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Abstract

This paper studies the issue of real exchange rate misalignment and the

difficulties in settling international real exchange rate disputes. We show

that, conceptually, determining when a country should be sanctioned for

real exchange rate “manipulations” is difficult: in some situations a coun-

try’s real exchange rate targeting can be beneficial to other countries, while

in others it is not. Regardless, it is difficult to establish whether a mis-

aligned real exchange rate is intentionally manipulated rather than uninten-

tionally caused by other policies or by various distortions in the economy.

We continue by illustrating the difficulty in measuring real exchange rate

misalignments, and conclude by proposing a new method for measuring real

exchange rate misalignments based on differences in marginal products and

revenue-expenditure ratio between the tradable and non-tradable sectors.
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1 Introduction

This paper studies the issue of real exchange rate misalignment, its implication

to a country’s export competitiveness and the potential role of the international

community in settling real exchange rate disputes. Specifically, we discuss three

difficulties that an international regulator is likely to face: first, it is difficult to

determine when a country should be sanctioned for real exchange rate “manipula-

tions”, as theory predicts that in some situations, real exchange rate targeting is

socially efficient, while in others it is not. Second, it is difficult to establish that a

misaligned real exchange rate is a consequence of real exchange rate targeting, as

the real exchange rate is affected by a variety of distortions in the environment,

as well as by policies that are not necessarily intended for real exchange rate tar-

geting. Finally, it is difficult to measure real exchange rate misalignments, as the

frictionless benchmark of the real exchange rate is not easily calibrated. We discuss

the currently used methodologies that are based on panel regressions, and propose

a new approach based on micro data.

The real exchange rate is defined as the relative price of the domestic con-

sumption basket and the foreign consumption basket1. A real exchange rate mis-

alignment is defined as a deviation of the real exchange rate from its frictionless

competitive equilibrium benchmark (which is defined in Appendix A). Of course,

other countries are not affected directly by the price of the domestic consumption

basket. Rather, a real exchange rate misalignment has the potential to affect other

countries through two related prices: the terms of trade, that captures the relative

price of exports, and the interest rate, that captures the price of saving. This

is more than a semantic point: a depreciated real exchange rate need not imply

cheaper exports, nor do cheap exports imply a depreciated real exchange rate.

Similarly, a depreciated real exchange rate need not imply excessive saving, nor do

excessive saving necessarily imply a depreciated real exchange rate. In section 2,

we lay out the conditions under which a depreciated real exchange rate coincides

with cheaper exports and excessive saving. The subtle mapping between the real

exchange rate, the export price and the interest rate poses a first layer of difficulty

in evaluating the externalities of real exchange rate targeting.

1This definition is standard; see, for example, Krugman and Obstfeld [2006], page 389.
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In section 3, we continue by illustrating that the welfare implications of real ex-

change rate targeting may depend on the relevant circumstances. In a neoclassical

framework, real exchange rate targeting is typically Pareto-inefficient. However,

there may be distributional implications that favor competing exporters, and harm

importers. In contrast, Keynesian models and models of export externalities imply

that strategic depreciations are sometimes Pareto efficient, and may benefit both

the country itself and its importers (though typically not competing exporters).

Next, in section 4, we illustrate that a wide variety of government policies may

affect the real exchange rate. The government can affect the real exchange rate

by subsidizing the export sector directly, by taxing production inputs at different

rates, or by distorting domestic saving decisions. The problem is that many of the

policies that affect the real exchange rate are not necessarily targeted at manipu-

lating the real exchange rate. For example, a one-child policy may result in higher

domestic savings, and a depreciated real exchange rate; however, the one-child

policy was probably not instituted in order to manipulate the exchange rate, but

rather in order to stop population growth. The conceptual line between govern-

ment policies that affect the real exchange rate and real exchange rate targeting is

blurry.

The issue is complicated further as there are potentially fundamental sources

of real exchange rate misalignment. A real-world economy with frictions typically

implies a real exchange rate that is different from its frictionless benchmark. For

example, financially underdeveloped economies may naturally have depreciated

real exchange rates, both because of the precautionary savings motive and because

exporting firms may have better access to credit. A misaligned real exchange rate

need not be a product of manipulative or even un-manipulative policy, but rather

a byproduct of an environment with frictions.

Finally, in section 5, we turn to the issues of measurement, and illustrate the dif-

ficulties in measuring real exchange rate misalignments and assessing their causes.

We begin by discussing the three methodologies currently used by the IMF to mea-

sure real exchange rate misalignments. The key problem with these measurements

is that the “misalignment” is measured as a deviation from some country “norm”,

that is calibrated based on other similar countries taking into account country

specifics such as government policies and financial development. In other words,
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the calibrated “frictionless norm” already includes frictions that may distort the

real exchange rate. Further, the “norm” is calibrated as a typical value, which is

not necessarily normative or frictionless. It is therefore difficult to interpret these

measures as misalignment of the real exchange rate.

We propose an alternative methodology for assessing real exchange rate mis-

alignment following the seminal work of Hsieh and Klenow [2009]. We propose to

use firm-level or industry-level data to assess whether there are systematic disper-

sions in the marginal productivities of producers of tradable and and non-tradable

goods. Such a dispersion would be indicative of a real exchange rate misalignment,

as in the frictionless competitive equilibrium, marginal productivities are equated

across all firms. We illustrate how this methodology can be useful not only in

identifying and quantifying real exchange rate misalignment, but also in assessing

its causes.

2 The real exchange rate, the terms of trade and

the saving rate

The starting point of the discussion on real exchange rate misalignments is that a

devalued real exchange rate is tied to cheap exports and excessive saving. How-

ever, it turns out that the conditions under which these equivalences hold are

quite subtle. Broadly, reducing domestic demand will result in a lower real ex-

change rate, and cheaper exports; however, a decline in domestic demand need not

coincide with an increase in domestic savings. Supply shifters (such as subsidizing

exports) may or may not result in a devalued real exchange rate, depending on

the substitutability of inputs from the tradable to the non-tradable sector. When

permanent, they will have no effect on savings.

To illustrate these interactions, consider an economy with three goods: an

imported good (denoted with superscript ∗), a domestically produced tradable

good (denoted with superscript T ), and a domestically produced non-tradable

good (denoted with superscript NT ). Consumers spend a constant fraction of

their expenditures on each good; the expenditure shares are denoted α∗, αT and

αNT respectively. The prices of the goods are denoted p∗, pT and pNT respectively.
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The country’s CPI is given by:

CPI = α∗p∗ + αT pT + αNT pNT (1)

The real exchange rate is defined as the ratio of the domestic CPI and the

foreign CPI. For simplicity, we will hold the foreign CPI constant, and think of

changes in the CPI as changes in the real exchange rate.

We will begin by assuming that labor is the only input of production, and

is used both in the production of tradable goods and in the production of non-

tradable goods. Labor is in fixed supply (L). The production technology of good

i = T, NT is:

Y i = Li (2)

where Li is the labor employed in sector i.

Foreign demand for the domestically produced tradable good is given by D∗(pT ),

where:

D∗(pT ) =
c

pT
(3)

This demand implies that foreigners spend a constant amount on domestically

produced tradable goods.

Demand shifters. Consider the effects of a decline in domestic expenditure, E.

The decline in domestic expenditure may reflect an increase in domestic saving;

however, it may also reflect lower income. If the lower income is temporary, it may

coincide with a decline in saving, as agents try to smooth the income shock. If the

change in income is permanent, this will have no effect on savings.

Given E, the equilibrium is characterized by the following equations:

w = pNT = pT (4)

pNT Y NT = αNT E (5)

pT Y T = αT E + pT D∗(pT ) = αT E + c (6)
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LT + LNT = L (7)

Using the identity Y i = Li, and the equilibrium condition, we obtain:

(αNT + αT )E + c = pNT Y NT + pT Y T = pT (Y NT + Y T ) = pT L (8)

⇒ pT = pNT =
(αNT + αT )E + c

L
(9)

The domestic CPI is then given by:

CPI = α∗p∗ + (αNT + αT )
(αNT + αT )E + c

L
(10)

Lower domestic expenditure implies both a lower CPI, and a lower export price

(pT ). In other words, a shift in domestic demand affects the real exchange rate

and the export price in similar ways; a devalued real exchange rate coincides with

a depressed export price.

Supply shifters. Consider a policy that subsidizes the production of the trad-

able good at the rate s (similar results can be obtained for a tax on the production

of non-tradables). In other words, the production revenue from tradable produc-

tion is given by (1 + s)pT Y T . The equilibrium conditions are now:

w = pNT = (1 + s)pT (11)

And equations 5-7. Combining, we get that:

αNT E = pNT Y NT = (1 + s)pT LNT ⇒ αNT E

1 + s
= pT LNT (12)

αT E + c = pT Y T = pT (L− LNT ) (13)

Adding the two equations:

αT E + c +
αNT E

1 + s
= pT L (14)
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⇒ (αT + αNT

1+s
)E + c

L
= pT (15)

A higher subsidy, s, results in a lower pT . Not surprisingly, the subsidy on the

production of tradable goods results in an expansion of the tradable sector, and a

decline in the price of the domestically produced tradable good.

However, in this case, the subsidy may imply a real exchange rate appreciation.

The CPI is given by:

α∗p∗ + αT
(αT + αNT

1+s
)E + c

L
+ αNT ((1 + s)αT + αNT )E + c

L
(16)

Holding the expenditure (E) constant, the derivative of the above with respect

to s is given by:
∂CPI

∂s
=

αNαNT E

L
(1− 1

(1 + s)2
) > 0 (17)

Of course, domestic expenditure may change in response to the subsidy; if

agents believe the price distortion to be temporary, they may respond by saving or

dissaving, depending on the relative dominance of income and substitution effects.

However, as long as the negative effect on expenditure is not too large, the analysis

above illustrates that a subsidy on the production of tradable goods will lead to a

real exchange rate appreciation.

Non-substitutable inputs. In the previous example, a subsidy on tradable

good production led to a reallocation of labor towards the tradable sector, which

resulted in a higher non-tradable price. Limiting the extent to which inputs can

move from the production of non-tradable goods to the production of tradable

goods will mitigate this channel.

To study the case of non-substitutable inputs, rather than assuming a produc-

tion economy assume that the non-tradable good is in fixed supply (e.g., land),

and that labor is employed only in the production of tradable goods. Rather than

assuming an inelastic labor supply, assume that labor supply is increasing in the

wage (L(w)).

The price of the non-tradable good is given by:

pNT Ȳ NT = αNT E (18)
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Where Ȳ NT is the fixed supply of the non-tradable good. Thus, the price

of the non-tradable good moves with domestic expenditure (E), but is otherwise

unrelated to the price of the tradable good.

The price of the tradable good is given by:

pT Y T = αT E + c (19)

In equilibrium, (1 + s)pT = w, and Y T = L(w) = L((1 + s)pT ):

pT =
αT E + c

L((1 + s)pT )
(20)

The price of the tradable good is decreasing in the subsidy, s. Since the subsidy

decreases the price of the domestically produced tradable good and leaves the price

of the non-tradable good unchanged, it trivially follows that (holding expenditure

fixed) an export subsidy leads to a lower CPI and a real depreciation.

Reality lies somewhere in between the two extreme cases: some inputs can be

diverted from the production of non-tradable goods to the production of tradable

goods, and some cannot. The degree of substitutability will imply whether a

“supply shifter” causes a similar move in the real exchange rate and the export

price, or changes them in opposite directions.

The analysis in this section illustrates that, contrary to popular assertion, a

depreciated real exchange rate is not necessarily equivalent to cheaper exports or

to a higher saving rate. This poses a first conceptual difficulty in assessing the

implications of real exchange rate misalignment: depending on circumstances, a

depressed real exchange rate could imply either that exports are too cheap, or

that they are too expensive. Further, a devalued real exchange rate need not be

reflected in a higher domestic saving rate. In this sense, the real exchange rate

is not particularly informative when thinking about welfare externalities for other

countries, which necessarily operate either through the export price or through the

interest rate.
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3 Models of real exchange rate determination

This section reviews the neoclassical model, the Keynesian model and models

of export externalities, and discusses the implications of these models regarding

both the incentives to maintain a depreciated real exchange rate, and the welfare

implications from doing so (keeping in mind that welfare externalities operate

through the equilibrium price of exports or the interest rate). We consider the

welfare implications for three groups: the home country, the importing country

and competing exporters. In addition, we discuss the Pareto efficiency of strategic

real exchange rate depreciation in the context of each model. The findings are

summarized in table 1.

Table 1: Welfare implications of RER targeting in a large emerging economy

Model Negative welfare im-
plications

Positive welfare impli-
cations

Neoclassical:
depressed
interest rate

•Developed economies • Emerging economies
(including the home
country)

Keynesian:
higher saving

• Everyone

Neoclassical:
depressed
terms of
trade

• The home country
• Exporters of substi-
tutable goods

• Importers
• Exporters of comple-
mentary goods

Keynesian:
depressed
terms of
trade

• Exporters to the
home country
• Exporters of substi-
tutable goods

• The home country
• Exporters of comple-
mentary goods

Export exter-
nalities: de-
pressed terms
of trade

• Exporters of substi-
tutable goods

• The home country
• Exporters of com-
plementary goods
• Importers(unless the
externality changes
the pattern of com-
parative advantage)

The way to read the above table is as a matrix rather than a table. The different

rows represent not so much different views of the world, but different relevant
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circumstances. For economies experiencing deep recessions, the Keynesian model

may be the relevant one. At the same time, for other economies that are closer to

their production frontier, the neoclassical model may be more relevant. In some

countries, spillovers from exports are important drivers of growth, while in others

this channel is less important. A devaluation of the RER in a large emerging

economy - regardless of whether it is motivated by neoclassical considerations,

Keynesian considerations, learning-by-doing considerations, or entirely exogenous

- will have different effects on these different countries.

3.1 Neoclassical model

In the neoclassical model, there may be an incentive for a large emerging economy

to increase domestic savings, thereby depreciating the real exchange rate. Impor-

tantly, in the neoclassical model a depressed real exchange rate is a consequence of

a government trying to strategically decrease the world interest rate, rather than

a consequence of a government trying to distort relative prices of foreign and do-

mestic goods. In our analysis, since the emerging economy anticipates having a

relatively high endowment in the future, its government desires to reduce the world

interest rate to raise the net present value of the country’s future endowment. The

government has an incentive to increase the price of domestic goods relative to

foreign goods, which has the opposite effect on the real exchange rate.

We proceed in two steps. First, we show that the government of a large emerg-

ing economy has an incentive to increase domestic savings, thereby lowering the

world interest rate and depreciating the real exchange rate. Second, we illustrate

that a government never has an incentive to decrease the price of domestic goods

relative to foreign goods (this might be an unwanted consequence of exchange rate

depreciation targeted at lowering the world interest rate).

3.1.1 The intertemporal incentive for real exchange rate depreciation

Consider the following two period model of international intertemporal trade. The

global environment consists of a developed economy and an emerging economy.

We will take the perspective of the emerging economy and follow the convention

of denoting foreign (developed-market) variables with a superscript ∗. There is a
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single tradable good, and in each economy is there is a domestic non-tradable good

(denoted with superscript NT ).

To simplify, we assume an endowment economy in which the supply of output is

fixed. Output in the emerging economy is increasing relatively faster than output

in the developed economy, that is, Y0 − Y ∗
0 < Y1 − Y ∗

1 . For simplicity, we assume

an extreme case in which Y0 = 0 and Y ∗
1 = 0, that is, the entire output in the

first period is produced in the developed economy, whereas the entire output in

the second period is produced in the emerging economy.

The frictionless competitive equilibrium. Let p denote the price of non-

tradable goods in terms of tradable goods, and let R denote the gross rate of

return on savings. The price of one unit of future consumption is therefore 1
R
.

Consumers in the home country maximize:

max
c0,c1,cNT

0 ,cNT
1

u(c0) + uNT (cNT
0 ) + β(u(c1) + uNT (cNT

1 )) (21)

s.t.

c0 + p0c
NT
0 +

1

R
(c1 + p0c

NT
1 ) = p0Y

NT
0 +

1

R
(Y1 + p1Y

NT
1 ) (22)

An equilibrium of this economy is a set of consumption choices cE
t and cE∗

t ,

that solve the above optimization problem (for the domestic and foreign markets

respectively), and a set of prices for the non-tradable goods pE
t and pE∗

t and a gross

rate of return RE that jointly satisfy the market clearing conditions:

cE
0 + cE∗

0 = Y ∗
0 (23)

cE
1 + cE∗

1 = Y1 (24)

The normative properties of the frictionless competitive equilibrium.

The first welfare theorem guarantees that the frictionless competitive equilibrium is

Pareto efficient, in the sense that no country can be made better off without making

the other country worse off. Moreover, the second welfare theorem guarantees that

any Pareto efficient solution can be achieved in a competitive equilibrium setting,

provided that we can implement a transfer of endowments between economies.
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Optimal government intervention. In contrast, consider the optimization

problem of a government that can choose domestic consumption, while internaliz-

ing the effect of its choices on equilibrium prices:

max
c0,c1,cNT

0 ,cNT
1

u(c0) + uNT (cNT
0 ) + β(u(c1) + uNT (cNT

1 )) (25)

s.t.

c0 +
1

R
c1 =

1

R
Y1 (26)

cNT
i = Y NT

i (27)

R = R(c0) (28)

In other words, the government takes the consumption of non-tradable goods

as given and internalizes the effect of domestic savings on the interest rate (R is

increasing in c0, as a lower c0 implies a higher demand for domestic savings and

hence a lower R).

Denote with a superscript G the government’s choices (assuming that the devel-

oped economy continues to behave non-strategically, and chooses its consumption

pattern according to the problem described in equations 21-22).

Note that given a non-tradable price p, the real exchange rate is calculated as

the ratio of the domestic and foreign CPI:

RER =
α + (1− α)p

α∗ + (1− α∗)p∗
(29)

where α and α∗ are the shares of the tradable good in the CPI in the domestic

and foreign country.

Proposition 1 Compared to the frictionless competitive equilibrium, the govern-

ment chooses a higher saving rate at time 0, a lower interest rate, a higher trade

surplus2 and a depreciated real exchange rate:

sE = (Y0 − cE
0 ) < sG = (Y0 − cG

0 ) (30)

2More precisely it is a lower trade deficit in this setup, because for simplicity, we assume
Y0 = 0.
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RG < RE (31)

NXE = (Y0 − cE
0 ) < NXG = (Y0 − cG

0 ) (32)

RERE
0 > RERG

0 (33)

The proof of this proposition, as well as other omitted proofs, is in the ap-

pendix3. The intuition behind this result is as follows. The government is essen-

tially a monopoly on future goods, and tries to increase the net present value of

its endowment by manipulating demand so that the relative price of future goods

compared to current goods is higher. This means that the government has a strate-

gic incentive to lower the exchange rate; this can be done by artificially increasing

the domestic saving rate. The real exchange rate adjusts as a higher saving rate

means that consumers spend less both on tradables and non-tradables; the de-

pressed demand for domestic non-tradable goods results in a lower price, and hence

a lower CPI. Similarly, as the developed economy’s current expenditures increase,

the spending on non-tradable goods in developed economies increases, resulting in

a higher CPI; the real exchange rate therefore unambiguously depreciates.

The normative properties of the government’s solution. It is fairly straight-

forward to show that the government’s solution is not Pareto optimal, as both

foreign and domestic consumers would benefit from a smoother consumption plan;

in other words, both countries would benefit from an arrangement in which the

developed economy would transfer a lump-sum amount to the emerging economy,

in exchange for having the emerging market’s government cease its intervention.

Important for our purposes, the emerging economy’s market intervention has

positive externalities on other emerging economies. To see this, consider the welfare

of another emerging economy in the global environment described above. The fact

that our first emerging economy is manipulating the global interest rate benefits

the second emerging economy, as the net present value of its endowment increases

as well.

The negative externalities of the emerging economy’s market intervention fall

entirely on the developed economy, that experiences both a fall in the net present

3Results in similar spirit can be found in contemporaneous work by Korinek [2011] and
Costinot et al. [2011], who similarly study the problem of an inter-temporal monopolist.
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value of its endowment and a less smooth consumption path.

The strategic equilibrium. Consider next the strategic equilibrium, in which

both the emerging and the developed economy may strategically dictate domestic

consumption and saving decisions, taking the other country’s actions as given. In

other words, the emerging economy’s problem is given by equations 25-28, and the

developed market’s economy is similarly given by:

max
c∗0,c∗1,cNT∗

0 ,cNT∗
1

u(c∗0) + uNT (cNT∗
0 ) + β(u(c∗1) + uNT (cNT∗

1 )) (34)

s.t.

c∗0 +
1

R
c∗1 =

1

R
Y ∗

1 (35)

cNT∗
i = Y NT∗

i (36)

R = R(c∗0) (37)

Interestingly, when we do this exercise from the perspective of the developed

country, we will get the opposite result: the developed country has an incentive

to subsidize current spending (thereby raising the world interest rate), as its en-

dowment is disproportionately in current goods. We can then characterize the

strategic equilibrium, in which each country takes the other country’s actions as

given and chooses domestic savings.

Proposition 2 In the strategic equilibrium, the emerging market government in-

creases domestic savings, whereas the developed market government increases do-

mestic consumption.

The normative properties of the strategic equilibrium. Again, the strate-

gic equilibrium allocation is Pareto inefficient, as both parties could be made better

off by a smoother consumption pattern (a formal proof of this claim is in the ap-

pendix).

Holding the policy of developed markets fixed, it is still the case that emerging

economies benefit from other emerging economies’ strategic targeting of the interest

rate. However, whether they are made better off by the strategic equilibrium

allocation or by the frictionless competitive equilibrium allocation depends on the
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net effect on R. Since developed and emerging economies are trying to push R in

opposite directions, the net effect on R is inconclusive and depends on the countries

relative abilities to manipulate the equilibrium R. If the strategic equilibrium R is

lower than the frictionless equilibrium R, emerging markets benefit; if it is higher,

they are better off with the competitive equilibrium allocation.

3.1.2 The intratemporal effects of a real exchange rate depreciation

Countries have often been accused of real exchange rate targeting in an attempt

to make their domestic goods cheaper relative to foreign goods. While this may

be rationalized both in the traditional Keynesian framework as well as in models

of positive export externalities (as will be illustrated shortly), this view has no

foundation within the standard neoclassical framework. In fact, countries typically

have an incentive to make their domestic goods relatively more expensive, thereby

improving their terms of trade.

Importantly for our purposes, the neoclassical model naturally implies that a

terms of trade depreciation in one country that affects the global prices of goods

will carry negative implications for other countries that are exporters of the same

(or similar) goods. This is because the depreciation of the terms of trade hurts

not only the home country but also other countries with similar exports (of course,

countries exporting complementary goods will experience the opposite effect).

To illustrate this point, consider a single period model of international trade.

We will begin our discussion assuming only two countries, a home country and a

foreign county. Again, we will follow the convention that foreign country variables

are denoted with superscript ∗. The countries are endowed with Y and Y ∗ units of

output correspondingly, where the goods produced in the home and foreign country

are differentiated. For simplicity we assume log utility, so that consumption utility

in the home country is given by:

u(c, c∗) = α ln(c) + (1− α) ln(c∗) (38)

And consumption utility in the foreign country is given by:

u∗(c∗, c) = α ln(c∗) + (1− α) ln(c) (39)
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Let p denote the price of domestic goods in terms of foreign goods, and nor-

malize the price of the foreign good to 1. The real exchange rate is given by the

ratio of the CPIs:

RER =
αp + (1− α)

α + (1− α)p
(40)

We assume home bias in consumption so α > 0.5.

The frictionless competitive equilibrium. Consumers in the home country

take p as given and solve:

max
c,c∗

u(c, c∗) (41)

s.t.

pc + c∗ = pY (42)

The government’s optimization problem. Next, consider the problem of a

government that internalizes its effect on equilibrium prices:

max
c,c∗

u(c, c∗) (43)

s.t.

p(c, c∗)c + c∗ = p(c, c∗)Y (44)

Proposition 3 Compared to the competitive solution, the government chooses to

encourage consumption of the domestic good, in order to benefit from better terms

of trade.

The government therefore has an incentive to encourage domestic consumption

of the domestic good. The intuition for this result is again the monopolist problem:

this time, the government has an incentive to increase the price of its endowment by

manipulating domestic demand. Given the home bias in consumption, this increase

in the price of the domestically produced good appreciates the real exchange rate.

From the analysis above, two things become evident: first, in the neoclassi-

cal framework, countries have no intratemporal incentive to depreciate their real

exchange rate. A strategic real exchange rate depreciation is therefore motivated

either by intertemporal considerations, or by Keynesian or learning-by-doing con-

siderations, which will be discussed shortly.
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Second, a real exchange rate depreciation in one country carries negative impli-

cations for competitor countries that are exporting the same (or similar) goods. To

see this, note that a real exchange rate depreciation worsens the country’s terms of

trade. This means that the terms of trade are worse for all countries with similar

exports. It is worth pointing out a nuance: while countries exporting substitute

goods will incur negative welfare implications, the opposite is true for countries ex-

porting complementary goods. For example, a depressed price of tea may increase

the demand for sugar, and improve the terms of trade of sugar exporters. This

nuanced point may be relevant when thinking about the effects of (say) a devalued

price of manufacturing goods on exporters of commodities used in manufacturing.

3.2 The Keynesian model

In the Keynesian model, output is determined by aggregate demand, and there

is therefore an incentive to increase output through increasing the demand for

domestic exports. We will begin by laying out the Mundell Fleming model, that

illustrates the incentive to strategically depreciate the real exchange rate. We will

then explore the normative implications of this type of exchange rate depreciation

and the externalities it imposes on other countries.

The Mundell Fleming model. We follow the specification in Blanchard [2011]

(chapter 20). Output is determined by three equations:

1. The “IS” relation, equating aggregate supply of output to aggregate demand:

Y = C + I + G + NX = (C − IM) + I + G + EX(ε) (45)

The demand for output is given by the demand for domestic consumption of

the domestic good (C−IM), the demand for domestic investment inputs (I),

the demand for government spending (G) and the demand for exports (EX).

Net exports NX is a decreasing function of the real exchange rate, ε (note

that here, the real exchange rate is defined the relative price of domestic ex-

ports and foreign exports, in other words, the terms of trade). Importantly,

in this model output is a function of net exports rather than gross exports.
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This means that the real exchange plays a crucial role, both in tilting domes-

tic demand toward the domestic good and in tilting foreign demand towards

the domestic good.

2. The “LM” relation, equating money supply with money demand:

M

P
= Y L(i) (46)

Where M is the money supply, P is the price level, i is the interest rate and

L(·) is a decreasing function.

3. The interest parity condition, requiring indifference between foreign-denominated

bonds and local bonds:

E =
1 + i

1 + i∗
Ē (47)

Where E is the nominal exchange rate, and Ē is the expected nominal ex-

change rate in the next period, and i∗ is the foreign interest rate.

Consumption is an increasing function of disposable income, defined as output

minus taxes (that are denoted T ):

C = c0 + γY d = c0 + γ(Y − T ) (48)

For illustrative purposes, it is useful to begin by abstracting from the interest

rate parity condition (equation 47) and focusing on the effect of a real exchange

rate depreciation, assuming that the government can influence it without changing

the interest rate (i). We will return to this issue in the next section.

The standard logic for a strategic depreciation proceeds as follows. The IS

relation (equation 45 ) implies that a depreciation in the real exchange rate leads to

an increase in aggregate demand, thereby leading to an increase in output. Holding

tax revenues constant, this increase in output leads to an increase in disposable

income and in consumption - translating back into even higher aggregate demand

and even higher consumption. Importantly, in contrast to the neoclassical model,

increasing net exports has a positive intratemporal effect on the economy, as

current consumption increases.
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The implications of this type of a strategic depreciation on the country’s trading

partners and its competitors depends on the macroeconomic dynamics relevant to

the rest of the world. Specifically, in a pure Keynesian model in which output

is determined by aggregate demand in all countries, a strategic depreciation in

one country necessarily leads to an appreciation in the other countries, thereby

depressing their aggregate demand and deepening their recession.

This type of model may be relevant in Great Depression type environments:

the Keynesian model is typically thought of as a good model for describing macroe-

conomic dynamics in times of deep recessions, in which employment and capacity

utilization are abnormally low. This would imply that at times of such global

slumps, strategic depreciations of the exchange rate should be sanctioned. Further,

a strategic equilibrium of this model will have all countries attempt at depreciating

the exchange rate, resulting potentially in a real exchange rate that is unchanged.

If there are any costs associated with such attempts, this equilibrium is inefficient,

as these costs can be avoided by refraining from strategic behavior.

With that in mind, it is our view that large global slumps such as the Great

Depression are quite special (and rare), and that Keynesian dynamics are less

relevant for the world as a whole during normal times. Specifically, it is useful to

consider a “hybrid” environment, in which there is one country that is in a “Great

Depression” mode while other countries are better described by the neoclassical

model. In this type of hybrid model, can strategic depreciations be Pareto efficient?

For the “depressed” economy, a strategic depreciation is unambiguously welfare

improving: not only does it increase current consumption, but it also increases

future consumption through the accumulation of foreign reserves.

The trading partners are also made better off, as they benefit from better

terms of trade. If the “depressed” economy’s accumulation of reserves is not large

enough to affect the global interest rate, this is the only effect and trading part-

ners unambiguously benefit. If the interest rate declines as a result of the reserve

accumulation, this may lower the world interest rate, leading to positive valua-

tion effects for emerging economies and negative valuation effects for developed

economies, as illustrated in the previous section.

Of course, the terms of trade effects operate in the opposite direction for com-

petitor countries, who are worse off as they face a lower world price for their
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exports.

To conclude, in this hybrid model, if the “depressed” country is relatively small

(or if the interest rate is relatively inelastic), a real exchange rate depreciation is

welfare improving both for the country and its trading partners. The “depressed”

economy enjoys both higher current consumption and higher future consumption;

the trading partners benefits from better terms of trade. However, this is not a

Pareto improvement, as competing exporters are worse off given the altered terms

of trade. But (given reasonable price elasticities) it is likely that this adverse dis-

tributional implication can be corrected by bilateral transfers (of current or future

goods), thereby leading to a Pareto improvement. Alternatively, if there is some

ex-ante uncertainty regarding the location of the “slump”, strategic depreciations

of the exchange rate may potentially implement international risk sharing with

respect to this shock.

The policy implications that emerge from this discussion depend on the nature

of the slump: a strategic depreciation of the real exchange rate should be sanc-

tioned during a global slump because it will deteriorate other countries’ economic

conditions, but potentially encouraged during country-specific slumps.

Terms of trade depreciation vs. real exchange rate depreciation. When

thinking in terms of the Keynesian model, it is useful to revisit the distinction

between the terms of trade and the real exchange rate. In this model, the real

exchange rate (ε) captures the relative price of exports and imports - in other

words, it is defined as the terms of trade. The conclusion of the model should

therefore be read in terms of the terms of trade: there is an incentive to depreciate

the terms of trade, which, as illustrated in section 2, may or may not imply a

real exchange rate depreciation. In fact, it is straightforward to see that, while

there is an incentive to make exports cheaper, there is also an incentive to increase

domestic demand - which will typically translate into a higher price of non-tradable

goods, and possibly a real appreciation of the exchange rate.

In a Keynesian model, manipulating the real exchange rate through demand

shifters (e.g., forced savings) makes little sense. The first-order effect of a decline

in domestic expenditure is a decline in the demand for domestically produced

goods, which is contractionary. Supply shifters, that subsidize the production of
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tradables, seem more likely - as previously illustrated, this type of policy may lead

to an increase in the price of non-tradables, making the effect on the real exchange

rate ambiguous.

3.3 Models of export externalities

Recent literature has suggested that there are learning-by-doing externalities in

the manufacturing of tradable goods4. The presence of positive externalities typ-

ically imply that the manufacturing of tradable goods it too low in equilibrium,

suggesting a role for government intervention.

In this section, we will consider two stylized models of export externalities,

with somewhat different welfare implications. First, we consider a simple model in

which there are some positive domestic spillovers from the production of tradable

goods, and the pattern of trade specialization is held constant. In this model, it

is Pareto efficient to subsidize the manufacturing of tradable goods. Second, we

summarize the argument in Samuelson [2004] regarding the welfare implications

of a productivity improvement on a country’s trading partners. Samuelson [2004]

illustrates that, when a productivity improvement changes the pattern of compar-

ative advantage, it may be welfare reducing for the country’s trading partners. In

light of this, the productivity gains from learning-by-doing in the export sector

may have negative externalities for other countries.

3.3.1 A simple model of production externalities and exogenous spe-

cialization

The home economy produces two types of goods: a non-tradable good (denoted

with superscript NT ) and a tradable good. Domestic consumers consume domes-

tically produced tradable goods, non-tradable goods, and foreign-produced goods

(denoted with superscript ∗). Production of the tradable good has a positive exter-

nality; for simplicity, we will assume that the equilibrium quantity of the tradable

good enters directly in the utility function5. Specifically, we will assume that

4See Krueger [1998] and Korinek and Serven [2011] for examples, and Eichengreen [2008] for
an empirical discussion.

5The externality can come under different forms, for example, learning by investing, as in
Korinek and Serven [2011].
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consumption utility takes the following form:

U(c, cNT , c∗, Y ) = u(c) + uNT (cNT ) + uF (c∗) + uY (Y ) (49)

The tradable and non-tradable production functions are given by Y = F (L)

and Y NT = FNT (LNT ). Labor is supplied inelastically, so:

L + LNT = L0 (50)

For simplicity, we assume that the price of the domestically produced tradable

good in terms of the foreign produced good is fixed by global markets at p (this

would be the case, for example, if the economy is small and accounts for only a

small share of the global production of its domestic good).

Frictionless competitive equilibrium. Denote the equilibrium price of the

non-tradable good in terms of the foreign good by pNT . Consumer solve the fol-

lowing optimization problem:

max
c,cNT ,c∗

u(c) + uNT (cNT ) + uF (c∗) + uY (Y ) (51)

s.t.

pc + pNT cNT + c∗ = pY + pNT Y NT (52)

Note that in their optimization problem, consumers do not internalize the effect

of their decision on Y but rather take Y as given.

Domestic producers maximize profit. Specifically, let w denote the market wage

(in terms of the foreign good). Producers of the tradable good solve:

max
L

pF (L)− wL (53)

Producers of the non-tradable good solve:

max
LNT

pNT FNT (LNT )− wLNT (54)

The equilibrium wage is set so that the labor market clears.

22



Optimal government intervention. The government faces the following prob-

lem:

max
c,cNT ,c∗,L,LNT

u(c) + uNT (cNT ) + uF (c∗) + uY (F (L)) (55)

s.t.

pc + c∗ = pF (L) (56)

cNT = FNT (LNT ) (57)

L + LNT = L0 (58)

Proposition 4 Compared to the competitive equilibrium, the government chooses

higher production of the tradable good.

Normative implications. It is important to note that (in contrast to the Key-

nesian models) what matters here is the total production of tradable goods, rather

than net exports. If all countries have positive externalities from the production of

tradable goods, all countries should subsidize it; the world should simply produce

less non-tradable goods and there will not be changes in the real exchange rate.

Of course, the irrelevance of the real exchange rate is highly sensitive to the

assumption that the relative prices of tradable goods are fixed. As illustrated in

the neoclassical model, countries prefer to sell their exports at a high price. If one

country subsidizes the production of its tradable goods in a way that leads to a

lower global equilibrium price, its competitors would be hurt by facing worse terms

of trade.

However, it turns out that in these models, subsidizing the production of the

tradable good to some extent is actually Pareto efficient, in spite of the adverse

externalities on competing exporters. The government’s solution is actually Pareto

optimal. This is because subsidizing exports increases the total size of the pie, due

to the externality; Pareto efficiency is achieved when the country subsidizes the

domestic tradable good and compensates the competing exporters with a lump-

sum transfer6.

The following proposition summarizes this result:

6Note the assumption that the country is a price taker: the government takes the terms of
trade as given.
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Proposition 5 Consider a setup with n countries (indexed i = 1, ...n). The coun-

try i’s consumption of j’s tradable good is denoted cj
i , and the consumption of its

own non-tradable good is denoted ci,NT . Each country is endowed with L units

of labor; LNT
i is the labor employed in the non-tradable sector in country i, and

Li is the labor employed in the tradable sector. Production functions are given

by Y NT
i = Fi,NT (LNT

i for non-tradables, and Yi = Fi(Li) for non-tradables. the

problem of a social planner maximizing global welfare (with Pareto weights φi) is

given by:

max
cj
i ,cNT

i ,Li,LNT
i

n∑
i=1

φi(
n∑

i=1

ui,j(c
j
i ) + ui,NT (cNT

i ) + ui,Y (Yi)) (59)

s.t.
n∑

i=1

cj
i = Yj (60)

cNT
i = Y NT

i (61)

Y NT
i = Fi,NT (LNT

i ) (62)

Yi = Fi(Li) (63)

Lj + LNT
j = L (64)

The solution to the government’s problem satisfies the planner’s problem.

To conclude, models of production externalities suggest that the government

has an incentive to subsidize the production of tradable goods. While competing

exporters are made worse off by facing worse terms of trade, the government’s

solution satisfies Pareto efficiency: it is not possible to make any country better off

without hurting the other countries. However, subsidizing the production of trad-

able goods may have adverse distributional implications, that are to be corrected

with appropriate transfers between countries.
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3.3.2 Production externalities and the pattern of specialization

A reasonable form of export-manufacturing externalities is productivity improve-

ments. It is therefore useful to understand how productivity improvements in the

home country would affect the welfare of its trading partners.

Samuelson [2004] illustrates that this is a complex issue. Specifically, a pro-

ductivity improvement that maintains the pattern of comparative advantage is

unambiguously welfare improving. However, this may not be the case when the

productivity improvement changes the pattern of comparative advantage. The ar-

gument is simple: assume two countries, North (N) and South (S), and two goods,

1 and 2, both produced with linear production technologies (Aj
iL

j
i , for i = 1, 2 and

j = N, S). Assume initially that the North has a comparative advantage in the

production of good 1. By the Ricardian theory of comparative advantage, the

North specializes in good 1, and there are positive gains from trade. Assume next

that there is a productivity improvement in the South, that disproportionately

increases the productivity of the production of good 1, so that the relative pro-

ductivities of producing goods 1 and 2 are the same as in the North. There are no

longer any gains from trade. Since the North did not have a productivity improve-

ment, its loss of a comparative advantage essentially brings it back to autarky, and

the gains from trade are lost.

This channel may be relevant when thinking about the consequences of subsi-

dizing the production of tradable goods. The “learning by doing” may change the

pattern of comparative advantage. For example, managerial skills learned through

manufacturing are likely to disproportionately increase the productivity of pro-

viding various high-skilled services, thereby changing the pattern of comparative

advantage in a way that might reduce welfare in developed economies.

The welfare implications of productivity improvements in one country - whether

by learning-by-doing in the production of tradable goods, or otherwise - have

ambiguous welfare implications on its trading partners, depending on how the

productivity improvement affects the pattern of comparative advantage.
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4 Unintentional causes for real exchange rate mis-

alignments

The previous section illustrates that, in some situations, a government may have an

incentive to pursue policies that lead to a misaligned real exchange rate. However,

a real exchange rate misalignment need not be an outcome of intentional policy. In

this section, we discuss other causes of real exchange rate misalignments. We divide

the discussion into two parts: first, we discuss policies that, while not necessarily

targeted at manipulating the real exchange rate, may have consequences for the

real exchange rate. Second, we discuss frictions in the environment that may lead

to a misaligned real exchange rate.

4.1 Policies that affect the real exchange rate

The real exchange rate is an equilibrium object. The government does not “choose”

the real exchange rate, leaving all else constant; rather, the government institutes

various policies, and these policies alter the equilibrium value of the real exchange

rate. The problem is that policies that affect the real exchange rate may be targeted

at other goals; in the presence of limited policy instruments, the effect on the

real exchange rate may not be easily undone. In this section, we review various

policies that may affect the real exchange rate, and illustrate that the same policy

instruments can be used to pursuit other (more “legitimate”) goals.

Monetary policy. It is often assumed that the government can manipulate the

real exchange rate by manipulating the nominal exchange rate. This is not obvious:

in a world with flexible prices in which money is purely a medium of exchange,

nominal exchange rate targeting should have nearly no effect7. However, there is

evidence suggesting that prices of non-tradable goods move sluggishly relative to

the nominal exchange rate (when it is flexible), suggesting that nominal exchange

rate targeting may have some temporary effect on the real exchange rate (see Mussa

7The only channel is through changes in the distribution of wealth - during a nominal depre-
ciation, people holding the domestic currency will experience a drop in wealth relative to people
holding the foreign currency. However, in a model in which cash is merely a medium of exchange,
only a small fraction of wealth is held in currency, and the distributional effects are small.
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[1996] and Dornbusch [1976]). Of course, this policy instrument cannot sustain a

depreciated exchange rate over time. Thus, it is likely that the motivation for using

this policy instrument is some temporary need for a depreciated real exchange rate,

such as recovery from a slump as in the Keynesian model.

In light of this, the distinction between expansionary monetary policy and

short-term exchange rate devaluations is blurry. In our discussion of the Keyne-

sian model in the previous section, we ignored the interest rate parity condition,

and assumed that the government can choose the real exchange rate and the in-

terest rate independently. However, in reality the government has limited policy

instruments. In the presence of nominal price stickiness, a change in the nominal

interest rate will likely affect the real exchange rate through the interest rate parity

condition. This poses an additional conceptual difficulty: during a crisis, countries

may try to expand output, for example by increasing M . In equilibrium, this will

result in lower i, and a depreciated real exchange rate. Of course, all countries can

expand their money supplies such that the real exchange rate remains unchanged

(both i and i∗ decline).

Fiscal policy. Long run depreciations of the real exchange rate are more likely

to be sustained if they are implemented through fiscal policy. There are various

ways in which the government can use fiscal policy to distort the real exchange

rate. Of course, these policy may also be used to achieve other policy goals:

1. Distorting aggregate savings. The government can lead to an exchange

rate depreciation by encouraging saving. This type of policy can be imple-

mented in various ways, ranging from traditional subsidized saving policies

or consumption taxes, to less direct policies that affect demographics and

availability of insurance (in the presence of precautionary savings, the inabil-

ity to insure against risk increases the demand for savings). So, for example,

a policy restricting access to global financial markets can lead to an exchange

rate depreciation; similarly, a policy restricting or discouraging child birth

may result in higher domestic savings, and a lower real exchange rate. The

government can also affect aggregate saving by its own spending choices: if

a government decides to save more, aggregate savings increase and the real

exchange rate depreciates.
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It is almost redundant to point out that all of these policies may be used to

pursue “legitimate” policy goals, that are unrelated to the real exchange rate.

Subsidizing or encouraging savings is common in most countries (including

the US), and is typically motivated by behavioral commitment problems

that lead to under-saving; a policy restricting childbirth is clearly aimed

primarily at controlling the population size; a consumption tax is a relatively

undistortive way to raise revenue, and government saving and capital controls

can be justified from a macro-prudential standpoint.

2. Distorting the relative price of exports. A government can induce a real

exchange rate depreciation by taxing non-tradable goods or taxing imports or

subsidizing exports. Alternatively, it can increase the value-added tax (which

is reimbursed to exporters and levied on importers), as in Farhi et al. [2011].

This type of policy is likely more directly motivated by international trade

considerations. However, there may also be redistributive considerations, if

non-tradables or imports are disproportionately considered “luxury goods”.

So, for a country that primarily exports low-quality goods and primarily

imports high-quality goods, taxing imports at a higher rate may be a good

way to implement progressive taxation.

3. Distorting the input supply decision. A depressed real exchange rate

can be sustained if the cost of producing the domestic export is kept low.

One way to implement this is through some form of subsidy on input sup-

ply, that would lead to a decline in the relative price of both domestically

produced tradable goods and domestically produced non-tradable goods. A

monetary expansion would implement this temporarily (assuming wages are

nominally sticky), and a permanent tax could make this sustainable. Alter-

natively, inputs may be subsidized disproportionately in the export sector.

For example, if the export sector is capital-intensive, a lower tax rate on cap-

ital (relative to labor) would lead to a disproportionate decrease in the cost

of production in the export sector. Of course, a lower tax on capital could

also be justified as a means of encouraging investment in a risky climate.
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4.2 Fundamentals that affect the real exchange rate

In addition to policy choices, there are fundamental factors affecting the real ex-

change rate, that may potentially cause it to deviate from its frictionless competi-

tive equilibrium benchmark. Namely, in reality, there are frictions; the government

may need to intervene in order to restore the competitive equilibrium benchmark,

and correcting the distortions or countering their effects may not be trivial.

For example, financial underdevelopment would tend to imply a depreciated ex-

change rate relative to the frictionless competitive equilibrium benchmark (whether

the government favors this or not). This is for (at least) two reasons. First, there

are grounds to believe that exporting firms have better access to finance. This

is because exporting firms tend to be larger and more productive (as in Melitz

[2003]) - consequently, they have more collateral and can borrow more easily to fi-

nance their operations. Further, there is evidence that firms exporting to reputable

importers can borrow against accounts receivable (see Klapper [2000]). In an en-

vironment in which access to finance is incomplete, better access to finance results

in a lower cost of production and disproportionate expansion. In other words, an

exchange rate may be depreciated because the cost of production for exporting

firms is indeed lower - for reasons that have nothing to do with government policy.

Second, financial underdevelopment implies that households are unable to prop-

erly insure against shocks. In the presence of a precautionary savings motive, this

will lead them to save more, thereby leading to a depreciation of the real exchange

rate. Similarly, there are discussions about several of China’s structural distortions

that potentially affects its saving and real exchange rate.8

At the same time, other frictions in developing economies might imply an over-

valued real exchange rate. For example, traditional gender roles that prevent

women from participating in the labor force essentially “lock them in” the produc-

tion of non-tradables, such as child care or household maintenance. This would

imply a disproportionate amount of labor employed in the production of non-

tradable goods. Other forms of labor market segmentation may also lead to real

exchange rate misalignment: for example, labor immobility problems may keep

labor in rural areas, despite higher wages and higher labor productivity in urban

8See for example, China’s one-child policy (Wei and Zhang [2011]) , or the lack of social safety
nets (OECD [2010]) .
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areas. Depending on whether urban production has a larger share of non-tradables

(such as real estate, restaurants, etc, compared to tradable agricultural goods that

are produced in rural areas), this may lead to under-employment in the tradable

sector.

These structural distortions illustrate the difficulty in identifying real exchange

rate targeting. Are distortions directly a part of a country’s effort to ”undervalue”,

or are they a part of other existing frictions in the economy? Is the government

trying to restrict domestic access to insurance facilities, or is restricted access to

insurance a distortion in the environment that the government cannot correct?

From the perspective of other countries, this of course does not matter: what

matters is the end result. However, the distinction between policy-misalignment

and fundamental-misalignment is crucial for evaluating the cost-effectiveness of

policy in eliminating the misalignment. If the fundamental distortions leading to

the misalignment are difficult to eliminate (as is the case when the underlying

distortion is an underdeveloped financial system), a “correcting” policy aimed

at restoring the frictionless equilibrium real exchange rate may lead to further

distortions and increased welfare losses in the home economy.

More generally, the costs of realigning the real exchange rate may be non-

trivial, if the underlying cause of the real exchange rate misalignment cannot be

easily corrected. For example, a policy restricting childbirth may lead to increased

domestic savings and a depreciated real exchange rate. But it is impossible to

reverse this outcome with a simple policy reversal. Even if the government ceases

to restrict childbirth, this will have implications only for the future real exchange

rate. Households beyond a certain age group can no longer alter the number of

kids, so their savings decisions will remain unchanged. To restore the frictionless

real exchange rate, the government may need to restrict domestic savings in some

way, leading to potentially large welfare losses as the ability of households to use

savings to buffer adverse shocks is diminished.

To conclude, there are cases in which realigning the real exchange rate is not

simply reverting back to the frictionless competitive equilibrium; rather, it must

involve some distortive policy measures that counter the real exchange rate effects

of the underlying source of the misalignment. But such policies may lead to other

internal distortions, the costs of which must be taken into account.
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5 Assessing real exchange rate misalignment

In this section we offer a critical review of the existing approaches currently used

to assess real exchange rate misalignment, and propose a new approach to do so.

The new approach is based on comparing the marginal products and the revenue-

expenditure ratios across sectors of interest (which we will elaborate on later). We

argue that the new approach complements the existing approaches, by providing

additonal measures that are relevant for discussing international real exchange rate

disputes.

5.1 A critical review of existing approaches

In this section we review three existing methods currently being used by the IMF

for assessing real exchange rate misalignment. The three methods are referred

to as the macroeconomic balance approach (MB), the equilibrium real exchange

rate approach (ERER) and the external sustainability approach (ES). Below is a

summary of the three methods. For more details, please see Lee et al. [2006].

The macroeconomic balance approach (MB): This method consists of three

steps. First, an equilibrium relationship between current account balances and a

set of “fundamentals” is estimated with panel econometric techniques9. Second,

for each country, equilibrium current accounts (“current account norms”) are com-

puted from this relationship as a function of the levels of fundamentals. Finally,

the frictionless real exchange rate is calibrated as the real exchange rate that would

bring the current account back to its norm.

The reduced-form equilibrium real exchange rate (ERER): Similarly,

this method consists of three steps. First, panel regression techniques are used

to estimate an equilibrium relationship between real exchange rates and a set of

fundamentals10. Second, equilibrium real exchange rates are computed as a func-

9The “fundamentals” used in this method are fiscal balance, old-age dependencies, population
growth, lagged current account, oil balance, output growth, relative income, whether the country
experienced a banking crisis, whether the country experienced the Asian crisis, and whether the
country is a financial center.

10The fundamentals are net foreign assets, productivity differential to trading partners, com-
modity terms of trade, government consumption, trade restriction and price control index
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tion of the medium-term level of the fundamentals. Third, the magnitude of the

exchange rate adjustment that would restore equilibrium is calculated directly as

the difference between each country’s actual real exchange rate and the equilibrium

value identified in the second step.

The external sustainability (ES): This method also consists of three steps.

The first involves determining the ratio of trade or current account balance to GDP

that would stabilize the net foreign asset position at given chosen “benchmark”

values. The second step compares the NFA stabilizing trade or current account

balance with the actual level of a country’s trade or current account balance. The

third step consists of assessing the adjustment in the real effective exchange rate

that is needed to close the gap between the actual trade and current account

balances and the NFA-stabilizing trade and current account balances.

Using cross-country regressions, the above methods identify the typical ex-

change rate, calibrated based on comparisons with similar countries (i.e. countries

with the same “fundamentals”). The practice of equating this calibrated real

exchange rate with the frictionless competitive equilibrium benchmark is a prob-

lematic one, as it is likely that the real exchange rate of similar countries are

systematically distorted.

Specifically, the first two methods answer the following questions: what is the

typical current account (for the MB method) or exchange rate (for the ERER

method) of a country as a function of its fundamentals? It does not address

the question of what a country’s real exchange rate should be, or what is its

frictionless benchmark. In other words, the methods calibrate “typical” rather

than “normative” or “frictionless” current accounts and exchange rates. There are

two problems with this. First, the residual may include neglected fundamentals

affecting the left hand side variable (the current account or the real exchange rate).

It is impossible to come up with an exhaustive list of factors affecting productivity

and consumption and saving decisions. The identification of the real exchange rate

misalignment essentially as a regression residual is likely to be very noisy, as the

residual includes other things as well.

Second, many variables that are considered “fundamentals” for the “right” (i.e.,

market-determined) real exchange rate might contain elements that distort it. For
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example, in the ERER method, government consumption is considered a “funda-

mental”. However, there are several reasons why government consumption could

be directly affected by an incentive to lower the real exchange rate, as discussed in

the preceding sections. Government consumption may be incorrectly counted as a

“fundamental” thereby concealing a real exchange rate misalignment.

The ES approach, while less subject to the above critiques, is equally prob-

lematic. Conceptually, identifying the correct benchmark for the NFA is perhaps

more difficult than identifying the correct benchmark for the real exchange rate.

This is because it is unclear how an “unsustainable” NFA could be observed at all,

as presumably intertemporal budget constraints must always be satisfied.

Further, the key identifying assumption behind the ES approach (as well as the

MB approach) is that there is a one-to-one mapping between real exchange rate

misalignments and current account misalignments. For example, if the current ac-

count surplus is too large, it is concluded that an appreciation of the terms of trade

may help close the gap. This type of reasoning is perhaps reasonable when thinking

about sustainability issues from the perspective of the home country, or (for large

countries) when thinking about the effect on the world interest rate. However, it

does not seem to be relevant when thinking about the terms of trade from the per-

spective of the country’s trading partners (or competing exports). As illustrated

in sections 2 and 3, a devalued real exchange rate (or, more importantly, depressed

terms of trade) need not translate into an inflated current account surplus. For

example, a permanent subsidy on the manufacturing of tradable goods will have a

permanent effect on the terms of trade, and no effect on the current account; the

current account may be balanced while the price of exports in terms of imports

is too low. As cross-country externalities operate both through the world interest

rate and through the terms of trade, focusing solely on intertemporal distortions

potentially leaves out important aspects of the problem.

5.2 An alternative approach to assessing real exchange rate

misalignment

We will lay out a new approach for identifying and quantifying real exchange rate

misalignment, to be potentially implemented in future work. Our view is that
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this method has the potential to address many of the shortcomings of the IMF

methodologies, and may prove useful in contributing to the real exchange rate

misalignment debate and possibly settling international disputes.

Our approach relies on explicitly contrasting the characteristics of subsidized

sectors with other sectors. We will focus on two types of measures: one is the

marginal products and the other is the revenue-expenditure ratio. The idea is that

the marginal products and the revenue-expenditure ratio will be lower for sectors

that are explicitly or implicitly subsidized. The “subsidies” we identify need not

be strictly related to policy; for example, easier access to finance is equivalent to

a subsidy in our context.

As previously discussed in section 2, there are two types of distortions that

can lead to real exchange rate undervaluation: “supply shifters” and “demand

shifters”. The first is a wedge between the return to producing tradable goods

and the return to producing non-tradable goods. Examples include taxes and

subsidies that favor tradable good production, and distortions in the environment

that make the production of tradable goods easier. In the case of “supply shifters”,

the tradable sectors’ marginal products and revenue-expenditure ratios will be

systematically lower.

“Demand shifters” are distortions that lower domestic demand for current con-

sumption goods. In principle, any distortion that leads to lower current con-

sumption - either through increased saving, or simply through lower income - is a

“demand shifter”. The lower demand for consumption will typically translate into

a lower CPI, and a lower real exchange rate. An example of such a demand shift

policy is a subsidy to investment. A subsidy to investment discourages consump-

tion demand. Since a decline in demand hurts non-tradable sectors more, the real

exchange rate will depreciate and resources will move from non-tradable sectors to

tradable sectors. In this situation, since the investment good sector is subsidized,

its marginal products and the revenue-expenditure are systematically lower than

those of other sectors.

Advantages over currently used methodologies. The main advantage of

this approach is that it directly tests a property of the frictionless competitive

equilibrium that is likely to be violated in the presence of distortions that affect
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the real exchange rate. As we have illustrated in the preceding section, there are

many reasons to be cautious about equating “expected” or “average” real exchange

rates with the frictionless competitive equilibrium benchmark. It is indeed possi-

ble that real exchange rates are systematically distorted, making the “expected”

value a distorted one. Our approach utilizes a robust property of the frictionless

competitive equilibrium, that is necessary for efficiency.

Our methodology has the potential to identify countries with distorted terms-

of-trade, which may not be reflected in their current account or even in their

real exchange rate. This fills an important gap, as the IMF methodologies have

the scope to identify terms-of-trade distortions only when they are reflected in a

distortion of saving rates or non-tradable consumption. As illustrated in section 2,

supply shifters that lead to depressed export prices may lead to higher non-tradable

prices, and an overvalued real exchange rate. Further, these distortions need not

alter the domestic saving rate; it is therefore likely that the IMF approaches fail

to identify these distortions, and may infact lead to opposite conclusions regarding

the externalities of the distortions.

Disadvantages of this approach. The implementation of this approach is

likely to be primarily constrained by data availability, as currently high quality

firm-level or industry-level data are available only for a limited number of coun-

tries. However, the development of such data sets is rapidly expanding, and the

collection of such data will likely yield benefits far beyond the assessment of real

exchange rate misalignment. Conditional on data availability, standard tests and

procedures could be developed to maintain routine assessments, adding to the

current routine calculations done by the IMF.

Similar to the IMF methodologies, our approach has its limitations in terms of

the types of distortions it can hope to identify. Specifically, we hope to identify

distortions that lead to a wedge between tradable and non-tradable production,

and the production of consumption goods and investment goods. This leaves out

many important and relevant cases. For example, there is no hope in using this

methodology to identify “demand shifters” that operate through lower income. As

an extreme example, a country that loses a constant fraction of its income in every

period will have lower demand for consumption and for saving; this will depress
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the real exchange rate, but will not show up as a wedge between tradables and

non-tradables, or as a wedge between consumption and investment. It will also

not show up as a distortion to the current account, as the permanent nature of the

distortion will leave the saving rate unchanged.

Our ability to identify “demand shifters” that operate by changing the saving

rate is limited to the extent that these changes are reflected through changes in

investment. For example, in a perfectly integrated small open economy, changes

in the saving rate will not change investment, as foreign investors (or foreign in-

vestment opportunities) will fill in the gap so that the expected marginal product

of capital (including any capital adjustment costs) will be equal to its global equi-

librium level. Our approach can therefore hope to identify intertemporal “demand

shifters” only when there is some home bias in investment, or when there are some

barriers to capital mobility. Similarly, an economy that adjusts its saving primarily

through bonds or other non-investment forms of savings is unlikely to show up as

“distorted” in our analysis. In this sense, the IMF methodologies can be seen as

complementary to our approach, as the MB approach and the ES approach may

help identify deviations in the saving rate.

5.3 Identifying real exchange rate misalignment based on

marginal products

In their seminal paper, Hsieh and Klenow [2009] estimate a non-structural model

of distortions, based on the following idea. Regardless of whether distortions are

caused by incomplete access to credit, corruption, or other frictions, the distor-

tions lead to the misallocation of inputs, causing some relatively productive firms

to employ too few inputs while less productive firms employ too many or too much

inputs. They thus are able to quantify the extent of misallocation by measuring the

dispersion in marginal products. Using the Hsieh and Klenow [2009] methodology,

we will measure whether there is a systematic dispersion in marginal products be-

tween producers of tradable goods and non-tradable goods, and between producers

of investment goods and consumption goods.

To illustrate the methodology, consider a simplified environment with two firms,

producing two distinct goods, a tradable and a non tradable (i ∈ {T, NT}). As-
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sume that firm i is taxed at a rate τi, and assume that labor and capital are taxed

at rates τL,i and τK,i respectively. Both firms have Cobb-Douglas production func-

tions, where the labor share is θi. Let W and R be the wage rate and the capital

rent respectively.

Importantly, the tax rates τi, τi,L and τi,K are to be interpreted more broadly

as distortions that prevent the competitive equilibrium allocation. For example,

finding that τi,K is higher for some firms does not necessarily imply that these

firms are (literally) taxed at a higher rate; rather, we learn that these firms face

an effective higher price of capital, which may be a result of incomplete access to

credit or other distortions.

Firm i maximizes:

max
Li,Ki

pi(1− τi)AiL
θi
i K1−θi

i − (1 + τL,i)WLi − (1 + τK,i)RKi (65)

Denote the (“pre-tax”) revenue of firm i by:

Ii = piAiL
θi
i K1−θi

i (66)

The FOC with respect to labor is:

θipi(1− τi)
AiL

θi
i K1−θi

i

Li

= (1 + τL,i)W ⇒ θiIi =
1 + τL,i

1− τi

WLi (67)

Similarly, the FOC with respect to capital yields:

(1− θi)Ii =
1 + τK,i

1− τi

RKi (68)

These simple equations allow us to approach two questions: first, are there

differences in the effective rates of taxation in the tradable and non-tradable sec-

tors? Second, is capital taxed differently than labor, thereby giving an edge to

capital-intensive industries (which may be disproportionately tradable)?

To answer the questions above, we need firm-level or industry-level data that

includes the following variables:

1. Labor costs, WLi.
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2. Capital costs, RKi.

3. Revenues, Ii.

4. Labor shares, θi.

As in Hsieh and Klenow [2009], labor shares can be inferred from US input-

output tables. As for firm-level or industry-level data, there are a variety of

datasets that include these variables for different countries. For example, Hsieh and Klenow

[2009] use India’s Annual Survey of Industries (conducted by the Indian govern-

ment’s Central Statistical Organization) for India, and the Chinese Annual Surveys

of Industrial Production (conducted by the Chinese government’s National Bureau

of Statistics) for China. Other private and more standardized datasets may also

suffice for our purposes. For example, the AMADEUS dataset includes firm-level

data for all European (and some Eastern-European) firms.

Note that we do not take a stand about the sources of the frictions. In other

words, we just calculate the marginal products of labor and capital in tradable

and non-tradable sectors as they are. To test for “supply shifts” such as subsidies

on the tradable consumption sectors, we will calculate if the marginal products of

the tradable consumption sectors are systematically lower than those of the non-

tradable sectors. To test for “demand shift” such as subsidies on the investment

good sectors, we will calculate if the marginal products of the investment good

sectors are systematically lower than those of the consumption good sectors.

5.4 Identifying real exchange rate misalignment based on

the revenue-cost ratio

A potential problem with the Hsieh and Klenow [2009] approach outlined above

is that it relies on knowledge of the production functions, and in particular, the

capital and labor shares. For our purposes, this is problematic as, in reality, inputs

are not homogeneous; the “labor” used in the production of tradable goods need

not be the same as the “labor” employed in the non-tradable sectors. Further,

production technologies may differ across countries, and taking this heterogeneity

into account is likely to a complicated task.
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It turns out that, under certain assumptions, simply looking at revenue-cost

ratios is sufficient to identify distortions. Our idea is based on a simple insight:

in equilibrium, an entrepreneur should be indifferent between entering into either

sector. Under the assumption of constant return to scale technologies, this implies

that the “after-tax” revenue-expenditure ratios for the two sectors should be the

same. If we observe that the “pre-tax” revenue-expenditure ratio for sector A is

lower than that of the sector B, subsidies of one form or another are taking place

for sector A.

This method is more general than the one using marginal products. The latter

relies on a perfect market integration of input factors, which does not always

hold. For example, different skills and education of workers in different sectors can

create market segmentation and consequently, differential marginal products. The

approach of revenue-expenditure ratio does not depend on this assumption.

To illustrate, using the analysis in the previous section, note that the expendi-

ture of firm i is given by:

Ei = WLi + RKi =
1− τi

1 + τL,i

θiIi +
1− τi

1 + τK,i

(1− θi)Ii (69)

The ratio of revenue to expenditure is equal to:

Ii

Ei

=
1

(1− τi)(
θi

1+τL,i
+ 1−θi

1+τK,i
)

(70)

Notice that when the taxes are higher (τi, τL,i and τK,i), the ratio of “pre-tax”

revenue to expenditure is higher. Conversely, when the subsidies are higher, the

ratio of “pre-tax” revenue to expenditure is lower. Notice that, in the absence

of any taxes or subsidies, the ratio of the marginal revenue and the marginal

expenditure is equal to 1.

To test for “supply shifts” such as subsidies on the tradable consumption sec-

tors, we will calculate if the (pre-tax) revenue-expenditure ratio of the tradable

consumption sectors is systematically lower than that of the non-tradable sectors.

To test for “demand shift” such as subsidies on the investment good sectors, we

will calculate if the (pre-tax) revenue-expenditure ratio of the investment good

sectors is systematically lower than that of the consumption good sectors.
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5.5 Further analysis

This approach can be extended to pin point more precisely the source of distortion.

For example, if the source of distortion is that exporting firms have better access

to credit, we would expect that the dispersions in marginal products and revenue-

expenditure ratio between exporting and non-exporting firms are largely explained

by the differences in the loan amount given to exporting v.s. non-exporting firms.

Similarly, if nominal depreciations are at play, we would expect to see that firms

that rely more heavily on nominally-sticky inputs like labor will be more affected

than firms that rely primarily on internationally traded inputs (such as oil). We

would therefore expect that, within the tradable sector, the implicit “subsidy” will

be higher for labor-intensive producers.

By such further analysis, one can hope to identify the source of the distortion.

This understanding will be helpful both when thinking about measures to correct

the misalignment, and potentially for settling real exchange rate disputes (if it can

be established that the real exchange rate misalignment is a result of some policy).

6 Conclusion

In this paper, we highlighted three potential difficulties in the settlement of inter-

national disputes regarding real exchange rate misalignment. First, we illustrated

the conceptual difficulty in assessing the normative properties of real exchange rate

misalignment. Depending on the model and on the relevant circumstances, real

exchange rate misalignment may be efficient or inefficient (in a Pareto sense); it

may be either beneficial or harmful to importing countries, as well as to compet-

ing exporters. Thus, even if the international community is able to identify real

exchange rate misalignment in a convincing way, there is still a fair amount of

judgment as to when this misalignment should be sanctioned, and which countries

should be compensated.

The second difficulty is in identifying real exchange rate targeting. As we

have illustrated, a depreciated real exchange rate is not necessarily an outcome of

“manipulative” policy; in fact, in the prominent neoclassical model, it is typically

difficult to rationalize such a policy choice (unless the country is large enough to
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affect the world interest rate). A depreciated real exchange rate may be a result

of fundamental distortions, such as incomplete access to credit or savings. In the

presence of such distortions, it is not clear whether it is efficient to take measures

aimed at correcting the real exchange rate misalignment without addressing the

underlying sources of distortions. Further, it is not clear whether a country with

a “fundamental” real exchange rate misalignment should be sanctioned, as the

government did not necessarily deviate from any cooperative optimal solution.

Finally, we illustrated the difficulty in measuring real exchange rate misalign-

ment. We argued that the current methodologies are problematic, as they identify

real exchange rate misalignment as a deviation from some country-specific “norm”

that corresponds to an average or expected level, rather than to the competitive

frictionless benchmark. We proposed an alternative methodology, that quanti-

fies distortions by the dispersion in marginal products and revenue-expenditure

ratios between producers of tradable and non-tradable goods, and producers of

consumption and investment goods.

Despite the difficulties, there are potentially gains from overcoming these dif-

ficulties and establishing a mechanism for enforcing international cooperation on

real exchange rate issues. Theory suggests that in certain circumstances, real

exchange rate misalignment may be highly inefficient and harmful both for com-

peting exporters and for importers, and that greater global welfare can be achieved

if countries are able to enforce an efficient cooperative solution.
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A The frictionless competitive equilibrium bench-

mark

In this section, we lay out the frictionless competitive equilibrium model. A real

exchange rate misalignment will be defined as a deviation from the real exchange

rate predicted by this benchmark. The frictionless equilibrium economy consists of

n countries. Each country produces a tradable good and a non-tradable good. In

each country there is a continuum of identical agents. They are price-takers. They

work, invest in capital, buy shares in the domestic countries as well as in foreign

countries. The only source of uncertainty is productivity shocks. The detailed

description of the frictionless economy is as follows:

Consider an infinite horizon representative agent framework with n countries,

indexed j = 1, ..., n. Goods produced in country j will be denoted with superscript

j. Each country produces two types of goods: a tradable good (denoted with

superscript T ) and a non-traded good (denoted with superscript NT ). Agents also

incur a disutility of labor (L). Consumption values of the representative agent in

country i are denoted with subscript i. The utility of the representative agent in

country i is given by:

Ui({{cj,T
i,t }∞t=0}n

j=1, {ci,NT
i,t }∞t=0, {Li,t}∞t=0) = E(

∑
βtui({cj,T

i,t }n
j=1, c

i,NT
i,t , Li,t)) (71)

Where ui is increasing in cj,T , ci,NT , but decreasing in Li.

There are two inputs of production - capital (K) and labor (L)- and two neo-

classical production functions, one for tradable goods and one for non-tradable

goods: F T (K,L) and FNT (K,L). The production functions are increasing and

concave in both capital and labor, and exhibit constant returns to scale. Denote

by KT and LT the amounts of capital and labor employed in the tradable sector,

and let KNT and LNT be the amounts of capital and labor employed in the non

tradable sector.

The only source of uncertainty is shocks to productivity. In the most general

specification, there are 4 productivity shocks per country: AT,K
t , AT,L

t , ANT,K
t and

ANT,L
t . As,i

t is the productivity of input i in sector s at time t. For example, in the
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tradable sector, the production function is given by:

Y T = F (AT,KKT , AT,LLT ) (72)

The output of the non-tradables is given by:

Y NT = F (ANT,KKNT , ANT,LLNT ) (73)

The share of sector s in country j owned by country i is denoted φj,s
i,t (St) (for

example, φj,NT
i,t (St) is the share of the non-tradable sector in country j owned by

country i. The stock price of φj,s(St) is denoted qj,s
t (St). Stock holders distribute

profits according to their stock shares. The profits of sector s in country j are

denoted Dj,s
t (St).

The price of the tradable good of country 1 at time 0 is normalized to 1, which

will serve as the numeraire. Other prices depend on the aggregate state, which will

be denoted by St (the state includes all current and passed productivity shocks).

The price of the tradable good in country j at time t (in terms of the tradable

good of country 1 at time 0) is denoted pj,T
t (S), and the price of the non-tradable

good of country j at time t is denoted pj,NT
t (S).

The wage rate is also state contingent, and is denoted wj
t (St). The rental rate

of capital is denoted Rj
t (St). Capital depreciates at a rate δ. The non-traded

good can be converted into domestic capital, and there are no barriers to foreign

ownership of domestic capital. The investment of country i in capital in country

j is given by Ij
i,t(St). The capital in country j owned by country i is Kj

i,t(St).

Agents trade in a spot market in time 0. They can buy and sell state contingent

claims on goods, labor and capital, as well as state-contingent stock shares.

Definition of equilibrium. An equilibrium is defined as a set of state contingent

price sequences pj,T
t (St), pj,NT

t (St), qj,s
t (St), a set of state contingent investment

decisions Ij
t (St), a set of state contingent labor supplies Lj

t(St), a set of state

contingent capital and labor employments in the tradable and the non-tradable

sector Lj,T
t (St), Lj,NT

t (St), Kj,T
t (St), Kj,NT

t (St), consumption of tradables cj,T
i,t (St),

consumption of non-tradables cj,NT
i,t (St), dividends Dj,T

t (St) and Dj,NT
t (St), stock

shares φj,T
i,t (St) and φj,NT

i,t (St) and output of tradables and non-tradables Y j,T
t (St),
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Y j,NT
t (St) that jointly satisfy:

1. The representative agent takes prices as given and maximizes utility:

max
cj,T
i,t (St),c

i,NT
i,t (St),Li,t(St)

Ui({{cj,T
i,t (St)}∞t=0}n

j=1, {ci,NT
i,t (St)}∞t=0, {Li,t(St)}∞t=0)

s.t.

∑
t,S

(pi,NT
t (St)c

i,NT
i,t (St) +

n∑
j=1

(pj,T
t (St)c

j,T
i,t (St) + pj,NT

t (St)I
j
i,t(St)+

∑
s=T,NT

qj,s
t φj,s

i,t (St))) =

∑
t,S

(wi
t(St)L

i
t(St) +

n∑
j=1

(Rj
t (S)Kj

i,t(St) +
∑

s=T,NT

φj,s
i,t (St)D

j,s
t (St))) (74)

Kj
i,t+1(St+1) = (1− δ)Kj

i,t(St) + Ij
i,t(St) (75)

Kj
i,0 and φj,s

i,0 are given.

2. Both tradable and non-tradable producers take wages and capital rental rates

as given and maximize profit:

Di,T
t (St) = max

Li,T
t (St),K

i,T
t (St)

pi,T
t F (AT,L

t Li,T
t (St), A

T,K
t K i,T

t (St)) (76)

−wi
t(St)L

i,T
t (St)−Ri

t(St)K
i,T
t (St)

Di,NT
t (St) = max

Li,NT
t (St),K

i,NT
t (St)

pi,NT
t F (ANT,L

t Li,NT
t (St), A

NT,K
t K i,NT

t (St))

(77)

−wi
t(St)L

i,NT
t (St)−Ri

t(St)K
i,NT
t (St)

3. Market clearing of capital and labor:

K i,NT
t (St) + Ki,T

t (St) =
n∑

j=1

Kj
i,t(St) (78)

Li,NT
t (St) + Li,T

t (St) = Li,t(St) (79)
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4. Goods market clearing:

Y i,T (St) =
n∑

j=1

ci,T
j,t (St) (80)

Y i,NT (St) = ci,NT
i,t (St) +

n∑
j=1

I i
j,t(St) (81)

Definition of the frictionless real exchange rate. To define the real ex-

change rate, we first need to define the CPI. We will choose the benchmark basket

of consumption to correspond to the consumption baskets at time 0. The CPI is

given by:

CPIi,t(St) = pi,NT
t (St)c

i,NT
i,0 (S0) +

n∑
j=1

pj,T
t (St)c

j,T
i,0 (S0) (82)

In other words, the CPI is the current (state contingent) price of the con-

sumption basket at time 0, when prices are given by their equilibrium value. The

frictionless real exchange rate between countries i and i′ is then defined as:

RERi,i′,t(St) =
CPIi,t(St)

CPIi′,t(St)
(83)

real exchange rate misalignment are defined as deviations from this frictionless

competitive equilibrium benchmark. Distortions in the real exchange rate may be

an outcome of anything that distorts equilibrium prices; in principal, any deviation

from the frictionless competitive equilibrium may result is the misalignment of the

real exchange rate.

Normative properties. By the first welfare theorem, this solution is Pareto

efficient, in the sense that no country can be made better off without making

another country worse off. The second welfare theorem guarantees further than

any Pareto efficient solution can be achieved with a competitive equilibrium, with

an appropriate redistribution of initial endowments (here, initial endowments are

capital endowments, Kj
i,0, and stock shares, φj,s

i,0 for s = T, NT ).
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Implications for government spending. In the frictionless competitive equi-

librium, there is typically no role for government spending. However, government

spending is not necessarily inconsistent with the frictionless competitive equilib-

rium, as long as the government behaves as if it were a competitive price taker.

In other words, the efficiency properties of the frictionless competitive equilibrium

suggest certain prescriptions for efficient government spending. There is a role

for government spending only to the extent that it is the most efficient provider

of certain non-tradable goods (for example, national security or law enforcement

services). As a producer of non-tradable goods, the government should behave as

if it is a price taker in a competitive environment.

Non-distortionary government spending is consistent with solving the following

procedure. First, the government should construct a fictitious production function

for non-tradable goods, which is composed of government services and private

non-tradable goods:

FNT (KNT , LNT ) = max
KG,LG,KP ,LP

(FG(KG, LG) + F P (KP , LP )) (84)

s.t.

KNT = KG + KP (85)

LNT = LG + LP (86)

Where FG is government production of non-traded goods, F P is private pro-

duction of non-traded goods, and KG, LG, KP , LP are capital and labor employed

in the government sector and the non-tradable private sector respectively. This

specification delivers LG and KG as a function of KNT and LNT .

Second, the government should calculate the frictionless competitive equilib-

rium values of KNT and LNT , based on the fictitious production function FNT .

It should set taxes such that the price of the private non-tradable good is at the

equilibrium value, and employ capital and labor that are consistent with the opti-

mization problem above (equation 84).

While this procedure may seem unnaturally complicated, it is the only proce-

dure that guarantees the efficiency of equilibrium. There is no role, for example,

for counter-cyclical government policy, as international risk sharing arrangements
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should provide optimal cross-country insurance; instead, if there is a negative local

productivity shock, the government should follow other producers and contract.

These prescriptions for government spending and taxation present a conceptual

difficulty in assessing real exchange rate misalignment. In the presence of a gov-

ernment, the frictionless competitive equilibrium is unlikely to be an equilibrium:

governments are likely to realize their “market power” and internalize the effect of

their spending decisions on equilibrium prices and output.

B Proof of Proposition 1

To characterize the frictionless competitive equilibrium, let λ denote the Lagrange

multiplier on the constraint in equation 22. The first order conditions of the

Lagrangian are given by:

u′(c0) = λ (87)

u′NT (cNT
0 ) = λp0 (88)

βRu′(c1) = λ (89)

βRu′NT (cNT
1 ) = λp1 (90)

This implies the following two equilibrium relations:

u′(c0) = βRu′(c1) (91)

p0 =
u′NT (cNT

0 )

u′(c0)
(92)

The government’s problem can therefore be written as:

max
c0

u(c0) + βu(Y1 −R(c0)c0) (93)

The first order condition of this problem is:

u′(c0) = βRu′(c1) + βc0
∂R

∂c0

u′(c1) (94)

Denote with superscript E the equilibrium solution. By equation 91, the market
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solution satisfies:

u′(cE
0 ) = βRu′(cE

1 ) (95)

This cannot be the planners solution because:

u′(cE
0 ) = βRu′(cE

1 ) < βRu′(cE
1 ) + βcE

0

∂R

∂c0

u′(cE
1 ) (96)

= βRu′(Y1 −R(cE
0 )cE

0 ) + βcE
0

∂R

∂c0

u′(Y1 −R(cE
0 )cE

0 )

From the analysis above, it is apparent that the government chooses u′(c0) >

u′(cE
0 ), that is, c0 < cE

0 and higher domestic savings.

The government’s policy results in the depreciation of the exchange rate. Note

that the real exchange rate is given by the ratio of the domestic and foreign CPIs:

RERt =
CPIt

CPI∗t
(97)

Let αt and α∗t denote the benchmark fractions of the tradable goods used in calcu-

lating the CPI at the emerging home country and the foreign developed country

correspondingly. Note that the CPI is given by:

CPIt = α + (1− α)pt (98)

The equilibrium real exchange rate is therefore given by:

RER =
α + (1− α)p

α∗ + (1− α∗)p∗
(99)

Note that the price of the non tradable good is given by equation 92. Thus, we

have that pE
0 > p0:

pE
0 =

u′NT (cNT,E
0 )

u′(cE
0 )

=
u′NT (Y NT

0 )

u′(cE
0 )

>
u′NT (Y NT

0 )

u′(c0)
=

u′NT (cNT
0 )

u′(c0)
= p0 (100)

Similarly, note that cE∗
0 > c∗0, as market clearing implies that foreigners consume

more of the tradable good in period 0. Hence, following similar algebra we get that
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pE∗
0 < p∗0. Thus, we have that:

RER0 < RERE
0 (101)

C Proof of Proposition 2

The optimization problem of the developed market government can be rewritten

as:

max
c∗0

u(c∗0) + βu(R(c∗0)(Y
∗
0 − c∗0)) (102)

The first order condition with respect to c∗0 is given by:

u′(c∗0) = βRu′(c∗1)− β(Y ∗
0 − c∗0)

∂R

∂c∗0
u′(c∗1) (103)

Thus, the developed economy encourages spending in equilibrium, causing a neg-

ative wedge between u′(c∗0) and βRu′(c∗1). Similarly, from the emerging market’s

problem, it is evident that the government encourages saving in equilibrium, caus-

ing a positive wedge between u′(c0) and βRu′(c1).

To show that this strategic equilibrium is Pareto inefficient, we will characterize

the set of efficient allocations as the set of solutions to the following problem

(indexed by the Pareto weight φ):

max
ct,c∗t

u(c0) + φu(c∗0) + β(u(c1) + φu(c∗1)) (104)

s.t.

λ1 : c0 + c∗0 = Y ∗
0 (105)

λ2 : c1 + c∗1 = Y1 (106)

Note that the consumption of non-tradables drops out as constants. λ1 and λ2

denote the Lagrange multipliers on the constraint. The first order conditions of

this problem are:

u′(c0) = φu′(c∗0) (107)

u′(c1) = φu′(c∗1) (108)
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Hence, all of the planners solution satisfy:

u′(c0)

u′(c1)
=

u′(c∗0)
u′(c∗1)

(109)

These first order conditions are violated in the strategic competitive equilib-

rium, as well as in the equilibrium in which only one party intervenes in its market.

To see this, note that the strategic equilibrium implies:

u′(c0) = u′(c1)β(R + c0
∂R

∂c0

) (110)

u′(c∗0) = u′(c∗1)β(R− (Y ∗
0 − c∗0)

∂R

∂c∗0
) (111)

Thus,

u′(c0)

u′(c1)
= β(R + c0

∂R

∂c0

) > β(R− (Y ∗
0 − c∗0)

∂R

∂c∗0
) =

u′(c∗0)
u′(c∗1)

(112)

The proof of the inefficiency of the equilibrium in which only one government

intervenes in its domestic market proceeds along similar lines.

D Proof of Proposition 3

The competitive equilibrium of this model satisfies:

uc(c, c
∗)

uc∗(c, c∗)
= p (113)

The first order conditions of the government’s problem yield:

uc(c, c
∗) = λ(p(c, c∗)− (Y − c)

∂p

∂c
) = λp(1− (Y − c)

∂p

∂c
) (114)

uc∗(c, c
∗) = λ(1 + (Y − c)

∂p

∂c∗
) (115)
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Combining the two first order conditions, we get that:

uc(c, c
∗)

uc∗(c, c∗)
= p

1− (Y − c)∂p
∂c

1 + (Y − c) ∂p
∂c∗

(116)

As ∂p
∂c

> 0, and ∂p
∂c∗ < 0, we get that:

uc(c, c
∗)

uc∗(c, c∗)
> p (117)

E Proof of Proposition 4

In the competitive equilibrium, the first order conditions of the consumer’s problem

yield the following relations:

u′F (c∗) =
u′(c)

p
=

u′NT (cNT )

pNT
(118)

The first order conditions of the producers yield:

pF ′(L) = pNT F ′
NT (LNT ) = w ⇒ F ′

NT (LNT )

F ′(L)
=

p

pNT
(119)

The government’s problem can be rewritten as:

max
c,cNT ,c∗,L

u(c) + uNT (cNT ) + uF (c∗) + uY (F (L)) (120)

s.t.

λ1 : pc + c∗ = pF (L) (121)

λ2 : cNT = FNT (L0 − L) (122)

The first order conditions with respect to c and c∗ yield:

u′(c)
p

= u′F (c∗) (123)
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The first order condition with respect to cNT yields:

u′NT (cNT ) = λ2 (124)

Using the above first order conditions, the first order condition with respect to L

yields:

u′Y (Y )F ′(L) + u′(c)F ′(L) = u′NT (cNT )F ′
NT (LNT ) (125)

Rewriting:

u′Y (Y ) + u′(c) = u′NT (cNT )
F ′

NT (LNT )

F ′(L)
(126)

Comparing this to the equilibrium solution, it is apparent that the government

restricts consumption o of non-tradable goods. As we’ve seen, in the competitive

equilibrium, the ratio of marginal products is equal to the inverse of the ratio of

prices. Thus, in the competitive equilibrium we have:

u′(c) = u′NT (cNT )
F ′

NT (LNT )

F ′(L)
(127)

In the government’s solution, there is an extra positive term on the left hand side,

suggesting that both u′NT (cNT ) and F ′
NT (LNT ) are lower. Hence, LNT and cNT are

smaller relative to the non-intervention equilibrium.

F Proof of Proposition 5

Writing down the Lagrangian and taking first order conditions yields the following

FOC with respect to ci
i:

φiu
′
i,i(c

i
i) = λ1 (128)

The FOC with respect to Yi is:

φiu
′
i,Y (Yi) = −λ1 + λ4 (129)

Combining the two, we arrive at the following equation:

φiu
′
i,Y (Yi) + φiu

′
i,i(c

i
i) = λ4 (130)
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Where λ4 is the multiplier on equation 63. Going back to the planner’s problem,

and taking FOC with respect to cNT
i :

φiu
′
i,NT (cNT

i ) = λ3 (131)

Where λ3 is the multiplier on equation 62.

Finally, taking first order condition on Li (and replacing LNT
i = L−Li) yields:

− λ3F
′
i,NT (LNT

i ) + λ4F
′
i (Li) = 0 (132)

Manipulating the above equations, we get that:

λ4 =
λ3F

′
i,NT (LNT

i )

F ′
i (Li)

= φiu
′
i,NT (cNT

i )
F ′

i,NT (LNT
i )

F ′
i (Li)

(133)

Substituting the above into equation 130, we get that:

u′i,Y (Yi) + u′i,i(c
i
i) = u′i,NT (cNT

i )
F ′

i,NT (LNT
i )

F ′
i (Li)

(134)

This is precisely the condition characterizing the government’s solution (see

equation 126).
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