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1. Introduction

Economists generally agree that being open has large economic benefits. This view is
based mostly on empirical evidence [9, 13| because existing economic theory provides little
support for large benefits. Here we develop a theoretical framework and use it to conclude
that openness to foreign direct investment (FDI) by multinationals yields large gains in
productivity. The theoretical framework is an extension of the standard growth model that

has proven so useful in macroeconomics.

The extension has two key features: firm-specific technology capital and locations.
A firm’s technology capital is its unique know-how, accumulated from investing in such
things as research and development (R&D), organization capital, and brands. Technology
capital is distinguished from other types of capital in that a firm can use it simultaneously
in multiple domestic and foreign locations.! A firm with technology capital realizes rents at
every location in which it operates because its location technology production sets display
decreasing returns to scale beyond some point. Permitting FDI is the mechanism by which
foreign technology capital is exploited in a given country. Opening to FDI benefits both the

country that opens up and the countries that make the foreign direct investment.

We derive the aggregate production function and find that it displays constant re-
turns to scale, as does the aggregate production function for the standard growth model.
Consequently, price taking is assumed. We show that even though there is a constant re-
turns to scale technology, there are increasing returns with respect to the size of a country
as measured by the number of its locations, but there are no increasing returns with respect

to the factor inputs: technology capital, plant-specific capital, and services of labor.?

We quantify our model with standard parameter values and use it to predict steady

'In the language of classical general equilibrium theory, a unit of technology capital is a set of technologies,
with one technology for each location.

2In [11], to address current account issues, we find it necessary to introduce two varieties of plant-
specific capital, namely, tangible and production-unit specific intangible capital. Differences in tax treatments
and reporting necessitated this distinction. For the issues addressed in this paper, however, we need not
and do not make the distinction between plant-specific tangible and intangible capital. The extension is
straightforward, but complicates the notation. All that needs to be done is to introduce an aggregator at
the production-unit level.



states and transition paths as countries move from being closed to being open. We find that
overall, the model predicts what the empirical evidence has suggested: large gains to open-
ness. More specifically, we find large increases in productivity when similar countries form
an economic union that requires openness between members. We also find that unilateral
opening is mutually beneficial, with most of the benefits going to the country that opens
and allows foreign multinationals to produce within its borders. When countries are open,

the world stock of technology capital, not its distribution across countries is what matters.

Our abstraction focuses on the role of openness to FDI in making possible the use of
foreign production know-how in other countries. Also associated with economic integration
are the almost certain gains to total factor productivity (TFP), which amplify the direct
gains from openness. We thus do some additional analysis that assumes the TFP of a
country that becomes open increases over time and eventually reaches the TEFP level of the
already open countries. Our results strongly suggest that these indirect benefits of opening

are as quantitatively important as the direct benefits.

Ramondo [12] and Burstein and Monge-Naranjo [3] are two related papers that con-
sider the gains of countries becoming more open. Ramondo modifies the static trade model
of Eaton and Kortum [5] by assuming that country-level productivities, rather than goods,
are mobile. In Ramondo, countries become more open as they lower the fixed costs of estab-
lishing a foreign plant, which in turn leads to more multinational production and higher real
incomes. Burstein and Monge-Naranjo modify the standard growth model by modeling the
firm as a manager that employs capital and labor as in Lucas [8]. Countries become more
open as they lower tax rates on managerial earnings, which leads to a reallocation of man-
agers. Neither Ramondo nor Burstein and Monge-Naranjo include a factor like technology

capital that is both accumulated know-how and used in multiple locations.

Our paper is organized as follows. In Section 2 we present empirical evidence that
becoming open to FDI and becoming economically integrated with advanced industrial
economies leads to the previously closed country catching up to already open countries

in terms of economic development. In Section 3 we present theoretical support for the em-



pirical evidence that a strong, positive association exists between economic integration and
productivity gains. We start by developing an aggregation theory underlying our aggregate
production function. We then develop formulas for the steady state and for the transition
paths, and use these formulas to assess the importance of openness for productivity and

consumption. Section 4 concludes.

2. Empirical evidence

Empirical evidence clearly suggests that, in general, becoming economically integrated
with other countries leads to improvements in the economic development of countries pre-
viously closed. Our measure of development is gross domestic product (GDP) per hours
worked, which is what we mean by the term productivity. We examine what has happened
to productivity in various countries over time as they have become more economically in-
tegrated. Some of the countries we study have joined economic unions of countries, while
others have opened their economies in less formal ways. We compare the productivities of
countries that are opening to those of others that were already relatively open during the
same time periods. In all the newly opened countries, we see that economic integration
appears to have boosted productivity. We also see that relatively closed countries have low

or even falling productivity.

2.1. Furope

Here we review the empirical evidence that membership in the European Union (EU),

a relatively open set of countries, results in a country catching up to the industrial leader.

In 1957, six countries—Belgium, France, Italy, Luxembourg, the Netherlands, and
West Germany—signed the Treaty of Rome to form what became the European Union. We
will call this group the EU-6. Figure 1 plots our GDP per hour measure of productivity for
1900-2005 for these six countries compared to that of the United States during the same
time period. Over the 30 years following the signing of the treaty, the productivity of these

countries rose nearly to the U.S. level. After 40 years, it surpassed that level.



Figure 1: EU-6 LABOR PRODUCTIVITY AS A PERCENTAGE OF US (1900-2005)
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Figure 2: 1973 JOINERS’ LABOR PRODUCTIVITY AS A PERCENTAGE OF EU-6 (1960-2005)
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Figure 3: 1995 JOINERS’ LABOR PRODUCTIVITY AS A PERCENTAGE OF EU-6 (1960-2005)
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Figure 4: SWITZERLAND’S LABOR PRODUCTIVITY AS A PERCENTAGE OF EU-6 (1960-2005)
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The EU has expanded several times since 1957, so we can review the productivity
of the joining countries in each expansion to see if they, too, seem to have gained from the
experience. Figure 2 plots the aggregate productivity of the three countries that joined the
EU in 1973—Denmark, Ireland, and the United Kingdom—relative to the productivity of
the original EU-6. The 1973 group is dominated by the experience of the United Kingdom
because its population is by far the largest among the three. Still, we can see in the figure
that the relative productivity of the 1973 group fell dramatically just before the countries

joined the EU. Just after joining, their relative productivity leveled off and then rose slightly.?

Another group of three countries—Austria, Finland, and Sweden—joined the EU in
1995. Figure 3 shows that collectively, the productivity of these countries relative to that
of the EU-6 was also falling until the countries joined the EU; then it turned around and

gained ground.

Switzerland serves as an example of what has happened to a Western European
country that has not joined the EU. Figure 4 shows that its relative productivity, like that
of the 1995 joiners, lost ground before 1995. Unlike the 1995 joiners, however, Switzerland’s
productivity lost ground after 1995 as well. Not opening its economy to a large group of

industrialized European countries did not help Switzerland’s productivity.

More recently, in 2004, eight Central European countries—the Czech Republic, Es-
tonia, Hungary, Latvia, Lithuania, Poland, Slovakia, and Slovenia—joined the European
Union. We will call this group the CE-8. Figure 5 plots their post-1989 performance, again
compared to that of the original EU-6. The figure shows some impressive gains beginning
around the time of the collapse of the Soviet Union and continuing as these countries moved
toward EU membership. After joining the EU in 2004, they had further gains. The fact
that EU membership fosters openness suggests that these 2004 EU joiners are on their way
to productivity closer to that of the rest of the EU.

3Bourles and Cette [2] make a human capital adjustment for France and estimate that French 2002
productivity is actually 8 percent lower than U.S. productivity, and not 7 percent higher, when corrections
are made for workforce composition. This suggests that the productivities of the 1973 joiners relative to the
EU-6 since 1985 could well be 5 to 10 percent higher than the plotted values in Figure 2.



Figure 5: CE-8 LABOR PRODUCTIVITY AS A PERCENTAGE OF EU-6 (1989-2005)
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2.2. Other regions

A region of the world that has been relatively closed in the last half of the 20th century
is South America [4]. Figure 6 shows the aggregate productivity of nine countries relative
to the United States. The nine included are Argentina, Bolivia, Brazil, Chile, Colombia,
Ecuador, Peru, Uruguay, and Venezuela. As Figure 6 shows, during the years between 1960
and 2005, the productivity of these relatively closed countries shrank from 36 percent of the

U.S. level to only 26 percent.

Asia, in contrast, has done much better. Economic openness has increased lately in 12
Asian countries, including China, Hong Kong, India, Indonesia, Japan, Malaysia, Pakistan,
the Philippines, Singapore, South Korea, Taiwan, and Thailand. Figure 7 shows that as these
countries have become more economically integrated with advanced industrialized countries,
their productivity has benefited. It is still low compared to that of the United States, but
unlike that of the relatively closed South American countries, the gap is narrowing fast.

Between 1960 and 2005, it increased from 8.4 percent to 17 percent of U.S. productivity.

7



Figure 6: SouTH AMERICAN LABOR PRODUCTIVITY AS A PERCENTAGE OF US (1960-2005)
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Figure 7: AsiaN LABOR PRODUCTIVITY AS A PERCENTAGE OF US (1960-2005)
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To summarize the empirical evidence, we see a strong positive association between

economic integration of countries and gains in their productivity.

3. Theoretical evidence

We now provide theoretical support for a strong positive association between economic
integration and productivity gains, in the case in which opening up leads to increased foreign
direct investment. We do this by extending the growth model to include technology capital
and work out the implication of that extension for the aggregate production of a country
and the model’s equilibrium under various degrees of openness. We quantify the steady-state
gains as well as the gains during the transition of an economy as it adjusts from being closed
to being open. By way of a set of empirically relevant examples, we demonstrate that the

gains to opening to FDI are large.

3.1. The model extension

In this section, we extend the growth model to include technology capital. We start
with assumptions on the production technology and then derive the aggregate production

function of a country that is partially open. The final step is laying out the rest of the model.

Production Technology

The model that we develop retains the standard inputs to production. They are
plant-specific capital k; and labor [; of country ¢, which can be combined into a composite

input:
2=k ae(0,1).

One unit of domestic technology capital and z; units of the composite input at a given

domestic location produce

Yi = Aizilid)? d) € (07 1) (1)



units of country ¢ final output. Here, A; is the country-specific TFP parameter.

Note that the owner of a unit of technology capital “owns” the location production
function specified by (1) for every domestic location. A given unit of the composite input z;

can be used at one and only one location in country %.

Technology capital can also be used to set up operations in a foreign location. Foreign
multinationals hire capital and labor services within country ¢ and use their own technology
capital. In this case, one unit of j # i technology capital operated at a location in country

1 produces
Y; = O.iAi(k?lil—Oé)l—¢7 0; € [O, 1]

units of country ¢ final output. Here, o; is the measure of openness of country i. We assume
that the degree of openness of a country affects the relative productivity of foreign operations
within its borders. If o; = 1, then country i is totally open to the use of foreign technology

capital within its borders. If o; = 0, then country 7 is totally closed to that use.

Aggregate production function

We now derive the maximal output that can be produced in a country i,i € {1,...,1},
with technology level A;, openness measure o;, and a population that we denote by N;. As we
show below, the maximal output can be expressed as a function of aggregate factor inputs,

including the vector of technology capitals from the I countries in the world.

To derive this function, we need some notation for the measure of locations in a
country and for the stock of its technology capital. We assume that the measure of a
country’s production locations is proportional to its population, since locations correspond
to markets and some measure of people defines a market. Without loss of generality, we
set the proportionality factor relating the measure of locations and N; to 1. Thus, N; is
used for both the population in ¢ and the number of locations in 7. A country ¢ firm is
a stock m; of technology capital or know-how embodied within the firm. Country ¢ has

aggregate technology capital stock of M;, which is the sum of the technology capital stocks

10



of all domestic firms in country 1.

We are now ready to derive the maximal output for country ¢ that can be produced
given an aggregate quantity of the composite input, denoted Z;, and the technology capital
stocks {M;}I_,. It is the solution to

IIlaX{MZNZAZZCII_¢ + oy Z MJNZAZZ}_QS}
& 2)

subject to M;N;z; + Z M;N;zy < Z,.
J#i
The amount of the composite input used at each plant operated by a domestic firm is z4, while
the amount used at each plant operated by a foreign firm is z;. The fact that the quantity
zq is the same at each domestic plant follows from the diminishing returns assumption in
(1). For the same reason, zy is the same at each foreign plant in country ¢. The first term
in (2) is the total output of domestic firms operating in ¢, and the second term is the total

output of foreign firms operating in 7.

The resulting country ¢ aggregate production function, after substituting for 7, is

given by

@ 1-¢
Fi(My,. oo, My K, L) = Y= AN (M Y M) (KeLEe) 0 (3)
ji
where K, L; are aggregate plant-specific capital stocks and labor services in country ¢ and

w; = ail/¢. Here, we used Z; = KXL}~“.

The parameter w; in (3) is an alternative measure of openness that can be interpreted
as the fraction of country j foreign technology capital that is permitted to be used in country @
for all j # i. A generalization of our framework has w;; be the fraction of country j technology
capital that can be used in country i. This generalization is straightforward and is needed

to deal with organizations such as the European Union.

The aggregate production functions F; in (3) have two noteworthy features. First, the

functions display constant returns to scale in the inputs { K;, L;, {M;}1_}. Despite this fact,

11



the total output of a set of open economies (with w; > 0) is greater than the total output
of a set of closed economies. It is as if there were increasing returns, when in fact there are
none. Second, if a country is totally open (w; = 1), then the stock of technology capital used
in this country is the world aggregate stock of technology capital (> i M;). Therefore, if we
compare living standards of two totally open countries with different populations, we would

find no economic advantage or disadvantage to being large.

Rest of the model

Before we can estimate the gains of openness, we must specify household preferences,

asset ownership, and the global resource constraint.
Each country has a stand-in household with preferences ordered by
S e, (4)
—~ (1+p)

where ¢; and [; are per capita consumption and per capita leisure at time ¢, respectively.
The utility function wu is strictly increasing in both arguments and is strictly concave as well
as continuously differentiable. When we deal with balanced growth, further restrictions will

be imposed that are sufficient for the existence of a balanced growth equilibrium.

We assume that households in each country @ collectively own K; and M;, and the
current account is in balance each period. Rents on the capital stocks plus labor income are

used to purchase consumption and investment goods.

The economy-wide resource constraint is
Y = Ci + Xigp + Xim + NX;,

which states that a country ¢’s output Y; equals consumption C; plus investment in plant-

specific capital X;; plus investment in technology capital X, plus net exports NX;. The

12



laws of motion of the two capital stocks are the usual ones:

K1 = (1 —6p) Kit + Xige

M; i1 = (1 = 6m) Mt + Xipne

where the depreciation rates dy, d,, are positive and less than one.

Fixed parameters

To quantify the gains to opening to foreign direct investment, we need to parameterize
the model. Here, we describe those parameter values that are used in both our steady-state

analysis and our transitional analysis.

These parameter values are reported in Table I. The parameters were selected to
match (i) a labor income share of 65 percent, (ii) a plant-specific capital to output ratio of
3, (4ii) a real interest rate of 4 percent, and (iv) a technology capital to output ratio of 0.5

for a country that is totally closed.

3.2. Steady-state analysis

Having specified the details of the model, we are now ready to use it to make steady-
state predictions. We first prove the existence of a steady state and provide an algorithm
for finding one. Because the elasticity of labor supply does not matter quantitatively for our

steady-state comparisons, we will assume here that labor is supplied inelastically.

Existence of a steady state

The world steady-state interest rate is p given preferences (4). The rental price of K

is therefore p + ;. Equating the marginal product of K to its rental prices yields the first

4Originally, we chose ¢ = 0.06 and §,, = 0.08. In [11], we found that a higher technology capital share ¢
was needed to match U.S. current account flows. The main results in [11] are not sensitive to the choice of
the depreciation rate for technology capital, d,.

13



equilibrium condition
(p+0p) K = (1 — ¢)aY;. (5)

A second equilibrium condition is L; = INV;, since each person is assumed to have one unit of

time and to supply it to the market.

An equilibrium relation that we use in subsequent analysis is the one obtained by

substituting L; = N; and equilibrium condition (5) into the production function (3):
¢/(1—a(1-9))
Y =y AN; <M2 + w; Z Mj) ) (6)
JFi
where A; = A)/072079) and

" (Q(l _ d)))a(l—@/(l—aa—w)
p + Oy '

We turn now to developing a set of equilibrium conditions that the technology capital stocks

M; must satisfy.

The domestic return on country i technology capital M; is

0

oF;

oI, = QY N; <Mz + w; Z Mj) ) (7)
J#i

where § = (a—1)(1—¢)/(1—a(1—¢)). This follows from differentiating country ¢ production

function (3) with respect to M;, then using (5) and L; = N; to eliminate K; and L;, and

finally using (6) to eliminate the Y; that comes in when Kj is eliminated.

The foreign return on country 7 technology capital in country j # 7 is

6

OF;

a]\j = Wj¢Nj¢ <MJ —i—wj ZMk> .
! k#j

This is determined in essentially the same way as (7).
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The total return on country ¢ technology capital is

OF,
(M) =2 oagy

J

where M = {M;, ..., M;}. Equilibrium conditions for M, which do not depend upon the

other inputs, are
ri(M) < p+6p (8)

with equality if M; > 0.

PROPOSITION 1. A non-zero steady state exists.

Proof. We develop a function f(M) whose fixed points are steady-state M. We use the

Kakutani fixed point theorem to establish existence of a fixed point.

We first define the functions g;(M_;) to be the solution to (8) given M_;, which
denotes the I —1 dimensional vector of the M; for j # i. The function g;(M_;) is decreasing,

and therefore
gi(Mfi) < gi(o)'
The convex compact set over which the mapping f is defined is

A={MeRL:M <g)V i}

The function f: A — A is defined as follows: function g; is used to compute f;(M) =
g1(M_y). The vector (f1(M), Ms, ..., M) and g are used to determine fo(M), and so forth.

This I-stage updating defines the function f.

The function f is continuous and maps convex compact set A into itself. Therefore,

it has a fixed point M. This fixed point is not zero, for the following reason. If components

15



M to M;_, were all zero, then M; would be strictly positive. Thus, a non-zero steady-state

equilibrium exists. W

Algorithm for finding a steady state
We now show how to construct a steady state.

Consider the system that we analyzed in the last section:

OF;
p+&n:§:mé, ieJCI

jel

M; =0, i J

Given J, this system can be solved uniquely for M = {M;};c;. This involves solving two

systems of linear equations. The task here is to find J such that M; > 0 for all 7.

After initializing with J = I, the iterative procedure is as follows:

e Step 1. Solve the system and check if a steady-state vector with M > 0 has been

found. If not, go to step 2.

e Step 2. Remove the ¢ from the set J for which M; is most negative. Go to step 1.

With this algorithm, because I is a finite set, a J will eventually be found with solution

M > 0.

If the M vector obtained satisfies (8), then we have a steady state. For the examples
considered below, the algorithm finds the unique steady-state M vector. These examples

have special structures on the {w;, 4;NV;} that ensure uniqueness.

Steady-state predictions

We now apply the algorithm in four empirically motivated examples. These examples
show that there is an advantage to size even if countries are not open to FDI and there are

large gains to countries that do open to FDI.
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Fxample 1: Size Advantage If Countries Are Closed

The first example considers the advantage of size for a set of totally closed economies.
This example is motivated by country comparisons prior to the rise of foreign direct invest-

ment.

Let w; = 0 for all i. The per capita output is a function of size AN; that is,
y o (AN)#/[(=9)0=a)]

According to the model, the quantitative implication of being ten times larger than other
countries, as measured by AN, is that steady-state output will be 23.4 percent larger. This
implies large productivity gains for smaller countries forming a large economic union in which

they are open with respect to each other.

Ezxample 2: Large Gain to Small Countries Opening

The second example has two countries, a big country and a small country with com-

mon levels of openness. This example is motivated by Canada and the United States.

Here, we assess how productivity and consumption vary with openness for a two-
country world. One country has a much larger population than the other. The two countries
could be thought of as the United States with population N; and Canada with population
Ns. Since the U.S. population is almost ten times that of Canada, we set N; = 10 and
N; = 1. The parameters that matter for this comparison are a and ¢ in the production
function (3). We assume that only NV; differ. The openness measure is w for both countries.

We set A; =1 for i = {1, 2}, since this is just a normalization.

The equilibrium M; and M, can be found from equilibrium condition (8). If the

solution to
P+ 0y =1i(M), i=1,2

is non-negative, then this solution is the equilibrium M vector. Otherwise, M, = 0, and M;

17



is the solution to

P+ 5m = Tl(Ml,O).

We turn now to a comparison of productivity in the two countries. Figure 8 plots
the productivity of the two countries measured against the productivity of a totally closed
small country. If w = 0, the countries are totally closed and the ratio of productivities for
the two countries is the same as in Example 1. If w = 1, the countries are totally open
and there is no advantage to size. By moving from totally closed to perfectly open, the big
country’s productivity rises only modestly, but the small country’s productivity increases by

29.4 percent, which is sizable.

Figure 8: STEADY-STATE PRODUCTIVITIES AS A FUNCTION OF w
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As Figure 8 shows, there is a nonlinear relation between relative productivities and
w. Notice, for example, that there is a kink in the small country productivity at w = 0.078.

For this and higher values of w, the small country chooses optimally to invest only in plant-
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specific capital, since it can use the big country’s stock of technology capital. For large values

of w, the big country’s stock is 0.55 times its own output and 0.5 times world output.

If we take into account the fact that most investment in technology capital is not
counted in GDP, we find that the small country’s measured productivity eventually surpasses
that of the big country. Gross domestic product is output Y; less any expensed investment.
Investment in technology capital is, for the most part, intangible investment of multinationals
such as R&D and advertising, which is expensed from accounting profits. As this example
shows, the big country (say, the United States) does all of the investment in M for w > 0.078.
Thus, the measured productivity of the small country eventually exceeds that of the big
country. At w = 1, the measured productivity of the small country is 5 percent higher than

that of the big country.

We turn now to predictions for consumption. Steady-state aggregate consumption in

the two countries is given by

le WMQ
Ci=Y, -6, M, — 0, K Yo——— — — Y] —
1 1 1 K+ 2]\/[24_“”\/[1 ¢1M1+wM2

CUMl wM2
Co=Y5 —6,, My — 0, Ky — OYo——— Yi———.
2 2 2 41 ®) ¢2M2+wM1+¢ 1M1+wM2

Based on these formulas and our Table I parameter values, the model predicts the Table 11
values of consumption per capita when w = 0 and when w approaches 1. The gain for the
big country is only 1.3 percent, but the gain for the small country is 26.1 percent—similar

in magnitude to the gain in productivity.

The argument for two countries generalizes to I countries. First, order the countries

so that Ny > Ny > --- > N;. The value ¢* must be found such that the solution to

9
M; =0, i > "

satisfies the equilibrium condition (8). The equations in (9) can be violated in two ways. One

is if M; < 0 for some i. Then a smaller ¢* is needed. The other way is if r;« 1 (M) > p+ 0py-
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Then a larger ¢* is needed.

Ezxample 3: Large Gain to Forming Unions

Our third example is designed to determine the gains from expanding the size of an
economic union when the entering country adopts the same degree of openness as the existing

union members. This example is motivated by a country joining the European Union.

We define an economic union as a set of economies (typically, countries) with common
openness policy w and totally closed with respect to the rest of the world. Let the number
of economies be I. For these examples, all members of the union have equal size, that is,

.AZNZ = AN for all 7.

In this case, steady-state output per effective person as a function of the number of

union members is
y(I) o [1+ (I — 1)w]?/[(-)0=9)

Using estimates from Table I, we see that the ratio of y(I) for w = 1 and w = 0 is I''%. Table
III reports relative per capita output for several values of I. As can be seen from Table III,
forming a union of 20 members increases the members’ per capita output and consumption

27 percent if w = 2/3.

Now, suppose a country joins a union of size I = 20, thereby making the union size
I = 21 with w = 2/3. As can be seen from Table III, this has a small effect on existing
members, with balanced growth per capita output increasing only 0.5 percent. But the

increase of the joiner is large: 33.2 percent.

Example 4: Large Gain to Countries Opening Unilaterally

Now we consider and assess the gains to a country unilaterally opening to a group of
closed economies. This is similar to the situation of Chile in South America. We find that

opening yields large gains to the opening country.

We assume that countries are of equal size, which is normalized to AN = 1. At

20



the start, they are totally closed (w; = 0). Then, one country becomes totally open to
foreign direct investment while the others remain totally closed. Assume the world has [+ 1

countries. We use Eq. (5) and the production function (3) with L; = N; to obtain
Y, = 1/)Mf/[1_a(1_¢)] (10)

for a closed country c.

The country opening up exploits the world stock of technology capital IM.. We

assume [ is sufficiently large that M, = 0 for the open country o. Thus,

Yo _ jo/-at-s) _ o007

C

The important point is that unilaterally becoming open benefits the country that becomes
open. For example, if I = 10, then the gains to the opened country are 25 percent. If

I =100, then the gains are 56 percent. These estimates of the gains to opening are large.

3.3. Transition analysis

Now we turn from analysis of a country’s situation when the economy is in a steady
state to analysis of the equilibrium adjustment path of a country that gradually opens. We
first treat TFP growth rates as exogenous and equal to the same constant in all countries.
Next we model the relative TFP of the opening country as increasing with openness. The
examples analyzed are motivated by actual observations. In all cases, theory predicts large
gains for a country undergoing the transition to openness. We find some interesting non-
monotonic patterns in consumption and technology capital investments when the time paths
of opening are different across countries.® Per capita consumptions and productivities even-
tually converge, but stocks of technology capital can be very different across countries even

in the limit. When countries are totally open, what matters is the sum of the technology

5The case of symmetric time paths of opening is not considered here because the transition paths are
similar to a sequence of steady states.
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capital stocks, not the distribution of stocks across countries.

For our transition analysis, we relax several assumptions made earlier. Here, we allow
for elastically supplied labor and growth in population and technology. Utility flow in this

case is given by
u(c,l) =logc+ ¢log(l —1),

with ¢ = 2.5 so that hours of work are consistent with observations. The growth rate in
populations is vy = .01. The TFP parameters evolve according to A;; = (1 + v4)", where
74 is set so that the interest rate (= p) is 4 percent after the transition occurs. In the limit,

output grows at rate vy given by
Yy = [(14 74) (1 + yy)] A0/ A-)0-)] _ 4

and per capita output grows at rate v, = (1 4+ vy)/(1 + ) — 1. In the example with TFP
rising as a country opens, we set A;; equal to a function of o;;. Because we consider both the
direct effects of changing o;; and the indirect effects of its change on A;;, we find it convenient
to work here with the openness measure o rather than with w. Along the transition paths,

we constrain investments in both types of capital to be positive.

Transition with TFPs on trend

Here we consider the equilibrium paths in two examples. In Example 5, a small,
closed country joins a large, open country (or existing union). In Example 6, two similar-

sized countries open to each other at different times.

Example 5. Joining a Larger Open Economy

In this example, we reconsider the situation of the steady state of Example 2: a small
country opening to a larger country or group of countries that are already open. This, again,
is motivated by the situation of Canada forming an economic union with the United States.

It also applies to that of a small European country joining the EU.
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The two countries here are, again, of size N; = 10 and Ny = 1. We normalize the
initial TFP parameters by setting them equal to one across time and countries. The big
country is actually a union of countries or states that are open to each other but not to
the small country. In period 1, this big country opens up to the small country. The small

country starts out closed and gradually opens to the big country.

Figure 9: OPENNESS PARAMETERS PATH (EXAMPLE 5)

Big Country

061 Small Country

0.2r

Years

Figure 9 plots the paths of the openness parameter for the two countries, namely o,
for i = 1,2. For t > 1, the openness parameter for the big country is o;; = 0.99, which
implies wy; = 0.85.% In year 1, the small country is closed. Subsequently, the degree of
openness for the small country increases to that of the big country. This choice of paths
is motivated by evidence on the slow adjustments of GDP per hour after economic unions
are formed. The slow adjustment of oo is due in part to political forces—which we treat

exogenously here—preventing an immediate opening to foreign multinational activity.”

6Because of numerical issues with investment constraints near 1, we choose the maximum value for the
degree of openness g;; to be 0.99 for all ¢ and ¢.
"When the openness parameters are equal and fixed in all periods of the transition, the results can be
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We also need to set initial conditions for the capital stocks. We set the capital stocks

in year 0 to the balanced growth values for closed economies with N; = 10 and Ny = 1.

Figure 10: Per Capita CONSUMPTION RELATIVE TO Cg0(1 4+ 7,)" (EXAMPLE 5)
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Figure 10 shows the paths of per capita consumption for the two countries. Both series
are divided by the growth trend of per capita output (1+7,)" times the small country’s initial
per capita consumption level co, which is the level of consumption for a closed economy
with a population of size 1. The paths are clearly quite different. The consumption in the big
country remains relatively stable and converges to a level that is about 1 percentage point
above the level of consumption it had prior to opening. In contrast, consumption in the
small country initially falls relative to ¢y and then increases dramatically as it opens up to
foreign direct investment from the big country. In the limit, the small country’s consumption

level is about 27 percent higher than the level prior to opening.

Initially, virtually all of the small country consumption gains are from returns on

read off our steady-state formulas.
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its technology being used in the big country. Figure 11 shows the paths for technology
capital in the two countries relative to trend output in the small country. More specifically,
the figure plots technology capital stocks divided by the growth trend of aggregate output
(1+4y)* times the small country’s initial output level. Although both countries start with a
technology capital stock equal to 0.5 times output, the big country is ten times bigger and,
therefore, does most of the world’s investment in technology capital. In year 1, when the
big country opens to FDI from the small country, investment in technology capital soars in
the small country because the small country takes advantage of the fact that its capital can

now be used in more locations.

As the small country opens to FDI by multinationals in the big country, it becomes
advantageous for the small country to exploit the large stock of technology capital from
abroad. Because of its size disadvantage, there comes a time during the transition when
the small country stops investing in technology capital and lets its own stock depreciate
thereafter. For this example, this occurs in year 23. When both countries are effectively open,
their per capita consumption and labor input are equal, but specialization in production

persists, with only the big country investing in technology capital.

The equilibrium path of the small country’s actual productivity, but not its measured
productivity, is similar to that of per capita consumption. As Figure 11 makes clear, mea-
sured and actual productivity have very different paths because measured output excludes
investment in technology capital. The large initial increases in the small country’s invest-
ment in technology capital implies that its measured productivity is initially low relative to
the period before opening up to foreign technologies. For two years, the small country does
not invest in plant-specific capital K but instead builds M. During this time, measured
productivity is roughly half of its initial level. After that, investment in technology capital

slows, but measured productivity does not recover to its initial level until after year 22.

An important lesson to be drawn from this example is that measured productivity
will seem to show that opening has an adverse effect on the small country, when in fact it

has a very positive effect. Rapid growth in measured productivity occurs at the point where

25



Figure 11: TECHNOLOGY CAPITAL RELATIVE TO Ya20(1 + 7y )" (EXAMPLE 5)

Big Country

Small Country

Years

the small country’s technology capital starts to decline, and it takes five years to catch up to
that of the big country. Eventually, measured productivity surpasses that of the big country
because true productivities are the same, but only the big country invests in technology
capital. This example thus shows that measured productivity can give a distorted picture of

actual economic performance.

Ezxample 6. Opening at Different Times

Now we turn to a different situation: two similar-sized countries opening to each other
at different times. We think of this as the EU opening to FDI from the United States and later
the United States opening to FDI from the EU. That is because after World War 11, the EU-6
countries had a population similar to that of the United States, but European companies
did little foreign direct investment in the United States compared to what U.S. companies
did in Europe. According to a report of the U.S. Secretary of Commerce [14], both currency

undervaluation under the Bretton Woods system of exchange rates and high taxes on foreign
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borrowing as a result of the interest equalization tax acted as strong disincentives to foreign

direct investment in the United States.

Figure 12: OPENNESS PARAMETERS PATH (EXAMPLE 6)
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0.4r

0.2r

Years

Here, we set N; = 10 and N, = 10 and assume that the initial capital stocks are equal
for the two countries in year 0. In this example, the only difference between the countries is
the timing of their opening. The assumed paths of the openness parameters are plotted in

Figure 12.

Figure 13 shows how seemingly similar-sized economies, such as the United States
and the European Union, can be very different in terms of their multinational activity.
The country opening first exploits the more closed economy by using its technology capital.
Therefore, it drops its investment in technology capital during the period when the relative
o’s are most different. Eventually, the country opening first does increase its investment
in technology capital, although the level of this investment is much lower than that in the

country opening second.

If the countries were to open up further, then the paths of technology capital would
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Figure 13: TECHNOLOGY CAPITAL RELATIVE TO Ya20(1 + 7y )" (EXAMPLE 6)
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depend on the relative sizes of the parameter . When the countries are both fully open,
nothing in the theory pins down the relative sizes of the technology capital stocks. Thus,
it is possible for countries to have the same standard of living but very different levels of

foreign direct investment.

Transition with TFP increasing with openness

Recall that up to now, we have assumed that the TFP parameters in our economies
are unaffected by openness. Yet, a country’s relative TFP parameter might increase (relative
to trend) when it becomes open for at least three reasons. One is that the TFP parameter
is likely to be increased by the increased competition resulting from opening. Studies have
examined the role of competition on productivity [6, 7] and found that competition leads to
increased productivity. Others [1] have reviewed firm-level data that suggest that when a
country’s industry faces new foreign competition, its productivity increases to world levels.

A second reason to think that the TFP parameter increases with opening is that the entry
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of foreign multinational production diffuses knowledge into the opening country. A third
reason is that when a country enters into a formal or informal association of open countries,
typically it is required or finds it in its interest to adopt regulatory labor market and other
policies that foster productivity. In particular, to attract FDI, a country must create a good

environment for businesses. This is part of being open.

Example 7. Increasing Efficiency

In our final example, we assume that TFP rises in the economy that opens to foreign
direct investment. This example is motivated by the experience of the Central European

countries gaining efficiency as they have opened.®

Here, we slightly modify Example 5 (where a small closed country joined a larger
open one) by assuming that the small country gains in efficiency as it opens up. Our
measure of the efficiency gains is the increase in As;/A; ; over time, with the rate of increase
proportional to the rate of increase in oy, which we saw in Figure 9. In year 0, when closed,
the small country has a TFP parameter Ayy = 0.94; . During the transition, we assume

that Ay /A1 =0.9+ 0.109; and that Ay = (1 +va4)".

Figure 14 shows the result for per capita consumption. There we plot the consump-
tion path of the small country joining the big country, again as a percentage of the initial
consumption in the small country. For comparison, we also plot the per capita consumption
path in the case with no diffusion. The result for this case is the line marked Ay; = 0.94; ;.
If there is no diffusion, the relative TFP parameters remain at 0.9 and do not increase with

openness.

Without diffusion, the gains to openness for the small country are about 30 percent
by year 60. The additional gains to an increase in TFP of 10 percentage points is 20 percent,
implying an overall gain to the smaller country joining the union of about 50 percent when

compared to the consumption level when closed.

In summary, we have demonstrated here and with our earlier examples that the

8Lucas [9] has emphasized the importance of diffusion of knowledge and its role in development.
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Figure 14: Prr Capita CONSUMPTION RELATIVE TO Cg0(1 4+ 7,)" (EXAMPLE 7)
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potential gains from opening to FDI are large, providing theoretical support for a widely

held view that the gains to economic integration are large.

4. Conclusions

In this paper, we extend the neoclassical growth model by introducing technology
capital, which is a firm’s unique know-how, and the concept of location, which permits the
introduction of technology capital without requiring aggregate nonconvexities. The theoret-

ical structure interacts well with the national accounts and the international accounts.

We used our extended model to provide quantitative theoretical support buttressing
the empirical evidence that openness leads to large gains in the opening economy. The main
avenue for gains in our theory is the exploitation of other countries’ technology capital, which

is done by permitting FDI.

One conclusion that can be drawn from our work is that there are gains to openness
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even for countries that do little or no investment in technology capital. If countries are open,
the world level of technology capital, not its distribution, is what matters. Furthermore, as
countries open, those firms that are making technology capital investments have sufficient
private incentives to engage in direct investment abroad. Thus, our framework provides
little theoretical support for proposals such as the Barcelona European Council’s proposal

to provide direct public funding to ensure that R&D spending is 3 percent of EU’s GDP.

We view the framework developed here as potentially useful for further theoretical
and applied research in the areas of economic development, international macroeconomics,
and trade. More detailed studies could and should be done to analyze the economic benefits
of economic integration in specific cases. Elsewhere [11], we use the model developed here to
address a puzzle in the U.S. current account and net asset position. With some extensions
to include different industries, the model may also prove useful for studying issues in trade,

especially as it relates to the trade-off of exporting versus direct investment.
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Appendix: Data details

1. Definitions and units

Europe and the United States. For European countries and the United States, labor pro-

ductivity is defined as total gross domestic product (GDP) per annual hours worked. The

labor productivity is calculated as

> ic; GDP;
> Hours Worked;’

where 7 denotes a country in the group considered—for example, EU-6. Hence, the implicit
assumption is that countries are weighted by their share of hours worked in total hours of

the group.

South America and Asia. Data for GDP per annual hour worked in South America and Asia

are scarce, so we measure productivity in these regions as GDP per person employed. This

labor productivity is calculated as

> ic; GDP per person employed; x Population,

> ic; Population,

The total GDP and GDP per person employed for a given country are measured in
millions of U.S. dollars (converted at Geary-Khamis PPPs). Hence, labor productivity is
expressed in 1990 Geary-Khamis dollars.

2. Sources

Before 1950. For all countries, data before 1950 are from [10]. Table C-16a (p. 249) reports
GDP in 1990 Geary-Khamis dollars, and Table J-5 (pp. 180-183) reports labor productivities
in 1990 Geary-Khamis dollars per hour.

1950-2005. For all countries, data for the years 1950-2005 are from Groningen Growth
and Development Center (GGDC), Total Economy Database. Go to http://www.ggdc.net/,
then Total Economy Database and download data. The data used here are Total Economy

Database, January 2007.
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TABLE I. PARAMETER VALUES

Production parameters a=0.3,¢=0.07
Depreciation rates 0r = 0.053, 6,, = 0.10
Interest rate p=0.04
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TABLE II. PER CAPITA CONSUMPTION (WITH Y5 = 100 wHEN w = 0)

Fraction of FDI Permitted

Gain
Country w=0 w=1 (%)
Big, N, =10 101.3 102.6 1.3
Small, Ny =1 79.1 99.8 20.1
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TaBLE III. PER CapiTA OUTPUT (WITH ¥y =1 WHEN [ =1, w=0)

Fraction of FDI Permitted

Number of

Countries, [ w=0 w=1/3 w=2/3 w=
1 1 1.000 1.000 1.000
20 1 1.239 1.325 1.380
21 1 1.245 1.332 1.387
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