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Abstract

This paper quantifies the positive and normative effects of Bretton Woods capital con-
trols on global economic activity. It applies a three-region DSGE model of the U.S.,
Western Europe, and the Rest of the World (ROW) that measures capital controls
using observed regional consumption growth differences. We find sizable controls dur-
ing Bretton Woods that prevented ROW capital from flowing to the U.S.; and which
reduced U.S. welfare and raised ROW welfare. By preventing capital flight in develop-
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1 Introduction

This paper quantitatively evaluates the positive and normative effects of capital controls on
the global economy during the Bretton Woods international financial system. Bretton Woods
was by far the most significant modern policy experiment to implement international capital
flows, together with managing international payments and currency values. Because of the
size and uniqueness of Bretton Woods, there are thousands of studies of the system. However,
much of this literature focuses on its monetary aspects (see Baxter and Stockman 1989,
Bordo 1993, Bordo 2020, Obstfeld and Rogoff 2000, Mussa 1986, and many others).?

This paper studies an important real aspect of Bretton Woods: capital controls on the
global economy. International net capital flows were very small during Bretton Woods. They
were nearly zero between the U.S. and Western Europe, between the U.S. and the Rest of
the World (ROW), and between Western Europe and the ROW. Given that Bretton Woods
immediately followed the severe economic dislocations of the Great Depression and World
War 11, it is easy to imagine that the incentives to move capital internationally were large
after such a disruptive, and economically closed 20-year period. This suggests Bretton Woods
controls may have substantially impeded flows and that postwar global economic activity

might have been very different in their absence.

We evaluate three related questions about Bretton Woods capital controls: (i) How much
did controls affect global capital flows? (ii) Where would capital have flowed in the absence

of controls? (iii) What were the impacts of these controls on economic activity and welfare?

Addressing these questions is challenging. Despite 150 years of the use of capital controls,
their effects remain largely unknown. Economists surveying the evidence include Dornbusch
(2002), who stated, “The costs and benefits of capital controls remain ambiguous”; Prasad
et al. (2003), who stated, “Neither theory nor empirical evidence has provided clear-cut
general answers to the desirability and efficacy of selective capital controls”; Magud et al.
(2018), who stated, "Theoretical models seem to suggest that controls on capital flows do
work. Despite all the discussion, however, the debate on the effectiveness of capital controls

in policy-making is still not settled."

Perhaps the most important reason why the impact of controls remains elusive is because

they are so difficult to measure. Obstfeld et al. (2004) describe how the complex nature of

2Helleiner (2014) and Eichengreen (2019) provide excellent, detailed descriptions of Bretton Woods capital
controls, including their prevalence compared to earlier periods, their goals of preventing capital flight and
limiting financial arbitrage, and how financial innovation increasingly allowed circumvention of the controls.
By developing model-based assessments and measurement of effective controls, our paper is a complement
to these other studies.



capital controls makes them difficult to quantify. They also note the simultaneous use of
various types of controls further complicates measurement, and the de facto application of
controls can differ from their de jure specification. Edwards (1998), Rogoff (2004), Farhi
et al. (2011), and Magud et al. (2018) all make similar points regarding the difficulty of

measuring capital controls.

To overcome these measurement difficulties, this paper uses an open economy, general
equilibrium capital flows accounting framework that provides a model-based approach to
measuring effective (de facto) capital controls using regional differences in consumption
growth. We use the model to quantify the effects of Bretton Woods capital controls on the
world economy, which is divided into three regions: (1) the U.S., (2) Western and Northern
Europe, and (3) the Rest of the World (ROW).

The modeling approach is an accounting framework that reproduces observed levels of
consumption, labor, investment, output, and capital flows in each region with a relatively
small number of identified distortions that are measured using the model’s first-order con-
ditions. These include a distortion on international financial transactions between regions
to capture the effects of capital controls, which is observationally equivalent to a tax on net

foreign assets.

We conduct a counterfactual experiment that eliminates the identified international cap-
ital markets distortion. This evaluates what would have happened if international capital
markets during Bretton Woods had been much more open as they were during the "Golden
Age" of capital flows in the late 19th and early 20th centuries, a period when world capital

flows were very high and capital controls were largely absent from global financial markets.

We find that Bretton Woods capital controls substantially impeded the flow of capital
across countries and that the allocation of economic activity across countries would have
been very different in their absence. Moreover, we find that substantial amounts of capital
would have flowed out of the ROW and into the U.S. during Bretton Woods in the absence
of controls. The model-inferred capital controls line up broadly with de jure capital controls
implemented over time and across countries, which suggests the model’s distortion on inter-
national capital transactions reasonably captures actual policies. The key empirical identifier
of large capital controls during Bretton Woods is observed large and persistent differences
in consumption growth rates between the U.S. and the ROW. Specifically, the level of U.S.
consumption falls about 50 percent relative to the ROW over the Bretton Woods period,
reflecting large and persistently lower consumption growth in the U.S. which in this model

implies large impediments to capital flows.

We find capital controls had large welfare effects. The ROW’s welfare is 5.55 percent



higher (measured as a perpetual consumption-equivalent flow) under Bretton Woods. In
contrast, U.S. welfare is 2.78 percent lower, and Europe’s is 1.27 percent lower under Bret-
ton Woods. The observed 50 percent drop in U.S. consumption relative to ROW consumption
is also the key empirical feature driving the large welfare results. Such a large difference in
consumption growth rates between regions is strongly at variance with standard open econ-
omy consumption-smoothing motives, and suggests significant impediments to international

capital mobility in place during the Bretton Woods period.

Our finding that capital controls substantially reduced U.S. welfare raises the obvious
question of why the U.S. - the principal architect of Bretton Woods - wanted capital controls,
and wanted them so badly. We address this question by distilling the political economy
literature from that era. The U.S.’s key foreign policy objective was preventing the spread
of communism and fascism to other countries. U.S. policy makers viewed capital controls
as critically important tools for keeping capital within friendly countries to preserve their
economic and political stability. This leads us to interpret the welfare cost of capital controls
to the U.S. as an estimate of the value of promoting U.S. foreign policy goals during a period
that included the Korean War, the Vietnam War, and the Cold War.

The remainder of the paper is organized as follows. Section 2 describes the relation of the
paper to the literature. Section 3 presents the capital flows accounting framework. Section
4 discusses implementation. Section 5 presents the identified distortions and compares them
to actual changes in capital control policies. Section 6 shows counterfactual analyses and
the welfare calculations. Section 7 describes how the U.S. wanted capital controls as part of
Bretton Woods to prevent capital from flowing out of friendly, developing countries into the

United States. Section 8 concludes.

2 Relationship to the Literature

This paper connects with four strands of the open economy literature. It contributes to the
literature on Bretton Woods, but from a different perspective than the many papers that have
focused on monetary issues, particularly fixed exchange rates and the relationship between
real and nominal exchange rates during and after Bretton Woods. This includes Bordo
(1993), who offers a historical overview of Bretton Woods and compares its performance to
other policy regimes, Bordo (2020), who studies the relationship between inflation and the
collapse of Bretton Woods, and Mussa (1986), who studied the increase in the volatility of
nominal and real exchange rates after the end of Bretton Woods. Mussa’s paper has been
extended by Itskhoki and Mukhin (2021), who argue financial segmentation is central for

understanding both nominal and real exchange rates after Bretton Woods, and Ayres et al.



(2020), who show how commodities can resolve the Mussa puzzle and the Backus-Smith
puzzle (Backus et al. 1992). In contrast, this paper measures capital controls using observed
differences in consumption growth rates and evaluates their positive and normative global

effects.

This paper also contributes to the literature on identifying distortions in capital markets.
The existing literature computes distortion indices by examining legal restrictions on market
operations and counting various types of restrictions, thereby measuring de jure controls.
Many studies based on the International Monetary Fund’s Annual Report on Exchange
Arrangements and Exchange Restrictions include Chinn and Ito (2008), Fernandez et al.
(2016), and Ghosh and Qureshi (2016). We utilize equilibrium quantity data to construct
quantitative measures of the impact of de facto controls/distortions on domestic and inter-
national capital markets and analyze their macroeconomic effects. Since de jure measures
are not always implemented or may take time to take effect, our methodology enables the
measurement of de facto or effective capital controls. However, we demonstrate in Section 5
that our de facto measures capture the effects of the de jure measures discussed in existing

literature.

We build on the literature on business cycle accounting in closed economies following
Cole and Ohanian (2002) and Chari et al. (2007). Unlike these papers, we examine open
economies and focus on medium- and longer-term movements in variables. Our paper is
also related to the literature on business cycle accounting in small open economies (see
Lama 2011). In contrast to their partial equilibrium (small open economy) approach with
incomplete markets, we show how to apply a general equilibrium complete markets model to
data on the world economy. Cheremukhin et al. (2017) study the structural transformation
of Russia over 1885-1940 using an accounting approach to identify the frictions driving such

transformation. They use a perfect foresight approach while we incorporate uncertainty.

Our paper is also related to the large literature on capital flows. Feldstein and Horioka
(1980) examine the correlation between domestic savings and investment rates, and subse-
quent papers (Tesar 1991 and many others) interpret their analyses as tests of international
capital market efficiency. In response to the failure of these tests, the literature has devel-
oped models of international financial frictions ranging from limited commitment (Kehoe
and Perri 2002 and Restrepo-Echavarria 2019) and default risk (Eaton and Gersovitz 1981,
Arellano 2008, Aguiar and Gopinath 2006, and many others) to exogenous market incom-
pleteness (Arellano et al. 2012) and asymmetric information. Our approach complements
this literature by evaluating these frictions using a different framework, which employs data

on a wider set of macroeconomic variables to simultaneously identify the sources of gains



from international trade in capital and to infer distortions limiting that trade. Our emphasis
on measuring the gains from trade and on exploring the role of frictions outside of capital
markets is shared by a number of other recent studies of international capital flows. Ob-
stfeld and Rogoff (2000), Eaton et al. (2016), and others explore the role of trade costs in
explaining a number of facts about international flows. In Ohanian et al. (2018) we show
that our approach is complementary by providing evidence that can be used to test for the
role of trade costs. Our paper is also related to Alfaro et al. (2008), who study the role of

institutions in driving capital flows.

3 A Multi-Region Model Economy

This section applies the open-economy model of Ohanian et al. (2018), to construct the
international capital market distortions and other distortions for the U.S., Western Europe,
and the Rest of the World (ROW). In contrast to Ohanian et al. (2018), this paper focuses on
the effect of capital controls during Bretton Woods between the U.S., Europe, and the ROW,
which includes Asia and Latin America, whereas the former paper focused on the impact of
labor market policies in influencing capital flows between East Asia, Latin America, and the
rest of the world, which included the U.S. and Europe.

3.1 Model Economy

Households The world economy has three “regions” indexed by j, where j = U stands for
“United States,” j = E stands for “Europe,” and j = R stands for the “Rest of the World
(ROW).” Time is discrete and is indexed by ¢t = 0,1, ..., so that N;; denotes the population
of country j at time t. There is a single traded good. There is a representative agent in each

country with preferences over consumption Cj; and per capita hours worked h;;, ordered by

i (S) - 2 e Ly
;5 {H(th) L+ f0

The preference parameters 3, ¢, and v are common across countries. The representative

Ey

household of country j chooses a state-contingent stream of consumption Cj;, hours worked
hj:, purchases of capital to be rented out the following period K41, and a portfolio of state-
contingent international bonds Bj:y1, subject to a sequence of flow budget constraints for
each state and date:

Cit+ P Kjiu1 + By [ Bju] < (11— 7';2) Withj Ny + (1 —75) (i + P3S) Kj

+ (1= 757 + W) Bjo + Ty + 1y,



where initial capital Kj, and bonds Bj, are given. Final output is produced by a repre-
sentative firm using labor and capital, such that Wj; is the wage, rf is the rental rate of
capital, Pff is the price of new capital goods, and Pj*tK is the price of existing capital, which
will differ from the price of new capital due to adjustment costs. In this complete markets
environment, the prices of state-contingent international bonds at time ¢ that pay off in one
state at t + 1 are composed of a risk-adjusted world price ¢;,; multiplied by the probability
of the state occurring, which allows us to write the expected value of the risk-adjusted ex-
penditures on securities on the left-hand side of the flow budget constraint. Households also
receive profits II;; from their ownership of domestic firms.

The 7 terms are country-specific distortions that are isomorphic to taxes on factor pay-
ments and investment income. Specifically, 7" is a distortion on domestic labor markets, 75
is a distortion on domestic capital markets, and 77 is a distortion on international capital

B

markets. A positive 77 is a tax on net foreign assets and a negative value is a subsidy.

The revenue from these taxes net of the level of government spending G; is rebated as

lump-sum transfers each period as 7T},
(1) Ty = 15 WithyeNje + 75 By + 755 (5 + Pi) Kje — G

This implies there is no government borrowing. Since Ricardian equivalence holds, this is
without loss of generality. Finally, ¥;; is an international portfolio adjustment cost that

ensures long-run consumption stationarity. We discuss this issue in detail in Subsection 3.3.

Firms Each country is populated by two types of competitive representative firms. The first
hires labor and capital to produce the tradable consumption good using a standard Cobb-
Douglas technology Aj; K, (hji V. jt)lfa, where A;; is the level of aggregate productivity. This

yields expressions for the equilibrium wage and rental rate:

Y,
2 Wi=(1—a«a o
( ) Jt ( )h]tN]t
and

Y.
(3) Tﬁ = a—[g )

J

The second firm produces new capital goods Kj;,1 using [;; units of investment and K

units of existing capital. They maximize profits Pj{f Kjipn— 1 — P]*tK Kj; subject to capital’s



law of motion with convex adjustment costs ¢

L.

J

Although capital Kj;y; is used for production in period ¢ + 1, it is produced and sold in
period t at price Pft( . This yields the following first-order conditions:

1
(4) Py = ————

/ Ijt
- (i)
I I I
K _ pK([1_5_ it r( 29t ) gt
©) B = F (1 ’ ¢<Kj>+¢ (Kjt) Kjt)’

We specify quadratic adjustment costs:

[jt 14 [J 2
¢(K—j):§(z<—f“) |

All production parameters other than productivity are constant and identical across coun-

tries.

3.2 Growth and Uncertainty

The world economy grew substantially over Bretton Woods. However, this growth changed
considerably across regions and over time. While U.S. growth has been fairly stable, growth
in Europe and the ROW has been more volatile. Both of these regions initially grew faster
than the U.S. after World War II, but growth slowed considerably, particularly in the ROW,
around the mid-1970s. To capture these growth dynamics, we specify stochastic processes

for population and productivity as follows.

There is a stochastic world trend for both population and productivity based on U.S. data
(for similar approaches, see Fernandez-Villaverde and Rubio-Ramirez 2007 and Cheremukhin

and Restrepo-Echavarria 2014). U.S. productivity and population evolve according to

InAyir = InAy +Inmg + Oﬁgét,

IHNUH_l - lnNUt+1nnss+O-gggt7

where 7, and 7, are the growth rates in U.S. productivity and population that would occur

in the deterministic steady-state of the model, such that m, = % = mysexp (of}ei,) and
Ut
= NJ\U,—? = 7)gs €XP (ag 5%). To achieve stationarity, we scale variables by the U.S. level of



effective labor 7, = A;]/t(lfa)NUt.

Population and productivity levels in Europe and the ROW evolve relative to the U.S.
trend so that a non-degenerate long-run distribution of economic activity across countries
is preserved. For Europe and the ROW we define relative productivity a;; = A;;/Ay, and
relative population nj = N;;/Ny: and assume that both aj; and nj, follow first-order au-

toregressive processes:

Inaj1 = (1 — p;‘) Inajss + pfInaj + ojef; q,

Innji = (1 — p;‘) Innjss + pf Inng + ojel; .

This specification allows for long-lasting deviations from the world trend, and is broadly

related to Aguiar and Gopinath’s (2007) analysis of growth and TFP in emerging economies.

The labor, capital, and international distortions (indexed by m = h, K, and B) for each

country /region also follow univariate first-order autoregressive processes of the form
(6) In (1— T]T+1) =(1- pgn) In (1— T}ZS) + pj*In (1- T]Tt”) + o7 el

where 777 is the level in the model’s deterministic steady state and p}* governs mean re-
version. Government spending in each country/region Gj; is specified so that the ratio of

spending to national income g;; = G,;/Y]; also follows a first-order autoregressive process:

Ingjy1 = (1 - P?) In gjss + P? In gji + 0§5§t+1'

3.3 Stationarity and International Bond Portfolios

To our knowledge, the capital controls specification developed in Ohanian et al. (2018) and
applied here is unique within the literature, as it models taxes/subsidies on international flows
with a very large set of assets and a large number of shocks. To see this, we note important
papers analyzing capital controls within general equilibrium models include Bianchi (2011),
who studies a small open economy with a single asset that yields a constant (world) return,
and Farhi and Werning (2014), who model capital controls using a tax/subsidy specification,

but in a deterministic environment with a single asset.

We view our complete markets specification as a natural benchmark for three reasons.
One is that there are so many ways in which markets can be incomplete that analyzing
complete markets provides a baseline that is informative in its own right, and provides

context for assessing any incomplete markets model. Another reason is that complete markets



captures the spirit of the very complex set of assets traded in actual economies. A third reason
is that this framework maps into the class of endogenously incomplete markets analyzed in
Kehoe and Perri (2002), which means that one could interpret the findings presented here

within the incomplete markets setting of limited commitment (see Ohanian et al. 2018).

Stationarity is achieved by scaling all growing variables with the stochastic world trend
Z;—1. We use perturbation methods given the large number of state variables (23). This
requires a unique non-degenerate deterministic steady-state. The following assumptions

ensure this holds. We begin with the Euler equations for state-contingent assets, which

imply:

(7)

= Gjt41-

< Cjt+1/Njts1 ) (CRt/NRt> _ L—770 4 Vi B
Cri+1/Npes1 Cjt/Nj 1—71F 0+ Vi

Since the ratio of the international distortions of two regions appears on the right-hand side,

we normalize the international distortion for the ROW to one such that

Cjt+1/Njt+1 Cri/Ng:
8 J J _1_.B v _
© (CRt+1/NRt+1 Cjt/Nji Titrr + Wjer1 = e

Given this normalization, the U.S. and Europe distortions are identified relative to that in
the ROW.

The equation also shows that if the steady-state of Tﬁ 1, is not equal to zero, then there
is a long-run trend in relative aggregate consumption levels so that the deterministic steady-
state distribution of consumption is degenerate (one country’s share of consumption must

converge to zero). Moreover, assuming that Tﬁs = 0 for all 7 does not pin down a unique
steady-state relative consumption level. Intuitively, the impediments to international capital
mobility out of steady-state affect the accumulation of international assets, which in turn
affects long-run consumption levels. In terms of equation (8), the growth rate of relative
consumption is a first-order autoregressive process that converges to zero in the deterministic
steady-state; the long-run level of relative consumption depends upon the entire history of

the distortion realizations.

Similar issues arise in multi-agent models with heterogeneous rates of time preference (see
Uzawa 1968) and in small open economy incomplete markets models. In the latter context,
alternative resolutions have been proposed, as in Schmitt-Grohe and Uribe (2003). We use
the portfolio adjustment cost approach, adapted to our complete markets setting. For Furope
and the United States, we specify an international distortion that can be decomposed into

a term that represents capital controls Tﬁ and an adjustment cost term W;;, both of which

10



the country takes as given:
i=1-7]+T.

The exogenous variable 72 follows a first-order autoregressive process with the steady-state

assumed to be zero:
9) In (1 —TﬁH) :pf In (1 —Tﬁ) +a§35ﬁ+1.
The adjustment cost term can be positive or negative, and satisfies the following:
( Cjt/th L)_%l .
Crt/Nre ¥jo

This ensures that, in the deterministic steady-state, relative consumption levels are pinned

(10) Uy =(1-17)

gt

down by 10, with mean reversion in relative consumption levels controlled by 1;; as

Cjt1/Njey1 — ¥p 1 Cjt/Njt 1

= In;g + In + In(1—72).
Cris1/Nriy1 1+ Yio 1+vYj  Cre/Nre 1+¢n ( 3”1)

(11)  In

The portfolio adjustment cost can be positive (subsidy on net foreign assets) or negative
(tax on net foreign assets) because in the steady-state, relative consumption levels map one-
for-one into net foreign asset positions. These parameters are identified by estimating the
long-run net foreign asset position of each country from the data. Given the assumptions

above, there is a unique non-degenerate steady state.

3.4 Social Planning Equivalence Formulation

The continuous state-space of this model means each country has an infinite dimensional
portfolio decision to solve every period. To deal with this complexity, this section constructs
a pseudo-social planner’s problem that maps into the competitive equilibrium, which in turn
makes computation very tractable. We call it a pseudo-social planning problem because
mapping it into the competitive equilibrium requires modifying some of the equations of
a typical planner’s problem, as shown below. Hereafter, we refer to this as the planning

problem to conserve space.

The planning problem facilitates computation because it allows us to construct equilib-
rium allocations without solving for the continuous-choice, infinite dimensional securities
portfolio for each region. The planner’s first-order conditions also provide intuition for the
allocations when we analyze counterfactuals, so we present the key aspects of the planner

and its mapping here, with details in the Online Appendix.

11



The planner chooses state-, date-, and country-contingent sequences of consumption,

capital, and hours worked to maximize:

c t I H 1+
Z;thﬁt {hl (N_j) = XXt 1+ ,tht 7} th] )

- t
j J

Ey

subject to a global resource constraint for each state and date:
D ACH+ X)X+ G} = Y X ARKS (hyuNyy)' ™
J J
and region-specific capital evolution equations of the form:

X.
KjtJrl - (1 - (5) Kjt + th — §Z§ (K—]) Kjt-
j
The planning problem features time-varying planner weights, Xﬁ- They vary because rel-
ative consumptions across the regions will vary over time, and this time variation in the
planner weights provides intuition about the international capital market distortions in the

competitive equilibrium discussed below.

To capture the equilibrium model’s time allocation distortion, the planner’s objective
function includes the term Xﬁ- The planner’s first-order condition maps into the competitive
equilibrium first-order condition with xj = 1/(1 — 7).

The competitive equilibrium domestic capital allocation distortion is captured in the
planner’s problem with the term le‘t' The intertemporal nature of this distortion requires
that this term appear in several places to construct the equivalence between the investment

first-order condition for the planner and equilibrium:

C I
K Xjt+1 Xjt+1
1—75,, = ——+
Jt+1 o] I -
Xt Xt

We now map the equilibrium model’s international capital market distortion into the plan-
ner’s problem. As is well known (see Backus et al. 1992 for a general equilibrium, open
economy with no distortions), separable, time-invariant utility functions and frictionless
markets imply the model’s equilibrium allocations coincide with the planner’s allocations
with constant planner weights across regions. However, when there are time-varying 75,

then equilibrium relative consumption shares vary over time.

The planner captures this time variation in consumption shares with time-varying planner

12



weights:

Cit/Nje X5t

Cri/Ngy X%t
The equivalence between the competitive equilibrium with time-varying 72 and the planner’s
problem with time-varying planner weights (see the Online Appendix for details) yields the

following relationship between the planner’s solution and the equilibrium:

Cjts1/Njw1 — ¥p 1 Cit/Nje ¢

= In;g + In + &5,
Cris1/Nrt1 145 Yio 1+ Cgre/Ngy

Note this is the same equation (11) from the competitive equilibrium problem with 5jct =

In (1 — lefﬂ).

In

This equivalence result provides context for understanding the counterfactual experi-
ments. For example, a decline in 77 for region j will increase relative consumption growth
for region j, and this rising consumption growth requires an increase in the planner’s weight

for region 7 within the planner’s problem.

4 Implementation

The model replicates data from the national income and product accounts’ (NIPA) expen-
diture aggregates. This means the model can be used as an accounting framework for the
observed data. This section describes how the model uses these data to identify the differ-
ent distortions. It also summarizes data sources, with a detailed discussion in the Online

Appendix.

A small number of structural parameters governing preferences and production are cal-
ibrated. Some distortions can be recovered, and the parameters governing their evolution
estimated, without solving the model. The remaining parameters are estimated using max-

imum likelihood.

4.1 Using Data and Model to Measure Distortions

Realizations of the domestic labor and capital distortions, as well as international capital
market distortions, are measured by feeding data from the NIPA expenditure aggregates
through the equilibrium of the model. Realizations of the domestic labor and international
distortions are computed directly from first-order conditions without needing the general
equilibrium solution. The domestic capital market distortion requires computing expecta-

tions of future capital returns and hence requires both estimating and solving the model.

13



To see this, note that under complete markets, the overall international distortion, Cﬁ e
can be recovered from the growth in relative consumption levels, as shown in equation (8).
Estimation of equation (11) serves to both decompose Cﬁ 41 into Tﬁ 41 and the portfolio
adjustment cost ¥j;,; and estimate the parameters governing the evolution of both. Note
that under the assumptions, the residual in this equation follows an autoregressive process,
and relative consumption follows an ARMA(1,1) process. Nonetheless, all that is needed
to estimate the process governing the international distortion and the parameters of the
portfolio adjustment cost is data on the growth in relative consumption levels. This can be

done without solving the model.

The domestic labor market distortion also is recovered, and the parameters of its stochas-
tic process can be estimated, outside of the model. Specifically, using the first-order labor

supply condition and the optimal employment decision of the firm (2), we obtain

h_ ¥ hjiNji Cy
(12) L =T ==~

J J

Specifically, consumption, population, hours worked, and output data, and given values for
the production and preference parameters, realizations of the labor distortion are recovered
and used to estimate its stochastic process. Note that it is not possible to separately identify
the level of the labor distortion from the leisure preference parameter ¢, which in principle
could also vary across countries. Hence, we normalize the leisure parameter to 1 for all

countries, and we focus on log changes in these distortions over time.

Lastly, the domestic capital distortion is determined from the Euler equation for the
household, the optimal capital decision of the consumer good firm (3), and the optimality
conditions of the capital goods firm (4) and (5). Denoting by i,+1 = Ij+1/Kji+1 the ratio
of investment to the capital stock, the capital distortion is given by

Yiewr | 1=6—¢(e41)+¢ (ijer1)ijetn

Cjts1/Njr41 K Kjtt1 1-¢'(ije+1)
13 1=p [pGeNen g x ) 0% Z
Cit/Nje (= 7en) E=on

Note that we can’t separately identify the level of the domestic capital distortion from the
level of the discount factor. We therefore focus on log changes of this distortion. Unlike the
labor and international distortions, this requires computing an expectation, which in turn
requires the solution of the model and estimation of the processes governing the evolution

of all exogenous variables. We also estimate the initial capital stock of each country.
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4.2 Data, Model Solution, and Model Estimation

Recovering the wedges requires NIPA data, including output Yj;, consumption C};, invest-
ment [, and net exports N.X;;, and requires data on population N;; and hours worked h;q,

for each of the three regions.

The dataset constructed in Ohanian et al. (2018) is used here. In terms of countries,
Europe includes Austria, Belgium, Denmark, Luxembourg, France, Germany, Greece, Italy,
Netherlands, Norway, Portugal, Sweden, Switzerland, Turkey, and the United Kingdom.
The ROW includes Japan, Korea, Taiwan, Hong Kong, Singapore, Canada, Australia, New
Zealand, Iceland, Argentina, Brazil, Chile, Colombia, Mexico, Peru, Venezuela, and Costa

Rica.

We do not include the USSR or China, as they were command economies during Bret-
ton Woods, and there are also significant data reliability issues during this period of time.

However, the countries included in the dataset account for 75 percent of world GDP in 1950.

We solve the model numerically by taking a first-order log-linear approximation of the
model around its deterministic steady-state. There are 68 model parameters. This section
describes how some parameters are calibrated to standard values in the literature and others
are estimated by maximum likelihood. For the welfare calculations of Section 6 we use a

second-order approximation.

The empirical values of the portfolio adjustment cost are constructed using relative con-

sumption growth rates across regions, and thus do not depend on any other model features.

The parameters governing preferences and production are constant across countries. Of
these common parameters (collected in Table 1), six are calibrated to standard values, while a
seventh is a normalization. The production elasticity of capital, «;, is 0.36, the discount factor
£ is 0.96, and the depreciation rate ¢ is 7 percent per year. These are all standard values.
The curvature for the disutility of labor v is set to 1.5, which implies a Frisch elasticity of
two-thirds. This value strikes a balance between estimates of labor supply elasticities using
micro data on the intensive margin, using micro data on the extensive margin, and using
aggregate data (see the surveys by Pencavel 1987 and Keane 2011). As is evident from
equation (12), we cannot separately identify the household’s preference for leisure ¢ from

h

the long-run labor distortion 7}, so we normalize ¢ to 1. We focus on analyzing changes in

this wedge over time.

As is standard in the investment adjustment cost literature, the parameter s is set such
that steady state adjustment costs are zero, or kK = (§ + 255 — 1) . The adjustment cost scale

parameter v is chosen to generate an elasticity of the price of capital with respect to the
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Table 1: Common Parameter Values

Parameter Notation Value
Preferences

Discount Factor B 0.96
Frisch Elasticity of Labor Supply 1/~ 2/3
Preference for Leisure % 1
Production

Output Elasticity of Capital « 0.36
Depreciation Rate ) 0.07
Adjustment Cost Size v 5.5
Adjustment Cost Reference Level K 0.09

investment-capital ratio, vx. Bernanke et al. (1999) use a value of 0.25 for this elasticity for
the United States and suggest a range of plausible values from 0 to 0.5. We use 0.5 as our

benchmark.

The remaining parameters govern the evolution of population, productivity, and govern-
ment spending; the domestic labor, capital, and international distortions; the portfolio tax;

and the initial levels of capital in each country.

The steady-state growth rate of the the world economy is 2 percent per year: 2z, =
/(=)
Tss Nss = 1.02.

Given the detrending method, the model is estimated using the growth rates of the
data. To ensure that the estimated model produces levels of hours worked, capital, and
productivity that are consistent with the data, we set the steady-state labor distortions
to match the sample average level of hours worked, and the steady states of the domestic
capital distortions to match sample capital-to-output ratios from our benchmark capital
series, and estimate the steady-states and persistence of the productivity processes from
the productivity data. All other parameters are estimated using maximum likelihood. The
Kalman filter computes the likelihood and generates the paths of the distortions. Table 2

presents the estimated parameters.

5 Model-Inferred Distortions

This section presents the model distortions, which pinpoint the precise margins-the allocation
of time, and the allocation of resources between consumption and investment at home and
abroad-that drive observed capital flows and the other variables. We also discuss how these
model-constructed distortions align with actual policies, with a focus on international capital

controls and labor income and consumption taxes.
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Table 2: Country-Specific Parameter Values

Process Region Steady State  Persistence  Standard Deviation
Population United States | 7,5 =0.84 ot =1 oy =0.003
Europe npss =0.77 pE =0.99 o =0.002
Rest of World | ng,s =0.82 P =0.98 ol =0.003
Productivity United States mes =1.01 Pr =1 o, =0.08
Europe apss =0.74 pE =0.99 og =0.02
Rest of World | agss =0.52 P =0.99 o =0.03
Government Distortion United States | gyss =0.18 ol =0.94 of, =0.03
Europe gEss =0.20 % =0.20 0%, =0.03
Rest of World | gpss =0.13 p% =0.13 0% =0.10
Domestic Labor Market Distortion ~ United States | 7, =1.93 ok =0.99 oh =0.04
Europe h, =191 Pl =0.99 o =0.03
Rest of World | 78 =1.79 ol =0.99 oh =0.02
Domestic Capital Market Distortion United States | 7f,, =0.94 Pk =0.99 off =0.03
Europe T =0.94 ol =0.99 olf =0.27
Rest of World | 7K. =0.98 Pl =0.99 o¥ =0.01
International Distortion United States 8. =0 pB =0.93 of =0.02
Europe 8. =0 p2 =0.93 0B =0.01
Portfolio Tax United States | ¥po =195 1— 1y =0.94
Europe Ypo =146 1 —1p =0.97 —

Notes: Appendix C contains more details on the estimation.

5.1 International Capital Market Distortions

We begin with Figure 1, which shows capital flows across the three regions. These data
provide context for interpreting the international capital market distortions presented below.
Capital flows were small during Bretton Woods, which is surprising given the 1930s and
1940s was a period of very limited capital mobility that coincided with the disruptions of
the Great Depression and World War II. This suggests the possibility of strong, accumulated
incentives to move global capital after a very disruptive 15-year period. Moreover, TFP and
GDP growth across regions were very different during Bretton Woods, as Europe and the
ROW grew much faster than the U.S. This is another reason to expect sizeable capital flows

during Bretton Woods.

To provide a comparative benchmark regarding the size of capital flows that did occur
during Bretton Woods, we note capital flows were much higher during the late 19th and early
20th centuries, the period known as the "Golden Age of International Finance." Capital
controls were largely absent at that time and capital flows were much higher, ranging from
inflows as high as eight percent of GDP per year between 1880 and 1913, and outflows
that averaged nearly five percent of GDP per year over this long period (see Ohanian and
Wright 2010). This period of time shows that very large global capital flows do occur if

capital markets are open.

The model economy reproduces the small observed capital flows during Bretton Woods
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with significant international capital market distortions, which as described above, are mea-
sured from relative regional consumption growth. The left panel of Figure 2 shows the
consumption of the U.S. and Europe relative to the Rest of the World. We focus on the
very steep and large decline in U.S. per capita consumption relative to the ROW, which falls
about 50 percent during Bretton Woods. This large and persistent difference in consumption
growth between the U.S. and the ROW is striking, because this is strongly at variance with
standard consumption-smoothing motives. Framed slightly differently, these very different
consumption growth patterns across regions indicate a strong motive for much larger global
capital flows than what occurred, and that shutting down flows suggest large distortions to

the incentives and /or opportunities to move global capital.

Figure 1: Capital Flows (Net-Exports %GDP)
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The right panel of Figure 2 shows the raw and Hodrick-Prescott-smoothed model inter-
national capital market distortions for the U.S. and Europe. Recall that these distortions
are approximately equal to the negative of their respective growth rates of consumption rel-
ative to the rest of the world. The main feature of the right panel is the rising distortion in
the U.S., which increases to nearly 2.5 percent in the smoothed data and which is sizeable
relative to the steady-state return to investment. The size of the distortion is significant in
that it applies to the entire stock of net foreign assets. The international distortion redis-
tributes consumption across regions, as Equation 8 shows that higher values of 7% means

consumption in the U.S. and Europe is growing slower than the ROW.

This analysis interprets the model-inferred international capital market distortions as cap-
ital control /regulatory policies that affect the incentives and /or opportunities to move capital

internationally. To assess their historical empirical plausibility, we compare the model’s mea-
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Figure 2: Relative Consumptions and International Capital Market Distortions

U.S. and Europe Consumptions U.S. Consumption Growth Tax on International
Relative to RoW Per Capita Relative to RoW Capital Mobility (Tﬁ)
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sures of international capital market distortions to actual historical capital control policies

implemented at the country level.

To accomplish this, we commpare the 72 for the U.S. and the three biggest Western
European countries (U.K., France, and Germany) to actual changes in capital control policies
(de jure capital controls) that were implemented. We choose these countries because of their
size and because they have received considerable attention in the literature. We identified all
the capital control policies in these four countries cited in the international capital controls
literature as represented by the following papers: Bordo (2020), Chinn and Ito (2008),
Ghosh and Qureshi (2016), and Fernandez et al. (2016). These studies describe 37 separate

international capital control /regulatory policies across these four countries.

For each region, we plot the model 77 over time, indicate each policy by name at the
date of adoption marked by an arrow on the graph, and describe the intention of each
policy, specifically whether it was to discourage capital inflows (red arrow), whether it was
to discourage capital outflows (blue arrow), or whether it was intended to broadly limit
capital flows without a specific emphasis on thier direction of flows (black arrow).

If the actual controls had quantitatively large effects, and if other factors were not masking
or offsetting the impact of these controls, then we expect to see a corresponding change in 75
in the intended direction of the control after it was implemented. Given potential differences
in de jure versus de facto capital controls, and that it may have taken some time to see the
effects of the policies, we make this comparison over time rather than just at the immediate

date at which the policy was adopted.

United States

Figure 3 shows 77 for the United States between 1950 and 2007. This corresponds to the
dotted blue line in the right-hand panel of Figure 2. We found six significant U.S. interna-
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tional capital flow regulations within the literature to be compared to the model’s distortion.
We show that the model’s measure of capital controls (77) changes, often substantially, when
the policies are implemented, and they almost always change in the direction of the intention
of the actual policy change. A policy intended to discourage inflows will generate a decrease

in 78, and one intended to discourage outflows will be followed by an increase in 72.3

The U.S. Treasury’s Exchange Stabilization Fund (ESF) was established in 1934 to stabi-
lize the dollar through foreign exchange interventions. By the early 1960s, rising U.S. balance
of payments deficits led to concerns over capital outflows. In 1961, President Kennedy intro-
duced voluntary capital restraints to address these concerns, followed by President Johnson’s
implementation of the Interest Equalization Tax on foreign securities in 1964. After the im-
plementation of these measures aimed at reducing capital outflows, our model shows an

increase in 72, which is consistent with these policies.

In 1969, there was a broadening of the 1964 interest equalization measure by imposing
mandatory foreign credit restraints to discourage capital inflows. This policy was followed

by a decrease in 77, which is consistent with the policy.

In 1971, the U.S. closed the gold window and imposed a tax on imports to protect a
weakening U.S. dollar. As stated in Bordo and Eichengreen (2013), "With monetary policy
sidelined, the pressure on the dollar could not be contained. On August 15th, facing the
prospect of massive Western European conversion of outstanding dollar balances into gold,
President Nixon closed the gold window...". This policy was aimed at preventing a massive
entry of U.S. dollars into the U.S with the purpose of exchanging them for gold and generally
preventing inflows through the tax on imports. This is captured in our model by a sharp

decrease in 72 that comes a year later after the policies are announced.

While our focus is on the Bretton Woods period, we do find two policies after Bretton
Woods that are noteworthy. In 1999, restrictions were imposed on foreign mutual funds
issued by nonresident investment companies under the Investment Company Act. At the
same time, the Johnson Act barred U.S. persons from extending loans to foreign governments
in default on U.S. obligations, with exceptions for World Bank and IMF members. These
measure were intended to limit capital outflows by restricting U.S. investments abroad, and

they are correctly identified by our model as an increase in 75.

In 2000, regulations on inward direct investment targeted nonresident purchases in the

3Because the international distortion works like a tax on foreign assets, one might argue that this same
effect could alternatively reflect changes in trade costs over time. Appendix D evaluates this possibility
by comparing the model’s international distortions (77) to trade costs constructed by Meissner and Novy
(2011). We only find a weak relationship between the two, which suggests that the model’s 72 are not
standing in for trade costs.
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United States, aiming to protect sensitive sectors and safeguard national security. By re-
stricting foreign capital in critical industries, these measures act as controls on capital inflows,
and consequently our model generates a decrease in 72. This analysis shows that the in-
tention of all of the U.S. policies identified within the capital controls literature matches up
with the direction of the change in the U.S. 75.

Figure 3: Estimated versus Implemented Capital Controls in the United States
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Notes: The blue line represents 72 over time. Labels mark each policy’s name and adoption date
with arrows. The font color indicates each policy’s intent: red for discouraging capital inflows, blue

for discouraging outflows, and black for affecting capital flows overall.

France

Figure 4 shows the 72 for France together with several policy changes. In 1957, France
shifted its method of monetary control to credit ceilings, aiming to prevent capital outflows
by capping domestic borrowing and limiting the availability of funds for foreign investments.

B

This measure aligns with an increase in 77, consistent with the policy. In 1958, the return to

current account convertibility likely led to an increase in capital outflows, and accordingly,

B as a reflection of what the French called "normalization"

the model generates a decline in 7
of capital controls at that time. In 1962, France abolished its ‘devises-titres’ policy, removing

restrictions on cross-border financial transactions. This policy can have several effects on
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capital flows, so there is no specific direction in which our international distortion should
move. In 1963, French banks ceased paying interest on foreign deposits, discouraging capital
inflows. The model correctly responds with a decrease in 72. In 1965, France prohibited
interest payments on non-resident deposits and loans from non-residents to residents, aiming

to deter capital inflows. The model exhibits a small decline.

In 1968-69, France reinstated outflow controls, generating a rise in our observed 7. In
1969, the ‘devises-titres’ market was re-established, making cross-border financial transac-
tions more complicated in both directions (inflows and outflows), but the model identifies
the net effect of the policy to be dominated by stronger restrictions on inflows given the

observed decrease in 72 after the policy was implemented, consistent with the policy.

In 1973 there was a tightening of capital controls to prevent speculative capital outflows,
and this accurately lines up with a small increase in 7. In 1974, controls on inflows were
introduced, including a 100 percent reserve requirement on new non-resident franc deposits,
consistent with a sharp decline in 77. In 1982, exchange rate controls were implemented to
prevent the devaluation of the franc. This policy, aimed at deterring capital outflows, leads

B

to an increase in 77, consistent with the policy.

In 1999 authorization was required for investments in areas pertaining to public order
and defense and the liquidation proceeds of foreign direct investment in France could be
freely transferred abroad. These two policies were aimed at loosening controls on capital

inflows and this is reflected in a slight increase in 72, consistent with the policy.

In 2000, France imposed controls on bonds, other debt securities, and money market
instruments issued by non-OECD residents. This policy, aimed at deterring capital outflows,
coincides with a sizable increase in 72, which is consistent with the policy with a delay of

one year.

In 2003, controls on shares, bonds, money market instruments, and other equity-like

securities issued by non-OECD residents were lifted. This loosening of controls on capital

B

outflows coincides with a decrease in 77, consistent with the policy.
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Figure 4: Estimated versus Implemented Capital Controls in France
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Notes: The blue line represents 77 over time. Labels mark each policy’s name and adoption date

with arrows. The font color indicates each policy’s intent: red for discouraging capital inflows, blue

for discouraging outflows, and black for affecting capital flows overall.

Germany

Figure 5 compares 77 for Germany with observed German capital control policies. In 1960,
Germany banned interest payments on non-resident deposits, discouraging capital inflows,

B as expected. In 1965, Germany introduced a

this is followed by a small decrease in 7
withholding tax on interest income on assets held by nonresidents, discouraging capital
inflows. Soon after that policy was implemented 77 reaches a peak and starts decreasing
sharply. Presumably the time period for which it still goes up it’s the time it takes for the
policy to come into effect. In 1969 and 1977, Germany raised reserve requirements on non-
resident deposits, discouraging capital inflows. This is not picked up by the model, implying
that either the policy didn’t have large enough quantitative effects, or that the minimum
reserve requirements imposed on banks in 1970 are offsetting the effect of the higher reserve
requirements on non-resident deposits imposed in 1969 and 1977. The 1970 minimum reserve
requirements imposed on banks, are a control on capital outflows as they have less resources

to lend. The model correctly identifies this with a sharp increase in 72. In 1972, banks
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were required to deposit a percentage of the increase in their foreign liabilities at 0 percent
interest within the Bundesbank. This measure, is aimed at discouraging capital inflows, and
is followed by a significant decline in 77 as expected. At the start of the 1980s, Germany
fully liberalized its capital account and this is reflected in lower values of 72 throughout the

rest of the period.

Figure 5: Estimated versus Implemented Capital Controls in Germany
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with arrows. The font color indicates each policy’s intent: red for discouraging capital inflows, blue

for discouraging outflows, and black for affecting capital flows overall.

United Kingdom

Figure 6 compares our model 72 with U.K. capital control policies. In 1954 the U.K. lifted
restrictions on British banks operating in the forward exchange market, which increased
opportunities for the British to borrow and lend internationally, while the ability to hedge
currency risk reduced uncertainty for both borrowers and foreign investors. In the model
this is followed by an increase in 72. In 1955, the U.K. achieved external current account
convertibility, reflecting an easing of controls on capital flows, and increased interest rates,
meant to discourage capital outflows. However, there were inflationary pressures at the time

which seem to have been encouraging capital outflows (see Cohen 1972). Thus, a reason
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Figure 6: Estimated versus Implemented Capital Controls in the United Kingdom
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Notes: The blue line represents 72 over time. Labels mark each policy’s name and adoption date
with arrows. The font color indicates each policy’s intent: red for discouraging capital inflows, blue
for discouraging outflows, and black for affecting capital flows overall.

why the model identifies a decrease in 77 is because the policy was reacting - and not very

successfully - to inflation driving capital to other countries.

In 1957, new capital controls were introduced in response to concerns about capital
outflows and their potential effect on bank reserve adequacy. This coincided with a significant
increase in 72 after that, consistent with the intention of the policy. In 1971, financial
institutions were prohibited from accepting deposits or loans from non-residents, restricting
capital inflows. These policies are not picked up by the model as they should have triggered
a decrease in 77, but instead there is an increase. In 1979, the U.K. abolished all exchange
and capital controls, encouraging capital flows, and after that 72 declines, consistent with a

policy that generally removes impediments to flows.

In summary, the model-inferred measures of impediments to international capital mobility
align closely with the actual policies implemented by the U.S.; France, Germany, and the
U.K.. In the few instances where they do not, it is important to note that our de facto

measure of capital controls is a net measure, where controls on outflows may be implemented
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to offset controls on inflows, and vice versa. These comparisons suggest that the model-

inferred 72 is reasonably capturing capital controls implemented during Bretton Woods.

5.2 Productivity and Domestic Labor and Capital Market Distor-

tions

This section presents productivity for the three regions and the model’s inferred labor market

and domestic capital market distortions.

Productivity in the Three Regions

Figure 7 shows total factor productivity (Aj;) for the three regions. The figure shows that
during Bretton Woods, productivity grew 1.84 percent annually in the U.S., 2.7 percent in
Europe, and 3.6 percent in the ROW. Bretton Woods was also a period of rapid real output
growth, with an average annual growth rate of 3.7 percent for the United States, 4.6 percent
for Europe, and 7.4 percent for the Rest of the World. These productivity and output growth
patterns highlight a rapidly evolving world economy with large differences in growth rates

across regions.

Figure 7: Total Factor Productivity
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Domestic labor market distortions

Figure 8 reports the estimated labor market distortions 7" (right panel) and per capita
hours worked (left panel). Recall that a value of the labor wedge that is greater than zero
is equivalent to a tax on labor income and coincides with employment levels lower than
predicted by the model with a distortion that is equal to zero. A value of 0.4, for example,
denotes a 40 percent tax rate on labor income. A value less than zero is interpreted as a

subsidy to labor.

Regarding the importance of policies, studies of taxes on labor income and consumption
in European countries coincide closely with the European domestic labor market distortion.
Prescott (2002) and Ohanian et al. (2008) document that consumption and labor tax rates
rose substantially between 1950 and the early 1980s in many European countries, and then
were roughly stable on average after that. This comparison suggests that the model’s inferred
changes in distortions to labor markets plausibly coincide with significant labor market policy

changes in Europe over the same period.

Figure 8: Hours Worked and Labor Market Distortions
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Domestic capital market distortions

Figure 9 presents the estimates of domestic capital market distortions 7. This distortion is
identified from the Euler equation (13). This distortion may reflect capital income taxation,
expropriation Aguiar et al. (2009), financial market imperfections Arellano et al. (2019), and

changes in financial development Arellano et al. (2012).

Perhaps the most noteworthy aspect of Figure 9 is the trend decline in the distortion in all
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three regions that occurs between 1950-80, which may reflect financial market development

and also deregulation of these markets.

Figure 9: Domestic Capital Market Distortions
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6 Counterfactual Analysis

This section presents counterfactual analyses that exogenously change realizations of some of
the model distortions. We begin with the main counterfactual, which evaluates how Bretton
Woods capital controls affected the size of capital flows and the allocation of economic
activity across regions. We therefore set the international capital market distortion (77) for
the U.S. and Europe to zero between 1950 and 1973, which roughly covers the Bretton Woods
period. The process evolves stochastically after that. The model solution is recomputed so
that agents’ expectations are consistent with this change. All other distortion realizations

remain the same.

The goal of this counterfactual is to analyze what would have happened if global capital
markets had been much more open during Bretton Woods, as they were during the "Golden
Age" of capital flows before the Great Depression, when capital controls were largely absent

and international capital flows were high.*

Recall the paths of the U.S. and European international capital control distortions are
identified from the consumption paths of the U.S. and Europe relative to that of the ROW.

4We interpret this counterfactual reflecting capital control policies, given the significant use of capital
controls during Bretton Woods and given the evidence presented above relating model-inferred policies to
actual polices.
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Therefore, implementing this counterfactual pins down these relative consumptions. The

solution of the full equilibrium yields the absolute levels of these variables.

Figure 10: Counterfactual (No Bretton Woods) Relative Consumptions and Capital Flows
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Figures 10 and 11 show the results of the counterfactual exercise. The left panel of
Figure 10 shows the consumption paths for the U.S. and Europe relative to the ROW for the
benchmark (which is also equal to the data), and the counterfactual. The counterfactual path
for U.S. consumption relative to the ROW (dashed) is much higher than in the benchmark

(solid), and more in line with standard consumption smoothing motives.

The upper left panel of Figure 11 shows the ratio of the absolute levels of consumption
for each region under the counterfactual to their respective benchmark/data level. Thus, a
value of 1.05 means that the variable in the counterfactual is five percent higher than the
benchmark/data value. The lower left panel of that figure shows hours worked compared to
their benchmarks. Figure 11 thus shows higher counterfactual consumption and lower hours
worked for the U.S. during Bretton Woods, and lower ROW counterfactual consumption and
higher ROW hours.

The planner’s solution is informative for these results. Recall from the equivalence result
between the planner and the competitive equilibrium that eliminating the positive U.S.
international distortion means increasing the planner’s Pareto weight for the U.S. relative
to the ROW. Given the higher planner weight for the U.S., this means the planner allocates
more consumption and less labor to the the U.S., and allocates less consumption and more
hours worked to the ROW.
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Figure 11: World Economy Without Bretton Woods
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Figure 12: Effects of No Bretton Woods Capital Controls on World Output
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Figures 10 and 11 also show the benchmark and counterfactual paths for Europe. Elimi-
nating Europe’s international distortion leads to relatively small changes in consumption and

hours worked in the counterfactual, as Europe’s international distortion is quite small. Even
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though Europe’s consumption relative to the ROW rises, its absolute level falls modestly
under the counterfactual compared to the benchmark as world output declines. Figure 12
shows that world output drops about 0.4 percent in the counterfactual, reflecting the U.S.

producing less.

Table 3: Welfare Effects of Bretton Woods

Consumption Equivalent

Region 1950-1973  1950-2007
(1) (2)
U.S. -2.78% -2.40%
Europe -1.27% -1.09%
Rest of the World 5.55% 4.80%

Notes: Column (1) presents the change in consumption equivalent after shutting down the inter-
national wedge for the period 1950 to 1973, while making it coincide with the baseline’s wedge
thereafter. Column (2) shows the change in consumption equivalent after shutting down the inter-
national wedge for the entire period (1950 to 2007).

We find that Bretton Woods capital controls had large welfare effects, particularly for
the U.S. and the ROW. Table 3 calculates the perpetual consumption equivalent welfare
changes under the counterfactual relative to the benchmark. The ROW has 5.55 percent
higher welfare in consumption-equivalent units under Bretton Woods capital controls, while
the U.S. has a 2.78 percent welfare loss and Europe has a 1.27 percent welfare loss under

Bretton Woods capital controls.

To understand why setting the international distortions to zero (no Bretton Woods cap-
ital controls) raises U.S. welfare and reduces ROW welfare, recall that the negative of the
international distortions (—T]-B) is approximately equal to the innovation in the planner’s
Pareto weight. Thus, reducing 77 corresponds to an increase in the planner’s Pareto weight
for the U.S., resulting in relatively higher U.S. consumption and lower US labor supply, and

relatively lower ROW consumption and higher ROW labor supply.
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Figure 13: Counterfactual With No Capital Controls and No U.S. Distortions
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An interesting feature of Figure 11 is the extent that the planner reduces U.S. labor in
the counterfactual, which is enough to reduce world output. This is because the U.S. had
sizable labor and domestic capital market distortions at that time (recall Figures 8 and 9
from the previous section.) To see how much these U.S. distortions disincentivized U.S.
production, Figures 13 and 14 show the results for a counterfactual which shuts down not
only international capital controls, but also sets the U.S. labor and domestic capital market
distortions equal to zero from 1950 to 1973. With these distortions eliminated, the marginal
conditions change enough so that the planner chooses to expand U.S. production, rather
than contract production as in the previous counterfactual. Note in the right panel of Figure
13 that capital inflows from the ROW to the U.S. are delayed, given the large increase in
U.S. production.

Finally, the large welfare loss for the U.S. under Bretton Woods raises the important
question of why the U.S. had promoted these controls in the first place, which we discuss in

the next section.
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Figure 14: The World Without U.S. International and Domestic Distortions
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7 Why Did the U.S. Want Capital Controls, Given Lower
U.S. Welfare?

Bretton Woods’ goal was to support international economic and political stability through
regulations that governed international trade, payments, and currency values. Bretton
Woods immediately followed one of the most politically and economically unstable 30-year
periods in modern history, a three-decade span that included two world wars, the Spanish

Flu pandemic, the Great Depression, and trade wars.

This section focuses on the U.S.’s goals to support economic reconstruction and interna-
tional economic growth and promote stability of friendly governments, particularly develop-

ing countries, to protect against future hostilities with aggressor nations. We will describe
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how the two major architects of Bretton Woods, Harry Dexter White of the U.S. and John
Maynard Keynes, were very concerned that free-flowing international capital would endanger
these goals and that capital controls were needed to keep capital within ally and unalligned

countries.

The evidence and discussion presented in this section provide context for interpreting
the welfare results that show that the U.S. would have been significantly better off had the
Bretton Woods capital controls not been adopted. We will describe how the U.S. was willing
to adopt capital control policies that depressed U.S. welfare within a standard, open economy
growth model to promote broader international economic and political stability goals. The
evidence shows that the U.S. (i) was very concerned about international capital flight from
other countries, (ii) that capital flight would damage economic and political stability in these
countries, (iii) that developing countries were particularly vulnerable to capital flight, and
(iv) that foreign capital would likely come to the United States. The U.S. concerns from that
time that significant international capital would flow from developing countries to the U.S.
dovetails with our model findings, which leads us to interpret the Bretton Woods capital

controls as a tool to preserve economic and political stability in those countries.

We find that the implicit value of capital controls is large, and perhaps plausibly so,
given the literature’s documentation of the U.S.’s ambitious foreign policy goals, and given
the size of U.S. military spending during Bretton Woods. To our knowledge, these welfare
costs provide the first macroeconomic quantification of U.S. policy choices relating to postwar

geopolitical stability within the literature.

7.1 U.S. and U.K. economic views of capital controls in the 1940s

The key concern for White was that capital flows could damage a country by draining it
of investment funds, which in turn could destabilize the country’s economy and its political
stability. He viewed controls as fundamental for keeping capital in developing economies,
which in turn would prevent those countries from aligning with hostile countries, notably
Nazi countries and the USSR.

White described the essence of capital controls as follows:

[A capital control cooperation provision’s| acceptance would go a long way toward
solving one of the very troublesome problems in international economic relations,
and would remove one of the most potent disturbing factors of stability. Flights of
capital, motivated either by prospect of gain, or desire to avoid inflation, or evade
taxes or influence legislation, frequently take place especially during disturbed

periods. Almost every country, at one time or another, exercises control over the
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inflow and outflow of investments, but without the cooperation of other countries

such control is difficult, expensive, and subject to considerable evasion.

The design of the Bretton Woods capital controls was based on White’s and Keynes’s views
on capital flows during the 1920s and 1930s. Both White and Keynes agreed that capital
flight had exacerbated economic crises during these periods. They believed that capital flows
needed to be controlled during periods of instability and recovery, including post-World War

IT reconstruction.

A primary goal of capital controls was promoting the economic development of poor
nations. White viewed capital controls as protecting these countries from capital flight
(International Monetary Fund 1996):

Even more harmful than exchange disturbances is the steady drain of capital
from a country that needs the capital but is unable for one reason or another to
offer sufficient monetary return to keep its capital at home. The assumption that
capital serves a country best by flowing to countries which offer most attractive

terms is valid only under circumstances that are not always present.

For both White and Keynes, the interwar period contained several episodes of what both
considered to be destabilizing capital flows, including the French capital flight in 1925 and
1926, the 1931 Austrian banking crisis, and related crises in Germany and in the U.S. This
led White to write as follows (International Monetary Fund 1996):

There has been too easy an acceptance of the view that an enlightened trade and
monetary policy requires complete abandonment of controls over international
economic transactions. There is a tendency to regard foreign exchange controls,
or any interference with the free movement of funds and of goods as, ipso facto,
bad. This view is both unrealistic and unsound. It ignores the fact that there
are situations in which many countries frequently find themselves, and which all
countries occasionally meet, that make inevitable the adoption of controls of one
character or another. There are times when it is in the best economic interests of
a country to impose restrictions on movements of capital, and on movements of
goods. There are periods in a country’s history when failure to impose exchange
controls, or import or export controls, have led to serious economic and political

disruption.

American concerns with capital flight from developing countries prior to World War II in-

fluenced the Bretton Woods agreement. In 1939 American Treasury officials and Latin
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American officials actively worked on the creation of an Inter-American Bank (IAB) to halt
capital flight from Latin America. Assistant Secretary of State Adolf Berle believed capital
outflows from Latin America to the U.S. were largely responsible for the lack of capital in
Latin America, and White was concerned about the rapid increase in Latin American capital
coming into the U.S. in the 1930s (see Helleiner 2014).

By the early 1940s, the U.S. was actively promoting capital controls in Latin Ameri-
can countries, reflecting the extreme volatility these countries experienced from agricultural
production. The view was that open markets and limited regulation were dangerous for
developing economies, which often were highly open economies that exhibited large output
fluctuations outside of their control. Robert Triffin wrote (Helleiner 2014):

We often lose sight of the fact that the general attitude taken in this country with
respect to exchange controls may be related to the peculiar circumstances of our
own economy and does not take into consideration the fundamentally different
characteristics of other economies, more dependent on international transactions
and subject to violent disruptions associated with quasi monoculture. In other
words, we tend to generalize and give universal validity to rigid principles derived
from familiarity with conditions specific to the United States or at least to highly

developed and well balanced economies.

7.2 International policy restrictions to counteract Nazi and Soviet

influences

The U.S. also worried about Nazi influence in Latin America. Helleiner describes that White
wrote that the U.S. would need to support Latin America, given that Latin America was
being targeted by the Nazis. Helleiner (2014) writes:

White argued ‘Latin America will gradually succumb to the organized economic
and ideological campaign now being waged by aggressor nations. A bold pro-
gram of financial assistance to Latin America that could be an important part
of our international political program of peace, security and encouragement of
democracy.” In addition, White argued ‘Latin America presents a remarkable op-
portunity for economic development. Only capital and technical skill are needed
to develop the area so that it could provide for a much larger population, for a

higher standard of living and a greatly expanded foreign trade.”

More broadly, Helleiner (2014) argues:
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What explains the US interest in promoting international development? Partic-
ularly important was the strategic goal of offsetting the Nazi threat. By offering
to back the development aspirations of Southern (Latin American) governments,
US officials helped secure alliances and provide a wider moral purpose to the Al-
lied cause in the war, particularly at a time when fascist (and communist) ideals

provided alternative routes to development from the preferred US model.

By 1950, the Nazi influence was over, but the Cold War had begun with the Soviet Union.
Eichengreen (2019) notes that even stricter capital controls were implemented in Europe at

that time, with the view that these controls would support European reconstruction.

Where would capital flow? Based on previous experiences of massive capital inflows to
the U.S. during the Great Depression, and the relative health of the U.S. economy as World
War II ended, it was expected that the U.S. would be the source for these flows after the
war. Boughton (2009), who researched the history of the IMF, describes how in 1935 White
advised Treasury Secretary Morgenthau that taxing foreign purchases of U.S. assets would
be a way to limit capital inflows, as White viewed these inflows as a potential problem should
investors withdraw those funds quickly. In 1938, White advised taxation again as capital

inflows to the U.S. continued from France.

Taken together, the political and historical literature indicates that the U.S. viewed cap-
ital controls as an important tool to prevent capital from moving from friendly countries to
the U.S., which in turn would promote economic and political stability in those countries.
The U.S. had important political /national defense motives for supporting allies and prevent-
ing neutral countries from becoming aligned with governments hostile to the U.S. at this

time, motives that support our estimate of the large cost of capital controls to the U.S.

The large U.S. military budget at that time is also consistent with this view. Military
spending averaged about 11.8 percent of GDP per year during Bretton Woods, whereas it
averaged just 1.6 percent of GDP between 1929 and 1940. If one considers investments in
military spending and investments in political and economic stability in other countries as
complements in producing national security, then it would seem reasonable that the U.S.

was willing to pay substantially for capital controls.

8 Summary and Conclusion

Little is known about the quantitative effects of Bretton Woods capital controls on the global
economy because of the number of controls implemented, because of their complexity, and

because their de facto implementation may have differed from their de jure specifications.
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This paper analyzed the positive and normative impact of the Bretton Woods de facto
capital controls within an open economy general equilibrium framework in which effective
capital controls are measured using differences in consumption growth across regions. This
allows us to bypass the significant difficulties emphasized within the literature of trying to
directly measure these controls, assessing whether their implementation differed from their
legal specification, and incorporating their multidimensional characteristics into a model

economy.

The very large differences in observed consumption growth across regions during Bretton
Woods identifies large capital controls in our model, which we find prevented a substantial
amount of capital from flowing out of the ROW and into the U.S. We also find that capital
controls raised welfare for the ROW, but substantially reduced welfare for the U.S.

This welfare finding raises an important question: why was the U.S. so keen on imple-
menting international capital controls when their effect appears to be so sharply at variance
with U.S. interests? We reviewed the historical political economy literature of that time,
particularly the writings of Harry Dexter White, the primary architect of Bretton Woods,
and found that the purpose of these controls was to promote political and economic sta-
bility in ally and unaligned countries, and that the U.S. valued this stability highly, given

geopolitical tensions of that time period.

The cost of capital controls to the U.S. is considered here as an implicit U.S. invest-
ment that promoted U.S. interests in maintaining the political stability of foreign, friendly
governments. This view is consistent with the expensive post-World War II U.S. military
engagements, including the Korean War, the Vietnam War, the Cold War, and smaller inter-
ventions in Latin America and the Middle East, in which military spending averaged nearly
12 percent of GDP between 1950-1973.

These findings open a new avenue for research that integrates open economy macroeco-
nomics with political economy considerations and global conflict. This type of research can
provide a new perspective on U.S. international economic policies, with a focus on the provi-
sion of national defense, whose production includes both investments in military machinery
and personnel, and investments in promoting global political and economic stability among
friendly countries. This research can productively connect with research in the political

science literature and in the novel geoeconomics literature of Clayton et al. (2023).

More broadly, the observed large consumption growth differences across regions during
the Bretton Woods era that quantify capital controls in the model in this paper suggest
the likelihood of sizable controls in other model environments that include a preference for

consumption smoothing. This presents another interesting avenue for future research.
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Appendix

Model Solution and Computation

We begin by describing the pseudo social planner’s problem used to compute equilibria,
and prove its equivalence with the competitive equilibrium problem. We next show how
we transform both problems into intensive form problems that are stationary. Finally, we
discuss the balanced growth path of the deterministic version of our model or, equivalently,

the steady state of the deterministic intensive form model.

The Pseudo Social Planner’s Problem

Consider a social planner whose problem is to choose state-, date-, and country-contingent

sequences of consumption, capital, and hours worked to maximize:

= C; hieN N
c t gt 1. H ¥ GtdVjt
Zj:m;ﬁ {ln (N_jt> XXt I (—Nj ) }th] a

subject to a world resource constraint for each state and date

Ey

Z {Cjt —+ X;tht + Gjt}
J
— ZXJItY]t +7‘vtPSPP

J
= > XjAGIG, (hyNy) T TSP,
J
capital evolution equations for each country j of the form

K

J

X
Kjip1=(1=0)Kje + Xjo— ¢ (_j) Kijt,

an exogenous path for the series of additive shocks to the resource constraint TF5FF (which
the social planner takes as given, but in equilibrium satisty T/*"" = 37 x7, (Xj — Yj1)),
and exogenous paths of population, productivity, and the social planner’s “wedges”x][-t, Xﬁ ,

and Xﬁ to be described next.

For v we assume the process is given b
It

(14) It = (1= 0)) Inxss + o) InxGi + o7&t
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and link the process for this wedge to the processes for the competitive equilibrium wedge

through parameter restrictions

Xjss = 1/ (1=Tjss)
pio= 0

H _ h

o = o}

For the social planner’s consumption wedge, we normalize x&, = x%g¢ = 1, while for

j = U, E we require
c c c c ¢, .C
In x4 = (1 ez ) In X7ss + 07 I XG + €541
with the process for E% assumed to be autoregressive and of the form
sc

C _ ¢ C e¢
Ejt+1 = Pj Ejt 05 €y

. C . . . .
with €5, ., assumed to be standard normal. To ensure consistency with our competitive

equilibrium problem we impose the parameter restrictions

J 1+’
C
Xjss = 1/)1‘07
! L+’
O'é?c _— O-JB
! L+

For the investment wedge, we assume that it’s growth rate is related to past growth rates

of itself, and to contemporaneous and lagged growth rates of the consumption wedge

X}r't—l-l I x! X%-‘,—l I X]It Xﬁf x! I
In 7 = (1—pj)ln (1—|—ng3> —In == | tr; In 7 o + 05 €iis
Xt X Xjt—1 Xjt—1

Jt

and impose parameter restrictions linking it to the evolution of the capital wedge in the
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competitive equilibrium problem.

p;o=
I
(15) 0;.‘1 = of.

Note that, compared to the competitive equilibrium problem, the formulation of this problem
and the specification of the wedges are non-standard. As just one example, the investment
wedge x! now appears in the objective function and multiplies both the production function
and investment in the resource constraint. This specification is necessary to recover the
competitive equilibrium allocations. This is quite intuitive: the investment wedge x! must
multiply both output and investment in the resource constraint in order to replicate the
capital wedge, which is modeled as a tax on the gross return to capital inclusive of the value
of capital, but this in turn causes it to enter the planner’s optimality condition for labor.
The addition of the investment wedge as a multiplier on leisure ensures that the investment
wedge cancels when determining optimal labor supply. As another example, the error term
in the social planner’s consumption wedge is autoregressive. As yet another example, we
impose a specific relationship between the investment wedge and the consumption wedge.
As a result of the unusual nature of this mapping to the planner’s problem, we discuss the

competitive equilibrium model in the paper.

Under a restriction on the growth of the world economy (so that the expected summation
in the objective function is finite), this problem is well defined. It is also concave. Hence,

the necessary and sufficient conditions for an optimum include

N;
(16) C]t . tX]C; CJt _ )\PS’PP7
Jt
Yf
(17) hie - BXGodgihd, = N (1—a) =5
9tL Vit
Y;
(18) Kjeor © p"" =E [Aﬁﬂppxjm a
Jt+1

Xjtr1\ Xjig1
g (1 () 4 (Bar) Ko
Hitt1 ¢ Kji ¢ Kjiy1) Kjip
X,
(19) Xo o A =g (10 (32))
It

PSPP

where A\PSPP is the multiplier on the resource constraint at time ¢ and Wit is the one on

the capital evolution equation in country j at time ¢.
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To establish the mapping between the two problems, it is sufficient to show that a solution
to these necessary and sufficient conditions is also a solution to the necessary conditions for

the competitive equilibrium problem. We do this next.

Equivalence Between the Solution of the Pseudo Social Planner’s

Problem and the Competitive Equilibrium

To construct the mapping, we first find a solution to the competitive equilibrium problem
(CEP), and show that the solution to the necessary and sufficient conditions for an optimum
of the PSPP is also a solution to the necessary conditions for the CEP. For this, it is sufficient
to show that both the prices and the Lagrange multipliers that ensure that the optimality

conditions from the CEP are satisfied.

Consider the first-order condition (FOC) of the PSPP with respect to consumption (16).
The corresponding FOC of the household’s problem from the CEP is

N
5tC_]'j = )\ﬁHa
J

and so the two conditions are equivalent iff

aw AP
(20) At = ———
Jt cht
Likewise, the FOC of the PSPP with respect to hours (17) can be compared with the
corresponding FOC of the household’s problem from the CEP
Bl = N (1 —7h) Wi

Jt
Hence, the two conditions are equivalent iff

\PSPP | v
NI (Y, =20~ (1 —a) —2
Jt ( Jt) gt X% Xﬁ< >hthjt

But imposing (20), we can see that the conditions will be equivalent if

Y.
21 Wi = (11—« A
(21) o= (-a) i
1
(22) -7 = —.
Jt Xﬁ

Note that (21) implies that the FOC for labor for the firm producing the consumption
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good in the CEP is now satisfied. Moreover, given assumption (14), the derived process for
1 — 7/, satisfied the law of motion (6) from the CEP because

In Xﬁ+1 =(1- ,0?) In ngg + pf lnxﬁ + afsﬁﬂ,

becomes
A h h h h h_h
In (1 - Tjt-i—l) - (1 - pj) In (1 - TjSS) +pjln (1 - Tjt) T Ot
under our assumptions on parameters above with 5% = —E;-lt T

The FOCs of the PSPP in consumption for country j and the rest of the world can be
combined to yield
Cit/Njw X5t
CRt/NRt B X%t'

Under our normalization and parameter restrictions, this implies

Cjts1/Njw1 — ¥p 1 Cit/Njt ¢

= Iny;o + In + €51,
Cris1/Nrt1 1+ Yio getl

In
14+ Cr/Np

which is exactly equation (11) from the CEP problem with f—:]qf 41 =1n (1 — Tj’ﬁl).

The FOC with respect to capital from the PSPP (18) combined with the FOC with

respect to investment (19) can be rearranged to yield

X, X, X;
PSPP. I 1—46— 2gttl I Zgttl ) 2t
At Xt PSPPI Yt ¢ (Kth +¢ Kjtv1 ) Kjita
——~ =E [\ Xjt+1 | & +
1—¢ Xt K 1— ¢ Xjt+1
K; Kjt+1

Comparing this with the FOC in capital from the household’s problem

A Pl = B [ (U= mji) (e + PRl ]
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we can see that the two will be equivalent if

TK - a th+1
jt+1  — )

Kjt+1

) 2 — 1

- (i) o () 2

K K1 Kjiv1 ) Kt
Pjt+1 - )
1— o <th+1
K
C I
K Xt Xjt+1
(23) =T = )

C T
Xjt Xt

where in the last line we substituted from (20). The first of these conditions is simply the
FOC in choosing capital for the firm producing the consumption good in the CEP, while the

second and third are the optimality conditions for the firm producing the capital good.

The fourth line gives us the relationship between the consumption and investment wedges
in the PSPP and the capital wedge from the CEP. This is straightforward to impose in
our analysis; for any process for the growth of the PSPP consumption wedge, we simply
implicitly assume whatever process for the growth of the PSPP investment wedge necessary
to generate a first-order autoregressive process for the product of its growth rate with that of
the consumption wedge. To see that the conditions presented above are sufficient to ensure

that this is true, note that under this restriction we have

In (1 - let(+1) =In (X§t+1/x§t) +In (X]‘C;H/Xﬁ) )
so that after substituting for (23) and imposing the restrictions in (15) we obtain the evolution
equation for the capital wedge in the CEP
In (1 - let{+1) = (1 - p]K) In (1 - 7—]{{93) + p]K In (1 - let{) + UJK€JI§+1'
Lastly, note that the resource constraint of the PSPP is equal to the sum of the budget
constraints of the CEP after imposing market clearing in bonds. Or, conversely, substituting

for the allocations, prices and transfers in the CEP budget constraints from the PSPP

problem, we can deduce the implied sequences of foreign bond holdings.
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The Intensive Form Problem

As discussed in Section 2.1 of the paper, the world economy follows a stochastic trend
identified with the rest of the world’s level of effective labor Z; = A}{t(lfa)]\f . As the trend
possesses a unit root, to make the model stationary we will work with first differences of this
trend 2,11 = Z;.1/Z; and scale all variables by the level of effective labor in the previous

period Z;_;. We also define

o Aprit1
Nprit1
M+1 = N—Rt’
so that )
Za B ARtJrl Nriy1 _ 1/(1-a)

241 = = Tev1r T+l

Zt B A;/t(l_a)NRt
For notational simplicity it helps to define ar; = ng; = 1 for all ¢ in all states.

This section outlines this process and derives the resulting intensive form competitive
equilibrium. We also derive the intensive form social planning problem that forms the basis
for our numerical algorithm and parameter estimation. In the next section, we use the
intensive form versions of both problems to establish that solutions to the pseudo social

planner’s problem are also competitive equilibria.

Competitive Equilibrium Problem

Recall that the problem of country j is to maximize

00 C. w
tJ] ~jt ——hl-—‘rv}N‘
;B{H(th> 1+P)/ jt Jt|

subject to a flow budget constraint for each state and date

Eq

Cji+ Py Kjip1 + By [ Bje] < (1= 7;) Wy Ny + (1= 75 + V50) By + Ty,

+ (1 =77) (s + PY) K,

where, from the perspective of the country, ¥;; is a fixed sequence of interest penalties
(analogous to a debt elastic interest rate that is not internalized) and where Pff is the price

of new capital goods, and P;’;K is the price of old capital goods.
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Substituting for the evolution of the exogenous states and scaling by Z;_;, and denoting

all scaled variables by lower case, yields the household’s objective function

Zﬁt(ﬂns){ ( ) 1f7h§?”}nﬁNm],

which is an affine transformation of

Zﬁt (H 775) {ln Cjt) 7 f ”yh;;w} njt] .

For the household budget constraint we get

Eo

Eq

Withje N
A}%/,;(EIQ)NRtA
+ (L= 757) (rje + P) ke

Cit + ijt(ztkjt+1 + ZtEt [Qt—l—lbjt—l-l] S (1 — ij;) + (1 - Tﬁ’ + ‘Iljt) bjt + tjt

Recall that there are two types of (representative) firms in this economy. The first

produces the final consumption good. Optimization for these firms implies that

K; @
LL = 1 -« A 2t ) )
Jt ( ) Jt <hthjt

K. —(1—a)
K Jt

o= A .
ot o (hthj)

Noting that

K “
= (1—a) A Jt
W]t ( Cl/) Jt (thN t>

J
K; @
- (1— Ay [ — I
( a)aﬁ Rt(htjnthRt) ’

we let

W, K, *
Wiy = —_az(l—@)ag’t( S
A}2/t(_11 ) htJ”JtA}?,/tll )NRt

ki )O‘
= (1—a)ayr J )
( ) o t(hjtnjmt
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But note that for the return to capital

K >—<1—a)

Al/(la)NRtl) —(1-a)

KJt Rt—1
= aa;Ap —
(hjtnth}{/t(_ll )Npia Ny

ks ~(1-a)
= Qaum
e hjenjeny 7

so that no scaling of capital returns is required.

The second type of firm produces new capital goods z;k;i+1 using xj; units of deferred

consumption and kj; units of the old capital good. Their objective function is
Pffztkﬁﬂ — Ty — P;thjt-
Assuming a capital accumulation equation with adjustment costs of the form

.
zikjir = (1 —0) kjr + xje — ¢ (k—ﬁ) Kjt,

J

we get that the firm’s problem is to choose z;; and kj;; to maximize

.
Py (1—5)kjt+xjt—¢<ﬁ

J

) kj } — aj0 — P kje.
The FOC in z implies
1
Pji = ————
o (&)

while the one in £ yields

PR pE (15— gLt (Tt Tty
! Jt( ’ ¢<kjt o kit ) kj
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The first-order conditions of the household’s intensive form problem are
: 1
Y __\CE
cr = P (1_[0 775> njta = A
S=

t
T (H m) bl = ASE (1= 1) s
s=0

CE K «K
5 N R (1- K ) i1 + Pl
Jt+1 . - )\CE Jt+1 PKZ )
Jt gt <t
) CE __ \CE B
bjt+1 tht—f—l)‘jt = )‘jt—l—l [(1 — Tiq1 T ‘Ijjt+1)] )

where )\]C;E is the multiplier on the budget constraint.

With transfers rebating all “tax revenues” beyond that required to finance government

expenditure, then in equilibrium we have

x .
Cjt -+ Ztkjt+1 + ZtEt [Qt+1bjt+1] + gjt = wjthjtnjmt + (Tﬁ + 1-— (5) k’j — ¢ (l{;—ﬁ) k'j + bjt-
j
From the labor-leisure condition we get
v 1 h
Vhie = (1= 752) wjenih
j
From the Euler equation in physical capital we get
K Tjt+1 /[ Tit+1 ) Tit+1 /[ Tit+1
—E it K Tﬁ+1+(1_5_¢<m)+¢(m)mw(l_qj(m))
1= \CE (1= 7j4) N1
ﬂ (-7 (%)
J

After substituting for A% we obtain

" —0 — Zittl fo[ Titrl ) Tjedd g (mie
1=FE |Bne Gt Tt (1 — 7‘].{;_1) Titr1 ¥ <1 0—¢ (kjt+1> +¢ <kjt4+1> kg'lt+1> / <1 ¢ (kjtﬂ))
2t <1 — (;5’ (%))
gt

Lastly, from the Euler equation in foreign assets, we obtain

Cjt+1 Mt

n; n;
gt Gt+1
24Qr1—— = PN

Cjt Cjt41

(1- Tﬁ + 405 .
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Pseudo Social Planner’s Problem

Following an analogous process for the pseudo social planner’s problem introduced above,

the intensive form pseudo social planners objective function becomes
1
Ey Z Xt Z B {hl ( ) ]tXﬁmh H} nthRt]
: !
- 6 [ (T {m () it o

which is equivalent to maximizing

00 t

Y
3 (T ) S {mte i}
t=0 s=0 7 1+7

Eq

The resource constraint becomes

> A + X+ 9
J

= D Xy +t"
J

= > Xjagmiks, (hyengme) ™ + 157,
j

and the capital evolution equation is

x.
ZtkjtJrl = (1 — 5) kjt + Tyt — ¢ (k_jz) kjt-
J
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The first order-conditions of this problem are
: 1
. C __\SP
ce  f (”0 775) Xt Gt njt = A,

t
hje Bt (H 7]5) XthXJI'tXﬁl/)h}tnjt = /\fP (1—a) Xgl'tajtﬂtnjtntk?t (hjtnjtnt)_a
s=0

kjiyr - M}qtpzt =FK [)\fﬁX§t+10‘ajt+17rt+lkﬁll1 (Pjer1mjes1nes) “+
Mfﬁ_l (1 —(5—¢( jt+1> +¢/( jt+1> jt+1>:| 7
k?jt+1 kjt+1 kjtJrl
Tt
zie o NG = sl (1 — ¢ (k—]>) ,
J

where A\77 is the multiplier on the resource constraint at time ¢ and uftp is the multiplier
on the capital evolution equation in country j at time ¢{. We can rearrange these, after

substituting for A77, to get
c I
Cit Myt X1 Xjtr1
c I
Cit+1 Mjt+1 Xt Xt

} a—1 ) ) 1-a s Zjt+1 /o[ Zit+1 ) Tt A [ Tttt
a1 kG (Rjeeanje i) +<1 0 ¢(kjt+l>+¢<kjt+l> Kjii1 [{1—¢ ket

)

Imposing the “equilibrium” restriction on the wedges and additive shock yields

1 = F

B+

Lj —«
) :{Cjt + zikjipr — (1 —0) ke — ¢ (—k]t> K + gjt} = apmkS; (hjmem)' ™" .
jt -

J J
Changes in Net Foreign Assets from Policy Interventions

After the realization of the state variables at date t, the net foreign asset position of a

country /region is implied by the country’s budget constraint, and is given by:

Bjy = =NXji + E; [qt041Bje41] -

Thus, after any policy intervention, the realized net foreign asset position will be related

to net exports and the expected future asset position.
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We also know, from the Euler equation in bonds, that for j = ROW (with no taxes)
1 1
athQt,t+1 = ﬁmthﬂ-
j j

Substituting gives

CRt NRt+1
Cri+1 Npy
Cry

CRt—l— 1

Bjy = —NXu+E {ﬁ Bjt+1:|

= —NX;+ L [5 77t+lBjt+1] :

The intensive form analog is then

By _ NXp [ﬁcm/zt_l Zis, By Z }
Zi Zi Criv1/Zy 7y Zy Ly
so that
c
bjt = —nxji + Ey [5 it 77t+lbjt+1] ,
CRt+1

Solving this difference equation forward recursively yields:

CR CR
by = —E {mﬂjt + Bt d NTj1 + BQnt+177t+2 ! NTjiyo + }
CRt+1 CRt+2
21 _ —Et{z 5 (H n> }
s=0 r=1

1
Hmﬂ« =1L
s=0

The Balanced Growth Path of the Deterministic Model

This section presents the balanced growth path of our model or, equivalently, the steady

state of the intensive form version of our model. We then use this derivation to provide

further detail about why the portfolio adjustment costs are needed to establish the existence

of a non-degenerate balanced growth path for our model. Lastly, we use the derivation to

show why the labor wedge has little role in the balanced growth path of the model, even

though it matters a great deal along the transition to this balanced growth path, and hence

why analyses based on steady-state relations will tend to understate the importance of the

labor wedge in determining capital flows.
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As noted in the text, which can be easily verified from the resource constraint of the
economy, along the balanced growth path the growth rates of consumption, investment,
capital, output, government spending, and net exports for all countries are all equal to the
long-run growth rate of effective labor, or

1

_ 11—
ZSS - nSSﬂ-SS .

From the household’s optimality condition in the accumulation of international assets, we

see that on the balanced growth path the price of these assets satisfies

1 Mss a
w = dss = @
147 Zss

where !V is the steady-state world interest rate. That is, as usual, the world interest rate
increases in the discount rate (decreases in the discount factor) and increases in the rate of

growth of productivity.

As far as country-specific levels of variables, the steady-state level of government spending

relative to output is given by assumption as g;ss. Steady-state investment is determined as

X;
e =0 53_17
<Kj>ss e

where we have imposed the fact that adjustment costs are zero on the balanced growth path
(or steady state), and where we have written the subscript “ss” outside of the parentheses to
denote the fact that the ratio of investment to capital is constant on the balanced growth

path, but the levels of investment and capital themselves are not. Hence, investment relative

X\ K;
(7) =0=0(5)

and so will be pinned down once we know the steady-state output to capital ratio.

to output is given by

From the Euler equation in capital, we have




All that remains is to pin down consumption, hours, net exports and net foreign assets
on the balanced growth path. It turns out that all of this can be done once we have the level

of net foreign assets relative to output. Given (B;/Y}) . we have that

B; NX,
e 1— ss) — — ! .
(Yj)ss( Teas) ( Y, )

This simply states that the level of net exports in steady state is equal to the growth adjusted

world interest rate on net foreign assets.

As an aside, it is worthwhile to note that, since net foreign assets are growing on the
balanced growth path, the current account—in a deterministic model is equal to the change
in the level of net foreign assets—and is not zero on the balanced growth path. Given our

timing convention, the ratio of the current account C'A to output is given by

CAJ' o B;—B] _(Z _1) % . 1—253 NX]
Y} ss a Y; Ss a ” Y; ss a 1 - 4Zss Y; ss ‘

Given the ratio of net exports to output, we can back out the ratio of consumption to

output from the resource constraint of a country

C; (X - [NX
}/} SS_ )/] 88 g‘]ss Y] SS'

The level of hours per person (which is constant on the balanced growth path) is then pinned

down by the first-order condition in hours

o 1_7]25 Y, 1/(147)
o Q/} Cj ss .

What determines the level of net foreign assets relative to output on the balanced growth
path? In a complete markets model without wedges, this would be pinned down by initial
conditions. In an incomplete markets model, in general, this level would not be pinned
down at all, but would instead vary forever with the realized sequence of shocks that hit the
economy. This is why the model does not possess a unique steady state: if the shocks are all
set to zero after some date T, and the economy jumped immediately to the balanced growth
path, the level of net foreign assets that had been accumulated up until that time period,
scaled by output, would persist forever after. This is why we, and all of the literature up
until this point, have adopted some mechanism for pinning down the long-run level of net

foreign assets relative to output. Our specification of a tax on deviations of net foreign assets
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from a benchmark allows us to estimate the balanced growth path of assets from the data.

It is also worth pointing out that, as constructed above, the labor wedge had no impact
on the balanced growth path except for determining the level of hours worked relative to
consumption. This is a little misleading; in general, realizations of the labor wedge will affect
the economy on the transition to steady state and hence will affect the accumulation of net
foreign assets. However, a naive analysis of capital flows simply from the balanced growth

will find that the labor wedge plays no role in impacting long-run capital flows.

Data and Methods

As noted in the paper, recovering the distortions requires data on national accounts’ expen-
diture aggregates—output Yj;, consumption C};, investment X, government spending Gy,
and net exports VX ;,—along with data on population Nj; and hours worked h;;, for each
of our three “countries” or regions. This section describe our data sources, data aggregation

techniques, and sample definitions, and provide plots of the raw data used in our analysis.

Sample Definition

The rest of the world is defined to be the aggregate of Japan, Korea, Taiwan, Hong Kong,
Singapore, Canada, Australia, New Zealand, Iceland, Argentina, Brazil, Chile, Colombia,

Mexico, Peru, Venezuela, and Costa Rica.

Europe is the aggregate of Austria, Belgium, Denmark, Luxembourg, France, Germany,
Greece, Italy, Netherlands, Norway, Portugal, Sweden, Switzerland, Turkey, and the Unted
Kingdom.

General Data Sources

Data are obtained from a number of sources (this is also described in Ohanian and Wright
2008). Briefly, where available, data from the Organization for Economic Cooperation and
Development’s Annual National Accounts are used for its member countries. For other
countries, data from the World Bank’s World Development Indicators (WDI) is our primary
source. Data prior to 1960 are often scarce; our primary source is the World Bank’s World
Tables of Economic and Social Indicators (WTESI). The Groningen Growth and Develop-
ment Center (GGDC) was a valuable source of data on hours worked. Taiwanese data came
from the National Bureau of Statistics of China. More specifics are provided in the country-
specific notes below. Data on exchange rates per dollar span the years 1950 to 2008. The
country-level data were not available from a single source; thus, they were obtained from dif-
ferent sources, namely, the OECD, the World Development Indicators, and the Penn World
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Tables.

For the purpose of comparing our model-generated estimates of the level of TFP and
capital stocks to the data, we use the estimate of capital stocks in 1950 from Nehru and
Dhareshwar (1993) combined with the perpetual inventory method to construct a reference
series for the capital stock and the level of TFP.

Data Aggregation and Cleaning

All national accounts data were transformed to constant 2000 U.S. dollar prices. Data
were aggregated by summation for each region. Net exports for the rest of the world were
constructed to ensure that the world trade balance with itself was zero, and any statistical

discrepancy for a region was added to government spending.

Our measure of output is gross domestic product. Hence, net exports do not include net
exports of factor services, and correspond to the trade balance (and not the current account
balance). Where available, our measure of investment was gross capital expenditure. When

this was not available, we used data on gross fixed capital expenditure.

For some countries and variables, data were missing for a small number of years. More
details on these cases are presented in the country-specific notes below; in general, missing
data were filled in by assuming that data for the missing country evolved in the same way

as the rest of the regional aggregate.

We proceed in several steps to create the regional exchange rates. First, we use data
on each country’s consumption across time, along with total yearly consumption by region.

We then calculate the following weight for each country j: wj, = ¢ji/ > .cpcjt, where the

JER
denominator represents regional consumption, such that R € {EUR, RoW}. Finally, we
calculate the exchange rate for each region, as follows: Zje rWjtej, where e; is the real

exchange rate between country j and the U.S.

For country-specific notes on data see the Appendix in Ohanian et al. (2018).

Conceptual Issues About Measuring Capital Flows

This paper uses net exports of goods and services as our measure of international capital
flows. This is a common approach, although some researchers studying capital flows in more
recent decades have focused on the current account as a measure of capital flows (which
includes income from net exports of factor services, otherwise known as net factor income).

Here, we discuss the reasons for our approach in more detail.

There are several reasons for our approach: (1) net factor income is poorly measured;
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(2) balance of payments data are limited by their focus on transactions data and their
inconsistent treatment of transfers such as debt restructuring; (3) balance of payments data
are not available for many countries prior to 1970 and sometimes have severe measurement
issues; and (4) there is no unique mapping from model outcomes to implications for the

balance of payments, although there is a unique mapping of net exports.

It is important to note that data on net factor income (the difference between net exports
and the current account balance) are often not available, particularly before 1970. For
example, Alfaro, Kalemli-Ozcan, and Volosovych (2014), who conduct the most exhaustive
study of data on international capital flows that we know of, focus most of their analysis on
the period after 1980, for which the most data are available for 156 countries. Their “1970”
sample covers only 46 countries and includes only a limited subset of the variables contained
in their wider analysis. This means that these data do not speak to a key period of interest:
the decades leading up to 1973.

Second, on the issue of data reliability, even when these data are available, they are
subject to significant measurement error. As a number of people have pointed out, including
the International Monetary Fund itself, according to their data the world often runs a large
current account deficit with itself. Until recently, this deficit was almost entirely concentrated
in the net factor income component of the current account. Moreover, the error has often
been extremely large, peaking at around 5 percent of world imports in 1982 (see Marquez
and Workman 2001).

Third, at a deeper level, our focus on net exports data (and not data on the current
account or on the capital account) is driven by issues related to the way the balance of
payments is constructed. A country’s net foreign asset position can change for roughly
three reasons: first, because of a transaction in which assets change hands or income is paid;
second, because of capital gains and valuation effects; and third, because of a gift or transfer,
such as foreign aid, a nationalization, or an expropriation, or because of debt forgiveness and

restructuring.

The way the balance of payments is constructed, it is designed to capture transactions. It
is explicitly not designed to capture the effect of valuation changes on a country’s net foreign
asset position (this has, in and of itself, led to a significant debate about how to interpret
data on the balance of payments and data on net foreign assets; see the issues raised by
Lane and Milesi-Ferretti (2001, 2005, and 2007); Tille (2003); Higgins et al. (2005) and
Gourinchas and Rey (2007)). In addition, its ability to capture transfers such as sovereign
default depends on whether the country has adopted accrual accounting standards (in which

case, a debt restructuring is paired with an artificial accounting transaction) and whether
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it is believed that accrual accounting standards are adequate for this purpose. As a result
of all these concerns, amplified by the fact that the asset structure of international finance
has changed over time to emphasize more derivative securities and valuation effects have
become more important in an era of floating exchange rates, confidence in the reliability
and backwards comparability of balance of payments data is low, even in the absence of the
measurement error noted above. The issues are well summarized by Alfaro et al. (2014),

who write:

There are substantial country differences in terms of time coverage, missing,
unreported, or misreported data, in particular for developing countries. Some
countries do not report data for all forms of capital flows. Outflows data tend to
be misreported in most countries and, as the result, captured in the "errors and
omissions" item.

Unfortunately, it is hard to verify whether the data are really missing as
opposed to simply being zero. Due to the debt crisis of the 1980s there are
several measurement problems related to different methodologies of recording

non-payments, rescheduling, debt forgiveness and reductions.

Fourth, on the issue of mapping models to the data, it has been known for a long time that a
given model of international capital markets can be mapped into data on the balance of pay-
ments in different ways depending on which of many alternative equivalent asset structures
is used. For example, in a complete markets framework, it may be possible to decentralize
the equilibrium allocations using Arrow securities, Arrow-Debreu securities, a portfolio of
equities and debt, or a combination of debt and derivative securities and so on. Each will
typically have different implications for the balance of payments. A model with only Arrow
or Arrow-Debreu securities has many assets experiencing a 100 percent capital loss each pe-
riod, with one asset experiencing a large capital gain. In principle, these capital gains would
not be recorded in the balance of payments at all. With only Arrow-Debreu securities, no
transactions occur after the first initial period. With Arrow securities, a portfolio of new
securities is bought every period. Again, these can have very different implications for the
balance of payments. Likewise, the equilibrium will look different if it is decentralized with

a mixture of debt and equity or with financial derivatives.

As a consequence, it has become traditional in the literature (1) to work with models
that have a very limited asset structure (such as with bonds only or a bond and one equity),
which misses much of the richness of the international asset trade but can give precise
predictions for the balance of payments, or (2) to work with complete market models to focus

on allocations—such as net exports—which are invariant across different decentralizations.
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A particularly strong statement of this position is provided by Backus et al. (1992). This is
the approach we have adopted in this paper.

Moreover, even when a particular stand is taken on the asset structure in the model, it
is not always obvious how best to map the model to the data. This might be more easily
understood in the model of this paper, under the assumption that the asset structure is one

in which the world trades Arrow securities each period (the assumption made in the text).

To begin, we can start by looking at the change in a country’s net foreign asset position
from one period to the next. If the current account in the data was constructed to include
valuation effects, this would be the natural measure of the current account in the model.
However, even with this simple concept, we can measure the change at different points within

the period by looking at either start or end-of-period levels.

The start-of-period definition is
CAjl't = Bjt+1 - Bjta
so that, recalling also that
Bjt = =N X1 + B¢ (@11 Bji41]
we can write the current account as

CAj; = NXji + Bjtrr = Bt g1 Bjesa]

where the two terms after net exports correspond to net factor income (which can be thought

of as earned between t and ¢ + 1),

NF[jt = Bjt+1 — B [Qt—i-lBjt—i-l] :

The end-of-period definition is

CA?t = L [Qt+1Bjt+1] —Ei [QtBjt}
= NX;i+ Bjy — Ei_1[a:Bjt] -

This differs from the previous version in that it adds net factor income between periods ¢ — 1

and t to net exports in period ¢, as opposed to income earned between ¢t and ¢t + 1.

As noted previously, current accounts are not measured this way in practice. Specifically,
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the current account does not include the capital gains or losses on foreign assets. One could
try to compute a model analog of net factor income exclusive of capital gains and losses in
the model. One way to do this, although far from the only way, would be to define the model

in terms of the expected profits and losses from the country’s net foreign asset position:
N[Ijt = Et,1 [B]t (1 — qt)] .

Intuitively, if we define the interest rate between ¢ — 1 and t as satisfying

- 1
qt—].+7”t
so that
T
1—q =
Qt 1"‘7}’
we get
B
B (1— = AN
J ( ) Tt1+7”t

This leads to an alternative measure of the current account, designed to more-closely mimic

that available in the data, or

T
CA;’%t =NX;1+ Ei4 {HBJ- } .
A fourth alternative would be to try to measure net foreign investment income using an
average (or expected) interest rate. For example, we might define an average interest rate 7
from

@ = Ei [Qt]

as
1+7=1/q.

Then we have a fourth measure of the current account:

T,
CAjl, = NX;, + TtﬂBﬁ.
In summary, in the context of a complete markets model where multiple decentralizations
are possible, even when attention is restricted to a decentralization using Arrow securities
alone, there are multiple plausible ways of mapping model outputs into the analog of the

current account measured in the data.
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Capital Flows and Trade Costs

The international distortion works like a tax on foreign assets, shifting consumption across
regions. Equation 8 shows that higher 77 values leave countries worse off relative to the ROW
in terms of consumption growth. In principal, these effects could also stem from changes in
trade costs over time and across countries. In this section, we compare the capital distortions
(78) in our model with trade costs from Meissner and Novy (2011) to verify that indeed what

we are capturing with our meassure of 77 are capital controls and not trade costs.”?

Each country’s trade cost estimates are weighted by the GDP of its trading partners, using
data from the World Bank Indicators, to construct a measure of total trade costs. Figure 15
shows the results for the United States, Germany, France, and the United Kingdom, where
trade costs are represented by a red line and our measure of capital controls is depicted in
blue. The figure shows that trade costs have been trending down over time and they are
clearly different from our 72. If one computes the correlation between the two measures (once
trade costs have been detrended) it ranges between —0.12 for Germany to 0.21 for France,
with 0.03 and 0.07 in between for the United Kingdom and the United States respectively.

STrade costs for 2001-2005 are from UNESCAP, following the methodology of Meissner and Novy (2011).

66


https://artnet.unescap.org/databases

Capital Controls

Capital Controls (Blue line)

-.03 T T T T T T T T T T 70
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

-.04 T T T T T T T T T T 70
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Figure 15: Capital Controls vs Trade Costs
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Notes: The blue line represents 72 over time. The red line represents the Trade Costs from

Meissner and Novy (2011).
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