewhich can be achieveshly bereducing thehuman
capital abundance of timeanufacturingsectorsbelow the one of country 2. Therefore
country 2 exports theuman capital intensive good acoluntry 5 exports the labour
intensive good. This has proven proposition 1:

Propositionl
A countrywhich is physicallycapital rich vll export the labouimtensive good if its

human capital intensive R&Bectoremploys a highshare of human capital and
thereby leaves a labour ridactor endowment for the production sectors of the
economy.

Pleasenote thatthis impliesthat countries tradeith eachother, even ithey share a
common factor endowment ratio, though there arelifferences inthe countries
apart from the absolute size of factor endowment.

The next section will generaliziee result that ahysicallycapital rich countrgxports
the labourintensive good whiclwvas shown to hold here for@atively smallpart of
the factor endowment space. T¢a@me result can be obtained if we let intefactor
endowment and discount factor as determinants of trade patterns.

4. Time preference, factor endowment and trade patterns

In the last section we discussedde patterns adetermined by factor endowment
which isone determinant of theade pattern of theconomy. This determinant adds

to theinfluence timepreference rates exert. In the present sectiorfirsteexhibit the
effect discount factors have tnrade patterngwhich we wll call "impatience-effect")

in a world economy inwhich all determinants oftrade patterns other than the
difference inthe discount factor are ignored. Then we study the interaction of
differences in time preference and factor endowment.

10



Time preference

The "impatience-effect” is demonstrated thoe alancedyrowth pathwith a positive
growth rate of amall openeconomy with incomplete specialization. In this case the
factor marketlearing conditiongregiven by (15). Assume a changettoé individual
discount factor. The effects are summarized in proposition 2.

Proposition?
With constant prices and a unique rankingfasftor intensities, an increase of the

discount factor of the representative consumer leads (a) to a lower grovahddt®
to a relative increase dhe output of théigh-techproduct. Withinternationally
identical demand functionfor final goods (b) isequivalent to sayinghat the
"impatient country" has a tendency to export the human capital intensive good.

(a) g'(p) <0,

X/Z
(b) a(ap/ )>Oith>hX>hz.
Proof: (cf. appendix)

Figure 3 illustrates this proposition. The BOkNH represents thgiventotal factor
endowment obur small openeconomy.OH equalstotal human capital an@L total
labour force. The ray©R, R X and X, N represent the allocation of factors to
R&D, the high-techsector X and the food indstry Z, respectively, for a

[insert figure 3 around here]

country with a low discountate. If thesame country had a higher discouate
(increasing impatience) allocations would changeO®®, R, X, and X, N. Fewer
resources would be allocated to R&D and thusgtioevth rate would be lower. The
allocation to the production of the high-tegbod increases, which leads to an
increase of the output ratl/Z. Note that thdauman capital intensity ahe different
activities, which is reflected ihe slope of the rays, domet change since it depends
solely on exogenously given world market prices.

The result that the countrwith a higher(lower) growth rate exports thiabour

(capital) intensive goodould, at first sight, be astonishing. Reformulating factor

market clearing condition and splittirige derivative a(X/Z)/ap, however,gives

good insight intothe economienechanisms. Writethe factor marketlearing

condition as

ayX+a,Z=L- a5 dp),

auX+8a,Z= H- 3:qp),

and split the derivative into

0(X/2)_ 3(X2 d(Hg/Ly)
ap a(HXZ/LXZ) ap

whereH,, andL,; is the total allocation of human capital and labour indtzed the

Z sector, respectivelyH,, =H, +H,,L,,=L,+L,). The first term is the change of

the output ratio with respect to the change of the factor endowment after subtracting
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the factors allocated to R&D. This is the Heckscher-Ohlin theorem. The second
derivative gives the change of the factor endowments available for the manufacturing
activities with respect to a change of the discount rate. Both derivatives are positive if
hy >h, >h,.

This splitting ofthe derivative allows to give an econonmnterpretation: An increase

of the discount factor, by reducing the R&itivity (implying alower growth rate),
increases the factor endowment ratio of &t of theeconomy, which islue to the

fact that the R&D sector ®y assumptionthe mosthuman capital intensivene. The

rest of theeconomy then produceelatively more of the high-teciproduct than
before.Obviously, thismpliesthat twocountrieswhich differ in their time preference

rate (cf.figure 3) andake world markeprices as given (assume thee bothsmall)

will tradewith eachother thouglthey have identical endowment. In a@st to static
models, wheretrade between countriewith identical endowmentrade requires
internationally different demand functiofws final goods,the result here is solely due

to differences in the time preference rate.

Interaction of time preference rate and factor endowment

We are now in the position to study the interaction between the determinants of trade
patterns. Assume an economy (cf. figure 1) endowedhwitien capital and labour as
given by N, and whosdime preferenceate p increases. This shiftae zero-growth
line to the rightwhich decreases the distance to the ywe g. Thus the growth rate
0,, with factor endowments unchangéalls, which implies a decreasetoke quantity
of factors allocated to R&D andshift of R, towards theorigin. Consequently the
vector Z,N,, reflectingthe factors used in sectdr increases whereas at tsame
timethe length of theector R, Z, decreases. Noshange the factor endowment ratio
by movingthe endowment poin¥l, (for simplicity onthe iso-growtHine) towards
N,. Clearly, this hashe opposite effect with respect to theput ratio X/Z. The
trade patternwhich will finally result therefore depends avhich effect is more
important compared to the factor endowment and discatenbf the trading partner.
We caneasily imaginehowever, that théimpatience-effect" becomesronger than
the factor endowment effect and thusplaysically relativelycapital rich country
becomes an importer of the capitalensivegood and an exporter of tHabour
intensive good.

5. The price version of the Heckscher-Ohlin theorem

The ambiguity concerningrade patterns anphysicalfactor richnessdue todifferent
growth rates leads tofailure ofthe quantity version of thdeckscher-Ohlin theorem.
We will now show thagll of these findings can bacely integrated in the pure theory
of internationaltrade by evoking, as trade theoristgght already haveonjectured,
the price-version of the Heckscher-Ohlin theorem (cf. e.g. Ethier, 1984, p. 141).
First consider economies with identickscount ratesvhich differ only intheir factor
endowment. Inwo good, twdfactor “traditional"Heckscher-Ohlin models a shift of
an economy's endowmenhich does nothange th@economy's capital to labour ratio
does notchange itsoutput ratio.Expressing factor abundance in terms of autarky
factor-price ratiow also yields that ashift of the factor endowment point of the

12



economy which does not change the economy's capital to laboutoaismothange
w. Thus shifting onthe output raticonserving line is equivalent to keeping the
autarky price ratio constant. Drawing @amalogy tothe model presented héra shift
on the output ratio conserving ligg in figure 2implies aconstant autarky wage ratio
w:=w,/w_. It caneasily beshown that arincrease ofH (and a decrease @f)
decreaseso, hence a decrease of the factor endowment patiallel tothe L-axis
leads to highew. Thereforeshifting N, on the line§, does nothangew; shifting it
further to N, increases the autarky wage ratio, and consequently, unddrafiee
country 5 exports the labour intensive good and country 2 imports it.

Now considertwo countrieswhich differ only intheir discount factors. lorder to
predict trade patterns in a correct waymust fall inp. In fact, we can show:

Proposition3
In autarky the country withigher patience (lowdrme preferenceate)has a higher

factor reward ratiow,/w, and thus iseconomically human capitapoor.
Consequently, under free trade, it will export the labour intensive good.

0w, /w )
ap
Proof: (cf. appendix)

<0ifhy>h >h,.

This result has an easy econonmterpretation. Ifp decreases, theonsumers'
preferences shift from consumptitnday to consumption in the futuwéhich induces
increased R&D. Since the R&§ector is the modtuman capital intensivene,human
capital becomes relatively more scarce, and thus, the wage ratio increases.

Finally consider the interaction of factor endowment and discount factor. lasthe
section the measure for capitahness washe physicalendowment ratidH/L. H/L
reflects only partiallthe determinants of thmutput ratio§ = X/Z which depends on

the time preferencerate and the endowment bluman capital and labour:
§=%(p,H,L). Thus it is not enough to know the ratio of production factors in order
to predict trade patterns. Moreover, it is in any case possible to "cheat" by choosing
an appropriatep. In contrast to thehysical endowment ratio, the autarky factor
reward ratiow,, /w, itself is a function oéll factorswhich influencethe output ratio:
w=w(p,H,L). Since it decreases nand it behaves ithe same way athe output

ratio with respect to factor endowment (as was shown by analogue reasoning above),
it can be used as a correct predictor of trade patterns.

6. Conclusion

In a small open economy model of endogenous growth we have shown that in contrast
to standard trade theory results, the production structure et@momydoes not
depend on its relativiactor endowment but on its absolute size, measurglaysical
factor endowment. Thdvasic engine ofgrowth is a domestigublic stock of
knowledgewhich isused by and a by-product of the R&Bctor. Due to thabsence

9 Unfortunately, we have so far been unable to proof this formally.
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of (or imperfect) international flows of knowledge a larger economy will experience a
higherrate of growthHighergrowth rates require lsigher allocation ofactors in the
R&D sectorwhich by assumptiomseshuman capitamost intensively. Thus, more
human capitathan labour is withdrawn from thmeanufacturingpart of theeconomy
which will therefore be left with a lowdtuman capital to labour ratio. Inteade
perspective this mearisat aneconomy with a highegrowth ratehas a tendency to
specialize inthe production of the laboumtensive good. Comparing factor
endowment ratios alone does therefore no longer fosulid basisfor predicting
trade patterns. In a world where factor endowments arenligeleterminant of trade
patterns, ghysicallycapital rich country can therefore igadecome arexporter of

the labour intensive good.

Taking thetime preferenceate into consideration, wieund that it influencestrade
patterns by its effect on tlggowth ratetoo. The more impatient a counte lower

its growth rate; less factors agenployed inthe R&Dsectorand the trading sectors
have a mordauman capital rich endowment at their disposhlus, a country with a
high timepreferenceate has a tendency txport thehuman capital intensive good.
As a corollary ondinds that two countries withidentical factor endowment and
identical demand functiofor final goods will tradewith eachother infinal goods if
their time preference rates differ.

Combiningthe impatience effect anthe factor endowment effect cagain lead to a
failure ofthe quantity version of thdeckscher-Ohlin theorem and makergsically
capital rich country aexporter of the labountensive good ithe mechanisnfactor
endowment and time preferen@des exert on the growth rateakesthe production
sectors relatively labour rich.

Given this result, at first sight contradictory to standard theorems of the pure theory of
internationaltrade, we havdinally shown that theprice version of the Heckscher-
Ohlin theorem, where factarchness is measured in terms of autddgator rewards,
can indeed explaithe outcome. Thhigherthe growth rate of aaconomy théiigher
relative demand by the R&D sector for human capital and the higher the autarky factor
reward ratiow: = w,, /w,_ since this factor is most intensively used in the R&D process.
Thus, in contrast to the quantitersion of theHeckscher-Ohlin theorenthe price
version does correctly predict trade patterns.

One assumption of thenodel deserves further attention: Since knowledge was
assumed to disseminate only locaflypwth ratescan differbetween countrieshich

is onestylizedfact required for growtimodels. To thigespect thanodel is inline

with Feenstra (1990) or Grossman dielpman (1991ch. 9.3).This assumption
allows to model endogenoudliye fact thasome countries' consumption per capita
rises faster a®ther countries’ doeand might eveovertake. Anotherempirical
finding, the change afade patterns as observed e.g. for the Japaws®my by
Balassa and Noland (1989) or Grossman (1990), can be found in thisomigds} an
exogenous change of tirdividual timepreferenceate. Anextension of this model
(walde, 1994b) to a two-country worldcluding human capital accumulatishows
which circumstances lead to an endogenous change of trade patterns.
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Appendix 10

Solution of the model 11

Growth rate of factor rewards

Free trade implies pricing equations p,=c,(J=w, @dw"® and
P, = ¢, (1= W}, L vi"®. Since all intermediates are equally priced, we have

P, =N le/epy (A.1)
Deriving the pricing equations witliespect tatime results in, by usingquation (6)
and (A.1) and the definitiog: = ry n,

(c+ )W, /w, +(1-ny-a) w /w =n((1-6)/6) g
(B+n) g, /w, +(1-ny -B) w /w =n((1-8)/8) g
Solving yields that both factor rewards grow at the rate((t—6)/6)g.

Factor market clearing conditions
Using (12), unit demand functions, (A.1) and the definitibstafds for time)

aux:= pX(bLY([)]r]/py (1—[’]—[3 WL)GXF{I’] 1—9/9) ﬂ,
(B (00 / B/ wH)exp[n (1-6)/6) o],

a,:= p,(b,(On/ p,+(1-n-a)/ w)exdn((1-6)/6) df,

1= Po( B (O / B, + o/ w)exi{n((1-€)/6) of,

X:= X® eXP[—rll—ee gt}, z:=7° exp[—rll;ee gt},

factor marketclearing conditions (13) can be written timle form of (15)With
constant final goods prices, all unit input functiopsificreases at((1-8)/8)g, too,

cf. (6)), the growth rate and (transformed) output are constant.

Q
I
X

I

(A.2)

Growth rate g
Differentiating (10) withrespect to timeinserting profits ofsectorY, which can be

computed with (11), (3) and (A.1) as= (1-6)n(p, X5 + p, ZS)/ n gives

viv=r-mv=r-(1-0)n(p x>+ p 2)/ a( w, w). (A3)
Since we exclude international capital flows, trade balance equilibrium requires
E=p, X°+p 2. (A.4)
Thus total expenditure grows at the rataqé(fl—e)/e)g and interest rates are
=n((1-8)/8)g +p. (A5)
Finally differentiating (9vith respect to time gives (remember that ry n)
v/v=dn((1-0)/6)-1). (A.6)
(A.3) to (A.6) can be rearranged go= (1-8)n(E/ ¢, (W, w,)) - p- (A.7)

10 A more detailed derivation of the resutisd additionatlerivations are contained in an appendix
which is available from the author upon request.
11 The solution is largely inspired by Grossman and Helpman (1991, ch. 6).
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Now insert (A.2) with unit demand functions into (1&)ultiply the equations by,
andw,,, respectively, and sum up. With equations (6) and (A.4) we find

(WLaLR(D]+ Wy aHR(D]) g+ (1_ I‘](l— 9)) E=w L+ w, H (A.8)
Together with (A.7) we find (14). Writingasg(p) = ¢ L+ ¢, H- ¢, (A.9)

the constants arg = n(1-0)(1-3)/ax, ¢, =N(1-8)3/a,, ¢, =(1-n(1-8))p.

Iso-output ratio line

The output ratio is given by

X/z=(dp)a+a, L-a, H/(dp) a~ ax b & . (A.10)
wherea, = a,za,, — &z &, anda, = a8, — ara.x- Settingé:= X/Z, inserting (A.
9) and rearranging givesd,L+ d,H+ d, =0, with positive constantoefficientsd,,
i=123 defined as d =—(c(af-a)-(a,&+ a,)),

d,=c(af-a)+(a,&+ a,) andd, =-c,(af - a). Solvingthe iso-output ratio
equation forH, gives H =-d,/d, +d,/d, L which impliesthat the graph othis
function intersects thid-axis at a negative value fif g > 0.

Proof of proposition 2

(a) The growth rate is given by (14). With constant prices and constant endowment
we haveg' (p) = -(1-n(1-8)) < 0. 0
(b) The output ratio is given by (A.1@erivingyields

o(X/2)/op=g(P{Haa,+aa,)- Laac+ aa) L.
Reinsertinga, anda, and rearranging gives

0(X/2)/op=g(p)(h - h)a, a, al H LK)/(OF. This is positive sincé, > h,
g'(p) <0 andh, > H/ L because oh, >h, > h,. o

Proof of proposition 3

The specification of a closed econodiffers fromthe one of amall openeconomy
only inthe fact that novprices are determined lgpods marketlearing conditions.
Insert themmiddle goods marketlearing condition (12) and unit demand functions
into (13). Use (A.1), (6), (A.7) and chodseas numeraire. This gives

(1—6)[%)6[%—pj+((1—v)n9+ 1-1-B) 2 X+

L

+((1-y)ne+1-n-a)Pezs =

W, e (1_ G)r] p p L

6_L) [ = _P)+(W9+B)—XXS+(W}9+G)—ZZS=H.

[WH V\fﬁ\l\é ° WH WH

With Cobb-Douglas utility functionshichimply p, X® =0 andp,Z®>=1-c¢ and by
multiplying the equations biy-w, ) and(-w,, ), respectively, we obtain

6,(0t= -5 +(1-8)p G (J+ w L=0,

g, (01=-¢, +8pg,(J+ w, H=0, C, G, =const (A.11)
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By usingthe implicit function theorem wdind ow, /0 p<0 anddw, /0 p<0. The
change of the ratio of factor rewards with respect to a charges gfiven by

a(w, /w) _ ((0w,)/(9p))w - ((2w)/(0p))w, <0 if (note thadw, /dp <0)

op w;
OW, /0P Wy _ H o 8 We_p Withh, >h > h, thisis fulfiled. 0
ow /ap w, L 1-dw,
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Figure 1. Cone of diversification of the small open economy
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Figure 2: Iso-growth and iso-output ratio line
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Figure 3: The allocation of factors for differe¢imhe preferenceates in esmallopen
economy
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