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Productive factors such as human and physical capital are accumulated and trade can
affect the steady-state levels of such factors. Consequently, trade liberalization will
have dynamic effects on output and welfare as the economy moves to its new steady
state, in addition to its usual static effects. The output impact of this dynamic effeet
is measurable and appears to be quite large. The welfare impact of this dynamic
effeet is also measurable. The size of this dynamic gain from trade depends on the
importance of external scale economies.

t;nllplrH;al researchers have consistently found that even major trade liberalizations ralse

aggregate income by an amount that is somewhere between negligible (0.1 percent: Deardorff and

Stern 1978, 1981) and rather small (8.6 percent: Harris and Cox 1982). The oral tradition in

international trade has long countered this H2ll'berl~er triangle problem" with the assertion that

the most important gains from trade are dynamic, not static. Empirical studies of trade

libe!:alizations ignore such factors since dynamic trade effects are poorly undcrstood and

supposedly impossible to measure.

This paper exposits and measures one type of dynamic effeet of t.rade liberalization. The

results confirm the oral tradition: Dynamic output effeets are large perhaps several times

larger than the static allocatian and strategic effects existing studies have focused on. The

source of this dynamie effect is simple. Trade liberalization may, ceteris paribus, raise the

marginal productivity of capita!. In virtually any model where the capital-Iabor ratio is

endogenous, this will in turn raise the steady-state capital-Iabor ratio (even if it has no effect on

the long-run growth rate). As the economy moves toward its new steady stat.e, output rises more

than the static effect. alone would imply. The welfare from this additional output depends on

t.he di1/crgellce between thc social and private marginal productivity of capita!.
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Ricardian uy:narmc Trade Effeets

The Heckscher-Chlin model explores the effects of fador supplies on trade. Ricardo (1815)

focuses on the reverse call1sc.lit,y In Ricardo's mode! the ste:aaV--5t,:He rate is 'lero, due to

dirnirlislllin:g returns in agricu!ture. Trade the arriva! date of the as,

"England's agricu!ture is stationary but Manchester and UiJrminl?;h,lm make her the workshop of

1
the world which pays in food and primary pr()(1u.cts for the eX])alldlnp; output of the workshop."

Thus trade affects the steady-state supply of productive fadors (wage labor and farm land)

em:p!()YE:d m steaCly-sta,te. but not the st(:ady--st;ate growth rate. Ricardo's model has little direct

relevance to the modern world. Yet the link between steady-state fador supplies and trade is

important. Fadors such as labor skill and pnYSlcal capital are accumulated. Since trade can

affect factor rewards, it almost surely affects the level of such factors.

This Ricardian dynamie trade effeet is related to, but distinct from, the important

effects stressed in the Grossman-Helpman literature on trade and

dynamie effed foeuses on the link between trade and the

2
The

~~!:!l!!~t:!2!!of fadors of production (be it knowle<.l!!e or varieties of speeialized "'IJUI'''J.

show that trade may raise or lower this rate and thereby permanently raise or lower the long-mn

h'~""'" rate of output. contrast , in the Rieardian model the neoclassical mode!)

the rate of growth eventually returns to a steady-state rate determined by technology and tastes.

Thus the Ricardian dynamie effeet foeuses on the link between trade and the §g~Y=:§!&:!&.~f!of

fadors of production. Another way to see the distinction between the two effects is to nate that

the Grossman-IIelpman models are part of the new growth iiterature, m whieh the IV'.U',--' UH

rate is endogenausly determinecl.
3

The Ricardian effect is even in the Sm1Plest

Solow growth model.

More closely related is the extensive literature on trade and growth surveyed

and

Smith (1984)

(1984). Most of the models in this field assumes a constant S:i.1llnfYS rate. Stiglitz
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(1970) and Srinivasan and Bhagwati (1980), Fried (1980), Manning and Markusen (1989), Galor

and Galor and Lin (1989) aHow for endogenausly determined saving. None of these studies

quantify dynamic from trade.

Section 1 the basic model. Section 2 and

convergence properties of the model. Section 3 presents the comparative steady-state analysis of

a trade liberalization. Section 4 examines the welfare consequences. Section 5 quantifies the

output and we1fare effects for speeific functional forms. Section 6 contains a summary, eoncluding

remarks and directions for future research.

The Ricardian effect is first examined in a familiar trade model. The analysis foeuses on the

short and run effeets of protection on the capital rental rate and the steady-state

capltal--1(l,bC)r ratio.

Consider an integrated world equilibrium with two goods (l and 2) produeed with two

faetors (capital K and labor L) under constant returns to seale by priee-taking firms. The fixed

eoefficients teehnology (identical in all eountries) relates the output of the goods, xl and x
2

' to

inputs at all points in time (eontinuous time is employedj the time index is suppressed where

clarity permits):

1] is the exogenous

Kl [x
2
=mIn -;-~;-:-;:-

a lK a 2K

Labor augmenting teehnology advanees aecording to: A(t) = A(O)e 7Jt; where

(l)

rate of teehw:>lo,glc:al progress. Good 2 is relatively intensive, so >

Neither good is storable. There are no adjustment costs.

In the of the Solow growth model, investment is forgone consumptian, so:
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where 1 is investment, Il and 1
2

are the amounts of 1 and 2 devoted to maKmg new

instead of cafisulmptio]3. Depreciation is 19nored.

The infiniILeI;{-jjvc:d representative consumer chooses cansumption to maximize:

(3)
1/(J)

dt ,

subjeet to a lifetime budget constraint (a dot over a variable indicates a time derivative, e.g., ~ =

ic = (l/P(t)) (w(t)A(t)L + r(t)K(t)) - c(t), subject to lim K(t) -7 X ~ O.
t -700

Here p and (J are the discount rate and intertemporal elasticity of substitution, X is an arbitrary

constant, c(t) is defined as (c
l
(t))I/2(c

2
(t))1/2, and the index P equals 2(Pl(t)P2(t))~/2 where

and P., are the
"'

of goods l and 2. It is tiseful to define indices for agg;reg;ate output, X,

It is shown that utility maximization implies:

~ (t) / c (t) = (J [ r (t) /P p ] .

defining the

functions are:

expenditure level as E(t), consumption and investment demand

(5) c
I
(t) = (t) )-I(E(t)/2),

(t) = (PI (t) )-l(Y(t)-E(t) )/2, and

c2(t) =(P2(t) (E(t)/2),

1
2

(t) = (P
2

(t) )-l(Y(t)-E(t) )/2.

Clearly, Plxl = P2x2 at every instant and expenditure is exactly equal to c(t)P(t). From (2) and

(5), we have:

K =X(t) - c

Additionally world income, Y(t), equals w(t)A(t)L + r(t)K(t). Income equals output III

equ i l ibr ium so Y equals Xl (t)+ P2(t)x
2

(t) which P(t)X(t).

Prices, faetar rewards (w for wages, r for the rental rate) and outputs at all times ""tid',,,·

l := =



L=

K

The matrix of 's is assumed to be nOn--5lIlgtllaI good l is the numeraire.

and

(5), (7) and (8) define the instantaneous equilibrium prices and

describe the evolution of the economy thl~ou.2:h time. For convenience we

take 'Tf equal to zero, and equal to one, so the two state variables are c and K. c can jump,

K cannot. Their values (denoted with a are r p,

consumption equals output. Namely, is sueh that:

(9) + where L\ =

and cis such that:

(10)

Nate that IS ulllque, so that there is only one steady-state ratio for whieh

nOl[l-1speeia.liz;a.ti()n oecurs. Baldwin (198gb) shows that this

path stability and converges to K and c.
Trade and Protection

is characterized saddle

Any division of fadors among countries would reproduce the integrated world equilibrium,

as as the relative "endowments" are similar enough so that no country specializes. Any such

division would be time-invariant due to fador priee equalization. To be eonerete we consider two

such divisions. First suppose the home cOilln'try is "endowed" with a eapital-labor ratia, KO,

whieh is less than the world steady-state eapital-Iabor ratio(eaU this Ii, ), so the home country
w

Imports good 2. To keep the dynamics caU',H'v, we rely on the convenient fiction that the home

country is small in the sense that its output does not affeet world prices. The

describing this situation is given by 1.
4
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Consider the effeets of a permanent home tariff. the tariff raises and r and

lowers w. V{ith fixed input coefficients, there is no immediate output response. The In r

ralses the return to home consumers to optimally accumulate

This rise in K increases 2 production at the expense of 1

(Rybczynski effect) - reducing both imports and exports. Due to the open economy

assumption the initial rise in K has no effect on the return to foregone consumption. Therefore K

continues to increase. as the tariff is enect;lv,~, r will be above p so K will continue

In

be called fador endowment

to rise. When the home capital-Iabor ratio reaeltes 'ii , ,,.,.-,n,,,,.t,, cease and the tariff becomes
w

irrelevant. This is a new steady-state. More formally, the economy jumps from EO to

Figure 1, and converges to E' along SS.

A trivial implication of this is that the Stolper-8amuelson effect does not hold in the

ruu in this model.
5

,6 Instead the tariff induces what

equalization. For the purposes of our analysis the only important points are that in this case the

return on loreg()ne consumptian is ceteris pantms ll1<:reaslnp; in the

st(~aav--st;atehome capital-Iabor ratio.

and the tariff raiscs the

Next consider the case where the home country is 'endowed' with K greater than K , so it
w

lmnnrt.", good 1. Again exarnine the effects of a home tariff. On the tariff lowers r and

leads to a faU in K. As before, K continues faUing until the home country's calpltal--l<JLlx)r ratio

equals'ii . Parenthetically, we note that the Stopler-Samuelson effect again incorrectly predids
w

the long-mn effect of proteetion on fador rewards. The relevant however, is that in this

case the tariff lowers r at the initial K, and reduces the home steaay-'St,lte capital stock. It is a

strai!~ht.rOl·w'trd exercise to work out the exad adjustment with a

1.

Eil<J,gr,am similar to

To summarize, protedion affeds a country's rental rate and thereby its steady-state

capital-Iabor ratio. The diredion of the effed m this simple model depends solely on fadar
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intensities. It 18 well-known that in more general models the link between prices and factor

rewards is Next we use these results to direct om investigation of the Ricardian effect

!il an model.

Trade barriers may rame or lower f, thereby inducing a Ricardian dynamic effect which

ex;ag)~erat(,s or mltlgat(;S the standard output effects of protection. The model above leads

to the extreme result thaI, proteetion raises home pr(Xlllction of the lmnortf·(j to the of

self suilIclen(:y To demonstrate the geller,allt,y of the we more

5"1'"1''''' model.

Suppose the world's real gross national producI, (GNP), y, is given by (or at least can be weU

approximated by): F[K,L,r], where K and L are the world capital stock and labor force, and r is

an index of trade barriers. The dvnamic effects we address involve the accumulation of

capita!. To highlight this, L is assumed to be time invariant. For notationai simplicity we

suppress L and work with:

(11) y(t) =f[K(t),r].

The function is assumed to be increasing in K and decreasing in r. Nate that with L fixed K is

proportional to the capital-Iabor ratio.

Investment is foregone consumption, so:

(12) K = y - c,

where c is consumption. Depreciation is ignored. Furthermore, assume that capital is the only

means of carrying over income between periods. The real rate of return on foregone consumption

is related to trade barriers and K by:

r(t) = r

If we assume competition and constant returns to scale, r[K, rJ is the derivative of f

with respect to K. we wish to allow for a divergence between social and rates of
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return due to external economies of scale. Thus we assume only that (subscript denote

IS np,y"t,vp and the of TJ with "~"l''-''"" to T may be nn,,,II."VP or

cases are considered below).

The representative, infinitely-lived consumer maximizes:

(14) 1 Joo
U :: (1-(1/0) O e

c(t) 1-(1/0") dt,

"U"j'-""" to a lifetime constraint:

s.t.oo>X~O.K(t) -c(t)(15) K:: w(t)L +

The Hamiltonian for

where lim K(t) ::
t-loo

problem is: (e-ptc1-(1/0")/(1_(1/0"») +
-c

The optimal

consumption path is characterized by (12) and the necessary conditions: e-ptc-(1/0"):: A and

A :: -Ar. To make the analytics more intuitive, we work with K and c as the state variables,

instead of K and the co-state variable, A. The necessary conditions imply:

~/c = O" (r(t) - p).
Equations (12) and (16) describe the dynamics of the model.

2. ;-;UW'UU'I1. Convcrgence and Ex'istlcnl:e

The of this system are and can be with Wilson-Dornbusch

teC:11l11Qules.
7

The stead'v-f;;tate c and K satisfy:

(17) reK, r] :: p and f , r] :: c.

To charaeterize the dynamics out of steady state, we use a 2). We

the locus of c and K for which Kequals zero as K= O. It is upward sloped since the ma,rglnal

Pf()d,lct of capital is positive. We the locus of c and K for which c zero as c = O. It is

vertical since there is only one capital-Iabor ratio at which r the discount rate.

(12) and describe the laws of motion off the ~ =Oand K=Oschedules. For all of c and

K to the leH of ~ = O, c will be increasing; all points to the

8
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observations are UelJrc,"eu m 2 with arrows. Points below K= O COITei;po,nd to

above it COlTeilpc,nd to falling K. these laws of motion are shown with arrows.

This system is characterized by saddle path stability. That is, there is a unique locus of

initial values of c and K, drawn as SS, for which the economy will actually converge to the

state. The stock changes continuously with time but the consumer can choose c

Thus c may make discrete jumps. The consumer would choose c to be somewhere on the saddle

since otherwise consumption will eventually fall to zerOj if he chooses c too low, capital

accumulates forever as consumption trails off to zero; if he chooses c too the stock is

eventually run down to zero. In other words, any other choice would violate the transversality

condition in (15).

More formally, the stability is analyzed by linearizing (12) and (16) around the steady state

and in vestigating the of the eignvalues of the resulting Jacobian. These are equal to:

2 1/2/2. Since r is decreasing in K, there are two real roots of opposite sign. This

ensures the existence of a unique saddle

3. (JOlmlJ11ra,tivc ::;tc,udy State An,rJ,lllsls

Consider the lori.!!:--run output effeds of lower global trade baniers as caJptlHe:d the index

T. In our model"a liberalization has two effeds. A static effed on world GNP, and a dynamic

effed via an induced change in the steady-state capital stock (i.e., capital-Iabor ratio since L is

fixed). To see this we totally differentiate the steady-state conditions (17), to get:

The second term captures the usual static effeds of a liberalization: by removing distortions, the

same amount of and labor may be combined more eHrcrently pnJd1llClnj; more VU"lJUU. In

a liberalization affeds the rate of return on This in leads to the

accumulation or decumulatian of '-diiJl(,dL If the trade barrier reduetion leads to a ceteris paritms

9



rIse !il r, the dynamic effect amplifies the static effect. That consumers find it optmlal to

accumulate ulltil the ratlo IS to retnrn r back to its

steaaV--5t,ue valne, p. A I ternative1y if r is negative, consumers will find it optiulal to reduce
T

the stock. In this case the Ricardian effect tends to offset the static effect. This

indirect effeet of trade on fador endowments is captlue~d the first term. The qU1oti,mt in

parerlthes(;s gives the proportional cn<'l.n~,e in K resulting from the liberalization. The output

effect of this cn''l.n~,e in K is determined by the capita!-output e!asticity of the GNP function.

The can be seen in Figure 3. Here the liberalization shifts the new

°from E to E'. The new saddle is shown as SS'. Consumptian

from the old steady-state point EO, to point B and the economy moves along SS' to E'.

Since steady-state output equals consumptian, (18) also gives the comparative steady-state

increase in The we!fare interpretation of this is complicated. From the

point of view of the infinitely-lived consumer, the rise in stc:aclV--5t':l.te COJllSllmptllon due to the

accumulation of is largely or entirely offset the foregone consumptian that was

necessary to accumulate the capita!. IIowever stepPlll,e; outside the modd for a moment, nate that

if we take (14) as an approximation of the behavior of successive generations facing a complete,

capital market, then (18) does have a straightforward wdfare interpretation for the

generations who did not forego consumption to build up the capital stock. Namely, their

consumption would be higher, yet they would not have had to forego consumption in order to

build up the stock.

lJyna1mc Gains

The most to the welfare of trade

liberalizations would be to solve explicitly for the ad,Jw,tnlcllt of c and evaluate this with the

utility function. The problem is that (12) and (16) are non-linear in the state variables. An

10



"n."lv·hr solution for the saddle path is therefore ImpOl,slt>le. vVe could linearize the system around

the ste:adv--st:ate and work with the resultmg "Y"",,"ll of linear differential equations. This is only

corred for very small CH.cU1l"C::5 in c and y. Since one of the of this paper is to show that

riv""uYlir effects are the linearization appre)ach IS UnSalGlSlactor'Y

As it tums out, we do not need to an analytic solution to the COJllStlmptj,on in order

to find the welfare effeets. To see nate that the optinoal consumptian is a funetion of

time and of T. Differentiating (14) at c) with respeet to T, we see that

dU/dT is: (c)-I/<JOrlJe-ptcT(t)dt. In other words, the welfare depends on the LajJlal:e

transform of the induced change in the consumptian This comment is germane since Judd

(1985) shows that it is much easier to deal with the LtljJli:LCt: transforms of state variables'

than with the

To

themselves.

the analysis as general as POI3Slt)le, we consider a gelter,al form of Ch;'l.ll!;eS in T over

time. That is, we multiply r by (l+th(t» tlwoug;llolllt (12) and (16), where het) is a lUluwn,

arlJ'ltrary time path (usually a step funetion). This allows ns to consider a broad class of trade

To determine the welfare effeet of small ch:'l.n!;es in r over a time path described

by we differentiate the altered differential t:y'I.ldl,lUlllS with respeet to t and evaluate the result

at t equal to zero. In matrix form this yields:

[ ~t] _ [Ct] [r~(Jh(t)
k - J k + rh ( t)f

t t r
where J

The Jacobian matrix is evaluated at the ste:adv--Bt''l.te levels of c and K.

Next we nlUlltll?ly (12) and (16) by e~wt integrate over time, and then integrate the left hand

side This the Laplace transform of (19):

r r7 r +lrH (w) f r r

where e (w),
(

r
e (W)]
I/(W) = (wI

l t

and II,.(W) are the Ltlpl<:LCC transforms of c ,K and h (e.g., e (w)
\. (( t t

11



Notice that the mte)!;Jratlon has turned the of differential

equations into an al~~eb,rallc system in LalJ!a<:e transforms. The only unknown in (20) is the size of

the cOllsumIltic)ll at time zero, c (O), since we used the fact that
[

does not to set

to zero..

To determine, note that by the transversality conditions K (W) must remain finite for
[

all values of W. Consider W equal to the positive eigenvalue of J (call this jJ). Since is

singular, it must be that (see Judd 1985 for details):

o

this in (20), taking Wequal to p, yields the welfare UIl!J(l,C.L:

where is the determinant of (pI-J), and all partials are evaluated at cand K. For many policy

it is po:sslible to obtain a c10sed form solution for For such it is a

str'ail~h j,fol:w,ud exercise to evaluate (21).

Wc!farc ""If""o of a One-off Reduction in Trade Barriers

Consider a one-off change in r (i.e., equal to unity for all t). In this case the

proportional change in welfare, normalized by the marginal utility of consumption, is:

(22)
1

P
l

fl

This expressian is easy to interpret. The first equal to the present discounted value of the

static second term '}:aptures the welfare effect of the Ricardian dynamic trade effect. If

there are no externai economics of scale in the emml(JvrneJ:lt of capital, theJil. r[K, r] = r] =p.

the dynamic we1fare effect, (i.e., the dynamic from trade) is zcro. In other

the Ricardian dynamic effect leads to a it docs not

contribute to wclfare. Intuitive1y, think of this result as an application of the cn,fcl()DC theorem.

The consumer is optimizing (taking r as a paraJne1Ler

12
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will cOIlsumTltlCm in the future. The in the "'''"'rot,,w function with lC"}JC'_" to

T is the same with and without reoptimizing on K.

llc.w<~ver. if there are externai economies of the social m,ug,Ill,ll product of may

exceed the rental rate. Thus there will be dVln,nTIW from trade duc to the Ricardian dy:nalmc

effect. To see this, note that with externai economies r[K, Tl need not equal the social m''l.rg,lll''l.l

product of capital, T] (Sectian 5 considers an explicit example of this). Consequentially p

can be less than fk[K, Tj. The determinant of (pI-J) is negative and the positive eigenvalue of J is

greater than

discussion:

T], so the second term in (22) has the same as r [K, Tj. To summarize this
T

Proposition 1 (ncccssary condition for from If the social
and private product of the Ricardian dynamic
trade effect has no effcct on welfare. If the social rate exceeds the private
rate then the Ricardian dynamie effect has a positive welfare effect onlv if
the liberalization raises the return to If the liberalization lowers the
return to capital, the Ricardian dynamie effect tends to offset the static
from trade.

The result thaI, the Ricardian effect may tend to lower welfare should be interpreted in the

of the theory of the second best. Externai economies drive a between the private and

social rates of return. In all such cases, many types of intervention may improve welfare. The

best policy (ignoring the efficiency cosI, of government revenue) is to remove the

source. In other words, the best policy mix with external economk'S of scale is to subsidize

at its

formation directly liberalize trade.

Dynamic Gains from Trade for Large Policy Changcs

Equation (22) gives the exad welfare impact of small ch.an)c;es in trade balrrit~rs, and can be

used to find a first-{)rder approximation to the welfare of large policy changes.

Evaluating the exact impact of a policy would involve SOIVH1,,g for the

transform of the actual adjustment The dl!llcult,y with this is that il, would recnHl'C us to

solve non-linear differential equations. In the above procedure, we differentiated the dvna.mi:<:

13



with to f, and evaluated il. at t:=: 0, c:=: Cand y:=: y. Thus J was a matrix of

scalars which no pr'Jblern when we took the UGp"'"'' transform of the ::i'y:;~l;;IH.

all this goes to say is that in bl;;jlll;;l-dl, il. is not PO:SSlitJle to solve for the exact welfare

of l'lle:ve:rLlleJ_es:5, we can show that even when the social and '-WH""'''

4. The outer curve in the dra,gri:tm rel)reSerrts

returns to capital coincide, a large liberalization may lead to aynanlJ_C

ar~;unnerlt is illustrated in

stock is optimally ad.]ust,ed. The inner curve the when the

from trade. The

when the

stock is held

constant. p:=: T] then the curves are vm,}',,;,," the T since the nr,,,,,',,, and social

plcmrwr's pro[)!ems are identical. Small changes in the tariff lead to the same welfare with

and without a re--optimization of the capital stock. This is the envelope theorem. Yet for a

in T, say to T' in Figure 4, the re-optimization of the stock is not ne~ll,g;ltlle. In

other words, the Ricardian dynamic trade effect would lead to positive dVlnalTIH:S gains from

even in the absence of externai economies of scale.

5.

This section simple functional forms that enable quantification of the positive and

welfare of the Ricardian dynamie trade effect. The functional form for the GNP funetion

decreasing in T. INe think of this asthat r IS

worldwide liberalization of mt,ra-rnduslLrv trade in intensive

the effect of a

Here T captures and domestic and we presume that a multilateral reduction in

trade barriers in the seetor raises the rate of return on I''''_pH,a.L Of course, one can construet

models where a multilateralliberalization of manufacturing would have exaetly the oPPciSll;e effect

on r. As Section l and 3 pointed out the effects work in the oppooite direetion is r is In(:reasln.e; In

T.

A '-'Fvv'J'v Functional Form



Supp,ase the GNP and r functions are:

r(t) = a,8and,8 A(t)(K(t)

1
---l and A is total faetar productivity. The true determinants of total factorwhere ,13

(23)

productivity are not well understood. On one the neoclassical model assumes it is

driven by exogenous technological progress. On the other hand, the new theory attempts

to endogenize the advancement of primary faetors productivity (e.g., Romer 1983, Grossman and

The Ricardian dynamic effect demonstrated this paper does not depend on

the exaet source of the productivity QT()Wl.n. Rather than tie our model to a specific school of

Llllmg;uL, we assumed that:

(24) where = B(O)e 'lt.

Here rCjJreSellts the state of basic scientific knowledge, and 1] is the exogenous rate at which

disembodied technology advances (due, say, to human curiosity). () captures the external

economies in the usage of capita!. Firms are assumed to take the path of A as given.

There are several possible interpretations of equation (24). The most strai).;htlOl~w(trd is that

represents the standard externai economies of scale. Thus the product ion fundion for a

typical firm employing K. and L. units of capital and labor is: y1jJK~L~-a, where 1jJ is a measure
l l I l

of the external scale economies. In this case, a+O equals a/(l-1jJ) and

(1-a)/(1-1jJ). Alternatively, Romer (1987) argues that external economies are entirely captured

by Kqand rJ and <p are zero. Lastly the Solow model is where () and <p equal zero.

Uniess a+8 < 1, steady-state K and c do not exist. \Ve therefore restrict our attention to

< 1. For convenience we take L to one and set 1] equal to zero. for

exogenous technological progress is a straightforward exercise (define new state variables, c/B and

K/B, and proceed as before).

Comparative Steady-State Anaiysis: Output Effccts

With these addition al assumptions, the proportional rise in y due to a liberalization is (using

15



Jonesian hat notat.iOll, i.e., >s ::: dx/x):

(25) y =
.
/3 +/3.

.
where /3 the static output effect of the liberalization considered (the increase in GNP with

no in the capital stock). Clearly it is extremely simple to measure the size of this output

effect. Only two readily available estimates are required. The capital-output elastl.clty of the

GNP fundion (i.e., 0:+0), and an estimate of the size of the static gain (Le., /3). To illustrate the

measurement of the Ricardian

example.

trade we take the EC's 1992 program as an

The size of is an unsettied empirical question. Prior to the new growth !iterature, it was

widely assumed that a+O equaled capital's share of mcome (or one minus labor's share of

income). This is an implication of perfeet competition and constant returns to scale much

exploited by the growth accounting literature. Table 1 reproduces a number of such estimates for

the Netherlands and the UK. The numbers range from 0.446 to 0.222. A

recent survey, Maddison (1987), takes 0.3 as the consensus

Econometric estimation of the GNP function is pr()blemlatJIC due to simultaneity between

optinlal factor choice random produetivity shoeks. Han (1989), and Caballero and Lyons

(1989a, b) have pioneered new teehniques to skirt this problem. these teehniques, Caballero

and Lyons (1989b) estimate the sum of capita! and labor output elasticities for France, Germany,

tle.lgulm and the UK. To reeover 0:+0 from the Caballero and Lyans numbers, we must multiply

their aJl:JuegalGe number eapita!'s eost share. Since the authors use panel data on ""H"t"!',, eost

share, it is not possible to reeover the exad 0:+0. We get a approximation by multip!ying

the Caballero and Lyons' aggregate number by Maddison's consensus 0.3. To test the resu!ts for

serlsil;ivity to the estimates, we do the same ealcu!ation for their

one standard error. Table l lists the resulting numbers.
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on the static effect. The size of this Ricardian output multiplier can

Equation shows that Ricardian dynamie effect can be Lll()U~~nL of as a mtntlpH(~r

itself tell us how

lmponaCUL the Ricardian dynamie effect is. For instance take the low estimate of

from Table 1,0.23. In this case the mllltlPller equals about 0.3. In other

for France

by Ign,orulg the

fact that the stock is endogenously determined, empirical estimates of the static effect

alone underestimates the total output effect by at least 30 Table 2 presents the

multipliers that correspond to the and low values of Ot+O from Table 1 for each country.

range from 24 to 136 percent.

To estimates of this dynamic effect of the 1992 program, we the vanous

estimates of the multiplier by an estimate of the static output impact of 1992. Here we employ

the Cecchini Report's estimate that 1992 will lead to a once-off increase in EC GNP of between

2.5 and 6.5 peJ:cent. We take the high and low estimates of the multiplier for each country from

Table 2, and multiplied these by the high and low estimates of the static effect from the Cecchini

(2.5 to 6.5 percent). The results are listed in Table 3. The first and second rows in Table

3 presents 1992's effect on EC GNP (in jJ"i\O""""'I," due to the indirect effect. Of

course there would be no indirect effect without the static gain, so the total effect (the static range

of 2.5 to 6.5 the high and low ral1ges from the first row) of 1992 on EC GNP is pr(;seJo.tc:d m

the third and fourth rows of Table 3.

The most robust conc!usion from Table 3 is that the indirect effect is considerable in all

cases. At the very least, it means the endogenous rise in capital will boost EC GNP by an extra

0.6 percent. The largest numbers in this table are large by comparison with the Cecchini Report

range. are all about twice the size of the high end of the Cecchini Report range. Baldwin

(1989a) attc;mpts to establish an upper bound on this type of by an or(iin:a.ry least

squares (OLS) estimate of the GNP function. The OLS estimate of (which IS obviously

upward is 0.975. This value of a UiU'"'~"'''' of 38.
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Ricardian

For the functional form adopted the proportional

I<1Eoutlcal, so:

of r and y with respect to r are

j (dU(fJ) =
dcjc

], where

~ == (--,------,,-0_·-,..--_)
l-a:-O + Oj (J

1

P
1

J-t

and the positive eigenvalue of J, fl, equals:

(pj2a:) [ a:+O + ( (a:+O)2 + 4a:(J(1-a:-0) ) 1/2 J.

[}y/y
The term, ar/r' represents the static impact of trade liberalization on GNP (this is what

empirical studies of trade liberalizations typical!y measure). Consequently, il. may be useful to

think of ~ as a UHH"'PU"'. ThaI. is, in addition to the well-known static gains from the

Ricardian effect leads to a further welfare gaia thaI. is proportional to the statie gaia. We now

tum to approximating the size of this llieardian welfare UHU"'.1'''''.;'.

Estimates of all the parameters in the mnHiplier are available in the literature. Table

pflcsents the calculated valnes of the Ricardian welfare ll1111tlpller for the Caballero and Lyons

capital-output elasticities (and these estimates plus one standard error). In all cases, we take the

diseounI. rate equal to 0.05, the intertemporal elasticity of substitution as 0.1 (this is the consensus

from Hall 1988), and a:equal to Maddison's consensus 0.3.

The main point to emerge from Table 4 is thaI. this dynamie gain from trade is not

For France, Germany, the UK and lieigIlllm the multiplier ranges from 0.17 to 0.87.

ThaI. the llieardian effect aeeounts for an extra rise in welfare of thaI. is somewhere between 15

and 90 of the static output effect of the liberalization. However, the increase in welfare

due to the Ricardian effect is small relative to the welfare contribution of the statie effect. The

welfare of the static effect is the pereent rise in

18
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SOlllethling like 20 P 0.05). The welfare impact of the dynamic effeet is the effect

a number that is dose to unity. this reflects the fact that the static gain

is 'for free l while the dynamic gain is

the stock.

offset by the foregone consumption necessary to build

Directions

Produetive fadors such as human and physica! capita! are accumu!ated. Since the

steady-state leveIs of such fattors are determined endogenausly, trade policy can affect these

leveIs. A trade !ibera!ization therefore has a dynamic effect on output and we!fare as the economy

moves to its new state. This paper show that both the positive and normative impaet of

this dynamic effect are measurable. The extra output change due to this dynamic effect appears

to be quite large. The size of the welfare impact depends on the of externaI economies of

scale in the economy. Note that this dynamic effect is not dependent on the new growth m()d(~ls;

it is present even in the Solow growth model. Ricardo (1815) first explored the effect of trade on

stc:adV--5I"ate factor ,,,,,,,ni,,,,,,,

This paper suggests that further work be done on estimating the aggregate capital-output

elasticity. This is not an easy task (see Caballero and Lyons 19S9a,b). From the theory

standpoint, it may be worthwhile allowing more than one fador to accumulate. Since a country's

'endowment' of skilled labor has played an important roIe in the standard tradc IS

probably a reasonablc candidate. Moreover, if it tums out that cxternal economics are important

empirical!y, it would be useful to explicitly model the externalities as in the Grossman-Helpman

literature. Such theoretical refinements are important subjects for future research.
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FOOTNOTES

~f!atP:Iad~~ <:<J41WlWnU <lIlUl!~ alg~iflJa;;~

r:ff1i~t7Z4, r~.;V~ Jt~<:vnd§~!Ji~.

lL&al$afdaa:~M ~ej~. Jtiatd~Jnddak

.7~g~J7u:erJf~~n rJflodkkf;:,z~:fa pdde~c4t::U147lb.?lt

da

1. page 190.

2. The seminal papers in this effort are Grossman and tleilpulan

and 1I:f''''n,h"

3. Romer's 1983 PhD thesis is considered the seminal paper. Also see Shleifer

1987a,

Romer

4. The of I( =Odepends on whether X is increasing or deceasing in K. This curve will have

a bell More formally nate that the dX(t)/dK

determinant of the matrix. Define a range of K

a
2L

2K), where D. is the

to (a1K/a
1L

)+v, v ~ O. The range of K

for which this derivative is positive, for any given set of a..'s, is defined by those v which satisfy:
IJ

a
(1/2) ( 2K _ > v. Note that this set is not empty since if the world eqlHllbri'um

a2L alL

. b . I' d a2K K 1'1 f K' r h' I I d' .. ..IS to e non---speCla lze ,--> >--. le range o s lOr w IC 1 t le envatlve IS positiVe
a2L alL

K is in the diversification cone) is given by those ViS for which (1/2) < vand

v<
L

The saddle path is Do;,itivpiv

pOJ,LICm of 1(=0.

whether the state is located on the

5. and labor are orten taken as the two fadors in the IIeckscher-Dhlin model.

6. ,'">i,(Hn,pr and :::ia:mulelElon (1941) were careful to refer to their fadars as labar and land.
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Table l: Estimates of Aggrc:gatc \..;;apltal-(.JUl~plJlt l'~:lastICllty(

Denison

Denison and

Maddison
(1987)

Kendrick

.23

.305

.382

.263

.3

.349

.26

.296

.222

.255

.348

Christensen .'103 .386 .446
Cummins and
Jorgenson

.366 .477
and Lyons
(1989)
Minus one .288 .39
Std Enor
Plus one .444 .564
Std Enor

.385

.339 .426

.195 .276

.483 .576

========================================================
Source: First four rows reproduced from Maddison (1987), Table 8; see same for references.
Fifth row reproduced from Caballero and Lyons (1989) taking 0.3 as capital's share of income.
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Table 2: Undcfcstimatc of GDP Risc
(Percent)

IgfJlofi,ng Indiroct }~ffoct

Low

Hi

30

80

36

129

35

124

24

93

38

136
========================================================
Source: Author's calculation.
The underestimate is 100 times (();+ O) / (l-a-ft).

Table 3: Eventual Increasc in GDP due to 1992

Indirect Effcct on GDP due to risc in Steady-State Stock:
(Perccntage Points to be Added to Static Rangc)

Lo .8 to 2 .9 to 2.3 .9 to 2.3 .6 to 1.6 1 to 2.5

IIi 2 to 5.2 3.2 to 8.4 3.1 to 8.1 2.3 to 6 3.4 to 8.9

Total Effect
(Percent rise in GDP due to 1992)

Lo 3.3 to 8.5 3.4 to 8.8 3.4 to 8.8 3.1 to 8.1 3.5 to 9

4.5 to 11.7 5.7 to 14.9 5.6 to 14.2 5.8 to 12.5 5.9 to 15.

source: Author's calculation based on Table 2
and Cecchini Report's estimate of static effect.
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Table 4: Sizc of the llicardian Wclfarc M1Jltiplicr

Welfarc Multiplier due to Ricardian dynamie effect
(Numbers to be by static effect on GNP)

Caballero and estimates of
.29 .64 .17 .50

O) .37 .48 .34 .43

Caballero and estimates one standard error
multiplier .53 .83 .64 .87

fJ) .44 .56 .58

source: Author's calculation and rows 5 and 6 from Table 1.
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