
Capital Mobility in Neoclassical Models of Growth 


The neoclassical growth model accords with empirical ecidence on convergence 
if capital is viewed broadly to include human incestments, so that diminishing 
returns to capital set in slowly, and i f  differences in government policies or other 
variables create substantial differences in steady-state positions. However, open- 
economy cersions of the theory predict higher rates of convergence than those 
observed empirically. We show that the open-economy model conforms with the 
ecidence if  an economy can borrow to finance only a portion of its capital, for 
example, i f  human capital must be financed by domestic sacings. (JEL 040, 
El01 

Several recent studies have looked for 
evidence on convergence, defined here as 
the tendency for poor economies to grow 
faster than rich economies. The clearest 
empirical support for convergence comes 
from economies that, except for initial con- 
ditions, appear similar. Steve Dowrick and 
Duc-Tho Nguyen (1989) reported conver-
gence for OECD countries. Barro and Sala- 
i-Martin (1991, 1992b) found that conver-
gence occurred for the U.S. states and the 
regions of Europe and Japan at a rate of 
about 2 percent per year. Moreover, for the 
U.S. states, state product per capita and 
state personal income per capita have con- 
verged at roughly the same rate. 

The evidence from larger samples of 
countries is more controversial. Paul M. 
Romer (1987) and Sergio Rebelo (1991) em- 
phasized the lack of correlation between 
initial per capita GDP and the subsequent 
per capita growth rate for a broad sample of 
about 100 countries. They interpreted this 
finding as evidence against the convergence 
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implications of the neoclassical growth 
model that was developed by Frank Ramsey 
(1928), Robert M. Solow (19561, Trevor 
Swan (19561, David Cass (19651, and Tjalling 
C. Koopmans (1965). Yet an alternative in- 
terpretation is that these economies, unlike 
the OECD countries and U.S. states, have 
substantially different steady states. These 
differences can reflect the effects of dispari- 
ties in preferences and government policies 
on the saving rate, fertility, and the avail- 
able production technology. Barro (19911, 
Ross Levine and David Renelt (1992), and 
Mankiw et al. (1992) reported that, after 
controlling for differences in investment 
rates, initial stocks of human capital. and 
some other variables, countries converge 
conditionally at a rate of about 2 percent 
per year. That is, the various data sets con- 
firm that conditional rates of convergence 
are slow but significant. 

Standard theories of economic growth, 
however, cannot easily explain all of the 
empirical findings on convergence. Barro 
and Sala-i-Martin (1992a) and Mankiw et al. 
(1992) noted that the neoclassical growth 
model can explain the observed rate of con- 
ditional convergence if economies are closed 
and the capital share is about 0.8. A capital 
share this large is reasonable if capital is 
viewed broadly to include human and physi- 
cal components. (A more conventional capi- 
tal share of around 0.3 implies much faster 
convergence than that observed in the data.) 
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Yet the assumption of a closed economy is 
more difficult to justify, especially when ap- 
plied to economies like the U.S. states. In- 
terest rates are about the same in each 
state, and substantial borrowing and lending 
seems to flow across state borders. How- 
ever, if one assumes that economies are 
open, then the neoclassical growth model 
predicts that capital will move quickly to 
equalize marginal products and, hence, that 
convergence of output per worker will be 
rapid. 

Standard endogenous-growth models for 
closed economies, as described by Rebelo 
(1991), also cannot account fully for the 
evidence. The one-sector, AK, model with- 
out diminishing returns can explain differ- 
ences in output per person without differ- 
ences in real interest rates. But this type of 
model is inconsistent with convergence if 
each economy has a fixed technology pa- 
rameter, A. Two-sector endogenous-growth 
models can explain convergence based on 
imbalances between physical and human 
capital (see Casey B. Mulligan and Sala-i- 
Martin, 1993). But real interest rates would 
differ across closed economies, and the im- 
balances would vanish instantaneously 
across open economies. 

The main purpose of this paper is to 
construct a model of economic growth that 
is consistent with the growing body of evi- 
dence on convergence. In particular, we 
want to explain gradual convergence in out- 
put and income per person while allowing 
for an international credit market that 
equates the real interest rates across 
economies. The key to our model is that 
capital is only partially mobile: borrowing is 
possible to finance accumulation of physical 
capital, but not accumulation of human cap- 
ital. We show that this assumption of partial 
capital mobility, imbedded in an open-econ- 
omy version of the neoclassical growth 
model, can explain the evidence on conver- 
gence. 

I. The Model 

Output is produced with three inputs: 
physical capital, human capital, and a non- 
reproducible factor, which we view as raw 

labor. We assume that the production func- 
tion is Cobb-Douglas: 

where a > 0, 77 > 0, a + 77 < 1, Y is output, 
K is the stock of physical capital, H is the 
stock of human capital, L is the quantity of 
raw labor, and A is a fixed technology pa- 
rameter.' Raw labor grows at the constant, 
exogenous rate n ,  and g is the constant, 
exogenous rate of labor-augmenting techno- 
logical progress. We assume a one-sector 
production technology in which physical 
capital, human capital, and consumables are 
perfectly substitutable uses of output. If we 
work as is customary in units of effective 
labor (y - Y/Leg', k = K/Leg',  h = 
H/Leg'), then the production function is 
given in intensive form by 

The households own the three inputs and 
rent them to firms at competitive rental 
prices. Firms pay a proportional tax at rate 
T on output. We interpret this tax to include 
various elements that affect the incentives 
to accumulate capital; for example, T in-
cludes the risk of expropriation by the gov- 
ernment, strong labor unions, or foreign 
invaders. The after-tax cash flow for the 
representative firm is given in units of ef- 
fective labor by 

where w is the wage rate, R,  is the rental 
price of physical capital, and R,  is the 
rental price of human capital. In the ab- 
sence of adjustment costs, the maximization 
of the present value of future cash flows is 
equivalent to the maximization of profit in 
each period. The firms therefore equate the 

' ~ o s t  of the analysis goes through with a more 
general production function that satisfies the usual 
neoclassical properties, including constant returns to 
scale. 
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marginal products to the rental prices: 

These conditions imply r = 0 in equa-
tion (2). 

Households are represented by the stan- 
dard, infinitely-lived, Ramsey consumer with 
preferences 

where C is per capita consumption, p is the 
subjective rate of time preference, and 8 is 
the inverse of the intertemporal elasticity of 
substitution. Population, en', corresponds to 
the labor force. 

The households own the physical and hu- 
man capital and also have the net stock of 
debt, d, per unit of effective labor. They 
receive income from wages and rentals and 
spend this income on accumulation of phys- 
ical capital, accumulation of human capital, 
and consumption. Hence, the budget con-
straint is 

where r is the real interest rate, c = CePg', 
and a dot over a variable represents its time 
derivative. (Recall that firms' profits, r ,  
equal zero and therefore do not appear in 
the equation.) Equation (5) assumes that 
the relative prices of consumables, physical 
capital, and human capital are always fixed 
at unity and that physical and human capi- 
tal depreciate at the same rate, 6. We also 
assume that none of the taxes collected are 
remitted to households, although our results 
would not change if these revenues showed 
up as lump-sum transfers or as government 
services that did not affect productivity or 
interact with the choices of consumption. 

Households can borrow and lend at the 
real interest rate r on the domestic bond 
market. In a closed economy, the debt (d l  is 
zero for the representative household, and r 
is determined by the equilibrium of saving 
and investment at the national level. In an 
open economy, r is determined at the world 
level, and d (the foreign debt per effective 
worker) can be positive or negative. 

To simplify the exposition, we integrate 
the households and firms by substituting the 
first-order conditions from equation (3) into 
the budget constraint in equation (5) to get 

Households maximize utility from equation 
(4) subject to equation (61, given k(0) > 0, 
h(0) > 0, and d(0). In the following sections, 
we consider this maximization problem un- 
der environments that involve different de- 
grees of capital mobility. These differences 
entail various restrictions on the path of 
debt, d. 

11. The Closed Economy 

A. Laws of Motion 

The first environment is the closed econ- 
omy, in which households can borrow and 
lend on the domestic capital market at the 
rate r but cannot borrow or lend on inter- 
national markets. Hence, d = 0, and the only 
difference from the standard neoclassical 
growth model is that the technology in-
volves two kinds of capital. The rate of 
return, r, must equal the net returns on the 
two kinds of capital, R,  - 6 and R,  - 6, 
where the rental prices are given in equa- 
tions (3a) and (3b). These equations imply 
k / h = a / T  at all points in time. If the 
initial value of k / h differs from a /7,then 
households "jump" to the desired ratio. 
Since we assume no adjustment costs or 
irreversibility constraints, this jump is feasi- 
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ble.2 We can then rewrite the budget con- 
straint from equation (6) in terms of a broad 
capital stock, z = k + h: 

where A = Aa*77"(cr+ 77)-(*+"). 

The household's problem now corre-
sponds to the standard formulation of the 
neoclassical growth model, except that the 
production function is less concave: the cap- 
ital share is a + 77, which corresponds to 
physical and human capital, rather than a ,  
which corresponds only to physical capital. 
Diminishing returns therefore set in more 
slowly. 

The Euler equation that characterizes the 
solution is familiar: 

where (1 - + 7 7 ) ~ a + " - 1T ) ~ ( ( Y  is the after- 
tax marginal product of capital, which equals 
r + 6. Equations (7) and (8) and the 
transversality condition fully describe the 
transition of the economy toward the steady 
state. 

B. The Steady State and the 

Feldstein-Horioka Puzzle 


The steady-state growth rate of the vari- 
ables in units of effective labor is zero. The 
per capita variables grow accordingly at the 
rate of productivity growth, g, and the level 
variables grow at the rate of growth of pop- 
ulation plus productivity, n + g.  The 
steady-state stock of broad capital in units 
of effective labor is given by 

'1f physical or human capital is irreversible (as is 
realistic in most situations), then the model involves 
transitional dynamics, as  described by Mulligan and 
Sala-i-Martin (1993) and Barro and Sala-i-Martin (1994 
Chapters 4, 5) .  

Hence, z* is a decreasing function of p, 9, 
6, and r , and an incre_asing function of the 
level of technology, A. The breakdown of 
broad capital into its two components is 
given in the steady state by 

This analysis for closed economies pro- 
vides an interpretation of the puzzle raised 
by Martin S. Feldstein and Charles Horioka 
(1980) regarding the strong correlation be- 
tween saving and investment rates across 
countries. Suppose that all countries have 
the same technology and preferences and 
differ only in the level of the tax rate, T, 
which should be interpreted broadly to in- 
clude various disincentives to invest. The 
steady-state ratio of gross investment (on 
physical and human capital), i, to GDP 
equals the full depreciation rate, 6 + n + g, 
times the ratio of total capital to output, 
( z/ y I*. Equation (8) implies that ( z/ y )* 
equals (1- ~ ) ( a+ 77)/(6 + p + 9g). Since 
the gross saving rate, s, equals the invest- 
ment ratio, the steady-state values are 
therefore 

Hence, closed economies with high tax rates 
-that is, high disincentives for investment 
-have low steady-state investment and sav- 
ings rates. 

Now consider the incipient capital move- 
ments. The steady-state real interest rate is 
p + 9g and is therefore independent of the 
tax rate. If economies differ only in their tax 
rates, then the steady-state real interest 
rates are the same for all countries. 
Economies with low steady-state capital in- 
tensities have high marginal products of 
capital, but they also have high tax rates. 
The exact offset of these two effects implies 
that the after-tax marginal products of capi- 
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tal and, therefore, the real interest rates are 
independent of the capital intensities. If we 
opened up international capital markets, 
then capital would not flow across countries 
because the after-tax returns are already 
equalized. Thus, domestic investment and 
national saving rates would be perfectly cor- 
related in a cross section of countries even 
with full capital mobility. 

C. Concergence During the Transition 

To quantify the convergence implications 
of the model, we follow Barro and Sala-i- 
Martin (1992a) and log-linearize the system, 
equations (7) and (8), around steady state. 
The growth rate of y (output per effective 
worker) between times 0 and T can be 
written as 

That is, the growth rate is a negative func- 
tion of initial per capita income, y(O), after 
controlling for the steady-state level, y*. 
The convergence rate, p ,  is a function of 
the underlying parameter^:^ 

where cp = p - n -(1-%)g> 0. 
Equation (13) implies that the conver-

gence rate, p, depends inversely on the 
share of broad capital, a + 7 .  If a + 7 = 1 
(i.e., if all inputs can be accumulated), then 
p = 0. This outcome corresponds to the 
one-sector linear endogenous-growth model 
of Rebelo (1991). Another important prop- 

3 ~ h i sformula corresponds to the one given in Barro 
and Sala-i-Martin (1992a1, except that the capital share 
is now cu -t 7 rather than a. 

erty is that @-is independent of the level of 
technology, A,  and the tax rate, T. 

We can assess the convergence speed 
quantitatively if we specify parameter values 
that seem reasonable for the U.S. economy. 
We assume n = 0.01 per year to correspond 
to average population growth in recent 
decades and g = 0.02 per year to match the 
long-term growth rate of real per-capita 
GDP. National-accounts measures of de-
preciation of stocks of physical capital sug- 
gest 6 = 0.05 per year. The values a = 0.3 
and 77 = 0.5 are consistent with shares of 
physical and human capital estimated by 
Dale W. Jorgenson et al. (1987). 

If we assume p = 0.02 per year and 0 = 2, 
then the steady-state interest rate (which 
equals p + 8g) is 0.06 per year, which fits 
with long-term averages of real rates of 
return on the stock market. If T = 0.3, then 
the implied steady-state gross saving rate, 
s*, is determined from equation (11) as 0.41, 
which is satisfactory for a broad concept of 
saving that includes gross expenditures on 
human capital. Values of 8 that are much 
above 2 imply counterfactually low saving 
rates; for example, 8 = 10 implies s* = 0.12. 

Our baseline specification of parameter 
values is therefore 

These values imply a rate of convergence, 
p ,  from equation (13) of 0.014 per year. This 
value is close to the low end of the range of 
estimates of convergence coefficients 
(roughly 0.015-0.030 per year) from the em- 
pirical literature mentioned in the Introduc- 
tion. 

The coefficient P is not very sensitive to 
variations in p,  n, g, and 6. For example, if 
we maintain the values of the other parame- 
ters at their baseline values, then p rises 
from 0.014 to 0.015 if p increases to 0.03 or 
n increases to 0.02, and it rises to 0.017 if g 
increases to 0.03 or 6 increases to 0.07. The 
coefficient p also rises if 0 declines; for 
example, p rises to 0.020 if 0 falls to 1. 
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The convergence speed is more sensitive 
to variations in the broad capital share, 
a + 77. For example, p rises to 0.024 if a + 77 
falls to 0.7 and to 0.035 if a + 77 falls to 0.6. 
This sensitivity underlies the conclusion that 
the neoclassical growth model is consistent 
with empirical estimates of convergence 
speeds only if the capital share, a + 77, is 
high. 

The ratio of capital stocks, k / h ,  remains 
constant during the transition, but the ratio 
of each stock to GDP, k / y and h / y, rises 
as the economy approaches the steady state. 
The transitional increase in k / y conflicts 
with the view associated with Nicholas 
Kaldor (1961) that the capital-output ratio 
changes little during the process of develop- 
ment. If a + 7 = 0.8, however, then dimin- 
ishing returns set in slowly, and the model 
predicts only moderate changes in k / y: if 
k and h double, then k / y  rises by 15 
percent. Since k / y  is not precisely con-
stant empirically, the prediction of a slowly 
rising k /  y is not a shortcoming of the 
theory. 

The theory also implies that the marginal 
products of physical and human capital, and 
hence the real interest rate r, would decline 
over time. If a + 77 = 0.8 and r begins at 8 
percent for example, then a doubling of k 
and h implies that r would fall to 6.9 per- 
cent. This slow decline of the real interest 
rate-a reflection of the slow onset of di- 
minishing returns-does not conflict with 
empirical evidence. Barro (1993 table 11.1) 
shows, for example, that the real interest 
rate for the United States in the 19th cen- 
tury was higher than that in the 20th 
century. 

The expression for P in equation (13) 
simplifies if, following Solow (1956) and 
Swan (1956), we assume a constant gross 
saving rate. This assumption amounts to a 
restriction on the parameters of the model 
(see Mordecai Kurz, 1968; Barro and Sala- 
i-Martin, 1994 Ch. 2). The gross saving rate 
is constant if 

and the corresponding gross saving rate is 
then 

In this case, the accumulation constraint in 
equation (7) can be written as 

and the steady-state capital intensity is 

Equation (12) still provides a log-linear 
approximation to the growth rate, but the 
convergence coefficient simplifies to 

which is the expression given in Mankiw et 
al. (1992). As before, P is a decreasing 
function of the capital share, a + 77, and 
equals zero when a + 77 = P is agaig 1 . ~ ~ l s 0 ,  
independent of the level of technology, A,  
and the tax rate, T .  

If the parameters ( a ,  77, 8,  p, n, and g )  
take on the values assumed in equation (14) 
and if r = 0.3, then equations (15) and (16) 
imply that the gross saving rate is constant 
at the value s = 0.44 if 8 = 1.59. In this case, 
the value of p from equation (18) is 0.016. 

Note that the high gross saving rate in- 
cludes saving in human capital. The saving 
rate that corresponds to physical capital is 
given by s a / ( a  + 77), which equals 0.17 for 
the specified parameter values. We also have 
to consider that only a fraction of the ex- 
penditure on human capital appears in 
measured GDP: a significant portion corre- 
sponds to forgone wages. If we accept John 

4 ~ h econdition for a constant saving rate, which is 
necessary for equation (18) to hold, cannot arise in the 
Ramsey model if a + 77 < g/ (S  + n + g). This conclu- 
sion follows from equation (15) and the inequality 
6 > 0. Within the Ramsey model, the convergence co- 
efficient approaches infinity as a + 77 +0, contrary to 
the finite limit suggested by equation (18). Also, equa- 
tion (18) shows how p depends on a ,  77 ,  6 ,  n, and g,  
only when p or 6 move in a compensating way in 
equation (15) to maintain a constant saving rate. 
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W. Kendrick's estimate that about half of 
spending on human capital appears in GDP 
(Kendrick, 1976 tables A-1 and B-21, then 
the predicted saving rate that corresponds 
to physical capital becomes 0.23. This figure 
corresponds well to observed ratios of phys- 
ical investment to GDP. For the United 
States, for example, the ratio of real gross 
domestic investment to real GDP averaged 
0.21 from 1960 to 1990.5 

The major deficiency of the neoclassical 
growth model is the assumption of a closed 
economy, an assumption that is especially 
unappealing for the U.S. states and the 
regions of European countries. Therefore, 
we now extend the analysis to allow for 
capital mobility across economies. 

111. The Open Economy with Perfect 
Capital Mobility 

Suppose now that households can borrow 
and lend at the going interest rate on world 
capital markets. We assume that the coun- 
try is small relative to the rest of the world 
and faces a constant world real interest 
rate, r", which pegs the domestic rate, r.6 
The rate r" would be constant if the world 
were in the kind of steady state that we 
described above for a closed economy. 
Goods are tradable internationally, but la- 
bor cannot migrate. 

The interest rate, r ,  again equals the net 
returns on the two kinds of capital, R,  - S 
and R,  - 8, where the rental prices are 
given in equations (3a) and (3b). But since 

he ratio was computed from data in Citibase, 
defining gross investment to include public investment 
for nonmilitary and military purposes. The average 
ratio for private investment alone is 0.17. We may also 
want to add consumer-durables purchases, which aver- 
aged 8 percent of GDP from 1960 to 1990. A further 
small adjustment would modify G D P  to include the 
service flows from government capital (to the extent 
that these flows were not already reflected in private 
output) and consumer durables. 

6We assume r" > g + n ,  a condition which ensures 
that the present value of future wages is bounded. The 
small-country assumption also requires r" 5 p + Og;  
otherwise, the domestic country's assets and consump- 
tion will grow faster than the world's, and the country 
will eventually not be small. 

r = r", a constant, the implied values of k 
and h-and hence, y -are also constant. 
In other words, the model predicts that a 
small open economy will jump instanta-
neously to its steady-state levels of output, 
physical capital, and human capital per ef- 
fective worker and will remain there for- 
ever. The predicted rates of convergence for 
output and capital are infinite, a result that 
conflicts sharply with the empirical evidence 
discussed earlier. We could eliminate the 
infinite speeds of convergence by introduc- 
ing adjustment costs and irreversibility con- 
ditions for physical and human capital. 
Plausible modifications along these lines do 
not, however, eliminate the counterfactual 
prediction that convergence rates would be 
rapid in an open economy with perfect capi- 
tal m~b i l i t y .~  We therefore now turn to a 
model that allows for imperfect capital mo- 
bility. 

TV. The Open Economy with Partial 

Capital Mobility 


A. Laws of Motion 

We now assume that the amount of debt, 
d, cannot exceed the quantity of physical 
capital, k. This assumption introduces an 
asymmetry between the two capital stocks: 
k can be used as collateral for international 
borrowing, whereas h cannot.' We are as- 

"see Barro and Sala-i-Martin (1994 Ch. 3) for a 
discussion. The model has other unappealing implica- 
tions. As first conjectured by Ramsey (1928), if coun- 
tries differ in their effective discount rates, p + Og. 
then the most patient country asymptotically owns all 
the assets in the world, including all claims on human 
capital and raw labor. For the rest of the counties, c 
approaches zero, and the debt eventually mortgages all 
domestic capital and raw labor. The model also pre- 
dicts, counterfactually, that G D P  would typically be- 
have very differently from GNP. 

"aniel Cohen and Jeffrey D. Sachs (1986) devel- 
oped a model with one capital good in which the 
borrowing constraint amounts to d < u k ,  where 0 1 
v 5 1. In other words, only the fraction u of capital 
serves as collateral. Our  model differs in that k and h 
are imperfect substitutes as inputs to production, and 
the choices between k and h determine the fraction of 
broad capital, k + h,  that constitutes collateral. 
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suming implicitly that domestic residents 
own the physical capital buy may obtain 
part or all of the financing for this stock by 
issuing bonds to foreigners. The results 
would be the same if we allowed for direct 
foreign investment, in which case the for- 
eigners would own part of the physical capi- 
tal rather than bonds. The important as-
sumption is that domestic residents cannot 
borrow with human capital or raw labor as 
collateral and that foreigners cannot own 
domestic human capital or raw labor. We 
are, in particular, ruling out any interna- 
tional migration of labor.9 

There are various ways to motivate the 
borrowing constraint. Physical capital is 
more easily repossessed and more readily 
monitored than human capital and is there- 
fore more easily financed with debt. Physi- 
cal capital is also more amenable to direct 
foreign investment: a person can own a fac- 
tory but not someone else's stream of labor 
income. Finally, one can abandon the terms 
"physical capital" and "human capital" and 
recognize that not all investments can be 
financed through perfect capital markets. 
The key distinction between k and h is not 
the physical nature of the capital, but 
whether the cumulated goods serve as col- 
lateral for borrowing on world markets. In 
this sense, the k in the model is likely to be 
much narrower than literal physical capital. 

We still assume that the world interest 
rate , r", is constant at its steady-state value. 
We assume also that r" = p + Og, the 
steady-state interest rate that would apply if 
the domestic economy were closed. That is, 
the home economy is neither more nor less 
impatient than the world as a whole. The 
initial quantity of assets per effective worker 

'~uan Braun (1993) and Barro and Sala-i-Martin 
(1994 Ch. 9) assess the role of migration in an extended 
version of the neoclassical growth model. If people 
with the average quantity of human capital in their 
economy tend to move, then migration speeds up con- 
vergence. If the cost of moving is highly sensitive to the 
volume of migration, however, then the effect on the 
convergence speed is small. If people with above-aver- 
age amounts of human capital tend to move, then the 
effect on the convergence speed is further reduced and 
could be eliminiated. 

is k(0) + h(0) - d(O), and the key considera- 
tion is whether this quantity is greater or 
less than the steady-state amount of human 
capital, h*. If k(0) + h(0) - d(0) 2 h*, then 
the borrowing constraint is not binding, and 
the economy jumps to the steady-state val- 
ues of k, h, and y. In contrast, if k(O)+ 
h(0)- d(0) < h*, then the constraint is bind- 
ing (i.e., d = k applies), and we obtain some 
new results. We therefore focus on this situ- 
ation." 

Since physical capital serves as collateral, 
the net return on this capital, R,  - 6, still 
equals the world interest rate, r", at all 
points in time. The formula for R,  from 
equation (3a) therefore implies 

Equation (19) ensures that the ratio of phys- 
ical capital to GDP, k / y, remains constant 
throughout the transition to the steady state. 
In contrast, k / y  rose steadily during the 
transition for the closed economy that we 
considered earlier. (The ratio of human cap- 
ital to GDP, h /y,  rose over time for the 
closed economy and will turn out still to rise 
for the open economy.) We mentioned be- 
fore that the rough constancy over time of 
k / y is one of Kaldor's (1961) stylized facts 
about economic development. (Angus Mad- 
dison [I9801 provides some confirmation of 
this regularity.) The consistency of the 
credit-constrained open-economy model 
with this "fact" is therefore notable." 

The result for k from equation (19) can 
be combined with the production function, 
y = Akuh7, to express y as a function of h: 

(20) y = Bh' 

"1f r" < p + Bg, then the domestic economy must 
eventually become constrained on the world credit 
market. Hence, our analysis of a debt-constrained 
economy applies at some time in the future even if not 
at the initial date. If r" > p + Og, then the assumption 
of a small economy is violated eventually, and r" 
would have to change (see footnote 6).

h he precise constancy of k / y  in the model de- 
pends on the k i ty  of the world interest rate, r", and 
on the assumption that the production function is 
Cobb-Douglas. 
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where 

and E = q /(I-  a )  are constants. The condi- 
tion 0 < a + q  < 1 implies 0 < E  < a +  q <1 .  
Thus, the reduced-form production function 
in equation (20) expresses y as a function of 
h with positive and diminishing marginal 
product. The convergence implications of 
this model are therefore similar to those of 
the closed economy: both models involve 
the accumulation of a capital stock under 
conditions of diminishing returns. 

The budget constraint from equation (6) 
can be combined with the reduced-form 
production function from equation (201, the 
borrowing constraint d = k, and the condi- 
tion ( r w+ 6)k = (1- r)ay from equation 
(19) to get the revised budget constraint: 

Note that the term a (1- 7)BhE= a ( l -  r )y  
corresponds to the flow of rental payments 
on physical capital, ( r w  + 6)k [see equation 
(1911. Since d = k, this term corresponds to 
the factor payments to foreigners and there- 
fore to the difference between GNP and 
GDP. GDP exceeds GNP because the coun- 
try is constrained on the international credit 
market and therefore has the positive for- 
eign debt per effective worker, d = k. 

Households now maximize utility, given 
by equation (4), subject to the budget con- 
straint in equation (21) and a given initial 
stock of human capital, h(0) > 0. [The initial 
value h(0) equals the given amount of initial 
assets, which was assumed to be less than 
h*.] The Euler equation is 

capital. Equations (21) and (22) and the 
transversality condition fully describe the 
transitional dynamics of this model. 

Since we assumed r w  = p + Bg, the steady 
state is the same as that for the closed 
economy. In particular, h* = z* q / ( a  + q), 
as in equation (lo), where z* is the steady- 
state quantity of broad capital for the closed 
economy, given in equation (9). Hence, the 
opportunity to borrow on the world credit 
market does not influence the steady state, 
but it will turn out to affect the speed of 
convergence.12 

B. Concergence Along the Transition 

The system described by equations (21) 
and (22) and the transversality condition has 
the usual saddle-path characteristics. Com- 
pare the debt-constrained open economy 
with the closed economy: equation (21) cor- 
responds to equation (7), and equation (22) 
to equation (8). The only differences are 
that equation (21) contains (1 - a ) B  as a 
proportional constant in the produ_ction 
function, whereas equation (7) has A;  the 
capital-stock variable is h rather that z = h 
+ k ;  and the exponent on the capital stock 
is E = q/(1- a )  rather than a + q .  Since E 

and a + q are positive and less than 1 (i.e., 
both models feature diminishing returns), 
the dynamics of the models are essentially 
the same. 

Equation (13) determines the conver-
gence coefficient, p,  for the closed econ-
omy. The only difference in the credit-con- 
strained open economy is that a + q has to 
be replaced by E = q / ( l - a ) .  (Recall that 
the level of the production technology does 
not influence the rate of convergence.) 
Hence, the convergence coefficient for the 
log-linearized version of the credit-con-

where 12If we had assumed r" < p + Bg-so that the home 
economy is more impatient than the rest of the world 
(see footnote 10)-then the availability of foreign bor- 
rowing would also affect the steady-state position. The 
open economy would have higher steady-state capital 

is the after-tax marginal product of human intensities, h* and k*, than the closed economy. 
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strained open economy is given by 

where cp is again equal to p - n - ( I -  0)g > 
0." The coefficient determined from equa- 
tion (23) is the same value that would arise . . 
in a closed economy that had the broad 
capital share F ,  rather that a + q .  Since 
E = q /(I-  a) ,  it follows from a + q < 1that 
F < a + q .  The credit-constrained open econ- 
omy therefore works like a closed economy 
with a broad capital share that is less than 
a + q .  Recall that the rate of convergence 
depends inversely on the capital share (be- 
cause a smaller capital share means that 
diminishing returns set in more rapidly). 
The credit-constrained open economy 
therefore has a higher rate of convergence 
than the closed economv. Note. however. 
that ( a  + q)  + 1 implies E + 1, and there- 
fore, Po,,, + 0 in equation (23). Thus, if 
diminishing returns to broad capital do not 
apply ( a  + q = I), then the model still does 
not exhibit the convergence property.14 

We can understand why the partially open 
economy converges faster than the closed 
economy by thinking about the tendency for 
diminishing returns to set in as human capi- 

13We have assumed throughout a Cobb-Douglas 
production function, so that the elasticity of substitu- 
tion between human and physical capital equals 1. In a 
previous version of this paper (Barro et al., 1992) we 
assumed that y depended on h and k in a constant- 
elasticity-of-substitution form, and we analyzed how 
the elasticity of substitution affects the rate of conver- 
gence. For the plausible case in which the steady-state 
stock of human capital exceeds that of physical capital, 
variations of the elasticity of substitution cause only 
minor changes in the rate of convergence. 

141f a = 0, so that no capital constitutes collateral, 
then E = 77 and Po,,, in equation (23) corresponds to 
the value from equation (13) for a closed economy. If 
77 = 0, so that all capital serves as collateral, then E = 0 
and Po,,, in equation (23) becomes infinite, as in the 
open economy with perfect capital mobility. 

tal, h, is accumulated. For given exponents 
of the production function, a and q ,  the 
key issue is the transitional behavior of the 
ratio k /h.  In the closed economy, k / h  
stays constant, whereas in the open econ-
omy, k / h  falls during the transition. That 
is, k is relatively high at the outset in an 
open economy because the availability of 
foreign finance makes it easy to acquire k 
quickly. The fall in k / h  over time causes 
diminishing returns to h to set in faster 
than otherwise; hence, the speed of conver- 
gence is greater in the open economy than 
in the closed economy. 

Although the credit-constrained open 
economy converges faster than the closed 
economy, the speed of convergence is now 
finite for the open economy, and the dif- 
ference from the closed economy is not large 
for plausible parameter values. If we use 
the baseline parameter values shown in 
equation (141, then the convergence coeffi- 
cient implied by equation (23) is 0.022, com- 
pared with 0.014 for the closed economy. 
The value 0.022 accords well with empirical 
estimates of convergence coefficients for 
open economies, such as the U.S. states and 
the regions of some Western European 
countries and Japan. 

The sensitivity of the convergence speed 
in the credit-constrained open economy to 
variations in the underlying parameters in 
similar to that discussed before for a closed 
economy. The coefficient Po en in equation 
(23) is not very sensitive to cRanges in p, n, 
g, and 6. For example, if the other parame- 
ters remain at their baseline valu'es, then 
Popenrises from 0.022 to 0.024 if p increases 
to 0.03 or n increases to 0.02. The coeffi- 
cient rises to 0.026 if g increases to 0.03 
and to 0.027 if 6 increases to 0.07. It rises to 

The convergence speed is again more 
sensitive to the broad capital share, a + q .  
If we hold fixed the fraction of capital that 
serves as collateral, & / ( a  + q), at i,then 
Po,,, rises to 0.036 if a + q falls to 0.7 and 
rises to 0.051 if a + q falls to 0.6. 

A new effect involves changes in a /(a  + 
q)  for a given value of a + q ,  that is, changes 
in the fraction of total capital that serves as 
collateral on foreign loans. We have as-

declines to 1. 6'0.030 if 
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sumed thus far that a = 0.3, a reasonable 
value if a corresponds to the share of physi- 
cal capital in output. Since the collateral for 
foreign borrowing is likely to be less than 
the quantity of physical capital, it may be 
better to assume a smaller value of a .  For 
example, if a = 0.2 and 7 = 0.6, so that 
a / ( a  -t 7 )  = i,then ,Bop,, = 0.019. If a = 0.1 
and 7 = 0.7, so that a / ( a  f 7) = i,then 
Po,,, = 0.016. Thus, if a credit-constrained 
open economy can amass a foreign debt 
that is only about one-eighth of its total 
capital, then the convergence speed is very 
close to the value (0.014) that would apply if 
the economy were closed. 

The transition to the steady state features 
a monotonic increase in human capital per 
effective worker, h, from its initial value, 
h(O), to its steady-state value, h*. Equation 
(20) implies that the growth rate of y is t: 
times the growth rate of h, where E is 
between 0 and 1. The ratio h / y  therefore 
rises steadily during the transition. Recall, 
however, that equation (19) implies that the 
ratio k / y  is constant. Therefore, k grows 
at the same rate as y, and the ratio h / k  
increases during the transition. Note that, 
although physical capital serves fully as col- 
lateral, k nevertheless rises gradually to- 
ward its steady-state value, k*. The reason 
is the constraint of domestic saving on the 
accumulation of human capital and the 
complementarity between h and k in the 
production function. When h is low, 
the schedule for the marginal product of 
physical capital is low; hence, k < k* 
follows even though domestic producers can 
finance all acquisitions of physical capital 
with foreign borrowing. The gradual in-
crease of human capital impacts positively 
on the marginal product of physical capital 
and leads thereby to an expansion of k. 

Foreign borrowing occurs only on loans 
secured by physical capital, and the interest 
rate on these loans is pegged at the world 
rate, r". We can also introduce a domestic 
credit market, although the setting with a 
representative domestic agent always ends 
up with a zero volume of borrowing on this 
market. For loans that are secured by physi- 
cal capital, the shadow interest rate on the 
domestic market must also be r". If we 

assume that human capital and raw labor 
do not serve domestically as collateral, then 
the shadow interest rate on the domestic 
market with these forms of security is infin- 
ity (or at least high enough to drive desired 
borrowing to zero), just as it is on the world 
market. 

We might assume instead that human 
capital and raw labor serve as collateral for 
domestic borrowing but not for foreign bor- 
rowing. This situation would apply if the 
legal system enforces loan contracts based 
on labor income when the creditor is do- 
mestic, but not when the creditor is foreign. 
In this case, the shadow interest rate on 
domestic lending, collateralized by labor in- 
come, equals the net marginal product of 
human capital. This net marginal product 
begins at a relatively high value [corre-
sponding to the low starting stock, h(O)] and 
then falls gradually toward the steady-state 
value, r". Thus, the transition features a 
decrease in the spread between this kind of 
domestic interest rate and the world rate, 
r". A possible example is the curb market 
for informal lending in Korea (see Susan M. 
Collins and Won-Am Park, 1989 p. 353). 
The spread between curb-market interest 
rates and world interest rates was 30-40 
percentage points in the 1960's and 1970's, 
but fell by the mid-1980's to about 15 per- 
centage points. 

We can again simplify the formula for the 
rate of convergence if we assume a constant 
gross saving rate. The required value of 9 
for a constant gross saving rate is now 

and the corresponding gross saving rate (ex- 
pressed relative to GNP) is s = (1- T)/%. 
The rate of convergence is then 

For the parameter values used before, the 
critical value of 9 is 1.9, and the corre-
sponding values of s and Pop,, are 0.37 and 
0.023, respectively. 

Another interesting implication of this 
model is that, despite the existence of inter- 
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national borrowing and lending, the conver- 
gence properties of gross national product 
and gross domestic product are the same. 
As noted before, the factor income from 
abroad is -(r" + 6)k = -(1 - ~ ) a y  [see 
equation (1911. Therefore, 

(26) GNP (per unit of effective labor) 

Since GNP is proportional to GDP, which 
corresponds to y, the convergence rates for 
GNP and GDP are the same. This result 
suggests that data sets that involve GDP are 
likely to generate similar rates of conver-
gence as those that involve GNP or mea- 
sures of national income. Some confirma- 
tion of this prediction comes from the study 
of the U.S. states by Barro and Sala-i-Martin 
(1991): the rates of convergence are similar 
for gross state product per capita and state 
personal income per capita. 

The gap between GDP and GNP for a 
credit-constrained open economy equals 
a(1- T)Y and would therefore be about 20 
percent of GDP for the parameter values 
assumed before ( a  = 0.3, T = 0.3). The cur- 
rent-account deficit, which equals the 
change in physical capital, is correspond- 
ingly large. In the steady state, the ratio of 
the current-account deficit to GDP equals 
(6 + n + g)k/y .  Since k / y  = a(1-  T)/ 
(r" + 6) [from equation (19)1, the current- 
account ratio can be expressed as 

For the parameter values that we have been 
using (including r" = 0.06), this ratio is 15 
percent. 

It is unusual to find developing countries 
that have values this high for the GDP-GNP 
gap and the current-account deficit.15 We 
can reconcile the theory with this observa- 

15One counterexample is Singapore: its current-
account deticit was between 10 percent and 20 percent 
of GDP throughout the 1970's (see International Mon- 
etary Fund, 1991). 

tion by noting first that many developing 
countries are insufficiently productive to be 
credit-constrained and, second, that the col- 
lateral for international debt is likely to be 
substantially smaller than the quantity of 
physical capital. If the coefficient a were 
less than 0.3, then the predicted ratios for 
the GDP-GNP gap and the current-account 
deficit would be correspondingly smaller. 

V. Conclusion 

Economists have long known that capital 
mobility tends to raise the rate at which 
poor and rich economies converge. The main 
message of this paper is that the quantita- 
tive impact of this effect is likely to be small. 
If there are some types of capital, such as 
human capital, that cannot be financed by 
borrowing on world markets, then open 
economies will converge only slightly faster 
than closed economies. This prediction ac-
cords with the empirical literature, which 
finds that samples of open economies, such 
as the U.S. states, converge only slightly 
faster than samples of more closed 
economies, such as the OECD countries. 
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