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Abstract

Capital controls and other forms of capital account intervention lead to
international spillover effects that have recently raised concerns about global
currency wars. This paper analyzes the welfare effects and the desirability of
global coordination of such policy measures. We find that if controls are de-
signed to correct for domestic externalities, the resulting equilibrium is nonethe-
less Pareto efficient, i.e. a global planner would impose the same measures and
there is no role for global coordination. We illustrate this for a range of exter-
nalities that have recently been invoked as reasons for imposing capital controls:
learning externalities, aggregate demand externalities in a liquidity trap, and
pecuniary externalities arising from financial constraints. On the other hand, if
controls are designed to manipulate a country’s terms-of-trade or if policymak-
ers face an imperfect set of instruments, such as targeting problems or costly
enforcement, then multilateral coordination is desirable in order to mitigate the
inefficiencies arising from such imperfections.
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1 Introduction

Capital controls and other forms of capital account intervention lead to international
spillover effects that have led to considerable controversy in international policy circles
in recent years (see e.g. Ostry et al, 2012) and have raised concerns about global
currency wars. This paper determines the welfare effects of such measures in a general
equilibrium model of the world economy and analyzes under what conditions global
coordination of capital account policies is desirable.

We describe the spillover effects from capital account intervention in an intertem-
poral benchmark model of a global economy in which individual countries engage in
borrowing and lending. If one country imposes capital controls in the form of taxes
on foreign borrowing, it reduces both borrowing and consumption and pushes down
the world interest rate, leading to greater inflows to other countries. In an augmented
model, it also depreciates its real exchange rate and appreciates the real exchange rate
of other countries. Furthermore, we show an isomorphism between capital controls
and reserve accumulation: any level of capital controls can be replicated by a corre-
sponding level of reserve accumulation when the capital account is closed to private
transactions.

Next we study several types of externalities that have recently been invoked as
reasons why individual countries may want to impose capital controls: learning exter-
nalities, aggregate demand externalities in a liquidity trap, and pecuniary externalities
arising from external financial constraints. For each of these domestic distortions, a
national planner can improve domestic welfare by imposing capital controls that offset
the externality, even though such controls create international spillover effects.

The resulting global equilibrium is Pareto efficient as long as national planners
behave competitively and impose capital controls that offset domestic externalities
while ignoring the general equilibrium effects of such controls. A global planner
who internalizes all international spillover effects cannot improve on the described
allocation. By contrast, if national planners refrain from imposing capital controls
to correct for domestic externalities, global welfare is reduced. Conceptually, we can
view the national planners that internalize domestic externalities in different countries
but do not exert market power as competitive agents to which the welfare theorems
apply. Changes in the world interest rate that stem from capital controls constitute
pecuniary externalities that cancel out and do not impede Pareto efficiency. We also
find that a seeming “arms race” of escalating capital controls does not necessarily
indicate inefficiency but may be the tatonnement process through which multiple
countries optimally adjust their capital controls.

On the other hand, capital controls to manipulate a country’s intertemporal terms-
of-trade constitute a beggar-thy-neighbor policy and are Pareto inefficient. A national
planner in a large country may face incentives to exert market power over the country’s
intertemporal terms of trade, i.e. the world interest rate. For example, if a lending
country restricts its lending, it benefits from an increase in the world interest rate.



Such monopolistic behavior reduces the global gains from intertemporal trade and is
Pareto-inefficient. If countries engage in such behavior, it is desirable to come to a
global agreement that capital controls aimed at manipulating the world interest rate
will not be used.

The lesson for international policy coordination is that it is important to distin-
guish between ‘corrective’ capital controls that are imposed to offset domestic exter-
nalities and ‘distortive’ capital controls that are designed to manipulate a country’s
terms of trade. The former are generally desirable, whereas the latter are always
undesirable.

An additional motive for coordinating capital controls arises when policymakers
face restrictions on the set of available policy instruments. For example, if capital
controls not only correct distorted incentives to borrow/lend but also impose an
additional cost arising from costly implementation or corruption, then there is scope
for global coordination of capital account policies: a global planner recognizes that
adjusting all capital controls worldwide by the same factor may reduce the distortions
created by capital controls but would leave the marginal incentives of all actors in
the world economy unaffected.

Literature There is a growing recent literature that finds that capital controls may
improve welfare from the perspective of a single country if they are designed to correct
domestic externalities. An important example are prudential capital controls that
reduce the risk of financial crises, as analyzed in the small open economy literature
by Korinek (2007, 2010, 2011b), Ostry et al. (2010, 2011) and Bianchi (2011). This
paper provides a normative analysis of the resulting general equilibrium effects and
discusses whether global coordination of such policies is desirable.! We find that
in a benchmark case in which national regulators can optimally control domestic
externalities, coordination is not indicated. By contrast, Bengui (2011) studies the
role for coordination between national regulators in a multi-country framework of
banking regulation. He shows that liquidity in the global interbank market is a
global public good. In the presence of such global externalities, there exists a case
for global coordination of liquidity requirements.

Earlier work by MacDougall (1960), Kemp (1962), Hamada (1966), Jones (1967)
and Obstfeld and Rogoff (1996) investigated how a national planner of a large country
in the world economy may impose capital controls to exert monopoly/monopsony
power over intertemporal prices. As in optimal tariff theory, such policies are beggar-
thy-neighbor, i.e. they improve national welfare at the expense of reducing overall
global welfare. In a recent contribution to this literature, Costinot et al. (2011)
analyze the optimal time path of monopolistic capital controls under commitment
and show how they can be used to distort relative prices in goods markets. Our
paper contrasts the global welfare effects of distortive (monopolistic) capital controls

1Ostry et al. (2012) discusses the multilateral aspects of policies to manage the capital account
from a policy perspective.



with corrective capital controls that are designed to offset domestic externalities, as
was invoked by a rising number of countries that have imposed such controls in recent
years. Jeanne et al. (2012), Gallagher et al. (2012) and Ostry et al. (2012) discuss
the desirability and the multilateral implications of capital controls from a policy
perspective.

Persson and Tabellini (1995) show that coordination of national fiscal and/or
monetary policies is desirable if countries have incentives to employ such policies to
exert monopoly power over international prices. Korinek (2011a) analyzes the positive
implications of prudential capital controls in a multi-country setting.

The link between reserve accumulation and real exchange rate valuation is also
investigated in Rodrik (2008) and Korinek and Serven (2010). Ghosh and Kim (2009)
and Jeanne (2012) show how a combination of capital controls and tax measures can
be used to undervalue a country’s real exchange rate. These papers look at the
exchange rate effects of various capital account policies in a small open economy,
whereas we focus explicitly on global general equilibrium effects.

Magud et al. (2011) provide a survey of the empirical literature on the effects
of capital controls on the country imposing the controls. Forbes et al. (2011) and
Lambert et al. (2011) investigate the spillover effects of capital controls empirically.
They find evidence that when Brazil imposed capital controls, there was diversion of
capital flows to other countries that were expected to maintain free capital flows.?
To the extent that the capital controls imposed by Brazil were imposed to correct a
domestic distortion, our analysis suggests that this was a Pareto-efficient equilibrium
response and did not introduce distortions in the global allocation of capital.

2 Benchmark Intertemporal Model

We describe a world economy with N > 2 countries indexed by ¢ = 1,...N and a
single homogenous tradable consumption good. Time is indexed by ¢ = 0,.... The
mass of each country i in the world economy is m’ € [0,1], where ¥ ,m’ = 1. (A
country with m’ = 0 corresponds to a small open economy:.)

2.1 Country Setup

Country i is inhabited by a unit mass of identical consumers indexed by z € [0, 1]
who value the consumption ¢! of a tradable good according to the utility function

Ut = Zﬁtu (cf:) (1)

2Forbes et al. (2011) also document negative spillover effects on countries that were likely to
follow the example of Brazil to impose controls.



where u (-) is a standard neoclassical period utility function and § < 1 is a time
discount factor, which we assume constant across countries.® For simplicity we drop
the index z of individual consumers from our notation.

A representative consumer in country i starts period ¢ with an endowment of 1!
of tradable goods and financial net worth bi, where the initial financial assets b}, in
period 0 are given. He chooses how much to consume and how much to save by
purchasing b}, ; zero coupon bonds at a price 1/ Ry, that pay off one unit of tradable
goods in period ¢t + 1, where R;,; represents the gross world interest rate between
periods ¢ and ¢ 4 1. His budget constraint in period ¢ is given by

(1 - Ti+1) bi+1

¢ + =y +b,+ T} (2)
Ry
Tiyr >0 Tie <0
b1 > 0 (saver) outflow subsidy | outflow tax
b1 < 0 (borrower) inflow tax inflow subsidy

Table 1: Interpretation of capital control T,’; 11

The variable 7, is a proportional subsidy to bond purchases b, ,/R;1. We assume
that the required revenue is raised as a lump-sum tax 7} = —7} b, /Rii1. De-
pending on the signs of b}, , and 7} ,, we can interpret the policy measure 7} in
a number of different ways, as captured by Table 1: If the country is a net saver,
b, > 0, then 7}, constitues a subsidy to saving, i.e. a subsidy to capital outflows.
Since capital outflows go hand in hand with positive net exports and since there is
a single homogenous good in our economy, we can also think of it as a subsidy to
net exports. If the country is a net borrower, b, ; < 0, then the variable 7{,, can be
interpreted as a tax on foreign borrowing, or a tax on capital inflows. Since capital
inflows imply positive net imports, the tax can be thought of as an import tariff.
To ensure that bond demand is bounded, we impose the assumption that 7;,, < 1
Vi,t. In the following, we will loosely refer to 7;,, as the “capital control” imposed
in period t.

Since there is a single representative consumer, his borrowing/saving decisions
map into the current account statistics of the economy. The term b! represents the
gross return on savings that the consumer receives at the beginning of period ¢. The
fraction bi/R; captures how much the economy saved in period ¢ — 1 in order to
receive b! units of goods in period t. Therefore the interest earnings in period ¢ are
bi (1 —1/R;). The trade balance ¢b; in period ¢ equals the difference between new

3In the following analysis, we will motivate international borrowing and saving by differences
in endowments or output and intertemporal consumption smoothing considerations. Temporary
differences in discount factors would offer an alternative route.



savings and the value of bond holdings at the beginning of the period, tb! = yi — ¢t =
bi,1/Ri+1 — bj. The current account balance caj is the sum of the trade balance and
interest earnings, caj = tb} + b, (1 — 1/R;) = b,/ Ri11 — b;/R:, and corresponds to
the change in the net asset position of the country between the end of periods ¢ — 1
and .

2.2 Strategies

Representative Consumer We write the utility maximization problem of a rep-
resentative consumer in recursive form as

Vi (Br) = maxu(c) + BV (by) (3)
Ct7bi+1
The consumer takes T}, R;+1 and 7}, as given and maximizes utility subject to

the budget constraint (2). This leads to the Euler equation

(1 - Ti+1) u’ (Ci) = BRy1t (Ci+1> (4)

The Euler equation implies a bond demand function b}, (Ry41;7; ;) that is
strictly increasing in the capital control 7;_,. Strictly speaking, bond demand b}, is
an equilibrium object that depends on the entire path of future interest rates and cap-
ital controls, but it is useful to focus in particular on its dependence on (Rt+17 Tl +1)'
We impose the following assumption:

Assumption 1 (Elasticity of Intertemporal Substitution) The elasticity of in-
tertemporal substitution is greater than the borrowing/consumption ratio of country
i

, b /R
o (Cz) > _ i1/ Biv

: :
Ci

This common assumption guarantees that bond demand b}, (Rt+1; T +1) is strictly
increasing in R4, and can be inverted into an indirect bond demand function Rj,, (bi 1;7i,4).
The assumption is satisfied for all countries that are net savers and for net borrow-
ers as long as their borrowing is not too large in comparison to consumption. See
Appendix A.1 for a detailed derivation.

The implications of increases in the world interest rate on saving bj_,/R1 (as
opposed to bond holdings b}, ) depend on two effects:

O (byr/Ber1) b /ORia by by (nip — 1)
- bR

OR; 1 Ry (Rt+1)2 (Rt+1)2

The first term in the expression in the middle captures the substitution effect — a
higher interest rate makes it more desirable to save, as we assumed. The second term
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captures the income effect. For net borrowers, both terms are positive. For large
savers, the income effect may offset the substitution effect and may lead to smaller
net savings b;_,/R;+1 in response to an increase in the world interest rate.

For net borrowers and modest net savers, a rise in the world interest rate is
associated with a decline in consumption, which is necessary so net savings can rise,
dct/OR; 1 < 0. For large savers, the inequality may be reversed.

2.3 Externalities

We will introduce several types of externalities into our setup that have been dis-
cussed as rationales for imposing capital controls in the public policy debate, includ-
ing learning externalities, aggregate demand externalities at the zero-lower-bound,
and financial stability externalities. For now, we capture their commonalities in re-
duced form. We assume a national planner who recognizes that aggregate capital
flows impose an externality that is captured by an extra utility term in the social
welfare function z! (tb!) that operates through the effects of capital flows on the trade
balance tb,. We assume that zi(-) is weakly convex but satisfies ¥ (tb!) < ' (c})
for all allocations that we consider. We use this setup to derive a number of general
results. In the ensuing three sections, we will analyze the three cited examples of
externalities in more depth and show that our general results apply to each of these
cases by mapping them into this reduced form framework.

National Planner The national planner picks a series of capital controls {Ti 41 } . to
maximize consumer welfare. She recognizes that welfare depends on the externalities
created by the trade balance, which is an aggregate variable that each individual
consumer in country ¢ takes as given. In a symmetric equilibrium, the trade balance
is tb; = b,/ Ri11 — b, and we denote the optimization problem of the planner as

W (by) = = (e Zﬁ (vt + 0, = b1 /Ria) + xp (ba/ Ripa — b))
t+1 4 t=0

We assume that the planner acts competitively and takes the path of world in-
terest rates as given. One interpretation for this is that country ¢ represents a small
open economy within a region of atomistic economies of total mass m‘, and therefore
the national planner in each of the atomistic economies cannot affect the world in-
terest rate. We will analyze the behavior of monopolistic national planners in large
countries who internalize their market power over the world interest rate in section 7
on distortive capital controls.

The Euler equation of a national planner who acts competitively in world markets
is

! (cl) — 2 (1) = BRusy [t (chy) — iy (#814)] )



Lemma 1 A national planner who acts competitively corrects the domestic external-
ities xt (-) by imposing a capital control

* y (b)) — ﬂRt-i-lxi,—H (tbiﬂ) 6
Tt+1 - u (Ci) ( )

Proof. By substituting the described capital control into the Euler equation of
private agents (4), it can be seen that the control 73 | replicates the Euler equation
of the planner (5). The resulting allocation therefore replicates the optimal allocation
chosen by the planner. m

2.4 Equilibrium

Definition 1 (Competitive Equilibrium) For given initial bond holdings {b}},
and capital controls {Ti +1}Z.7 .» @ competitive equilibrium of the world economy is given
by consumption allocations {c@}zt and bond holdings {bé ‘H}i,t as well as interest rates
{Ri41}, such that private consumers in each country i solve their optimization problem

(5) subject to their budget constraint (2) and the global bond market clears,

N
Bip1 (Rig1; 7o) o= Z mibi_}-l (Rt+1§ T§+1) =0 Wt (7)

=1

In this expression, we define 74,1 = {Ti +1}i as the vector of capital controls across
countries and B;,; as the global excess demand for bonds in period ¢, which is by
Assumption 1 strictly increasing in R;,;.* For future use, we define rest-of-the-world
bond holdings B, = > i mib] +1 and we define the upper-case variables C; and Y}
as the weighted global sums of consumption {c{}, and output {y;}, and similarly for
rest-of-the-world C;* and Y, ",

We define the laissez faire equilibrium (LF) as the competitive equilibrium that
prevails if all capital controls are set to zero 7},, = 0V4,1.

Furthermore, we define the Nash equilibrium among national planners (NP) as the
competitive equilibrium that prevails if the national planner in each country ¢ imposes
the capital control 71%,Vi,t given by Lemma 1 to correct for domestic externalities
while taking the capital controls of all other national planners and the world interest
rate as given.

Let us now focus on the effects of changes in capital controls on the equilibrium
of the world economy. We perform a comparative static exercise in which we assume
that the national planner in country i increases her capital control by dri,, > 0.

4This is our analogon of the Marshall-Lerner condition that an increase in the world interest rate
increases the global excess demand for bonds.



Lemma 2 (Effects of Capital Controls) An increase in the capital control dri_, >
0 in country i

1. increases bond holdings bj_ ., and saving b, ,/Ri+1 and reduces consumption c;
in country v for a given world interest rate Ry i1,

2. if mi > 0, it also reduces the world interest rate Ryi1 and reduces bond holdings
By, and saving B,'| | Ri41 while increasing consumption in the rest of the world.

3. The decline in the world interest rate benefits all borrowing countries and hurts
all saving countries.

Proof. Point 1 follows from implicitly differentiating the Euler equation of the con-
sumer to express Ob. 1/ ort 41 > 0. We divide by R;;; and apply the period ¢ budget
constraint to obtain the statements about saving and consumption.
For point 2, we apply the implicit function theorem to the global market clearing
condition (7) to obtain
dRyy1 mbt
dTi—i—l BR

<0 (8)

where the partial derivatives satisfy Bp = >, m'b% > 0 and B, = m‘b. > 0. The
decline in rest-of-the world bond holdings B;}; and saving B;}; /R;11 and the increase
in rest-of-the-world consumption C;* follow from market clearing.

Point 3 is obtained by taking the derivative of the welfare function of individual
countries

dw’ tr.1( j g1 j bg+1 > i >
T [ (c) — 2 (tb})] (Ria)® S 0 depending on b{,; 20

Intuitively, capital controls introduce a wedge into the Euler equation of consumers
that raises desired bond holdings while reducing consumption today. This shifts the
global excess demand for bonds By, 1 (R4 1; T441) upwards. For the global bond market
to clear, a decline in the world interest rate is required, which makes the rest of the
world supply fewer bonds (i.e. save less) and consume more. The decline in the
interest rate benefits borrowers because they obtain credit at lower rates and hurts
lenders because they earn less in interest.

Figure 1 illustrates our findings graphically for a world with two countries 7, j of
equal mass. R’ (b’) depicts the inverse bond supply of country j, R’ (—b') represents
the inverse bond demand in country ¢ in the absence of capital controls. The inter-
section of the two, marked by R and b™%', indicates the laissez faire equilibrium of
the economy. However, suppose that there is a negative externality associated with
borrowing by country ¢. Then a competitive national planner would demand less
borrowing, as indicated by R™ (—b'), and impose a capital control 7% on borrowing

9



Ri(b)

Ri (_ b1)

R (-b/)

bNP bLF

Figure 1: Optimal capital control to internalize domestic externalities

to make private agents internalize the externality. The resulting equilibrium exhibits
less borrowing/lending b™F and a lower world interest rate RV?. Country j looses
the surplus that is marked by the shaded area in the figure.

Numerical Illustration To illustrate the effects of changes in capital controls
numerically, we consider an economy i of mass m’ > 0 with CES utility u (¢) =
c'=17/(1 —1/0). Assume a steady state with SR =1, =0, 7' = 0 and ¢’ = 3’ =
C =Y constant. The two partial derivatives of the saving/output ratio b'/y" with
respect to the capital control and the interest rate are

o'y . o
T by =

ori A
ov'/yt ., . Po
or .~ mY'=115

An increase in the capital control or an increase in the world interest rate both increase
the net savings of the country by approximately half of the intertemporal elasticity
of substitution. (The second expression is pre-multiplied by S because interest is
compounded in period ¢ 4+ 1 whereas the capital control is imposed in period t.) For
the standard value of the elasticity of substitution ¢ = 1/2, both an increase in
the capital control or the interest rate result in an increase in domestic savings by
approximately a quarter percent of GDP.”

®We note that there is considerable disagreement among economists about the value of the in-
tertemporal elasticity of substitution. See e.g. Bansal and Yaron (2004) for a discussion. The
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Country GDP' $AW/R AR/R
World $69,899bn e —1%
United States | $15,076bn  $30.2bn  -0.216%
China $7,298bn  $16.7bn  -0.104%
Japan $5,867bn  $13.7bn  —0.084%
Brazil $2,493bn  $6.1bn  —0.036%
India $1,827bn  $4.5bn  -0.026%
South Korea $1,116bn  $2.8bn -0.016%

Table 2: Effects of 1% capital control on saving and the world interest rate
(Source: IMF 2011 IFS data and author’s calculations for o = 3)

Global bond demand as a fraction of world output B/Y satisfies
oBJY

_ fo
“or - PR =1

We combine this with the expression b;/y* = {75 in equation (8) to find that the

effect of capital controls in country 7 on the world interest rate is

7

dRei /R VR

i
AT Br

In short, if a country that has a relative share m! of world GDP imposes a 1% capital
control, the world interest rate will decline by m’ %. Observe that this expression is
independent of the intertemporal elasticity of substitution (as long as it is constant
across countries).

Accounting for the adjustment in the world interest rate, the general equilibrium
effect of a capital control in country 7 is mitigated to a fraction (1 — m’) of the partial
equilibrium effect,

dv'/y'
dr?

dRy i1

i
dTiiq

. . . . . o
=0 /y + bRy - = (1-m’) T

In Table 2, we illustrate the effects of capital controls on bond holdings and the
world interest rate for a number of countries that were important players in global
capital markets and/or currency wars in recent years. For example, Brazil represents
3.6% of the world economy. If the country increases a 1% capital control, it will
reduce capital inflows by $6.1bn, which in turn lowers the world interest rate by

0.036% according to our calibration.

formulas we derived deliver transparent results for any value of the intertemporal elasticity of sub-
stitution preferred by the reader.
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2.5 Welfare Analysis

Let us now analyze the global efficiency of capital controls that are imposed to correct
domestic externalities. Even though the previous subsection illustrated that capital
controls may lead to significant spillover effects, we show here that unilaterally im-
posed optimal controls nonetheless lead to a Pareto efficient global outcome. Then we
proceed to investigating the scope for ‘Pareto-improving’ capital controls that make
all countries better off, either by providing compensatory transfers or by regulating
flows in both inflow and outflow countries.
We start our welfare analysis with the following result:

Proposition 1 (Efficiency of Unilaterally Correcting Externalities) The Nash
equilibrium among national planners (NP) in which each national planner imposes
the capital control T{*,Vi, t given by lemma 1 to correct for domestic externalities is
Pareto efficient.

Proof. An allocation is Pareto efficient if it maximizes the weighted sum of welfare of
all countries for some vector of welfare weights {qbi > O}i]il subject to the global re-
source constraint » . m' (y; — ci) = >, m'tb; = 0 Vt, to which we assign the Lagrange
multiplier 5'v;,

{m;ix Z Ik {Z 'm’ [u (y; — tb}) + " (tb))] + ve Z mitbi}
iy, ¢ ; i

The optimality condition to this problem is
o' [u (cf) — 2" (tb))] = vi Vi (9)
The Nash equilibrium among national planners satisfies this optimality condition for

all i, ¢ if we normalize v to an arbitrary positive value and set ¢’ = vq/ [u/ () — z¥ (tb})] Vi
and vy = v/ (BRi11) Yt > 0. m

The proposition is a version of the first welfare theorem. If each national planner
determines her country’s optimal bond demand and acts competitively, the general
conditions of the first welfare theorem apply and the resulting competitive equilib-
rium is Pareto efficient. After each national planner has internalized her domestic
externalities, her bond demand correctly reflects the country’s social marginal rate
of substitution between consumption today and tomorrow. In the global market for
bonds, the marginal rates of substitution are all equated to the world interest rate
and the resulting equilibrium is Pareto efficient.

The spillover effects on the world interest rate from imposing capital controls
therefore constitute efficient pecuniary externalities. They reflect the response of
the market to the balance of demand and supply for bonds. As we emphasized in
Lemma 2, such pecuniary externalities entail redistributions between borrowers and
lenders, but Proposition 1 shows that they do not lead to Pareto inefficiencies — Pareto
optimality is independent of redistributive concerns.
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Efficiency of Laissez-Faire Equilibrium A straightforward corollary to Propo-
sition 1 is that the laissez faire equilibrium is generally not Pareto efficient if some
countries are subject to externalities from international capital flows.

Arms Race of Capital Controls Optimally imposed capital controls may lead
to dynamics that look like an arms race, but this does not necessarily indicate ineffi-
ciency. Suppose that there is one lending country [ as well as two borrowing countries
1 and j that each have capital controls in place in order to correct a domestic exter-
nality x! (bi +1), which is increasing and convex in b}, and similarly for country j.
Assume that country i experiences an exogenous increase in x? ( : +1) that raises the
optimal capital control 7;% ;. As a result, the supply of capital to country j increases,
ie. b{ 41 Tises, and it is optimal for country j to raise its capital control as well. How-
ever, based on the response of country j, country ¢ may find it optimal to increase its
capital control 7}, yet further.

The resulting dynamics may give the appearance of an arms race but are nonethe-
less efficient. As long as the conditions of Proposition 1 are satisfied, this “arms race”
is the mechanism of tatonnement through which the efficient equilibrium is restored.
In the described example, each successive round of increases in capital controls will
be smaller and the capital controls in the two countries 7}, and 77,; will converge
towards the efficient levels, which involves higher capital controls in both borrowing
countries and reduced lending by country /.

2.5.1 Implementation

Proposition 2 (Indeterminacy in Implementation) Consider a competitive equi-
librium allocation with initial bond holdings {bo} and capital controls {7’1 +1}i , that

implement an allocation of consumption {ci},, and bond holdings {bi+1}it. A global
planner can implement the described consumption allocation via a continuum of alter-

native competitive equilibria, in which interest rates, capital controls and bond holdings
differ.

Proof. There is a one-to-one mapping between a given allocation of consumption
{ci},, and of trade balances {tb}},, because tb] = y; — ¢} Vi,t. An competitive
equilibrium implements a given allocation of trade balances if and only if

thi = Vit _ bi Vit (10)
Ry
In the following, we will demonstrate that a global planner can pick alternative
combinations of bond holdings and interest rates to implement the same allocation
of trade balances. We limit our attention to picking bond holdings and interest rates
and refer to equation (4) for the implied level of capital controls.
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We start from a given competitive equilibrium allocation in a world economy with
N countries. Consider a global planner who perturbs bond holdings {bi +1} for T
periods (for b}, indexed from ¢ + 1 to t + T') and perturbs interest rates { Ry} for
T + 1 periods (from ¢ + 1 to t + T + 1). This provides the planner with (N —1)T
degrees of freedom to determine bond holdings, since he needs to observe market
clearing every period, and 7'+ 1 degrees of freedom to set interest rates for 7"+ 1
periods, for a total of NT + 1 degrees of freedom. (The planner can always adjust
capital controls in each country so as to make the chosen level of bond holdings
optimal for consumers in each country, given the chosen interest rate.)

If the planner wants to make these perturbations while keeping consumption {ci} it
fixed at all times, he has to keep the trade balance given by equation (10) unchanged
for all i € {1,...N} and, in particular, for the 7'+ 1 periods from ¢ to ¢ + 7" in which
the perturbed variables enter the expression for the trade balance. Market clearing
>, m'bi,, = 0 implies that if equation (10) is satisfied for N — 1 countries in a given
period, it automatically holds for country N. Therefore the requirement to keep
consumption fixed imposes (N — 1) (T" + 1) constraints on the planner. If the planner
perturbs bond holdings and interest rates for sufficiently many periods 7" > N — 2,
then he has more degrees of freedom than constraints and there is a continuum of bond
holdings and interest rates that implement the described consumption allocation. m

The proposition reflects that there is an indeterminacy in implementation because
the global planner has N7 + 1 independent instruments ((N — 1)1 capital controls
plus T'+ 1 world interest rates) at his disposal to satisfy (N — 1) (T'+ 1) independent
equilibrium conditions. As we will see later, this indeterminacy hands the planner a
powerful mechanism to circumvent binding financial constraints. To provide further
intuition we consider the simplest possible example in which the planner perturbs
bond holdings for 7" = 1 period in a world economy with two countries N = 2,
satisfying the condition for indeterminacy, 7' > N — 2:

Example 1 (Two Countries) Assume a world economy with two countries i, j of
equal mass and focus on the Nash equilibrium among national planners (NP). By
market clearing, observe that bl = —bj,, Vt. W.lo.g. assume that country i is
a lender b, bl , > 0 in periods s and s + 1. A global planner can set b, to
an arbitrary level 13; b1 > max{—tbi +1,0} while leaving all consumption allocations
{cf;, ci}t as well as {bi+1}t7£s unchanged.

Proof. For all consumption allocations to remain unchanged, the global planner has
to observe two constraints

) b ) . b ~

i s+l 7 7 _ Ys+42 i

=t _p and b, = 22 i
s+1 s+2

By market clearing the analogous conditions for country j are linearly dependent,
reflecting that the planner is subject to (N — 1) (T'+ 1) = 2 constraints. The planner
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can therefore pick the three variables {bzs 1 R3+1,RS+2} subject to only two con-

straints. If the planner picks bond holdings b}, # bi_,, then he has to rescale Ry,
by the same factor as bond holdings so that the fraction 515 41/ Ry = b /R
remains constant and the trade balance in period s is unchanged. Since the gross
interest rate RsH is restricted to be positive, this is only possible for 5’5 41 that is of
the same sign as b’ +1.6 Furthermore, the planner has to change RS+2 in the opposite
direction so that the trade balance in period s 4+ 1 is unaffected,

L
T+ D
where the terms bl , and tbi_, +bi.; need to be of equal sign for the gross interest
rate to be positive. The capital controls required to implement these bond positions
need to be scaled in proportion to the world interest rate to guarantee that the Euler
equations of consumers hold in period s,

~i i
1 -7, 1—-7y

R5+1 Rs+1

and similarly in period s+ 1. m

In the two country example, the global planner has 3 instruments {BZS 1 RS+1, RHQ}

to meet 2 independent equilibrium conditions. In a given period s, a parallel increase
in all capital controls 72, and ! 41 (ie. a subsidy to outflows in country ¢ and a
tax on inflows in country j) reduces global demand for bonds and lowers the world
interest rate proportionately to the change in capital controls. This redistributes from
the saving country to the borrowing country. In the following period, capital controls
7,5 and 77, are reduced (i.e. a tax on outflows in country ¢ and a subsidy to inflows
in country j) to raise the world interest rate and redistribute from borrowers back to
lenders. We will show below that this mechanism provides a global planner with a
powerful tool to relax temporarily binding financial constraints in the world economy.

The example also highlights why the global planner generally needs to perform
this perturbation over multiple periods if the number of countries is greater than
two (except in knife-edge cases). If N = 3 but 7" = 1, we would allow the planner
to choose bond holdings {b; +1}i for only one period and interest rates { Ry 1, Rii2}
for two periods. If the planner wants to perturb these variables without affecting
consumption allocations in the economy, he has NT + 1 = 4 independent choice
varibles but needs to satisfy the constraint (10) for periods ¢ and ¢ + 1, implying

6Tf we impose the restriction that the gross interest rate is bounded above some positive value,
for example because of the zero-lower-bound on the nominal interest rate, then the set of permissible
perturbations is further reduced. Further implications of the zero-lower-bound on nominal interest
rates are discussed in section 5.
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(N —1)(T + 1) = 4 constraints. It is impossible for the planner to deviate from the
original allocation while satisfying all four constraints, except in knife-edge cases when
these constraints are linearly dependent.” One such knife-edge case is if we focus on
a steady state equilibrium in which the bond positions of countries are unchanged
over three consecutive time periods so that the constraints (10) for periods ¢ and ¢+ 1
are linearly dependent. Another important example of such a knife edge case is the
following;:

Example 2 (Identical Countries) Assume a world economy with N identical coun-
tries with zero bond holdings that experience domestic externalities and impose domes-
tically optimal capital controls Tii‘H > 0 Vi in a given time pertod t. The consumption
allocations of the Nash equilibrium among national planners (NP) can be replicated
by setting the capital controls in all countries to zero, T, =0 Vi.

The intuition is that capital controls have no wealth effects from changes in the
interest rate if bond positions {bfg +1}i are zero, as is the case for identical symmetric
countries. Technically, the term b, /R;;1 in constraint (10) is unaffected by a change
in R;,;. Lowering capital controls across all countries just implies a higher world
interest rate, all consumption allocations are unchanged. We will take advantage of
this result in section 8 to show how coordination between countries can be used to
reduce implementation costs when capital controls are costly to impose.

2.5.2 Pareto-Improving Capital Controls

If the objective of a global planner is not to achieve Pareto efficiency but the more
stringent standard of achieving a Pareto improvement, then capital controls generally
need to be accompanied by transfers. Even if capital controls are Pareto efficient,
they still lead to changes in the world interest rate (i.e. pecuniary externalities) that
redistribute between borrowing and lending countries. In the following proposition,
we show that access to lump-sum transfers enables a global planner to always im-
plement a Pareto improvement when correcting for the domestic externalities in any
number of economies.

Proposition 3 (Pareto-Improving Capital Controls, With Transfers) Starting
from the laissez faire equilibrium, a global planner who identifies domestic externalities
{x (bf;H/RtH)};\;l with at least one xi (-) # 0 can achieve a Pareto improvement
by setting capital controls in all countries such that T, , = 7%, and engaging in
compensatory international transfers T Y < 0 that satisfy Y, th =0.

"This is always the case in a steady state equilibrium in which the bond positions of all countries
are unchanged over two consecutive periods.
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Proof. Denote the saving/consumption allocations and the associated world interest
rate in the laissez faire equilibrium by { o b } and {R/{}}, and in the global
2t

)

planner’s equilibrium that results from imposing optimal capital controls 7%, and

transfers by { LGP biflp} and {Rt +1} Assuming the planner provides transfers
iyt

2y

i — (LT _ GPi bitt bt B0 :
=& then > T} = 0 since both sets of allocations (LF' and

t+1
GP) satlsfy market clearing. Furthermore, given these transfers, consumers in each

country ¢ can still afford the allocation that prevailed in the laissez faire equilibrium.
For non-zero capital controls, the allocation differs from the laissez faire equilibrium
since the Euler equations (4) and (5) differ. Given that the old allocation is still
feasible, revealed preference implies that every country is better off under the new
allocation. m

In an international context, compensatory transfers may be difficult to implement.
As an alternative, we show that a planner who can coordinate the capital control
policies of both inflow and outflow countries can correct the domestic externalities of
individual economies while holding the world interest rate constant so that no wealth
effects arise. As a result, the global planner’s capital control policies constitutes a
global Pareto improvement at a first-order approximation.

The following lemma demonstrates how a global planner can manipulate the world
interest rate by simultaneously adjusting the capital controls in all countries world-
wide; then we show how this mechanism can be used to undo changes in the world
interest rate and the associated wealth effects if individual countries unilaterally im-
pose capital controls.

Lemma 3 Consider a competitive equilibrium with an allocation of bond holdings
{bi +1} and a series of capital controls {Tt +1} and world interest rates {Ry1},.
A global planner can increase the world interest mte in a given period by dR;.1 while
keeping the bond allocations for all countries constant by moving the capital control
i each country 7 = 1...N by '

ATy bf'%

AR b (11)

Proof. We set the total differential of the bond demand function of a given country
7 to zero, ' ' o

and rearrange to obtain equation (11). Since db] 41 = 0, all future allocations are
unaffected by the described perturbation. m

Corollary 1 (Pareto-Improving Capital Controls, No Transfers) Assume an
erogenous marginal increase in the domestic externality in country i that raises the
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optimal unilateral capital control by dry,; > 0 in period t. A global planner can cor-
rect for this while keeping the world interest rate constant dR;y1 = 0 to avoid income
and wealth effects by adjusting

drl., A driy, m'bl,

= = = and = =
VES 1%k
driiy Br b} dri Br

In the resulting equilibrium, bond holdings {b{ +1}j are altered but, by the envelope
theorem, welfare is unchanged at a first-order approximation.

Proof. If the planner implemented the unilaterally optimal increase de;TH > () in the
capital control of country ¢, then the world interest rate would move by dR;/dr, =
—m'b. /Bgr. According to Lemma 3, the move in the interest rate can be undone
if the capital controls of all countries j = 1...N are simultaneously adjusted by
—dr], /ARy - dRyyy /dri% |, which delivers the first equation of the proposition. The
second equation is obtained by adding the initial unilateral response of the capital
control plus the adjustment given in the first equation with j = . In the resulting
equilibrium, the increase in the externality dri*, is corrected but the world interest
rate is unchanged. Furthermore, for a constant world interest rate, the change in
welfare that results from a marginal change in bond holdings is

de _ _ﬁt (1 — 7‘{4_1) u (CZ) n Bt+1u/ (CZ-H) —0
dbi-i—l th+1:0 Rt—‘rl

For non-infinitesimal changes in capital controls, changes in bond holdings Abf 41
have second-order effects on welfare (i.e. effects that are negligible for infinitesimal
changes but growing in the square of the deviation) even if the world interest rate is
held constant. Under certain conditions, e.g. if there are only two types of countries
in the world economy, a global planner can undo these second-order effects via further
adjustments in the world interest rate R;.;.

In Figure 1 on page 10, a national planner corrects for a negative externality to
borrowing 7% in country i. A global planner could achieve a Pareto improvement
by splitting the burden of regulating capital flows between the two countries. He
would tax outflows in country j such that 1 — 779 = RNP/ RFF and tax inflows for
the remaining part of the externality such that 1 — 7¢ = 117_7;; in country i. As a
result, the interest rate would be unchanged at R** and the welfare loss by country i,
indicated by the shaded area in the figure, would be limited to the Harberger triangle

between bVF, b and RFF 8

8Since there are only two countries in this example, country i could be compensated for this
second order loss by raising the interest rate on the remainder of its bond holdings, as described in
Lemma 3, achieving an unambiguous Pareto improvement.
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Such a policy response shares certain characteristics with voluntary export re-
straints (VERs) in trade policy: If a borrowing country imposes controls on capital
inflows, the world interest rate will decline and all lending countries experience nega-
tive wealth effects. However, if lenders restrict outflows by imposing controls of their
own, they can keep the surplus. A global planner would share the burden of adjust-
ment between borrower and lender in proportion to their elasticities of demand and
supply so as to keep the world interest rate constant.

Numerical Illustration Assuming the economy starts in a steady state (as de-
scribed in the illustration in section 2.4), an increase in the externality in country
i that would call for an optimal unilateral response d7}%, in the country’s level of
capital controls can also be corrected by setting

i
dri
i%
drity
J
driy

1%
ATy’

In short, the country that experiences the externality corrects only a fraction
(1 —m?) of it and the rest of the world imposes a capital control to correct the re-
maining fraction m’ corresponding to the country’s weight in the world economy. For
example, small open economies would meet the burden of adjustment by themselves
since m’ = 0 and they do not affect the world interest rate. For large economies, we
refer to the country weights implied by Table 2 on page 11. For example, if China
experienced a positive externality from current account surpluses that calls for a 1%
unilateral subsidy to capital outflows, then a global planner who follows the described
scheme would impose a 0.90% subsidy on outflows in China and a 0.10% subsidy to
inflows in the rest of the world to keep the world interest rate unchanged. Similarly,
if Brazil experienced a —1% externality from capital inflows, the global planner would
impose a 0.97% tax on inflows to Brazil and a 0.03% tax on outflows in the rest of
the world in order to keep the world interest rate stable.

3 Generalizations

This section generalizes our benchmark setup from the previous section along three
dimensions. First, we extend the model to include a real exchange rate and delineate
conditions under which there is an isomorphism between capital controls and real ex-
change rate intervention. Second, we show that our results are robust to introducing
uncertainty either if there is only a single real bond traded in global capital markets
or if there is a complete market and policymakers have a complete set of instruments.
Third, we introduce investment and capital into our model to show that the equi-

19



librium in a world economy in which each national planner unilaterally imposes her
optimal capital control is still Pareto efficient.

3.1 Real Exchange Rates and Reserve Accumulation

Policymakers are often concerned about the effects of capital flows on the real ex-
change rate. To capture such effects, we extend our benchmark model to include a
non-traded good in each country, which allows us to introduce a real exchange rate.

We distinguish variables that refer to traded versus non-traded goods by the
subindices 7" and N. We maintain our assumption that there is a single homoge-
nous traded good which is the numeraire good, and we denote the relative price of
non-traded goods in country ¢ by p%;, which constitutes a measure of the real exchange
rate.” Observe that we index p’; by country 7 since the prices of non-traded goods in
different countries are different.

A representative consumer in country ¢ values tradable and non-tradable con-
sumption according to the function

Vi) = Bu (s cv)

We denote the partial derivatives of the utility function as up = du/0c¢},, and similar
for uy, unyr etc. We impose the assumptions ur > 0 > upp, uy > 0 > uyy and
unrur —unupr > 0, i.e. the two goods are complements or at most mild substitutes
in the utility function of domestic agents.!

The period 0 consumer budget constraint augmented by non-traded goods is

C%,t + pé\/’,tcg\f,t + (1 - Ti+1) byor/Ris1 = ?J%,t + pé\f,t?/é\/,t + b+ T} (12)
The consumer’s optimality conditions are

(1 - Ti+1) ur (C%,t» CéV,t) = [Ryaur (CiT,t+1a Cé\/,t+1) (13)
7 0
P, = M (14)
ur (CT,t7 CN,t)

The first optimality condition is analogous to the Euler equation (4) and defines
bond demand b, as an increasing function of the world interest rate R;.; under
Assumption 1. The second optimality condition states that the real exchange rate

9The official definition of the real exchange rate is the price of a consumption basket of domestic
goods expressed in terms of a consumption basked of foreign goods. Ceteris paribus, a rise in
the relative price of non-tradables increases the price of a consumption basket of domestic goods,
implying a strictly monotonic relationship between the official real exchange rate and our measure
P
0 Empirically, Mendoza (1995) and Stockman and Tesar (1995) find that traded and non-traded

goods are clear complements.
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is the marginal rate of substitution between traded and non-traded goods. Market
clearing for non-traded goods requires that cfy, = vy ;.

The structure of the real exchange rate model is such that the results from our
benchmark model carry over. To put it formally:

Corollary 2 (Real Exchange Rate Model) For given levels of non-traded output
{y}\,t}l Wy the real exchange rate model is isomorphic to our benchmark model, with
the real exchange rate being a strictly increasing function of tradable consumption

p?\/’,t = P (C’il“,t) .

Proof. To show the isomorphism, we define the utility function u (¢%.,) = u (ch, yi ;)
for each country by substituting the market-clearing condition for non-traded goods
i = Y, This utility function satisfies the restrictions required by the benchmark
model. Non-traded consumption and endowment cancel from the budget constraint
(12). The remaining problem is identical to our benchmark setup and leads to iden-
tical optimality conditions.

After substituting the market-clearing condition in (14), we observe that tradable
consumption is the only endogenous variable driving the real exchange rate. The
derivative ,

ap?v,t UNTUT — UNUTT
i 2 >0
dcry (ur)

is positive by our earlier assumptions on the utility function. m

The intuition is that higher availability of traded goods implies that non-traded
goods, which are in fixed supply in the economy, become relatively more valuable.
Capital controls shift tradable consumption from one country to another, and the real
exchange rate moves in line with tradable consumption. For example, an increase in
the capital control in country i depreciates the exchange rate dply,/07,, < 0 there
and tends to appreciate the real exchange rate in the rest of the world.

Remark Introducing an additional tax instrument 7,41 on non-tradable consump-
tion that is rebated lump-sum does not affect real allocations. Such a tax scales down
the real exchange rate py; by a factor 1+7 41, but market clearing implies that non-
tradable consumption is unchanged. Therefore the tax does not affect the marginal
utility of tradable consumption and the intertemporal Euler equation of consumers.'!

1 This observation would change if we endogenize the supply of non-tradable goods: a tax on
non-tradable goods reduces their relative supply, which decreases the marginal utility of tradable
goods up and induces consumers to save more in international capital markets.
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3.1.1 Reserve Accumulation

We extend our framework to study reserve accumulation.'” Assume a planner in
country ¢ accumulates bond holdings a; on behalf of domestic consumers, where any
accumulation /decumulation a;,1/R;.1 — a; is financed/rebated via lump-sum trans-
fers. We may think of these bond holdings as reserves. This changes the period ¢

budget constraint of consumers to

ai+1 + (1 - 73%+1) bi+1
Ry

CiT,t + p?v,tcév,t + = ?J%,t + pé\[,tyj\/,t + ai + bi + th (15)
In the following, we distinguish two diametrically opposed cases. We describe the
capital account in an economy ¢ as open when domestic consumers can trade interna-
tional bonds b 11, @ we have assumed so far. By contrast, we call the capital account
closed when domestic consumers are forbidden from borrowing or saving abroad. This
imposes the constraint b}, = 0VZ.

Proposition 4 (Reserve Accumulation) (i) Under open capital accounts, domes-
tic consumers undo any reserve holdings a;, by adjusting their private bond holdings
such that bi, | = b, —al,,, where b, corresponds to the optimal choice of consumers
in the absence of reserves.

(i) Under closed capital accounts, reserve accumulation cannot be undone. It
reduces domestic consumption Oc%,,/0ai,, < 0 and depreciates the real exchange rate
apﬁ\,’t /0d,, < 0 of country i. If the mass of the country is positive, it also reduces
the world interest rate ORy11/0aj , < 0.

(111) There is a one-to-one correspondence between a given level of capital controls
Ti., under open capital accounts and a given amount of reserve accumulation aj,,
under closed capital accounts.

Proof. For part (i), assume an equilibrium with zero reserves a;,; = 0 Vt and denote
the associated level of private bond holdings by 5@ 41+ If a planner accumulates a non-
zero level of reserves al 41 7 0 in some periods, then an allocation in which private
bond holdings satisfy bi,, = bi,, — ai,, will leave all other variables unchanged and
will therefore satisfy the optimality conditions of the consumer.

If consumers have unconstrained access to capital markets, then reserve accumula-
tion is ineffective, even if the planner has imposed price controls 7}, ; on international
capital flows. What matters for the real allocations of the consumer is solely the level
of capital controls 7}, not the level of reserves ai,,. This is a form of Ricardian

12This extension can be introduced either in our benchmark model or in the model with a real
exchange rate. We opt for the latter since this naturally allows us to discuss the implications of
reserve accumulation for the real exchange rate.
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equivalence — a representative consumer internalizes that government bond holdings
are equivalent to private bond holdings.!?

Under closed capital accounts in part (ii), private agents are restricted to a zero
international bond position b},, = 0 and international capital flows are solely de-
termined by reserve accumulation. Reserve accumulation/decumulation constitutes
forced saving/dissaving. The effects of reserve accumulation therefore mirror the
effects of private capital flows in Proposition 2.

To show point (iii), we observe that a capital control 7¢ 41 under open capital ac-
counts leads private consumers to accumulate b;_ (Rt+1; Tl +1) bonds and is therefore
equivalent to reserve accumulation aj,; = b{ , (Ry41;7,,,) under closed capital ac-
counts. Since bond holdings b, (Rs+1;7},,) are strictly decreasing in 7}, and their
range is R, any level of reserve accumulation can be replicated by a commensurate
capital control 7;,,. m

Numerical Illustration We continue our numerical illustration to investigate the
isomorphism between reserve accumulation and capital controls. Consider a small
economy that is in steady state. An increase in reserve accumulation as a fraction of
GDP a'/y* if the economy’s capital account is closed is equivalent to an increase in
capital controls if the economy’s capital account is open of

or' 1+
dailyt o

For the standard value of the intertemporal elasticity of substitution o = 1/2, this
term is approximately 97°/d(a'/y") ~ 4. In short, accumulating an extra percent of
GDP in reserves under closed capital accounts is equivalent to imposing a 4% capital
control under open capital accounts or, vice versa, a 1% capital control is equivalent
to accumulating a quarter percent of GDP in reserves.

For more detailed numerical results, we refer back to Table 2 on page 11. In
the Table, we illustrated that a 1% capital control improves the current account by
Ab'/R. But, given the isomorphism, we can read the table in both directions. If
China, for example, accumulates an extra $13bn in foreign reserves and its capital
account is closed, this is equivalent to a 1% capital control under an open capital
account. Similarly, if Brazil accumulates an extra $5bn in foreign reserves under
closed capital accounts, it is equivalent to a 1% capital control under fully open
capital accounts. In practice, many developing countries that have liberalized their
capital accounts exhibit intermediate values of capital account openness so that only
part of their reserve accumulation is undone by private agents.

13The result is therefore subject to the same limitations as Ricardian equivalence. In particular,
it critically relies on the assumption that consumers can access bond markets at the same conditions
as governments.
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3.2 Uncertainty

Our benchmark model can also be extended to incorporate uncertainty. This will
be useful later on when we analyze targeting problems in imposing capital controls.
Assume that at the beginning of each period ¢, a state of nature w; € Q; (w;_1) is
realized with probability 7 (w;) where where 3 o, ;)7 (w:) = 1 and where the
set of possible outcomes 2, (w;_1) depends on the state of nature w; ; in the prior
period. Through this dependence, the state w, captures the entire history of states
of nature in the economy. We denote random variables as functions of the state of
nature, for example, y! (w;) denotes the stochastic endowment shock of the economy.

Assume a complete set of securities contingent on the next-period state of nature
wyr1 and denote a representative consumer i’s holdings of securities contingent on
state wip1 by bl (wir1). The required return of a security that pays off one unit in
state wyi1 18 Ryp1 (wir1). We denote the inverse of this required return as the state
price g1 (wer1) = 1/ Ryt (wey1), i-e the price of a security that pays off one unit in
state w1 of period t 4+ 1. Furthermore, we assume that a planner imposes a capital
control 7}, ; (wy41) on the issuance of such securities and rebates the net revenue as a
lump sum T} = =, ca,., Ton (@i1) bn (@ira).

A representative consumer maximizes the expectation of his utility (1) subject to
the period budget constraint

¢t (we)+ Z (1= 7Ti1 (W) G (Wern) by (Wern) = 7 (we) +b5 (we) +T7 (wr)
wWi41€Q 11 (wt)
We define a global excess demand function for state-contingent securities B (q11 (wit1) , Tea1 (Wir1) ;¢
N ) _ :
Yo b (qtﬂ (Wer1) s Thpr (Weg) ;le) and impose market clearing By 1 (wtﬂ) = ( for
each state w;;1. The logic of proposition 2 implies that a capital control 7}, ; (wi41)
in country i and state w;;1 pushes up the price ¢;,1 (w;11) of payoffs in that state,
i.e. Oqii1 (We1) /0T, (wig1) > 0 and induces other countries to save less contingent

on that state, i.e. reduce b}, (wWsy1)-

3.3 Capital Investment

Our benchmark model can also easily be extended to include capital investment.

Assume that output is a function of the capital stock y¢ = f (k!) and that capital

is augmented by investment i} according to the law of motion &}, , = (1 — 0) k| + 4.

The budget constraint of a representative consumer in country ¢ is modified to

(1 - Tft+1) biia
Ry

The consumption Euler equation of both domestic consumers and the national planner
is unchanged. Optimal capital investment is pinned down by the condition

W) = B () [ (i) + (1 - )
or Ry = (1 - T;+1) [f/ ( §+1) +(1— 5)}

i+ +iy = f (k) + b, — T}
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For a given world interest rate, a positive capital control 7, induces consumers
to accumulate less capital. If a national planner has also access to an instrument
targeting investment, such as an investment tax credit or subsidy to investment s 1
then the condition is modified to

1— Tf‘}l

Ry = (S (Btyy) + (1= 0)]

L —sip
and the planner can insulate capital investment from the effects of capital controls
by setting s}, = 7}, ;.

However, for a given set of available policy instruments, a national planner and
a global planner agree on the social benefits and costs of imposing capital controls,
and Proposition 1 on the efficiency of the Nash equilibrium among national planners
continues to hold. Adverse effects on capital investment are an important factor
to consider for a national planner who considers what level of capital controls to
impose, but they do not entail any differences for the multilateral implications of
capital controls.!

In the following three sections, we will analyze the microfoundations of three
different motivations for imposing capital controls or related capital flow management
measures. We begin our analysis with learning externalities and show that such effects
may justify the use of capital controls. We continue by studying aggregate demand
externalities at the zero lower bound. Then we focus on capital controls to mitigate
financial constraints in world capital markets.

4 Learning Externalities

This section applies our analysis of capital controls and international spillover effects
to the case of production externalities that arise from learning effects. There is a
considerable theoretical literature that postulates that such effects are important for
developing countries in the phase of industrialization. See for example Rodrik (2008)
and Korinek and Servén (2010). In the empirical literature there have been some
studies that document the existence of learning externalities, whereas others are more
skeptical. For a survey see e.g. Giles and Williams (2000).

Even if one is skeptical of the existence of learning externalities, this is an impor-
tant question to analyze since policymakers have explicitly invoked negative external-
ities on industrial development when they imposed capital controls, exemplified by
numerous comments of the Brazilian finance minister Guido Mantega (see Wheatley
and Garnham, 2010). We leave the debate on the validity of learning effects to other

14The global planning equilibrium even continues to be subject to the same indeterminacy that we
identified in proposition 2, since what is relevant for domestic investment decisions is the domestic
interest rate (post capital controls), which differs from the world interest rate.
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works and focus our analysis here on the international dimensions of capital account
policies that are designed to internalize such effects.

We investigate the regulation of such externalities and the resulting spillover and
efficiency effects in two separate examples in which capital controls represent first-best
and second-best instruments respectively to address learning-by-exporting externali-
ties and learning-by-doing externalities.

4.1 Learning-by-Exporting Externalities

Assume that output growth Ay;,, in economy i is a continuous increasing function
of the economy’s trade balance tb; = b ,/R;41 — b, in the previous period,

yi+1 = yi + Ay§+1 (Bi+1/Rt+1 - Bé) (16)

where b} denotes the aggregate bond holdings of the economy. The representative
consumer in economy 4 optimizes utility (1) subject to the budget constraint (2), but
does not internalize his contribution to aggregate bond holdings.

Learning-by-exporting effects are most relevant for developing economies that are
on a convergence path, not for economies that have already reached the world tech-
nology frontier (see e.g. Rodrik, 2008). We capture the temporary nature of such
externalities here by making the simplifying assumption that Ay! (tb}) = 0 Vt > 2,
i.e. the economy under consideration experiences learning-by-exporting effects only
between periods 0 and 1 but not beyond. A characterization of the general problem
and detailed steps of the derivation are provided in appendix A.2.

National Planner The Euler equation of a national planner who internalizes the
externalities in period ¢ = 0 is

u (Ci) = ﬁRt-HU, (Ci+1) + 5Ut+1Ay§f/+1 (tbf‘:)

where we denote by viy41 = > oo, 8°u’ (¢i ) the cumulative value of an additional
marginal unit of consumption in every future period. In short, the planner internalizes
that an increase in the trade balance in period 0 raises output by Ayijrl in every future
period, which has utility value v;,;. She finds it optimal to impose a capital control
to induce private consumers to internalize the externality,

P 5Ut+1Ay§/+1 (tbi)
t+1 u (C;)

(17)

Observe that this capital control is a first-best policy tool to internalize learning-
by-exporting externalities in our framework, since it directly targets net saving and
hence the trade balance of the economy.
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Global Planner A global planner who internalizes the learning-by-exporting ex-
ternalities would arrive at an optimality condition for each country ¢

D . o
' (c) = Tilw (ch1) + Bueea Dyl (1)

where )\; represents the shadow price on the resource constraint of the global economy
in period t. Since the relative marginal valuation of resources between periods ¢ and
t+ 1 is given by SR;1, we find that the optimality condition coincides with those of
the national planners in countries ¢ = 1,...N.

Proposition 5 (Efficiency of Unilaterally Correcting LBE-Externalities) The
global equilibrium in which each national planner i corrects domestic learning-by-
exporting externalities by imposing the unilaterally optimal capital control 7 41 18
Pareto efficient.

Proof. See appendix A.2. m

The intuition behind the result is that a national planner who does not internalize
market power fully internalizes the social benefits and costs of her policies. Since there
are no frictions in the global capital market itself in our model, the market interest
rate SR, .1 correctly reflects the social marginal rate of substitution between different
time periods, as can be seen from comparing the Euler equations of a national planner
and the global planner. As long as national planners take the market interest rate as
given, it guides their allocations in a socially efficient way. In a sense, we can view
each national planner as a competitive agent and apply the welfare theorems to the
global economy.

4.2 Learning-by-Doing Externalities

Capital controls may also serve as a second-best instrument to internalize learning-
by-doing externalities in a production economy in which productivity is an increasing
function of employment, but no direct (first-best) policy instrument to subsidize em-
ployment is available. Assume that the output of a representative worker in economy
i is given by y! = Al where labor ¢! imposes a convex disutility d (¢!) on work-
ers and where the growth in productivity A% is an increasing function of aggregate
employment /¢,
Al = AL+ A4 (4)

In the described economy, the first-best policy instrument to internalize such learn-

ing effects would be a subsidy s to wage earnings in the amount of

. BAAL, (6) Vi

ot ' (cf) Al
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where Va, = > o0, 37"/ (¢l) £} is the present value of a permanent marginal increase
in productivity.

If a first-best instrument is not available (for example because of a large informal
sector or because of the risk of corruption), the national planner may be able to resort
to capital controls to improve the equilibrium. In the constrained second-best policy
problem, a planner maximizes

max V (b, A1) = u (c) — d () + BV (bioy, Al + AAL, (£))

subject to the standard budget constraint and to an implementability constraint that
reflects the restriction on the set of instruments,

G o= AU~ /R
A (&) = d(6) (18)
As in our earlier example, we assume for simplicity that learning-by-doing exter-

nalities are only present in the first period ¢ = 0. (Appendix A.3 provides a more
general treatment.) Then the Euler equation of a national planner is

u’ (cff) + pt Al (cff) = BRyq (cfgrl)
BWar 1 AAY ()
" (6) — (A} u” (c})

where p! = (19)

Intuitively, the shadow price pi captures the welfare benefits of learning-by-doing
externalities that can be reaped from relaxing the implementability constraint (18),
i.e. from inducing consumers to work harder. The Euler equation reflects that each
unit of consumption not only benefits consumers by providing utility directly ' (¢}) >
0 but also has the effect of reducing the incentive to work since it lowers the marginal
utility piAlu” (¢) < 0. The planner can implement this second-best solution by
imposing a capital control o A
b piA ()
u' (c})

This control encourages consumers to save more, which reduces their consumption and
makes them work harder. Put differently, the capital control reduces capital inflows
and stimulates demand for domestic production, which in turn triggers learning-by-
doing externalities.

Again, we compare the Nash equilibrium between national planners to the con-
strained optimum that would be chosen by a global planner.

(20)

Proposition 6 (Efficiency of Unilaterally Correcting LBD-Externalities) The
global Nash equilibrium in which each domestic planner i imposes the unilaterally
second-best capital control 7' 41 to correct domestic learning-by-doing externalities is
constrained Pareto efficient.
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Proof. See appendix A.3. m

Intuitively, even though the capital control (20) is just a second-best instrument,
it is chosen so as to equate the marginal social benefit from indirectly triggering
the LBD-externality to its marginal social cost. Reducing domestic consumption by
running a trade surplus is the only way that a planner can induce domestic agents
to work harder. Since the global planner does not have any superior instruments, he
cannot do better than this and chooses an identical allocation.

Remark There has been a lively debate on the multilateral desirability of capital
controls (see e.g. IMF, 2012; Forbes et al., 2012; Ostry et al., 2012). It has sometimes
been suggested that capital controls that are imposed as a second-best measure, such
as those to internalize LBD externalities in our example above, should be viewed with
particular skepticism. This section establishes that the global efficiency implications
of second-best capital controls to internalize LBD-externalities are no different from
other reasons to implement capital controls, given the restrictions on the set of policy
instruments. A global planner who faces the same constraints on his policy instru-
ments would implement an identical allocation. The second-best nature of capital
controls is only relevant in the debate on global coordination if a global planner has
access to a superior set of policy instruments than national planners.

5 Aggregate Demand Externalities at the ZLB

In this section we study the multilateral implications of capital controls that are
imposed to counter aggregate demand externalities at the zero lower bound (ZLB) on
nominal interest rates. We develop a stylized framework that captures the essential
nature of such externalities in the spirit of Krugman (1998) and Eggertsson and
Woodford (2003), adapted to an open economy framework as in Jeanne (2009).

Assume that a representative consumer in country ¢ derives utility from consuming
¢i units of a composite final good and experiences disutility from providing ¢! units
of labor, expressed in recursive form as

V() = u(c) —d (€) + BV (b)) where ¢ =yitbi—(1—7i) b1/ R —T;

where 3! represents the sum of his wage income and profits. As is common in the New
Keynesian literature, we assume that there is a continuum z € [0, 1] of monopolistic
intermediate goods producers who are collectively owned by consumers and who each
hire labor to produce an intermediate good of variety z according to the linear function
y;* = (7, where labor market clearing requires [ (;*dz = ¢i. All the varieties are
combined in a CES production function to produce final output

. L .y N\
yi—(/o (y*) ° dZ)
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where the elasticity of substitution is ¢ > 1. We assume that the monopoly wedge
arising from monopolistic competition is corrected by a proportional subsidy a—% that
is financed by a lump-sum tax on producers. This implies that the wage income and
profits of consumers equal final output, which in turn equals labor supply yi = ¢..

Let us denote the constraints of consumers and monopolistic producers in nominal
terms and introduce price stickiness so as to clarify how the zero lower bound on
interest rates affects aggregate demand and ouput. We assume that prices are set one
period in advance and that intermediate goods producers are committed to satisfying
the demand that they experience at the given price every period. We normalize
the price of the final good in period ¢ to p! = 1 and assume that the monetary
authority is expected to implement an exogenous inflation rate 7}, between periods
t and ¢t + 1."> Then intermediate goods producers find it optimal to set prices p}7, =
(1 + +1) p!, and given the symmetric production function this implies an aggregate
price level p! 1= (1 + 7t +1) pt. For simplicity, we assume that after period t + 1
prices are perfectly flexible and price stickiness is irrelevant.

The nominal period ¢ budget constraint of the representative consumer is

pic, = Py + pib, — piabia/ (L +i,) — T}

For a given inflation rate, the zero-lower bound on the domestic nominal interest rate
iy,, > 0, in combination with the Euler equation of consumers, can be expressed as

i oqi i 8 i i i
u' (yt + by — bt+1/Rt+1) Z Tﬂil“/ (yt+1 + by — bt+2/Rt+2) (21)
Jr
The higher inflation, the lower the minimum permissible consumption growth rate of
consumers.

No arbitrage implies that the domestic nominal interest rate has to satisfy

1+m

. o
1 + ZtJrl - 1— 78
t+1

t+1
For given inflation and capital controls, avoiding the zero-lower bound on the domestic
nominal interest rate ¢;,; > 0 requires that the world real interest rate satisfies

i
1 -7y

Rt+1 > R; = —
+1
L

(22)

The higher the domestic inflation rate 7}, or the tax on inflows (subsidy on outflows)
7.1, the lower the world interest rate can be without plunging country i into a
liquidity trap.

15Tt is well known in the New Keynesian literature that the problems associated with the zero
lower bound can be avoided if the monetary authority is able to commit to a higher inflation rate.
See e.g. Eggertsson and Woodford (2003).
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In the laissez-faire equilibrium, this constraint is satisfied if world demand for
bonds and by extension the world interest rate is sufficiently high, i.e. if R, > ﬁ,
because optimal consumption smoothing by domestic consumers implies sufficiently
high consumption growth. If the ZLB constraint is slack, then output ¢! is determined

by the optimality condition
d () = d ()

We call the output level implied by this condition potential output y'*.

If the world real interest rate hits the threshold R;.; = H%, then the zero
t+1

lower-bound on the nominal interest rate is reached in the laissez faire equilibrium
and the domestic interest rate cannot fall any further. Instead, any increase in the
world supply of bonds will flow to economy 4, which offers a real interest rate of ; +71;‘£+1 .
In economy 7, today’s consumption goods are too expensive compared to tomorrow’s
consumption goods and consumers reduce their aggregate demand for today’s con-
sumption goods. Since output is demand-determined, y! falls below potential output
y/* in order to satisfy equation (21).

This situation captures the essential characteristic of a liquidity trap: at the pre-
vailing nominal interest rate of zero, consumers do not have sufficient demand to
absorb both the output from their domestic economy and the capital inflows b, ;.
Intermediate producers cannot reduce their prices but let domestic output adjust so
that demand equals supply. If the domestic real interest rate could fall, consumers
would have incentive to consume more in period ¢ and the problem would be solved.

National Planner A planner in the economy recognizes that output capacity is
wasted when the economy hits the zero lower bound since v’ (c}) > d’ (yi). She can
insulate her domestic economy from low world interest rates and aggregate demand
by erecting barriers against capital inflows. As captured by equation (22), the world
real interest rate at which a country’s nominal interest rate hits the zero lower bound
is a declining function of the capital control. A national planner internalizes that
yi = ¢! and sets the capital controls so as to implement the level of borrowing that
solves
nax (vt + 0, = bt /Rip) —d (yp) + BV (W) st (21)

Assigning the multiplier y! to the ZLB constraint, the associated optimality conditions
are

FOC (y;) - u (¢) =d (y;) — pu” () (23)

. . . . . R .
FOO () ol () = AR (cho) — i [o () + 00t (cf)
M1

If the ZLB constraint is slack (u; = 0), these reduce to the standard optimality
conditions and imply that the national planner finds it optimal to impose zero capital
controls.
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If the ZLB constraint is binding, on the other hand, then the first optimality
condition of the planner implies that output is reduced below potential. The planner
perceives the utility cost of the ZLB constraint as

i w(g)—d )

T )

She recognizes that borrowing less from abroad (saving more) increases domestic
demand and relaxes the ZLB constraint on domestic output, as captured by the term
in square brackets in the second optimality condition. She implements her optimal
allocation by setting the capital control 7 41 such that the Euler equation of private
agents replicates her optimality condition (23),

e
Z. 1 [0 () + Fu (e
T ' (c)) B

wwb—wwnbﬁ_ﬁ&ﬂ ¢ﬂ@@01>0

L+7m,, u(d)

Intuitively, the tax rate reflects the loss from giving up socially profitable production
opportunities v (¢}) — d’ (y!) in relation to the cost of relaxing the ZLB by deviating
from optimal borrowing/lending with foreigners.

6 Financial Constraints and Pecuniary Externali-
ties

This section analyzes how capital controls can be employed to deal with financial
constraints in international capital markets. We delineate circumstances under which
a global planner can fully circumvent financial constraints. Even though the con-
ditions necessary for this may not always be met in practice, they are instructive
for how globally coordinated capital controls may contribute to mitigating financial
constraints. Next we study prudential capital controls that are imposed to alleviate
domestic pecuniary externalities as in Korinek (2010).

6.1 Financial Constraints and Welfare Effects

Assume that consumers in country i are subject to a commitment problem that limits
how much they can borrow from international lenders.'® For now, we assume that
consumers may threaten to abscond and renegotiate their debts after obtaining loans.
If they do so, international lenders can take them to court and seize at most —¢’ > 0

16Gince all agents within a given economy are identical, there is no domestic bond market.
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from them, which is a country-specific constant that reflects the quality of creditor
protections in country i. To avoid absconding, lenders impose a constraint on new
borrowing of'”
i
t+1 7
> 24
Ry (29
When this constraint (24) is binding, equilibrium borrowing is determined by biy1/Ris1 =
¢, and there is a wedge in the Euler equation of constrained consumers that corre-
sponds to the shadow price of the constraint A;_;,

(1 - 7'1§+1> u” (Cff) = 6Rt+1ui, (Ci+1) + )‘i+1 (25)

The welfare effects of marginal changes in ¢’ depend on both the constraint itself
and on the resulting general equilibrium effect on the world interest rate. The mar-
ginal welfare cost of tightening the constraint d¢’ > 0 for a given interest rate is is
Ai+1/Ris1. The tighter borrowing limit reduces the effective global demand for bonds
and reduces the world interest rate by

AR o iOR

— = —m —

do' 0B 4
which is always beneficial for country 7 since a constrained country is by definition a
borrower. The total welfare effect is the sum of the two,

<0

dW}
de’

For relatively lax borrowing constraints in large economies with m! > 0, the
interest effect is larger and the constrained country benefits from a tightening of the
constraint. This may seem counter-intuitive, but recall that a tighter constraint moves
the country closer to the level of borrowing that would be chosen by a monopolistic
planner who internalizes the country’s market power. For relatively tight constraints,
the welfare cost of the constraint outweighs any positive terms of trade effects on the
world interest rate. The cutoff at which dW}/ d¢' = 0 corresponds to the monopolistic
level of borrowing that is described in more detail in section 7.

The interest rate effects of one country’s tightening borrowing limit on other coun-
tries are identical to those described in equation (XXX) — they improve the welfare of
other borrowing countries (who compete for funds) and reduce the welfare of lending
countries (who experience a decline in the effective demand for their lending).

o )\
= uZT,thnRB—i - Rtﬂl 20 (26)
t+

70Our main findings are unaffected if we impose the constraint on repayments b 112 #" instead
of new borrowing.
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6.2 Restoring the First-Best Allocation

Binding financial constraints impede optimal consumption smoothing and therefore
pose a challenge to a planner who wants to equate the marginal rates of substitution
of different agents. Here we delineate circumstances under which a global planner can
in fact employ capital controls to fully undo the effects of financial constraints ¢" < 0
in a two-country framework.

The planner can do so by taking advantage of the indeterminacy in the setting of
capital controls and the world interest rate that we identified in proposition 1. What

matters for the decisions of decentralized agents is the fraction lRtjl not the levels

Tt

of the interest rate and the capital controls.

Although the conditions necessary for restoring the first-best are unlikely to be
met in practice, they are instructive for how globally coordinated capital controls may
contribute to mitigating financial constraints. nces, a global planner can restore the
first-best equilibrium in our setup.

Proposition 7 (Restoring the First-Best) In a world with two countries i, j that
are subject to the financial constraint (24), a global planner who can determine the
capital controls Ti, 71 of both countries can implement the first-best equilibrium.

Proof. Denote variables in the first-best allocation by {ci*}, {bfﬁ;l} and {R;‘ +1} and
focus on a period ¢ in which the first-best level of new borrowing is below what the
financial constraint permits, i.e. bj*, /Ry | < ¢'. The global planner implements the
first-best allocation by reducing both the repayment and the new borrowing in period
t by the excess over the borrowing limit A = ¢’ —bi%, /Ry, |, i.e. by setting b} = b+ A
and b}, /Ry = b /R; + A = ¢'. This leaves period ¢ consumption unchanged.
At the same time, the planner uses his control over the interest rates R; and Ry, to
keep borrowing in the previous period bi/R; = bj'/ R} and the repayment next period
bi,, = by’ constant at the first-best levels, which guarantees that consumption in all
time periods is unchanged. Substituting the latter two equations into the former two,

we find e A . IR
1*+ 7% *
R — R* t ' and R — * . t+1 t+1
e T LR A
\‘,—/ (. ~ /
<1 >1

In other words, the planner reduces the world interest rate for repayments and
increases it proportionately for new borrowing in period t. To achieve this, he imposes
capital controls

A A

l=—— >0 and

_ S —— <0
by LB /Ry, A

\]

By engaging in this manipulation in a given period ¢, the planner can circumvent
any level of the borrowing constraint that satisfies b, ; < 0. The intervention can be
repeated for arbitrarily many periods. m
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Intuitively, the global planner circumvents the financial constraint by reducing
both the repayment and the (constrained) level of new borrowing in period t by
identical amounts while manipulating interest rates such that nothing changes in
adjacent time periods. In period £ —1, both countries agree to impose capital controls
7, > 0 (i.e. controls on inflows in the borrowing country and subsidies to outflows
in the lending country) to push down the world interest rate and “help” country i,
which would otherwise be constrained in the following period, to reduce its repayment
bi for a given level of borrowing b:/R;. In period ¢, both countries agree to impose
capital controls in the opposite direction (i.e. subsidies on inflows in the borrowing
country and taxes on outflows in the lending country) to push up the world interest
rate. This implies that the borrowing country obtains less b, /R for a given face
value of debt b}, ;, which makes up for the loss in interest payments that the lending
country would otherwise have suffered.

Remark 1: The results of proposition 7 are robust to alternative specifications of the
financial constraint. For example, the same argument could be applied to period ¢+ 1
if the interest rate was omitted in the denominator of constraint (24). What matters
is the the planner can change the amount borrowed b,/ R; and repaid b; independently
in two consecutive periods because he can determine the level of the interest rate R;.

Remark 2: Our results can easily be generalized to a world with multiple states of
nature in which two countries trade contingent securities by ; in a complete market.
Following the recipe of proposition 7, a global planner would reduce the payoffs of
contingent liabilities of the borrowing country ¢ that pay out in states of nature when
the constraint is binding by imposing capital controls 7 > 0 and reduce new borrow-
ing once such a state is reached. In practice, securities that pay out in constrained
states of nature can be interpreted as “hard claims” such as dollar debt. The planner
would impose inflow controls in the recipient country and subsidies to outflows in
the source country. This reduces the need for new financing in country ¢ if one of
those states of nature materializes. In that event, the planner would subsequently
impose capital controls in the opposite direction on all securities (i.e. subsidies on
inflows in the recipient country and on outflows in source country) to push up the
world interest rate and compensate the source country for the lower returns in the
prior period. If a different state of nature materializes in which there is no risk of
binding constraints, the planner would take no further action in period ¢t. Again, the
resulting real allocations replicate the first-best.

Limitations There are also a number of limitations to restoring the first best.

Multiple Countries The result relies on the planner’s ability to proportionately
scale down the repayment and new borrowing of all countries. However, in the
case of multiple countries, this only implements the first best if the ratio of
repayment and new borrowing is the same for all countries, i.e. if the following
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condition is met: o o
bt /biy1 = by /b1 Vi (27)
For two countries, this condition is naturally fulfilled since mbi = —mb] V t.

However, if there are multiple countries subject to idiosyncratic shocks, this
condition is no longer likely be satisfied.

Commitment Furthermore, the implementation of proposition 7 requires that un-
constrained countries set capital controls in favor of the the constrained country
in period t — 1 and constrained countries return the favor in period ¢.

For these reasons, the first-best may be difficult to implement through capital
controls in practice. If a global planner has a superior enforcement technology, similar
mechanisms such as crisis lending to provide a constrained country with additional
borrowing capacity may restore the first best.

7 Distortive Capital Controls

7.1 Setup

Suppose that there is a monopolistic planner in each country ¢ with positive mass
m® > 0 that maximizes the utility of the representative consumer U® and internalizes
that she has market power over the world interest rate R; .1, which affects consumer
welfare as we observed in lemma 2.

Global market clearing requires that world-wide savings add up to zero,

m'b, ., + B, =0 where B/ = Z mjb{Jrl
J#i
Btjfl denotes the rest-of-the-world bond holdings excluding country ¢. We can express
these as a function B, (Rt“; T jl) that is strictly increasing in R;,; and increasing
in each element of the rest-of-the world’s capital controls 7,7, = {77 +1}j i We invert

this function to obtain the inverse rest-of-the-world bond demand R™* (B;fl; Ty Jﬁl),
which is strictly increasing in B;}'; and declining in each element of 7,/,.

A monopolistic planner in country ¢ recognizes that market clearing requires
B}, = —m'b},, and that the world interest rate therefore satisfies Ryq = R~ (—m'b},; 7,1).
We formulate the recursive optimization problem of planner who takes the vector of
policies imposed by other countries as given, by!®

V() = P - .)+ V(b
O e A == ez ) ALALCD

18 The described setup solves for the optimal level of distortive capital controls in a time-consistent
setting. For an analysis of optimal distortive capital controls under commitment see Costinot et al.
(2011).
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leading to the generalized Euler equation
(1 - mlﬁRBﬂ') u’ (Ci) = Ry V" (bzze+1) (28)
where we denote by npp-i = —OR;1/0Bg4 - b, /Rt the inverse elasticity of
global savings. The term m'ngp-: in the Euler equation of the monopolistic plan-
ner reflects that increasing domestic saving b, ; pushes down the world interest rate
ORy41/0bL, = —miOR1/0B;;, < 0. If the country is a net saver, then 15— < 0
and the planner finds it desirable to push up the world interest rate by taxing capital
outflows and reducing saving; if the country is a net borrower, then 1z > 0 and
the planner finds it optimal to tax capital inflows. Naturally the effect is scaled by
the weight m‘, which reflects the country’s market power in the global bond market.
A monopolistic planner distorts domestic saving decision to the point where the
marginal benefit of manipulating the world interest rate — the interest rate impact
times the amount saved valued at the country’s marginal utility m‘OR;// 83:1 :
by 1/Ris1 - v (¢}) — equals the marginal cost of having an unsmooth consumption

profile SRy 1u (¢}, ) — v’ (c}).

Proposition 8 (Market Power and Capital Controls) A monopolistic planner
who internalizes her country’s market power over the world interest rate imposes a
monopolistic capital control

_ (‘3Rt+1 mibi+1
0B, Rin

WM o
Tiy1 = M Ngp-i =

(29)

Proof. The tax Tiﬁ ensures that the private optimality condition of consumers (4)
replicates the planner’s Euler equation (28). m

This leads us to the following observations about the optimal monopolistic capital
control:

1. The optimal tax carries the opposite sign as the country’s bond position b_,.
If the country is a net saver, the planner taxes saving 7! 41 < 0. If the country
is a net borrower, the planner taxes inflows 7}, > 0.

2. Ceteris paribus, the absolute value of the optimal tax |7}, ] is linear in the mass
of the country m' and in the absolute size of the country’s bond position |b;, ,|.
If the country is small compared to the world economy m‘ = 0 or is a zero saver
b1 = 0, then the optimal tax rate is 7, , = 0.

3. The absolute magnitude of the optimal tax is higher the greater the elasticity
of the world interest rate with respect to global savings npp5-:.

4. For a given elasticity npp-i, the optimal tax rate is a decreasing function of
initial output, 97} ,/dy; > 0 because output increases saving. Countries that
are comparatively rich in period 0 tax saving; countries that are comparatively
poor tax borrowing.
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5. For a given country, the optimal tax rate reduces the magnitude of capital flows
but does not change their direction.

6. The optimal policy can equivalently be implemented via a quantity restriction
5;% = b (Rtﬂ; Tiﬁ) If a country is a net saver, the tax is equivalent to a
quota or ceiling on capital outflows Bzﬁ that restricts b}, ; < by1. If the country
is a net borrower, the tax is equivalent to a quota or ceiling on capital inflows

, i M
bii1 > by

7. Finally, under closed capital accounts, optimal monopolistic capital controls are
isomorphic to reduced reserve accumulation/decumulation.'

Numerical Illustration In the following we determine the monopolistically opti-
mal level of capital controls for a variety of countries numerically based on equation
(29). From our earlier analysis, we observe that the steady-state response of the world
interest rate to additional saving is OR/OB~" = J;;YB, in a steady state. We identify
m'b’/ R in the data as the net external wealth NW/ of different countries and express

the monopolistic capital controls of country 7 as
v 1+0 NW!
Ti+1 = F Ty

For our earlier value of the intertemporal elasticity of substitution o = 2, the first
term of this expression is approximately 4. In short, the monopolistically optimal
capital control of a country is roughly four times its current account relative to the
GDP of the rest of the world.

We report the resulting calculations for a number of countries in Table 3. Countries
for which the external wealth represents a significant fraction of rest-of-the-world
GDP have a strong motive for imposing monopolistic capital controls. The United
States, for example, would optimally impose a 4% tax on capital inflows so as to
exert monopoly power over the availability of global savings instruments and benefit
from a lower world interest rate. By contrast, China would optimally impose a 2%
tax on capital outflows (or subsidy on capital inflows) so as exert monopoly power
over its supply of worldwide savings and raise the interest rate. Countries that make
up a smaller share of the world capital market have less market power and choose
accordingly smaller capital controls.

The table highlights that it is difficult to reconcile the capital controls observed
in the real world with the monopolistic motive for imposing capital controls. This
suggests that some of the other motives for imposing controls that we studied in
earlier sections were more relevant for most countries that imposed capital controls
in recent years.

YFor example, when a country that accumulates reserves is concerned that it is not earning
“sufficient” interest on its reserves because its accumulation is pushing down the world interest rate,
this is non-competitive behavior and is equivalent to distortive capital controls.
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Country GDP' NW* NW!/Y~! oM
World $62,634bn e e e

United States | $14,447bn  $-474bn -0.98%  4.02%
China $5,739bn  $281bn 0.49% -2.02%
Japan $5,459bn  $123bn 0.22% -0.88%
Brazil $2,089bn  $-63bn -0.1%  0.42%
India $1,722bn  $-63bn -0.1%  0.42%
South Korea $1,014bn  $30bn 0.05% -0.2%

Table 3: Monopolistically optimal capital controls (Source: IMF IFS and au-
thor’s calculations) [needs updating]

7.2 Welfare Analysis of Exerting Market Power

In this subsection we analyze the welfare effects if one country imposes capital controls
to exert market power. We first discuss the spillover effects on other countries; then
we investigate the Pareto efficiency of the resulting global equilibrium.

Corollary 3 (Spillover Effects of Exerting Market Power) An increase in the
capital control T +1 has positive welfare effects for borrowing countries by, < 0 and
negative welfare effects for lending countries b, > 0.

Proof. We observed in proposition 2 that the effects of raising the capital control

7' on the world interest rate is dR/dr* = —m'b. /Br < 0. The interest rate in turn
affects the welfare of another country j as follows

Vi ey b

T ) g 2

If the country is a net saver (b;,; > 0), it is hurt by a low interest rate and by capital
controls in country i. If the country is a net borrower (b/,, < 0), it benefits from a
low interest rate and from capital controls in country 7. In short, it is in the interest
of all lending countries to improve their intertemporal terms-of-trade and push up
the world interest rate by reducing the supply of bonds on world capital markets. m

Figure 2 illustrates our results in a framework of two countries ¢« and j of equal
mass for a given time period. The line R’ (b') represents the (inverse) supply of
bonds, the two lines R’ (—b’) and R/ (—’) — b’ Ry, represent the demand for bonds as
well as the ‘marginal revenue’ curve for country ¢ that takes into account the decline
in the interest rate from supplying additional bonds. The laissez faire equilibrium
is characterized by an interest rate R*Y and bond positions b' = bXF = —b. A
monopolistic planner in country ¢ would reduce the quantity of bonds supplied to j
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Figure 2: Optimal capital control imposed by a domestic planner to exert
market power

such that her marginal valuation R’ (b") equals the marginal revenue derived from
country j. This monopolistic equilibrium is indicated by the quantity of bonds sold
bMP and interest rate RMP. The described policy shifts the surplus between RM?
and R*, marked by the dotted area in the figure, from country j to country i. It
also introduces a deadweight loss indicated by the triangular vertically-shaded area.
Monopolistic capital controls constitute a classic beggar-thy-neighbor policy and are
always inefficient: they introduce a distortion into the Euler equation of domestic
agents, which reduces global welfare, in order to shift welfare from foreigners to
domestic agents — the policy represents a “negative-sum” game overall.

Proposition 9 (Inefficiency of Exerting Market Power) An equilibrium in which
domestic planners impose capital controls to exert market power is Pareto-inefficient.

Proof. The result is a straightforward application of the first welfare theorem that
we captured in proposition 1. m

If one or more countries impose capital controls to exert market power, then capital
controls are not equal across countries (lenders impose outflow controls; borrowers
impose inflow controls). The intertemporal marginal rates of substitution of different
agents differ, and the necessary conditions for Pareto efficiency of proposition 1 are
violated.

Market Power and the Real Exchange Rate The real exchange rate model
allows us to study the effect of monopolistic capital controls on the real exchange
rate as well as the scope for monopolistic real exchange rate intervention.
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If a country experiences capital outflows and is a net saver in a given period
(bi,; > 0), then its exchange rate is depreciated compared to the autarky level. A
monopolistic planner would tax saving abroad (7}, < 0), which would reduce capital
outflows and push up the world interest rate. In the domestic economy, this policy
appreciates the real exchange rate. Alternatively, in a country with closed capital
accounts, the planner would reduce af, ,, i.e. reduce reserve accumulation to keep the
world interest rate elevated.

If a country is a net borrower (b +1 < 0), the opposite lessons apply. The country’s
real exchange rate is appreciated compared to the autarky level. A monopolistic plan-
ner would tax capital inflows to push down the world interest rate. In doing so, she
would also put downward pressure on the domestic real exchange rate. Alternatively,
with closed capital accounts, the planner would increase aj,,, i.e. increase reserves
or borrow less from abroad, to push down the world interest rate.

In short, a monopolistic planner would reduce deviations of the real exchange rate
from its steady state.

Market Power and Uncertainty Our findings on market power carry over to the
model with uncertainty that we outlined in section 3.2. In particular, a monopolistic
domestic planner finds it optimal to impose state-contingent capital controls of

,L‘)U‘) —_ Z
Tiy1 = M N RgBw,—i

In a world economy with idiosyncratic country shocks, optimal risk-sharing requires
that each country purchases insurance contingent on states in which it is relatively
worse off: a country sells more securities contingent on states in which it is relatively
better off than on states in which it is worse off compared to the rest of the world.

For example, if the country is a net lender and is relatively better off in state
w than in state 7, then optimal risk-sharing implies 0 < b** < b*¥ which insures
consumers against state ¢. Under the usual regularity conditions for OR¥ /0B, a
monopolistic domestic planner sets 0 > 74“ > 7%% je. the planner taxes carrying
resources (insurance) into state 1) more than carrying resources into state w. This
diminishes international risk-sharing. Practically speaking, lending countries will lend
too much in hard claims and too little in contingent forms of finance such as FDI.

By the same token, countries that are net borrowers and want to exert monopoly
power will borrow too much in foreign currency and too little in terms of FDI, again
diminishing international risk-sharing.

8 Imperfect Capital Controls

This section analyzes capital controls that are imperfect policy tools and investigates
under what circumstances such imperfections lead to a case for global coordination of
capital control policies. In the previous section, we emphasized that the international
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spillover effects of perfectly targeted capital controls constitute pecuniary externalities
that are mediated through a well-functioning market and therefore lead to Pareto-
efficient outcomes, as long as domestic policymakers act competitively and impose
such controls to internalize domestic externalities. This result follows from the first
welfare theorem if we view the domestic policymakers in each country as competitive
agents who optimize domestic welfare. By implication, we found that there is no
need for global coordination to achieve Pareto-efficient outcomes. Our result relies
on the assumption that domestic policymakers have the instruments to perfectly and
costlessly control the amount of capital flows to the country.

In practice capital controls sometimes differ from the perfect policy instruments
that we have depicted in our earlier analysis in that they create ancillary distortions
(see e.g. Carvalho and Marcio, 2006). In the following two subsections, we analyze
two types of such distortions: implementation costs of capital controls and imperfect
targeting of capital controls. We formalize both examples and analyze whether a
global planner could achieve a Pareto improvement by coordinating the capital control
policies of different countries in the presence of such ancillary distortions.

8.1 Costly Capital Controls

The simplest specification of such a setup is to assume that capital controls impose a
resource cost C? (7) on the economy that represents enforcement costs or distortions
arising from attempts at circumvention. Assume that the function C’(-) is twice
continuously differentiable and satisfies C' (0) = C” (0) = 0 and C” (1) > 0V7, i.e. it
is convex.?
The optimization problem of a national policymaker, where we use the summary

notation W (b') = V7 (b%; %), is then
nax u () +BW (V) =N | =y + 0 +C ()| = [ =) (') = BRV" (V)]
The first-order conditions are

FOC (V') = BW” (V') =\'/R— W'BRV™ (b')

FOC (¢') : W' (¢)=XN+p (1=71)u" ()

FOC (7) : XNC"(7') = ' (')
and can be combined to the optimality condition

1 SRV i

(u)?
1 — BRV” C
u/

u' (¢') = BRW' (b) (30)

We find:

20 Analogous results can be derived if the cost of capital controls is proportional to the amount
of bond holdings, e.g. ¢(7,b) = C (7b), which may specifically capture the costs associated with
attempts at circumvention.

42



Proposition 10 (Costly Capital Controls) If capital controls impose a resource
cost C* (%) as defined above and if &' # 0, then a national planner imposes an optimal
level of capital controls of the same sign as £ but of smaller absolute magnitude, i.e.
7' satisfies 0 < |77 < ||

Proof. The planner implements the optimality condition (30) by setting the capital
control in the decentralized optimality condition (4) to

T = %—i—ﬂRC“-

V/u// + ulv//
(u/)2 + BRV'u"C"

The first additive term corresponds to the optimal costless capital controls 7. If
this term is positive because the country experiences a negative externality & > 0
from capital inflows, then C” > 0 and the second additive term is negative, which
mitigates the optimal magnitude of the capital control to 7° < 7. (This holds as
long as the denominator is positive, i.e. (u’ )2 + SRV'W"C" > 0, which is satisfied as
long as the marginal cost of the capital control C” is not too large.) For ¢ > 0, the
second term never flips the sign of the control 7¢ to make it negative. If it did, then
C" would switch sign as well and the second term would become positive, leading to
a contradiction. The argument for £ < 7° < 0 follows along the same lines. m

8.2 Global Coordination of Costly Capital Controls

We next determine under what conditions the equilibrium in which each national
planner imposes capital controls according to equation (30) is globally Pareto efficient.
In other words, if national planners follow the described rule, can a global planner
achieve a Pareto improvement on the resulting equilibrium? It turns out that the
answer depends critically on the set of instruments available to the planner.

8.2.1 Global Coordination with Transfers

First, we analyze a global planner who maximizes global welfare in the described
environment who has access to lump-sum transfers between countries. This implies
that he is not bound by the period 1 budget constraints of individual countries and
can undo the redistributions that stem from changes in the world interest rate.
Formally, a global planner maximizes the sum of the surplus of all nations for some
set of welfare weights {gb’} He internalizes that the world interest rate R is a choice
variable and that the optimality conditions of individual agents (with shadow price
u') as well as global market clearing must hold, i.e. ¥;m'b" = 0 (with shadow price
v). In addition, we include a transfer 7% in our optimization problem, which needs
to satisfy global market clearing ¥;m"T" = 0 (with shadow price 7). The associated
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Lagrangian is
— [(1 — Ti> o (cz) — BRVY (bz)] } —v Z m'b' — v Z miT"
The first-order conditions of the global planner are
FOC (V') : BWY (V') =N'/R— WBRV" (b') + m'v/¢'
) . Ul (CZ) _ )\z + Iui (1 - Ti) u// (Cl)
FocC (TZ) . N (TZ) = p'u (cz)
P A i A
FOC(R) : ;gb{R—l—u (l—T)u(c)}:()

FOC (T") : ¢'N' =ym'

The uncoordinated Nash equilibrium among national planners is constrained Pareto
efficient under the given set of instruments if and only if we can find a set of welfare
weights {gbz} such that the allocations of national planners satisfy the maximiza-
tion problem of the global planner. If we substitute the allocations from the Nash
equilibrium, we find that the second and third optimality conditions are unchanged
compared to the national planner’s equilibrium and can be solved for A" and y* that
are identical to the shadow prices in the Nash equilibrium between national planners.
Substituting these in the optimality condition FOC (b"), we find that this condition
is satisfied for all countries if we set ¥ = 0. The fifth optimality condition is satisfied
if we set ¢' = ym’/A"Vi. The Nash equilibrium among planners is therefore efficient
if the described variables also satisfy the fourth optimality condition FOC (R).

Proposition 11 (Coordination of Costly Controls with Transfers) If capital
controls to correct national externalities are costly, then the uncoordinated Nash equi-
librium between national planners is Pareto efficient with respect to a global planner
who can engage in transfers if and only if the resulting allocation satisfies

Zm (1-7)C' (7)) =0 (31)

Proof. The optimality condition (31) can be obtained by substituting FOC (T") into
the condition FOC (R) and accounting for market clearing X;m'b" = 0 as well as for
FOC (7%). m

In a Pareto-optimal allocation, the weighted average marginal distortion imposed
by capital controls must be zero. If there are no externalities, this can be achieved
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by having zero controls in all countries. Otherwise, the planner combines controls in
capital inflow and outflow countries in a way that their weighted average marginal
distortion is zero.

The planner’s country weights ¢’ do not show up in condition (31) since the
condition is purely about efficiency, i.e. about minimizing the overall resource cost
of imposing capital controls. Since the planner has access to lump-sum transfers, she
can undo any redistributions created by movements in the interest rate according to
her welfare weights.

We illustrate our findings in the following examples:

Example 1: Single country/symmetric countries Assume a world economy
that consists of & > 1 identical countries that impose costly capital controls 0 < 7° < &
to offset domestic externalities. In doing so they incur a resource cost C* (7i,,) > 0.
However, since they are identical, their net bond positions is b;,; = 0 in equilibrium.
There is a clear scope for reducing capital controls to zero and avoiding the resource
cost, making all countries better off. Observe that the reduction in capital controls
leads to a parallel increase in the world interest rate R.

Analytically, since all countries are symmetric, the only non-degenerate solution
to equation (31) is C” (7i,,) = 0Vi. A global planner would reduce the controls in
all countries to zero.

Example 2: Two countries with asymmetric externality Assume two coun-
tries that are identical, except that one of them experiences a negative externality
from selling bonds & > 0. In the Nash equilibrium of national planners, country ¢
imposes a capital control 0 < 7¢ < £ (the inequality holds because capital controls
are costly) and country j doesn’t. Country i therefore experiences capital outflows
and incurs a resource cost C (77) > 0, whereas country j receives capital inflows.
The decentralized equilibrium is inefficient and the optimality condition (31) is not
satisfied.

The global planner would lower the capital control 7¢ > 0 on inflows in country 4
and impose a control on outflows 77 < 0 in country j to minimize the total resource
cost C (+) of controls. This would increase the world interest rate, but the planner
can undo the resulting redistribution to make sure that a Pareto-improvement takes
place.

Example 3: Two countries, restricted instruments Let us add to the previous
example a restriction that country j cannot use its capital control instrument so
77 = 0. The Nash equilibrium of national planners is unaffected since country j
already found it optimal to impose a zero capital control.

For the global planner, we may capture the restriction 77 = 0 by assuming that it
is arbitrarily costly for country j to deviate from zero capital controls, e.g. C7 (77) =
a (7! )2 with @ — oo. In the limit, the optimality condition (31) is satisfied for
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the allocation in the Nash equilibrium among national planners. The global planner
balances the marginal cost of changing the capital control in countries ¢ and j which
requires m’ (1 — 7°) C¥ (') = —m/ (1 — 77) C?' (77) and which holds for 77 — 0. The
intuition for the result is that there is no scope for sharing the burden of regulation
with country j if it is infinitely expensive for country j to impose even minimal capital
controls.

Example 4: More countries Observe that all our examples on coordination con-
tinue to hold for the case of more than two countries. In particular, equation (31)
weighs each country by its mass m’ in the world economy and adds up the marginal
distortion it experiences. If we replace one country of mass m’ by k identical coun-
tries of mass m’/k, then the national planner in each of these countries will find it
optimal to choose precisely the same allocation as the one in the large country of
mass m’. Moreover, the global planner treats the sum of the k small countries in the
same fashion as the one large country. This is because we assumed that the planners
in the current section do not exert market power. (The case of £ > 1 in example 1 is
an application of this finding.)

In summary, our examples illustrate that there may be a rationale for global
coordination of capital controls if such controls impose deadweight costs that can be
reduced by sharing the burden of controlling capital flows and if a global planner
can engage in compensatory transfers. The goal of coordination is to minimize the
aggregate deadweight loss from capital controls by distributing the burden of imposing
controls between borrowing and lending countries.

8.2.2 Global Coordination without Transfers

If the global planner cannot engage in transfers between the countries involved, then
the conditions under which a global Pareto improvement can be achieved are highly
restrictive.

A global planner maximizes the sum of the surplus of all nations for some set
of welfare weights {qbz} He internalizes that the world interest rate R is a choice
variable and that global market clearing must hold, i.e. ¥;m’b’ = 0 (with shadow
price v):

L= Z o {u () + W (') =X [ =y +V/R+C ()] —
i [(1= 7)ol () = BRVY (B)]} — v 3o ml

The first-order conditions of the global planner are the same as the first four
conditions above. The uncoordinated Nash equilibrium among national planners is
constrained Pareto efficient under the given set of instruments if and only if we can
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find a set of welfare weights {gbz} such that the allocations of national planners satisfy
the maximization problem of the global planner.

If we substitute the allocations from the Nash equilibrium, we find as before that
the first three optimality condition are satisfied for all ¢ if we set v = 0. The fourth
optimality condition captures the effects of varying the world interest rate, which has
both a redistributive effect that depends on the sign of b°/R and an effect on the
tightness of the implementability constraint ;° of each country. We can reformulate
this optimality condition as

S { -0} - &

Proposition 12 (Coordination of Costly Controls, No Transfers) If capital con-
trols to correct national externalities are costly, then the uncoordinated Nash equilib-
rium between national planners is Pareto efficient with respect to a constrained global
planner who cannot engage in transfers as long as either (i) there is no trade or
(ii) there is at least one borrower and one lender for whom the marginal distortions
imposed by costly capital controls are smaller than the country’s bond positions, i.e.
(1—79)C"(1') < =b"/R for borrowers and — (1 — 7°) C" (1) < b"/ R for lenders.

Proof. The optimality condition (32) has a non-trivial solution with non-degenerate
welfare weights ¢' > 0Vi if and only if the term {% + (1 =79 C (TZ>} is either zero
for all countries or is positive for some and negative for other countries. =

These conditions are typically satisfied since some countries are lenders b > 0,
others are borrowers b* < 0, and since the capital control 7° and the marginal distor-
tion C¥ are small in absolute value.

Inefficiency arises if the capital controls of national planners impose significant
marginal costs C compared to the amount of borrowing/lending b'/R that agents
engage in. We provide two examples in which this may be the case:

Example 5: Single country/symmetric countries Returning to our earlier
example of k > 1 identical countries with costly capital controls 0 < 7¢ < &, we observe
that their net bond positions are b’ = 0 in equilibrium. Therefore a coordinated
reduction in capital controls and the associated increase in the world interest rate do
not have redistributive effects. A planner can achieve a Pareto improvement without
engaging in transfers by reducing capital controls to zero.

Analytically, we observe that in the Nash equilibrium between national planners,
b = 0 and C” (1) > 0Vi. Therefore the only solution to the optimality condition (32)
is the degenerate solution ¢" = 0Vi. The allocation therefore cannot be the outcome
of the constrained planner’s optimization and is constrained inefficient.
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Example 6: Highly distortive capital controls Assume a world economy that
consists of a borrowing country ¢ with b’ < 0 and a lending country j of the same size
with # = —b" > 0. The national planner in the borrowing country is subject to an
externality ¢’ and corrects it using a capital control 7¢ that is so highly distortive that
(1—79)C"(r") > —b'/R. By contrast, the lender does not suffer from externalities
and sets 77 = 0. In the described situation, a global planner recognizes that both
countries would be better off if she reduces the capital controls in both countries in
parallel. (77 < 0 for the lending country j amounts to an export tax on capital.) This
policy reduces the marginal distortion C” (7%) in country 7 while introducing a small
distortion in country j. (Recall that C* is convex.) However, in general equilibrium
the parallel reduction in capital controls pushes up the world interest rate R, which
benefits country j. In country 7, the cost of the increase in the interest rate is offset
by the reduced distortion since (1 — 7%) C” (7%) > —b'/R. Therefore both countries
are better off.

Analytically, all the terms in the curly brackets of condition (32) are positive so
that the only solution is degenerate, ¢ = 0¥i. The allocation therefore cannot be the
outcome of the constrained planner’s optimization and is constrained inefficient.

Example 7: Modestly distortive capital controls We continue to assume that
country j is a lender with zero capital controls and country ¢ is a borrower that
imposes a capital control 7¢ > 0, but that the distortion arising from the capital
control is more modest, i.e. (1 —7¢) C” (7%) < —b'/R. This is plausible if we believe
that the marginal cost of capital controls is less than the stock of foreign capital that
a country is borrowing. Then the term in curly brackets in optimality condition (32)
is negative for the borrower and positive for the lender. It is clear that we can find
welfare weights ¢ and ¢’ such that the optimality condition is satisfied and we can
conclude that the capital control imposed by the national planner in country i is
constrained Pareto efficient.

Observe that a critical element of proposition 12 is that it is sufficient to achieve
constrained Pareto efficiency if there is a single borrowing and a single lending country
in the world economy without large externalities or without large distortions from
capital controls. As long as this is the case, there will be a loser for any policy that
shifts the world interest rate, and it is impossible for a global planner to achieve a
Pareto improvement.

8.3 Imperfectly Targeted Capital Controls

We now introduce the possibility that a planner cannot perfectly target different
forms of capital flows and study the implications for the desirability of international
coordination in the setting of capital controls.

For simplicity, we use our earlier state-contingent setup and assume that there are
two states of nature w = L, H at t = 1 with probabilities 7* and two securities b* that
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are contingent on these two states, but the planner in each country ¢ has only one
capital control instrument 7¢ that equally applies to both. One possible interpretation
of the two securities is that security L represents a payoff in a low state of nature in
which additional insurance mandated by the planner is desirable and H represents a
payoff in a high state in which no insurance is necessary.

8.3.1 Single Country Problem
i W (10w il W W i iw . BTV (bi’w)
bigg};iu(c)+ﬁE [W (b’ )}—/\ [c + X,q“b" —y]—;u’ [1 -7 = —qwu’(ci)
(33)
The first-order conditions are

FoC (Cl) N = (CZ) _ (1 _ Ti) u (Cz) Zui,w

u' (&)

. . ) i i ; vw// bi,w
FOC (H*) © ¢*N = 1B (5) + it (1_T)—VW’((6W))

FoC (TZ) : Z,ui’” =0

The first condition captures that the marginal utility of wealth is equal to the marginal
utility of consumption plus the benefit of relaxing the planner’s implementability
constraints that stems from consumption. Combining this condition with the third
condition yields A" = #/(¢!). The second condition is the Euler equation for state
w, by which the planner equates the marginal cost of saving in state w (lhs) to the
marginal social benefit (first term on rhs) plus the effects on the implementability
constraint in state w. It can be reformulated to express the shadow value

qwul (CI) _ ,n.wﬁwwl (bi,m)
(1 — 70) Vor (biw) [V (5i)
If private agents save too much in that state compared to what is optimal in the
first-best, ¢“u’ (¢") > 7w BW* then the shadow price p*“ is negative, indicating that
it is desirable to increase the capital control from the perspective of this state; if they
save less than optimal, then the shadow price in that state is positive. The third
optimality condition states the planner sets the capital control 7¢ such that saving is
on average at the right level, as indicated by these j*“’s.

As in the case of costly capital controls, there are two variants of the global
planning problem that we can solve. The first variant corresponds to the traditional
test for Pareto efficiency, in which a planner is only concerned about the efficiency
implications of her actions not the redistributive effects. In this setup, we allow
the planner to have access to lump-sum transfers and ask if we can find weights ¢’
such that the global planner’s solution replicates the allocations in the decentralized
equilibrium. If such weights can be found, then we call the decentralized equilibrium
Pareto efficient.

W o
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8.3.2 Global Coordination with Transfers
[tk]

8.3.3 Global Coordination without Transfers

In the second variant, we assume that the planner does not have access to compen-
satory transfers. This may better reflect the reality of our global system of governance,
in which countries rarely compensate each other for the international effects of their
policy actions.

We setup a global planning problem without compensatory transfers to determine
if there is scope for international cooperation in the setting of imperfectly targeted
capital controls. We assume that the global planner places weight ¢' on the objective
of each country i as described in problem (33) and includes the constraints on global
market clearing in each state-contingent security (with multiplier v*),

Z mi™ = OVw

If the planner has access to precisely the same set of instruments as decentralized
agents but internalizes the endogeneity of the prices ¢*, then her objective function
is

max Z ¢ { )+ BE [W* (b")] = X' [ + Sog*b"™ —y'] —

bi,wﬁzﬂ—z
w wl ZUJ
_E luzyw|i1—7'l_ﬁﬂ-q‘/u,—ci):|}+§ m§ I/wbzw

The global planner’s optimality conditions are

lUJ

FOC (c') )\i:u'(ci) (1—7’

FOC (b") = ¢“X = 7“BW* (b") + p'® (1 —7') —“i,w, é:w)) +m'v /¢ Vw
FocC (TZ) : Zui’w =

FOC (qw) . Z(ﬁl |i)\lbl’w+/ﬁ7w

)

_T]:O Yw

We find the following result:

Proposition 13 The decentralized equilibrium in our problem with imperfect target-
ing is Pareto efficient if
TYz
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Proof. The decentralized equilibrium is Pareto efficient if we can find a set of {qbl}
such that the allocations of the decentralized equilibrium satisfy the optimality con-
ditions of the global planner.

[to be completed]

Combining the first and the third condition we find \' = u' (¢), as we did in
the decentralized equilibrium. This allows us to express the new (fourth) optimality

condition as ' ' ' ' 4
Z¢z [qwbz,wu/ (CZ) + qu,w (1 . 7_7,):| -0
We sum this equation over all states w, and using the third optimality condition
we obtain ' . '
S o () S~

We need to set ¢' = m’/u (c') for this condition to be satisfied by global market
clearing condition.

We substitute these welfare weights back into the optimality condition FOC (¢*)
and find that the first term drops out by market clearing. The equilibrium is Pareto-
efficient if

Z miui,w (1 - 7_7;) _0 W
acy

9 Conclusions

This paper has studied the effects of capital controls in a general equilibrium model
of the world economy and has delineated under what conditions such controls may be
desirable from a global welfare perspective. In our positive analysis, we found that
capital controls in one country push down the world interest rate and induce other
countries to borrow and spend more. We then analyzed three motives for impos-
ing capital controls. If capital controls are imposed to combat national externalities,
then controls are Pareto efficient from a global welfare perspective. As long as na-
tional policymakers can impose such controls optimally, there is no need for global
coordination of such controls as the Nash equilibrium between national planners is
socially efficient. Under fairly mild conditions, capital controls that combat national
externalities can make everybody in the world economy better off.

On the other hand, if national planners impose capital controls to exert market
power and manipulate a country’s terms of trade, then they have beggar-thy-neighbor
effects and reduce global welfare.

If we deviate from the assumption that national policymakers can optimally ad-
dress externalities, for example, if imposing capital controls has distortionary side-
effects or if they cannot perfectly target different types of capital flows, then global
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policy coordination is also desirable. The goal of such coordination is to minimize
the aggregate distortions created from capital controls.

Finally, if prudential capital controls are imposed that are designed to mitigate
the risk of systemic crises after a surge in capital inflows, we have shown that our
insights on technological externalities carry through. In particular, capital controls
are Pareto efficient from a global perspective. Under certain circumstances, they may
even lead to a global Pareto improvement since they reduce financial instability and
create the potential for larger gains from trade in the future.
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A Mathematical Appendix

A.1 Decentralized demand for bonds

The consumer’s Euler equation, after substituting the government budget constraint,
defines an implicit function

F= (1 - 7'1+1) v’ (yi + bi - bi+1/Rt+1) — R (yi+1 + bi+1 - bi+2/Rt+2) =0

which satisfies ailF = — (1 — Ti+1) u” (cﬁ) JRii1 — BRqu” (ciﬂ) >0
41
oF A A _ _
OR = (1 - Tfs+1) u” (ij) : bé—i—l/ (Rt+1)2 — pu’ <C§+1> 20
41
oF B vy
= = —u (ct) <0

The first partial derivative is always positive, allowing us to implicitly define a
demand function bj_; (Re+1; Tes1)- ‘

The second partial derivative is negative as long as saving b’ is sufficiently high.
Specifically, we write the condition as

(1 — Tiﬂ) u” (cff) . b§+1/Rt+1 — BRi (cf;H) <0

We employ the Euler equation to substitute for the second term and rearrange to

: ' (cp)
bzzf+1/Rt+1 > w ()
bis1/Rita ' (c) '
or 7 > T ti :_U(C?f)
Cy cu” ()
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i.e. the savings/consumption ratio is greater than the negative of the elasticity of
intertemporal substitution o (¢'), as we stated in Assumption 1. If this inequal-
ity is satisfied then the demand function bj_ ; (Ri+1;7¢41) i strictly increasing in
Ry, 1, which allows us to invert it into a strictly increasing inverse demand function
Riq (bi+1; Tt+1>~

The third partial derivative is always negative — this is because we assumed that
the revenue from capital controls is rebated so that there are only substitution effects
and no income effects from capital controls.

A.2 Learning-by-Exporting Externalities: GGeneral Version

This appendix describes the implications of learning-by-exporting externalities in a
general framework in which growth is a function of net exports y;,, = y; + Ay, (tb})
as described in specification (16).

National Planner The optimization problem of a national planner in recursive
form is

o . . b . 4 . b )
W (b}, y;) = maxu (y,’f + b — 2L > + W (b;+1,y§ + Ay (t—+1 - bi))
Riyq Ryt
The associated Fuler equation is
' (C;) = BR 1 Wh (bé+17 Z/§+1) + 6W, ( i+1> ny) Ay§’+1 (tbi)
and the envelope theorem implies

Wo (b,i) = u'(ci) = BWy (Vhyrs via) Aui (t7)
and W, (b,y1) = o' (ci) + AWy (bhpr: Yen) = ZBS“, (Chys) =}

s=0

where we use the short-hand notation v} for the utility value of permanently raising
output in period t. Since growth is cumulative, observe that we can express v;,1 by
iterating forward the envelope condition. Putting together these three equations, we
express the Euler equation of consumers as

' (Ci) - 6U§+1Ay§/+1 (tbi) = BRia [Ul (Ci+1) - 5v§+2Ayi'+2 (tbiﬂ)}

Increasing saving between today and tomorrow — while keeping the path of fu-
ture bond holdings unchanged — increases the trade balance tb! today which leads to
positive learning-by-exporting effects captured by Ay}’ (tb}), but reduces the trade
balance tb;,, tomorrow, which leads to the opposite effects —Ayf,, (tbi,,) in the
following period.
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If learning-by-exporting effects remain constant over time, for example in a steady
state in which v}, Ayl | (tb}) = BRe1v] oAy, o (tb], ) VE, then the benefit and costs
of increasing the trade balance for one period cancel out. In that case, the national
planner will not intervene in private saving/exporting decisions in any solution path
that satisfies the transversality condition on bond holdings.?! On the other hand,
if learning-by-exporting effects decrease over time, for example because the country
approaches the world technology frontier, then 7. (bft +1) > (0 and the planner would
find it optimal to impose a capital control 7}, = z¥,, (bi,) /u’ (c}) > 0. In the main
text, we explored a special case of this setup in which we assumed that learning-by-
exporting effects drop to zero after the initial period, i.e. AyY (tbi) = 0 Vt > 2.

Global Planner

Proposition 14 (Efficiency of Unilaterally Correcting LBE-Externalities) The
global equilibrium in which each domestic planner i corrects domestic learning-by-
exporting externalities by imposing the unilaterally optimal capital control Ti%, is
Pareto efficient.

Proof. The proof proceeds along similar steps as the proof of the general proposition.
The allocation is Pareto efficient if it maximizes global welfare for some vector of
country welfare weights {¢i > O}fil. It is convenient to express welfare as a function
of trade balances

f{ll&_)}( Z m'¢' Bl (y; —tb}) st Z m'tb = OVt
iy it i

where output is a function of accumulated learning-by-exporting effects y; = yj +
22:1 Ay’ (tbi—1)- Assigning the multipliers 3'\; to the constraints, the optimality
condition associated to the Lagrangian of this problem is

o () = A+ d'Byly (th) Y 87 (c)

s=t+1

or A\ = Cbi [Ul (Cfs) - 5Ut+1A?/2;1 (tbé)]

Let us normalize \g = 1 and assign A\, 11 = A¢/ (BRi11) and ¢’ = 1/ [ (co) — Bur AyY (b))
Then it can easily be seen that the allocations of the Nash equilibrium among national
planners satisfy the optimality conditions of a global planner. m

21Tf learning-by-exporting effects are particularly strong, then the country would benefit from
accumulating an ever-increasing amount of bonds that violates the transversality condition on bond
holdings. See Korinek and Serven (2010) for a more detailed discussion.
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A.3 Learning-By-Doing Externalities: General Version

National Planner We describe the recursive second-best problem of a national
planner who faces learning-by-doing externalities but cannot impose subsidies on
labor,

max W (b}, Ai) = u(c) —d () +BW (b, A + AA,, (4))

st. ¢ = AW+, — bl /R
Al () = d (6)
where we assign the multiplier \! to the budget constraint and p to the imple-

mentability constraint. The optimality conditions of this problem and the associated
envelope conditions are

FOC (cft) : Al = u (ci) + pt Al (ci)
FOC (¢) - A;A; + BWa i AAY, (6) = d (6) + pid” (6)
FOC( i—i—l) . )\; = /BRtJr]_Wb’tJr]_

WA (b;, A;) = )\%é + uiu’ (Ci) + 6WA,t+l =

=505 it 4t (&)
s=t
The planner’s Euler equation can be expressed as )\i = BRtH)\ﬁ 4y Or

' (c) + A (f) = BRu [u' (cip) + phar Atpa” (ciiy)]
BWar1 DAY (6)
4" (6) — (A} " (c})

where p; =

Intuitively, the shadow price ji! captures the welfare benefits of learning-by-doing ex-
ternalities that can be reaped from relaxing the implementability constraint, i.e. from
inducing consumers to work harder. The Euler equation reflects that each unit of
consumption not only provides consumers the marginal utility «’ (c}) > 0 but reduces
the incentive to work since it lowers their marginal utility piAlu” (¢}) < 0.

If the learning-by-doing externalities remained constant over time, e.g. in a steady
state in which pjAi" (c}) = BRiipi Al u” (i), then the externality terms
drop out of the Euler equation and the planner has no reason to intervene. How-
ever, if learning-by-doing externalities (in absolute value) decrease over time so that
AL [u" ()| > BRyapiy Al [u” (ci,y)], then the national planner finds it optimal
to subsidize capital outflows while the externality is at work,

i pi A (c;) — 5Rt+1ﬂi+1Ai+1u” (Ci+1)
e w (c))

(34)
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In case learning-by-doing externalities are only active in the first period, this expres-
sion simplifies to the one given in (20). Conversely, if the externalities increased over
time, the opposite conclusions hold.

Global Planner

Proposition 15 (Efficiency of Unilaterally Correcting LBD-Externalities) The
global equilibrium in which each domestic planner i imposes the unilaterally second-
best capital control 7' 11 gwen by (34) to correct domestic learning-by-doing external-
ities is constrained Pareto efficient, given the restrictions on instruments.

Proof. The allocation is constrained Pareto efficient if it maximizes global welfare

for some vector of country welfare weights {gbl > O}iNzl while respecting the imple-
mentability constraint, Alu’ (c!) = d’ (¢1)Vi,t. The associated Lagrangian as a func-
tion of trade balances is

L= Z m'¢ B {u () — d (£) — N, [c} + b, — Ayl;] + iy [Apd (&) —d' (€,)] } +
it
£ vt
it

where productivity is a function of accumulated learning-by-doing effects Al = A} +
22:1 AAL ( 2—1) and we denote the value of an additional unit of productivity by
Wa =. The optimality conditions are

FOC (c)) A =1 () + A ()

FoC (6) - d' (6) = NA; — pyd” (6) + AAY (6) > 87" [N+ plad ()]
s=t+1

FOC (tb}) - PN = v,

We combine the first and second conditions and substitute the implementability
constraint to obtain , ‘
i BWara AAY (6)
) - () ()
which equals (19) in the problem of national planners. If we normalize vy = 1 and
assign viy1 = v/ (BRiy1) and ¢' = 1/ [u' (ch) + pbAbu” (c})], then the allocations
of the Nash equilibrium among national planners satisfy the constrained optimality
conditions of a global planner. m
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