
Baldwin, Richard

Working Paper

Measurable Dynamic Gains from Trade

IUI Working Paper, No. 270

Provided in Cooperation with:
Research Institute of Industrial Economics (IFN), Stockholm

Suggested Citation: Baldwin, Richard (1990) : Measurable Dynamic Gains from Trade, IUI
Working Paper, No. 270, The Research Institute of Industrial Economics (IUI), Stockholm

This Version is available at:
http://hdl.handle.net/10419/94744

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.



A list of Working Papers on the last pages 

No. 270, 1990 

MEASURABLE DYNAMIC GAINS 

FROM TRADE 

by 

Richard Baldwin 

Paper presented at the IUIjNEF Workshop on The EC Interna! 
Market and the Nordic Countries, June 11-13, 1990, at Lidingö, 
Sweden 

November, 1990 



Printed : L/, 1990 

.n.i'l.u<uU Baldwin 
Columbia NBER and CEPR 

Productive faetors 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 wclfare as the cconomy moves to its new steady 
state, in addition to its usual static effects. The output impact of this dynamic effect 
is measurable and appears to be quite large. The wclfare impact of this dynamic 
cffcct is also measurable. The size of this dynamic gain from trade dcpends on the 
importance of externai scale economics. 

researchers have consistently found that even major trade liberalizations ralse 

aggregate income by an amount that is somcwhere betwecn negligible (0.1 percent: Deardorff and 

Stcrn 1978, 1981) and rather small (8.6 pcrcent: Harris and Cox 1982). Thc oral tradition in 

international trade has long countcred this "IIarbcrger triangle problem" with the asscrtion that 

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

libc:alizations ignore such fadors since dynamic trade effeds are poorly undcrstood and 

supposedly impossible to measure. 

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

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

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

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

marginal productivity of capital. In virtually any modd 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 cconomy moves toward its new steady state, output rises more 

than the static effect alone would imply. The wclfare from this additional output dcpends on 

the betwecn the social and private marginal productivity of capita!. 

1 



Ricardian Trade Effeets 

The Hcckschcr-Ohlin model explores the effccts of fador supplics on trade. Ricardo (1815) 

focuses on the reverse In Ricardo's mode! the rale is zero, due to 

returns in agriculture. Trade the arrival date of the as, 

"England's agriculture is stationary but Manchester and "".6,1<"''' make her the workshop of 

the world which pays in food and primary for the 
1 

output of the workshop." 

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

m but not the 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 

affed fador rewards, it almost surely affects the 

capital are accumulated. Since trade can 

level of such factors. 

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

effects stressed in the Grossman-Helpman literature on trade and 
2 

The 

dynamie effed focuses on the link between trade and the rate of 

="""":..:.0.::..== of fadors of production (be it or varieties of specialized 

show that trade may raise or lower this rate and thereby permanenUy raise or lower the long-run 

rate of output. con trast , in the Ricardian model the neoclassical growth model) 

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

Thus the Ricardian dynamie effect focuses on the link between trade and the ~:i!:!J!..l:::::!!!:!1!:!;~~ of 

fadors of produdion. Another way to see the distinction between the two effects is to note that 

the Grossman-lIelpman models are part of the new growih literature, m which the 

rate is endogenously determined.3 The Ricardian effect is nN'cc"nt 

Solow growth model. 

even in the 

More closely related is the extensive literaiure on trade and growth surveyed Smith (1984) 

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

and Galor and Lin (1989) allow for endogenously determined saving. None of these studies 

quantify dynamic from trade. 

Section 1 presents the bask model. Section 2 and 

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

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

output and welfare effects for specific functional forms. Section 6 contains a summary, concluding 

remarks and directions for future research . 

. /In/,lIJ.1i'UC Trade 

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

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

L'l.i-jCkU'Jj ratio. 

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

fadors (capital K and labor L) under constant returns to scale by price-taking firms. The fixed 

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

' to 

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

clarity permits): 

(l) 

Labor augmenting technology advances according to: A(t) = A(O)e 7Jt; where 1] is the exogenous 

rate of progress. Good 2 is relatively capital intensive, so > 

Ncither good is storablc. There are no adjustment costs. 

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

are the amounts of 1 and 2 devoted to new 

instead of Depreciation is 

The UW'UH,<C':/ representative consumer chooses consumption to maximize: 

1/ (J) 

(3) dt , 

subject 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))1/2(c

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

and P., are the prices of goods l and 2. It is tiseful to dcfine indices for aggregate output, X, ., 

IL is easily shown that utility maximization implies: 

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

defining the expenditure levcl as E(t), consumption and investment demand 

functions are: 

(5) C
I 
(t) = (t) )-I(E(t)/2), C2(t) = (P2(t) (E(t)/2), 

(t) = (PI (t) )-1( Y(t)-E(t) )/2, and 1
2

(t) = (P2(t) )-1( Y(t)-E(t) )/2. 

Clearly, PIxl = 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 i br i um so Y equals Xl (t)+ P2(t)x
2
(t) which equals P(t)X(t). 

Prices, fador rewards (w for wages, r for the rental rate) and outputs at all times 

1 ::: = 



L= 

K 

The matrix of 's is assumed to be llV,U-"Ul good l is the numeraire. 

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

and describe the evolution of the economy 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 c is such that: 

(10) 

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

non-speeialization oecurs. Baldwin (198gb) shows that this is charadcrized saddle 

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

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 

divlsion would be timc-invariant due to fador priee equalization. To be eonerete we wnsider two 

such divisions. First suppose the home is Hendowed" with a eapital-Iabor ratio, KO, 

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

good 2. To keep the dynamics CHU'fH'v, we rely on the convenient fiction that the home 

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

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

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

raJses the return to home consumers to optimally accumulate 

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

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

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

continues to increase. as as the tariff is effective, r will be above p so K will continue 

to rise. When the home capital-labor ratio reaclles"ii , 
w 

cease and the tariff becomes 

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

Figure 1, and converges to El along SS. 

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

mn in this mode1.
5

,6 Instead the tariff induces what be called factor endowment 

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

return on t",-",Hm consumptian is ceteris and the t.ariff raises the 

home capital-labor ratio. 

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

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

leads to a fall in K. As before, K continues falling until the home countryls 

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

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

case the tariff lowers r at the initial K, and reduces the home v-.",,,uc capital stock. It is a 

IAr'u",ul exercise to work out the exad adjustment with a similar to 

1. 

To summarize, protection affects a country's rental rate and thereby its steady-state 

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

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

!il an model. 

Trade barriers may rame or lower r, thereby indudng a Ricardian dynamie effect which 

the standard output effeds of proteetion. The model above leads 

to the extreme result that protection raises home of the to the of 

self To demonstrate the of the we more 

model. 

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

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

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

capital. 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),T]. 

The function is assumed to be increasing m K and decreasing in T. Note that with L fixed K is 

proportional to the capital-labor 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 in come 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, rrK, TJ is the 

with respect to K. IIowever, we wish to aUow for a divcrgence betwecn social and 

7 
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return duc to external economics of scale. Thus wc assume only that (subscript denote 

IS and the of r] with to r may be or 

cases are considered bclow). 

The representative, infinitely-lived consumer maximizes: 

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

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

to a lifetime constraint: 

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

_/" 

The Hamiltonian for this problem is: (e -pt c1-{1/ 0") /(1-(1/0"))) + A(wL+r?i)' The optimal 

consumption path is charaderized by (12) and the necessary conditions: e -pt c -( 1/ 0"):: A and 

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

instead of K and the co-state variable, A. Thc neccssary conditions imply: 

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

2. Convcrgence and Exislence 

The Uo,u11'_" of this system are and can be with Wilson-Dornbusch 

V-4stalr.e c and K satisfy: 

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

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

the loeus of e and K for whieh K equals zero as K = O. It is upward sloped since the 

of capital is positive. We the joeus of c and K for which c zero as c = O. It is 

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

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

K to the IcH of ~ = O, c will be increasing; all points to the right correspond to c. These 
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observations are tlp,nH'LP(l m 2 with arrows. Points below K = O rAV·N",,.,,.,,n to 

above it rr.,·,-p"nr,n to falling K. these laws of motion are shown with arrows. 

This system is charaderized by saddle path siability. 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 

accumulat.es forever as consumption trails off to zeroj 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 investigating 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 

en sures the existellce of a unique saddlc 

3. ."">U'iru,.." State 

Consider the output effects of lower global trade barriers as the index 

T. In our model, a liberalization has two effects. A static effect on world GNP, and a dynamic 

effect via an induced change in the sieady-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 cap tures the usual static effeds of a liberalization: by removing distortions, the 

same amount of and labor may be combined more vLL"~'~'H producing more In 

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

accumulation or decumulation of If the trade barrier reduction leads to a ceieris 
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rIse In r, the dynamic effect amplifies the static effect. That consumers find it to 

accumulaLe until the raLio IS to retnrn r back to iLs 

valne, p. A l iernativcly if r is negative, consumers will find it 
T 

Lo reduce 

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

indirect effect of trade on factor endowments is the first term. The in 

gives the proportional 'vW"'1,"'" in K resulting from the liberalization. The output 

effect of this in K is determined by the capital-output elasticity of the GNP function. 

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

o 
from E to El. The new saddle is shown as SS'. Consumption 

from the old steady-state point E
O

, to point B and the economy mOVeS along SS' to E'. 

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

incrcase in The welfarc interpretation of this is complicatcd. From the 

point of vicw of the infinitcly-lived consumcr, the rise in sieady-state due to the 

accumulation of is largely or entircly offset the foregone consumption that was 

necessary to accumulate the capita!. lIowever outside the modcl for a moment, note that 

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

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

generations who did not forego consumption to huild 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. 

Gains 

The most to the wclfare of trade 

liberalizations would be to solve explicitly for the of c and evalnate this with the 

ntility function. The problem is that (12) and (16) are non-linear in the state variables. An 
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solution for the saddle path is therefore 'Ve could linearize the system around 

the V-"'V",".I,e and work with the ,,-,,,u,",,,/', of linear differential equations. This is only 

corred for very small ~H'~UI"~>O in c and y. Since one of the of this paper is to show that 

effeds are the linearization 

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

to find the welfare effects. To see note thai the consumption is a function of 

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

transform of the induced ch ange in the consumption This comment is germane since Judd 

(1985) shows thai it is much easier to deal with the -U"'IJH""<O transforms of state variables' 

than with the themselves. 

To the analysis as general as Uv,"","HiU'C we consider a form of ~U<~Ufo,vU in T over 

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

time path (usually a step function). This allows us to consider a broad dass of trade 

To determine the welfare effect of small in r over a time path described 

by h(t), we differentiate the altered differential equations with respect to t and evaluate the result 

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

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

[ [ r 
where J 

The Jacobian matrix is evaluated at the levels of c and K. 

Next we 

side 

where e (w), 
( 

-wt 
(12) and (16) bye, over time, and then integrate the left hand 

This yiclds the Laplace transform of (19): 

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

l t 

and U..(w) are the JUUfHC'''''' transforms of c ,K and h (e.g., e (w) 
'- ([ [ [ 

11 



Notice that the UH''--''''U" has turned the of differential 

equations into an system in transforms. The only unknown in (20) is the size of 

the 

to zero .. 

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

does not to set 

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 

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

to obtain a closed form solution for For such it is a 

exercise to evaluate (21). 

Wclfarc of a One-off Reduction in Trade Barrier·s 

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

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

(22) 
1 

P 
1 

fl 

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

static second tcrm'j::aptures the welfare effect of the Ricardian dynamic trade cffed. If 

there are no external economies of scale in the of capital, theJil. r[K, r] = T] =p. 

the dynamic welfare effect, (i.e.) the dynamic from trade) is zero. In other 

the Ricardian dynamic effect lcads to a iL docs not 

contribute to welfare. Intuitively , think of this result as an application of the pn,"pl{.np theorem. 

The consumer is optimizing (taking r as a parameter) between consumption today and 
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will in the future. The in the function with to 

T is the same with and without reoptimizing on K. 

if there are externai economies of the social product of may 

exceed the rental rate. Thus there will be from trade due to the Ricardian 

effeci. To see this, note that with external economies r[K, T] need not equal the social UH .• 'r"UH~' 

product of capital, Tl (Section 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 tllan T], so the second term in (22) has the same as r [K, Tl. To summarize this 
T 

discussion: 

Proposition 1 (nccessary condition for from If the social 
and private product of are the Ricardian dynamic 
trade effeci has no e[fect on welfare. If the social rate exceeds the private 
rate then the Ricardian dynamie effed has a positive welfare effect onlv if 
the liberalization raises the return to capital. If the liheralization lowers the 
return to capital, the Ricardi11n dynamic effed tends to offset the static 
from trade. 

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

light of the theory of the second best. External economics drive a hetween the private and 

social rates of return. In all such cascs, many types of intervention may improve welfarc. The 

best policy (ignoring the cfficiency cost of government revenue) is to rem ove the at its 

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

formation directly libef11lize trade. 

Dynamic Gains from Trade for Large Policy Changcs 

Equation (22) gives the exact welfare impad of small in trade ":>rnp,.,, and can be 

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

Evaluating the exad impad of a policy would involve for the 

transform of the adual adjustment The with this is that it would us to 

solve non-linear differential equations. In the ahove procedure, we differentiated the 
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with to f, and evaluated it at t:=: 0, c:=: C and y:=: y. Thus J was a matrix of 

scalars which no when we took the transform of the 

all this gocs to say is that in iL is not to solve for the exad wclfarc 

of "W~Å""0, we can show that even when the social and 

returns to capital coincide, a large libcralization may lead to from trade. The 

is illustrated in 4. The outer curve in the represents 

stock is optimally adjusted. The inner curve the when the 

constanL p:=: T] then the curves are "~"h"UV the T since the 

are identical. Small changes in the tariff lead to the same welfare 

when the 

stock is held 

and social 

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 In 

other words, the Ricardian dynamic trade effed would lead to positive gains from 

even in the absence of extcrnal economics of scale. 

5. 

This scction simple fundional forms that enablc quantification of thc positive and 

wclfare of the Ricardian dynamic trade effcct. The functional form for the GNP function 

that r IS 

worldwide liberalizatiol1 of 

decreasing in T. W c think of this as the effect of a 

trade in int.ensive 

Here T captures foreign and domestic and we presume that a multilatcral I'cduction in 

trade barricrs in the sedor raises the rate of return on Of course, onc can construct 

mod els where a multilaterallibcralization of manufacturing would have exadly the 

on f. As Section l and 3 pointcd out the effcds work in the opposite direction is r is 

T. 

A Specijic Functional Form 

effect 

In 



the GNP and r functions are: 

(23) and r(t) = a {3 

where ,13 and A is total fador produdivity. The trllC determinants of total fador 

productivity are not weIl understood. On one the neoclassical mod el assumes it is 

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

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

The Ricardian dynamic effect demonstrated this paper does not depend on 

the ex act source of the productivity Rather than tie our mod el to a specific school of 

we assumed that: 

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

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

discmbodied technology advances (duc, say, to human curiosity). () captures the external 

economies in the usage of capital. Firms are assumed to tak e ihe path of A as given. 

There are several possible interpretations of equation (24). The most is that 

represents the standard externai economics of scale. Thus the product ion function for a 

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

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

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

by K q and rJ and <p are zero. Lastly the Solow modd is where () and cp equal zero. 

Dniess a+O < 1, steady-state K and c do not exist. "Ve therefore restrict our attention to 

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

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

K/U, and procecd as bcforc). 

Comparalive Steady-Slaie Analysis: Output EJJcets 

With thcse addition aJ assumptions, the proportional rise in y duc to a liberalization is (using 
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Jonesian hat i.e., >s == dx/x): 
. 

(25) y = /3 +/3. 

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

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

effed. Only two readily available estimates are required. The capital-output eIasticity 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 trade we take the EC's 1992 program as an 

example. 

The size of is an unset tIe d empirical question. Prior to the new growth literature, it was 

widely assumed that 0:+0 equaled capital's share of mcome (or one minus labor's share of 

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

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

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

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

Econometric estimatiol1 of the GNP fUl1ctiol1 is due to simultaneity between 

factor choice and random productivity shocks. Han (1989), and Caballero and Lyans 

(1989a, b) have pioneered new techniques to skirt this problem. these techl1iques, Caballero 

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

and the UK. To recover 0:+0 from the Cahallero and Lyons numbers, we must multiply 

their number capital's cost share. Since the authors use panel data on cost 

share, it is not possible to recover the exad 0:+0. We get a approximation by multiplying 

the Caballero and Lyons' aggregaie number by l\Iaddisol1's conSCI1SUS 0.3. To test the results for 

to the estimaies, we do the same calculation for their estimates and minus 

one standard errOf. Table Ilisis the resulLing numbers. 
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Equation shows that Ricardian dynamie effect can be of as a 

on the static cffect. The size of this Ricardian output muliiplier can itself tell us how 

the Ricardian dynamie effed is. For instance Lake the low estimate of for France 

from Tabie 1,0.23. In this case the equals about 0.3. In other by the 

fact thai 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 

range from 24 to 136 percent. 

and low values of a+O from Table 1 for each country. 

To estimates of this dynamie effed 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 percent. Wc Lake the high and low estimates of the multiplier for each country from 

Table 2, and muHiplied these by the high and low estimates of the static effed from the Cecchini 

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

3 1992's effed on EC GNP (in percenLage due to the indirect effed. Of 

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

of 2.5 to 6.5 the high and low ranges from the first row) of 1992 on EC G NP is m 

the third and fourth rows of Table 3. 

The most robust conclusion from Table 3 is that the indirect effect is considerable in aH 

cases. At the very least, il, me ans the elldogenous 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. They are all about twice the size of the high end of the Cecchini Report range. Baldwin 

(1989a) to establish an upper bound on this type of by an least 

squares (OLS) estimate of the GNP function. The OLS estimate of (which 1S obviously 

upward is 0.975. This value of a of 38. 
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Ricardian 

For the functional form adopted the proportional 

so: 

j (dU(fJ) = 
dcjc 

and the positive eigenvalue of J, fl, equals: 

1 

P 

of r and y with resped to r are 

], where 

1 

J-t 

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

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

empirical studies of trade liberalizations typically measure). Consequently, il. may be useful to 

think of ~ as a That is, in addition to the well-known static gains from the 

Ricardian effed leads to a further wclfare gain thaI. is proportional to the statie gain. We now 

tum to approximating the size of this llieardian wclfare 

Estimates of all the parameters in the muHiplier are readily avaiiable in the literature. Table 

nr,'""n!." the ealculated values of the Ricardian welfare for the Caballero and Lyons 

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

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

from II all 1988), and aequal to Maddison's consensus 0.3. 

The main point to emerge from Table 4 is that this dynamic gain from trade is not 

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

That the Ricardian effcct accounts for an extra rise in welfare of that is somewhere between 15 

and 90 of the static output cffect of the liberalization. However, the incrcase in welfare 

due to the Ricardian effcct is small relative to the wclfare contribution of the static effect. The 

wclfare of the static effcct is the pereenL rise in (holding k by 

18 



like 20 P 0.05). The wclfare impact of the dynamic effect is the effeet 

a number that is close to unity. Intuitively, this reflects the fact that the static gain 

is 'for free' while the dynamic gain is offset by the foregone consumption necessary to build 

the stock. 

Direclions for 

Productive faetors such as human and physical capital are accumulated. Since the 

steady-state levcls of such faetors are determined endogenously, trade policy can affect these 

levels. A trade liberalization therefore has a dynamic effect on output and welfare as the economy 

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

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

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

scale in the economy. Note thai this dynamic effect is not dependent on the new growth iU\JU';,,'. 

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

steady-state facto r 

This paper suggests that furiher work be done on estimating the aggregate capiLal-output 

elasticity. This is not an easy task (see Caballero and Lyons 1989a,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 roI e in the standard trade IS 

probably a reasonable candidate. Moreover, if it tums out that external economics are important 

empirically, it would be userul to explicitly modd the externalities as in the Grossman-Helpman 

literature. Such theoretical reunements are important subjeds for future research. 
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FOOTNOTES 

J,~6 ~J7u:crJf ~ ~n rJflodkk f;:,z~:f a ~tJnIlI-<C/UU147lb.ru 

da 

1. page 190. 

2. The seminal papers in this effort are Grossman and 

and and (Ul88). 

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

1987a, 

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

a bell Marc formally note that the dX(t)/dK 

a
2L 

2K), where D. is the 

determinant of the matrix. Define a range of K equal to (a
1K

/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: 
lJ 

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

a2L alL 

. b . l' d a2K K 1'1 f K' r h' I l d' .. .. IS to e non-speCla lze ,--> >--. le range o s tor 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< . The saddle path is n"CcH Hrr> whether the state is Iocated on the 

portion of 1\:=0. 

5. and labor are onen taken as the Lwo factors in the IIeckschcr-Ohlin model. 

6. Stolper and U~""U'v>C'vu (1911) were careful to refer to their fadors as labor and land. 
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Denison 

Denison and 

Maddison 
(1987) 

Kendrkk 

Christensen 
Cummins and 
Jorgenson 

and Lyons 
(1989) 
Minus one 
Std Error 
Plus one 
Std Error 

Table l: Estimatcs of i\1!l!:rC:1!a:1.C 

.23 .263 .26 .222 

.305 .3 .296 .255 

.382 .349 .348 

.'103 .386 .446 .385 

.366 .'177 .339 .426 

.288 .39 .195 .276 

.444 .564 .483 .576 

======================================================== 
Source: First four rows reproduccd from Maddison (1987), Table 8; see same for refcrences. 
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) 

Indiroct. .~ffoct 

Low 30 36 35 24 38 

IIi 80 129 124 93 136 
======================================================== 
Source: Author's calculation. 
The underestimate is 100 times (0;+ O) / (1-0;-U). 

Table 3: Eventual Incrcasc in GDP duc to 1992 

fudired Effcd on GDP duc to risc in Stcady-Statc Stock: 
(Percentage Poin!.s to be Addcd to Static Range) 

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

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

Total Effcct 
(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 

4.5 to 11.7 5.7 to 14.9 5.0 to 14.2 5.8 to 12.5 

source: Author's calculation based on Table 2 
and Cecchini Report's estimate of static effcd. 
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1 to 2.5 

3.4 to 8.9 

3.5 to 9 

5.9 to 15. 



.29 

fJ) .37 

multiplicr .53 

fJ) .44 

Table 4: Sizc of the llicardian Wclfarc 

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

Caballero and estimates of 
.64 .17 .50 

.48 .34 .43 

CabaBcro and estimates one standard error 
.83 .64 .87 

.56 .58 

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