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Motivation

• Large gains to openness not related to trade

• Gains stem from exploiting intangible assets in open countries

• Develop a framework to study these gains
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GAINS FROM OPENNESS
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EU-6 Grew Faster than US

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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EU-9 Stopped Losing Ground with Openness

Figure 1: EU-6 Labor Productivity as a Percentage of US (1900–2005)

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
40

50

60

70

80

90

100

110

Belgium
France
Italy
Luxembourg
Netherlands
West Germany

%

EU-6

Figure 2: 1973 Joiners’ Labor Productivity as a Percentage of EU-6 (1960–2005)
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Switzerland Lost Ground

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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South America is Stuck

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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MODEL
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Environment

• There are I countries

• In each country, there are Ni locations (∝ population)

• A firm with presence in country i sells in Ni locations

• Two types of inputs
I Location specific: tangible capital and labor
I Firm specific: technology capital
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Technologies

• Composite input,
zi = kαi l1−αi , α ∈ (0, 1)

• Output per unit of technology capital in home country i,

yii = Aiz
1−φ
i , φ ∈ (0, 1)

• Output per unit of technology capital in foreign country j,

yij = σijAjz
1−φ
j , σ ∈ [0, 1]

I σij = 1: no barrier in country j for country i technology capital
I σij = 0: country i technology capital cannot be exploited in country j
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From Micro Technologies to Macro Technology

Mi: stock of technology capital and σij = σi ∀j

• Output per domestic location:

yii = MiAiz
1−φ
i

• Output per location in country j:

yij = σjMiAiz
1−φ
i

• Maximum output in country i:

max
{zi}

MiNiAiz
1−φ
i + σi

∑
j 6=i

MjNiAiz
1−φ
j


s.t. NiMizi +

∑
j 6=i

NiMjzj ≤ Zi
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Aggregate Technology

Solution to maximization problem

Fi(M1, . . . ,MI,Zi) = AiN
φ
i

Mi + ωi
∑
j 6=i

Mj

φ

Z1−φ
i

where ωi = σ
1
φ

i

• Technology is CRS in inputs Zi, {Mi}

• However, Fi(M1, . . . ,MI,Zi) >
∑

i Fi(0, . . . , 0,Mi, 0, . . . ,Zi)
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Rest of the Model

• Preferences
∞∑

t=0

βtu(ct, lt)

• Feasibility
Yt = Ct + Xkt + Xmt + NXt

• Laws of motion

Kt+1 = (1− δk)Kt + Xkt

Mt+1 = (1− δm)Mt + Xmt
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Solving the Model

Denote M = (M1, . . . ,MI)

• Domestic return on domestic technology capital

∂Fi(M,Zi)
∂Mi

= κNi

Mi + ωi
∑
j 6=i

Mj

θ

where θ = (α− 1)(1− φ)/(1− α(1− φ)) < 0

• Return of country i’ technology capital in country j 6= i

∂Fj(M,Zi)
∂Mi

= ωjκNj

Mi + ωi
∑
k 6=i

Mk

θ
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Solving the Model

• FOC

rmi,t(M) =
I∑

j=1

∂Fj(M,Zi)
∂Mi

• Steady state

rmi,t =
1
β
− 1 + δm
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GAINS FROM OPENNESS
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Steady State

• If closed, larger is better

σi = 0 ∀i⇒ yi ∝ Nφ/[(1−φ)(1−α)]
i

• Large gains of forming a union of identical countries

yi(I) ∝ (1 + (I − 1)ωi)φ/[(1−φ)(1−α)]

• Large gains from opening unilaterally
I Openness gives access to world technology capital
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Huge Gains for Small Countries (SS)

• 2 Countries, N1 = 1,N2 = 10

• Comparison of 2 steady states
I Closed economies (ω1 = ω20 = 0)
I Open economies (ω1 = ω20 = ω ∈ (0, 1])

• Will show
I Small productivity gains for large country
I Large productivity gains for small country (up to 30%)
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Huge Gains for Small Countries (SS)

is the solution to

ρ + δm = r1(M1, 0).

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 ω = 0, the countries are totally closed and the ratio of productivities for

the two countries is the same as in Example 1. If ω = 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 ω
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As Figure 8 shows, there is a nonlinear relation between relative productivities and

ω. Notice, for example, that there is a kink in the small country productivity at ω = 0.078.

For this and higher values of ω, the small country chooses optimally to invest only in plant-

18
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Tangible vs Technology Capital Accumulation

• Country 2 opening increases the marginal return to M1
I Incentives to accumulate technology capital

• Country 1 opening increases the marginal return to K1
I FDI acts as a productivity shock

• The small country may deplete its technology capital
I If M2/M1 is too large, X1m = 0
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Transition - Joining a Large Open Economy

• 2 countries: N1 = 1,N2 = 10

• Countries are closed in period 0 (σ10 = σ20 = 0)

• Country 1 opens in period 1 (σ11 = 0.99, σ21 = 0)

• Country 2 opens gradually
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Gradual Openness

The two countries here are, again, of size N1 = 10 and N2 = 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)
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Figure 9 plots the paths of the openness parameter for the two countries, namely σit,

for i = 1, 2. For t ≥ 1, the openness parameter for the big country is σ1,t = 0.99, which

implies ω1,t = 0.85.6 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 σ2t is due in part to political forces—which we treat

exogenously here—preventing an immediate opening to foreign multinational activity.7

6Because of numerical issues with investment constraints near 1, we choose the maximum value for the
degree of openness σit to be 0.99 for all i and t.

7When the openness parameters are equal and fixed in all periods of the transition, the results can be

23
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Consumption
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 N1 = 10 and N2 = 1.

Figure 10: Per Capita Consumption Relative to c2,0(1 + γy)
t (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+γy)
t times the small country’s initial

per capita consumption level c2,0, 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 c2,0 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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Technology Capital

Figure 11: Technology Capital Relative to Y2,0(1 + γY )t (Example 5)

Years
0 10 20 30 40 50 60

0

1

2

3

4

5

6

7

8

Big Country

Small Country

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.

Example 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 II, 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

26
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Measured vs. Unmeasured Productivity

• Productivity path is similar to consumption path

• Measured productivity excludes investment in technology capital

• Large unmeasured gains when small country accumulates M
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AN APPLICATION

26



Technology Capital and the US Current Account

McGrattan and Prescott, AER, 2010

• European return on investment is higher than American

• Why do Europeans invest in America?
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Technology Capital
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Answer

• In early periods, large intangible (unmeasured) gains
I Organizational capital
I Establishing brand-names

• Americans started investing in Europe much earlier
I Return in Europe is tangible
I Return in America is intangible (unmeasured)

• Paper uses model to account for this puzzle
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Intangibles Account for 2/3 of the Differential
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Conclusion

• Large gains from openness that we are not measuring

• We can use this framework to account for intangibles
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