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1. Introduction

The goal of this paper is to evaluate the case for persistent currency manipulation by China, by
establishing theoretical conditions under which a large country can accomplish a sustained
improvement in its trade balance through government purchases of foreign exchange in a monetary,
general equilibrium model.

Accusations that China manipulates its currency have prevailed since the early 2000s. US scholars,
businesses, and members of congress alike argue that China has deliberately suppressed a rise in the
renminbi’s value versus the US dollar by intervening in foreign exchange markets, accumulating dollar
reserves, to increase exports and promote export-producing industries. The legal basis for objection
to deliberate undervaluation of an otherwise strengthening currency equates it with an export subsidy,
an effort to gain an unearned competitive advantage in trade. This violates the fairness principle that
governs the world trading system. Proponents of this view, such as Bersten and Gagnon (2012),
Gagnon (2012), and Porter (2017), assert that China manipulated the renminbi’s value for mercantilist
purposes consistently from at least 2003 until 2014 — under what was formally a flexible exchange rate
regime from 2005 until 2014 — resulting in millions of US manufacturing sector job losses. Recently,
claims of currency manipulation have proliferated, levied against and by not only other emerging
economies, but also advanced countries with flexible exchange rates and relatively open capital
accounts. The US secretary of the Treasury currently monitors more than 20 of the largest US trade
partners for evidence of currency manipulation, biannually measuring their US bilateral trade balances,
current account balances, and foreign currency purchases.

Yet classical international monetary theory implies that government accumulation of foreign
exchange reserves need have no real effects whatsoever. Domestic currency creation must finance
foreign currency purchases, and such purchases directly depreciate the nominal, not the real, exchange
rate. They need have no significant, nor any lasting, effect for international relative prices of goods —
effects needed to produce an improvement in trade competitiveness. With flexible prices, proportional
nominal price adjustments arising from the monetary base expansion that funds the intervention
eliminate any relative price consequences. Evidence — albeit controversial — suggests that a
government’s attempt to prevent this inflation by sterilizing the monetary expansion via open market
bond sales results in a weak nominal, let alone real, exchange rate response to intervention. New
Keynesian models with sticky nominal prices allow for highly correlated real and nominal exchange
rate depreciations over short time periods, however, empirical evidence implies that price stickiness is
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appreciation. In this paper, I develop an alternative monetary model in which a government can attain
a relatively depreciated real exchange rate and higher trade balance by purchasing foreign currency —
and can do so for a sufficient duration to rationalize a decade of Chinese currency manipulation.

The two-country model I develop features overlapping generations of finitely lived private agents
that value two types of imperfectly substitutable asset. National fiat monies, although return
dominated, are valued for their liquidity. Illiquid consumption loans are valued for their interest
earnings. That both “inside” and “outside” money circulate has several important implications. First,
there is a realistic distinction in my model between the liquid asset (currency) accumulated as reserves
by a government, and illiquid assets (loans) that are traded only privately within and/or across
countries. Second, as long as there is some private sector international currency trade — however small
— government reserve accumulation is not equivalent to a trade or current account balance policy
under capital controls, as is true in non-monetary environments such as those studied by Jeanne (2013)
and Choi and Taylor (2017). Third, both under capital controls and under free capital flows — with
international borrowing and lending — a government can unilaterally establish and sustain a real
exchange rate target depreciated relative to its steady state equilibrium value, by purchasing foreign
currency at each date. Under free capital flows, the government’s reserve accumulation, net private
sector currency flows, and net private sector capital flows are each exactly determined; furthermore,
there are substantive allocative consequences of the targeting policy as long as private agents also hold
alternative currencies for liquidity in international trade.

A key result is that, under capital controls, a government’s foreign reserve accumulation is
associated with an endogenous rise in its country’s trade balance supporting a mercantilist rational for
reserve accumulation. The trade balance improvement is attributable to the equilibrium decline (rise)
in the targeting country’s (trade partner’s) internal relative price of non-traded to traded goods. This
reduces the tradable value of loans in the targeting country, increases the targeting country’s real
interest rate, and internal borrowing for tradable consumption contracts. The law of one price holds
for the traded good, leaving no role for improvements in “competitiveness” arising from substitution
effects of real depreciation; however, the negative “income” effect for lending of a lower relative price
of non-traded goods induces a higher inter-temporal price of traded consumption in the targeting
country. The converse effects afflict the targeting country’s trade partner. Consequently the targeting
country’s tradable goods balance rises. Under free capital flows, internationally arbitraged real interest
rates insulate borrowing for tradable consumption and trade balances from a targeting country’s real
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to an equilibrium with no real exchange rate target or reserve accumulation, suggesting an alternative
rationale for reserve accumulation by countries with open capital accounts.

I obtain these results in a pure exchange, spatial model of money and trade. Each country contains
two symmetric locations inhabited by private agents, and a central location inhabited by a government.
An infinite sequence of two-period lived overlapping generations inhabits each location, and each
generation comprises a mass of lenders (workers) and borrowers (entrepreneurs). Lenders and
borrowers can trade in one-period lived consumption loans. There are two types of good. One is freely
tradable in frictionless markets characterized by perfect cross-location communication about the good,
buyers, and sellers, and the law of one price. There is also a “non-traded” good, which agents can
purchase only during “local trade” when there is no communication among agents across locations.
Because of this, during local trade it is impossible to verify the value of private assets issued in other
locations, and this gives rise to the private use of country-specific, government issued fiat currencies
for liquidity. Specifically, workers are subject to idiosyncratic relocation shocks, which play the role of
(currency-specific) liquidity shocks since relocated agents can use only currency in subsequent goods
market exchange. I assume that deposit-taking banks arise to insure lenders against these shocks —
banks that intermediate all savings, hold loans and currencies directly, and offer deposit returns
contingent upon an agent’s relocation status and ultimate destination. I focus on equilibria in which
loans dominate currency in rate of return, so that banks hold currency solely to meet the liquidity
needs of their depositors.

In each country, a composite fiscal/monetatry policy authority sets a constant, exogenous growth
rate for its currency that is outstanding in the hands of the public. The resulting seigniorage revenue
supports an endogenously determined government consumption rate of non-traded goods and —
under a unilateral real exchange rate targeting regime by either country — an endogenously determined
real foreign reserve position. I consider two international capital account regimes. In the first, banks
can trade internationally in currencies, but not in loans. I view this regime as one of bilateral capital
controls. Contingent on parameter values, the model allows for international trade in currencies by
banks to be very small, as we observe — for example — between China and the rest of the world. In the
second regime, banks can trade internationally in loans and I view this regime as one of free capital
flows. I explore the equilibrium consequences of a unilaterally established real exchange rate target
under both regimes. If neither country establishes a real exchange rate target, the equilibrium bilateral
real exchange rate equals the relative price of non-traded to traded goods across countties since the
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I assume that the domestic country is relatively poor and, under capital controls, runs current
account surpluses. Several parameter restrictions assure these two features: The domestic country 1)
has relatively low per capita endowments of traded and non-traded goods, and 2) has a relatively large
portion of workers that are subject to liquidity shocks. The latter restriction implies that the domestic
country is relatively cash-dependent and exhibits relatively little credit extension, with bank asset
portfolios dominated by currency rather than loans. As a result, under capital controls, the domestic
country’s equilibrium interest rate is relatively high, domestic young borrowers therefore consume
relatively few traded goods, and the country runs a trade surplus which funds positive net domestic
bank purchases of foreign currency. Starting from an initial period, under capital controls and in the
absence of a real exchange rate target, the world economy attains a unique steady state equilibrium
with these properties at date 2. Under free capital flows in the absence of a real exchange rate target,
given identical parameter values, real interest rates are arbitraged; the poor country’s real interest rate
falls and that of the rich country rises, relative to the equilibrium under capital controls, and this
balances trade. From an initial period, the economy converges asymptotically to a unique steady state
equilibrium. The unique transition path exhibits a monotonically depreciating domestic country real
exchange rate.

Under the assumption that the foreign government is completely passive in response, the domestic
country can use foreign reserve purchases to unilaterally establish, and sustain indefinitely in a unique
steady state equilibrium, a constant real exchange rate target that is higher (more depreciated) than the
steady state equilibrium real exchange rate. Attaining a targeting steady state is possible under either
capital controls or free capital flows. The domestic government accomplishes this via an endogenously
determined real foreign reserve purchase at every date, which is constant in the targeting steady state
and associated with a constant growth rate of nominal reserve purchases equal to the foreign country’s
money growth rate. Under either capital market regime, the domestic government’s non-tradable
consumption declines, and foreign government consumption increases, relative to the no-targeting
steady state. Thus, seigniorage revenue must be sufficiently high to guarantee non-negative domestic
government consumption when the revenue must also finance reserve purchases. This implies that
the real exchange rate target satisfy an upper bound, to limit the size of reserve purchases. Naturally,
the higher is the domestic country’s money growth rate, the looser is the upper bound constraint.

Under either capital account regime, the domestic government can attain a relatively depreciated
real exchange rate target at any date when the economy has been previously in its unique, non-targeting
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private agents. Attainment of the unique targeting steady state is immediate under capital controls.
Attainment of the targeting steady state occurs after just one period under free capital flows, so there
are no transitional dynamics as there are in the absence of a target. Under capital controls, the steady
state domestic country real interest rate is higher than that in the no-targeting steady state (because
the domestic country tradable value of loans declines), and domestic country tradable borrowing and
consumption fall so that its trade surplus rises. Under free capital flows, real interest rates are
arbitraged and there is no impact of targeting for the trade balance. However, under free capital flows,
a government can introduce a target at any finite date, and the same, unique, targeting steady state
equilibrium is attainable after just one period. The target therefore completely stabilizes not only the
real exchange rate, but the trade balance, financial balance, and entire real economy relative to the
equilibrium transitional dynamics without a target.

The nominal exchange rate need not depreciate upon establishment of a depreciated real exchange
rate target in the initial period of the target, nor will it depreciate at a faster rate in the unique steady
state targeting equilibrium, relative to its non-targeting behavior. While domestic government
accumulation of foreign exchange is a force for nominal depreciation of the domestic currency, a
relatively depreciated real exchange rate target reduces the foreign non-traded value of domestic bank
holdings of foreign currency and raises the domestic non-traded value of foreign bank holdings of
domestic currency. Only if the portion of bank reserves held as local, rather than international,
currency is relatively large does the domestic country’s nominal exchange rate exhibit depreciation
upon establishment of the target. In a targeting steady state equilibrium, under either capital account
regime, the domestic country’s nominal exchange rate depreciates at a unique, constant rate
irrespective of whether there is a real exchange rate target. Namely, in azy steady state equilibrium, the
rate of the domestic currency’s nominal depreciation must equal the difference between the domestic
and foreign non-traded goods inflation rate, which equals the difference between the domestic and
foreign constant money growth rates.

Similarly, persistent real depreciation accomplished via sustained reserve accumulation is not
inflationary. By assumption, monetary policy is exogenous; each government sets a constant growth
rate for the money supply outstanding in the private sector. For reserve accumulation to be consistent
with the satisfaction of government budget constraints, therefore, requires endogenous adjustment in
fiscal policy. Specifically, government consumption of non-traded goods in the targeting country
declines to accommodate lower available seigniorage revenue, and the converse occurs in the foreign
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that would imply reserve accumulation generates inflation. Thus, real allocative consequences are
associated with foreign exchange intervention even in this flexible price, monetary model. Intuitively,
when the monetary and fiscal policy functions of government are relatively coordinated, as in China
where the People’s Bank of China is a department of the State Council, “sterilization” of the aggregate
demand consequences of monetary base expansion can be accomplished by an increase in taxation or,
as here, decline in government consumption. Thus, perfect coordination of monetary and fiscal policy,
inflation targeting that disciplines money growth rates, and a prohibition on international borrowing
and lending together can rationalize indefinite and successful currency manipulation by a relatively
large poor country that runs trade surpluses.

This paper primarily contributes to two literatures. Several features of the model significantly
generalize recent models of real exchange rate targeting, of which Choi and Taylor (2017), Jeanne
(2013), and Korinek and Serven (2016) are notable contributions, with a key precursor being Calvo,
Reinhart, and Vegh (1995). First, my model is explicitly monetary, including both liquid national
currencies as well as interest bearing, illiquid loans. This illuminates the required coordination of
monetary and fiscal policy to sustain a depreciated real exchange rate via reserve accumulation, and
allows me to demonstrate that reserve accumulation need not be inflationary. The need for fiscal
adjustment in my model reflects Eichengreen’s (2007) observation that fiscal not monetary policy
must accomplish systematic real exchange rate undervaluation. Second, I examine the general
equilibrium (foreign country) consequences of a government’s unilateral reserve accumulation. This
extension from a small open economy environment suggests that the trade partner of a targeting
country derives “seigniorage” benefits, which relaxes budgetary constraints on endogenously
determined government consumption, and may rationalize a failure to retaliate. In addition, there are
steady state welfare benefits for foreign workers purchasing local goods in domestic country markets,
who enjoy a higher domestic country value of their currency holdings. Third, in my framework, public
and private net foreign currency and net lending have explicit, distinct solutions under free capital
flows. Relatedly, Ghironi (2006, 2008) explores the implications for a country’s net foreign asset
accumulation of Ricardian equivalence failure due to overlapping generations, although his motivation
and model environments differ from mine. More generally, an overlapping generation environment
typically has very different theoretical properties from that of the infinitely lived agent models of the
extant literature. Nonetheless, the equilibria I study are unique, and money has no value if not for
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The paper also represents a contribution to the empirical and theoretical literature that explores
mercantilist rationales for real exchange rate undervaluation. Dooley, Folkerts-Landau, and Garber
(2004) make the mercantilist case for China and other emerging economies deliberately undervaluing
their currencies, as do Bersten and Gagnon (2012) and Gagnon (2012), for example. In contrast,
McKinnon (2006) argues that internal monetary stability motivated China’s foreign exchange
intervention in the 2000s rather than mercantilism (my choice of monetary policy specification makes
it impossible to address this), while her external surpluses reflect a relatively high savings rate (an idea
reflected in my assumption that the targeting country has a relatively high equilibrium real interest
rate). Prasad and Wei (2005) also are skeptical of mercantilist motivation for China’s reserve
accumulation, attributing it instead to a surge in capital inflows until 2004 at least. Aizenmann and Lee
(2007) present empirical evidence supporting a precautionary rather than mercantilist motivation for
reserve accumulation in emerging markets, while Dominguez (2019) finds evidence to support
systematic depreciation of nominal exchange rates via foreign exchange intervention, but no
conclusive evidence of associated trade balance improvements. The paper also tangentially relates to
a literature motivated by the Chinese experience that explores optimal monetary, reserve, and capital
account policy in dynamic, optimizing environments. Bacchetta, Benhima, and Kalantzis (2013, 2014),
Chang, Liu, and Spiegel (2015), and Liu and Spiegel (2015) represent some significant contributions.
Here I conduct a purely positive analysis of currency manipulation, which includes evaluating the
welfare consequences. However, the rich specification of monetary and fiscal policy, and of private
banking behavior, in my model would lend itself easily to exploring a range of alternative monetary
and financial policies and their relative welfare merits.

2. The Environment

I consider a two-countty, two-good world economy. Time is discrete and indexed by # An infinite
sequence of two-period lived overlapping generations, an initial old generation, and an infinitely lived
government inhabit each country. I call the two countries the “domestic” and “foreign” country
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respectively, and use the superscript to distinguish foreign from domestic country variables.
Within each country are two symmetric locations in which private agents reside, while the
government inhabits a third central location. At every date /=7,2,.., a continuum of young agents with
unit mass is assigned to each of the two symmetric locations. Of these young agents, a fraction Y are
ex ante identical workers. The remaining fraction, 1 — 1, are identical entrepreneurs. In addition, at

date #=7, a continuum of initial old agents with unit mass resides in each symmetric location. My

assumptions guarantee that trade between locations 1 and 2 within a country preserves the symmetry
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of locations. In addition, I assume that location 1 (2) of the domestic country is always paired in trade
with location 1 (2) of the foreign country. Internationally paired locations need not be at all symmetric,
however.

There are two types of final, non-storable consumption good in the world economy; local goods
and tradable goods. Workers produce and consume exclusively local goods. As I describe below, there
is limited inter-location trade in local goods and, for expositional ease, I refer to them as “non-traded”.
Entrepreneurs produce and consume exclusively tradable goods, which are freely transportable across
domestic and international locations. Both types of good are identical across locations.

There are also two types of asset. The government of each country issues a national fiat currency,
and entrepreneurs and workers can issue and trade in one-period consumption loans. I assume that,
while loans return-dominate currency, spatial separation of agents and limited communication among
them within and across countries give rise to the need for currency for liquidity in inter-location
exchange. For reasons that I describe below, all consumption loans are intermediated by deposit taking
banks and banks hold all assets to back these deposits. I assume that any young worker can costlessly
form a bank, and that free entry to banking and competition for depositors drives profits to zero.

2.1 Preferences, Endowments, and Technology
2.2.1 Preferences The domestic workers and entrepreneurs of generation 7 have lifetime expected
utility functions, respectively,

u(ci,v't, C(IJ\{t+1) = ln(ci,vlt) + BE; ln(C(IJ\{t+1)' (1a)

u(C;t' Cg,t+1) = ln(c;t) +B1In(cge1)- (1b)
The superscript indicates the type of good consumed; “N” for the non-traded goods’ consumption of
workers, and “T” for the traded goods consumption of entrepreneurs. The first subscript indicates
whether the agent’s consumption is occurring during young age, “y”, or old age, “0”, and the second
subscript denotes the date at which consumption occurs. In addition, the expectations operator
appears in (la) because workers are subject to idiosyncratic liquidity shocks prior to old age
consumption, as I describe below in 2.3. In addition, initial old agents in the domestic country have
the lifetime utility function,

uo(cdy) = in(cd,). 2

The preferences of foreign workers, entrepreneurs, and initial old agents are exactly analogous.
2.2.2 Endowments and Technology A young domestic (foreign) worker receives an endowment

of labor when young, [ (I*), and supplies it in-elastically to the production of non-traded goods in



his location. Each unit of labor produces % ( 3{—*) units of output of the non-traded good. Workers

have no other endowments of any other commodity at any date, and are retired when old.
Consequently, total per worker output of non-traded goods in each location is simply y (y*), and
aggregate (per capita) non-traded output in each location of the domestic (foreign) country is

Yy (Yy™) vt.

Since workers value consumption of non-traded goods in both periods of their lifetime, but goods
are not storable, they must save a portion of the non-traded output they produce when young in the
form of some assets. The realization of idiosyncratic liquidity shocks at the end of date # determines
whether currency or loan returns are valuable for a generation 7 worker in old age consumption, as I
describe below.

Each young entrepreneur has an endowment of a technology for producing traded goods.
Specifically, a young domestic (foreign) entrepreneur of generation 7 is endowed with a project at 7
which generates q (q*) units of traded final output at #+7. Entrepreneurs have no other endowments
of commodities at any other date. Total per entrepreneur output of traded goods in each location is
simply q (q*), and aggregate (per capita) traded output in each location of the domestic (foreign)
country is (1 —)q ((1 —)q™), Vt. As (15) shows, a generation 7 entrepreneur values traded goods’
consumption in both periods of life, and must therefore borrow at date 7 to accomplish young age
consumption, repaying the debt using his project’s output of traded goods at 7+7. One period lived
consumption loans from workers, which are intermediated through banks, are the vehicle for young
entrepreneurs to borrow. I assume that the size of an entrepreneut’s project, ¢, is large relative to the
income of any individual worker, y, so that multiple workers fund each entrepreneur’s loan.

The initial old generation in each location of the domestic (foreign) country has endowments
comprising the initial outstanding per capita stock of fiat currency outstanding in the hands of the
public of that country, My (Mg) and claims to the entire per capita initial petiod output of traded goods.
Since initial old agents care only about consumption of the non-traded good, initial young workers
must accept the fiat currency of their country and/or initial tradable claims, in exchange for non-
traded goods at date 7 in order that initial old agents consume.

2.3 Liquidity Shocks
Workers are subject to idiosyncratic uncertainty, which is resolved at the end of each period. With
probability  (7*) > 0, at the end of period # a generation # domestic (foreign) worker is subject to
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worker is relocated to the second domestic (foreign) location within his country, and with probability
(1—¢€)>0(or(1—¢€")>0) the domestic (foreign) worker is relocated internationally to the foreign
(domestic) location paired in trade with his original location. With probability (1 — ) >
0 ((1 —1*) > O) a worker remains in his original location, and consumes the locally produced non-
traded good in old age. The probabilities of stochastic relocation are constant over time, known by all
agents, and 7 across agents within a location; so there is no aggregate uncertainty. Further, net
relocations within a country are zero so that within country locations retain symmetry, although
locations paired in international trade need not be at all symmetric.

Relocated young workers must take with them some assets in order to purchase non-traded goods
for old age consumption in their new location at #+7. I assume that currency is transportable between
locations, but that privately issued loans held directly (with banks, checks written on bank deposits
backed by loans) are not. In addition, by convention, a buyer must pay for purchases of non-traded
goods in any location using the currency of the seller. Thus domestic young workers relocated
domestically must carry with them domestic currency, and those relocated internationally must carry
with them foreign currency. Analogous statements apply to foreign young workers.

The assumption that only currency is useful in inter-location exchange in spatial models —
exchange between buyers and sellers originating in different locations — is well-established (Townsend
(1987), Mitsui and Watanabe (1989), Champ, Smith, and Williamson (1992), Hornstein and Krusell
(1993), Schreft and Smith (1997), and — in the open economy context — Betts and Smith (1997)). I
motivate this role of currency by assuming that, during local goods market trade, young workers selling
local goods cannot communicate with agents in remote locations. Consider a decentralized setting
without banks. A young worker cannot verify the value of loan paper issued by entreprenecurs
elsewhere during local trade, and such loan paper is therefore counterfeitable. Thus, if young workers
lend to entrepreneurs only locally, a relocated old worker can use only the currency of his new location
to purchase local goods from young workers. In the absence of banks, one can argue that local lending
is the only private lending that occurs in equilibrium even if there are no capital controls limiting cross-

location lending.' In an environment with banks, relocated old workers cannot write checks on their

! Workers will not lend directly to entrepreneurs in other locations because of counterfeit and default
risk. When each worker’s loan represents only a fraction of the total loan that an entrepreneur issues,
it is generally impossible for a young worker to verify the value of an old worker’s loan during local
goods trade if there is inter-location lending and borrowing. Even if the borrower resides in the same
country and location as the young worker attempting to verify the value of a loan, the latter must also
contact other lenders to the project to corroborate the value of the claim. With inter-location lending,
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deposits in remote banks to purchase local goods for the same reason that they cannot exchange
locally issued loan paper; young workers selling goods cannot communicate with banks elsewhere, and
hence only currency is useful in inter-location exchange. Young workers accept checks drawn on local
non-mover’s deposits in local banks, however, as they can verify the value of the bank’s balance sheet. *

In either case, young workers accept only fiat currency from relocated old workers in exchange
for non-traded goods, and currency therefore has liquidity advantages in inter-location exchange over
privately issued assets. Relocation shocks play the role of liquidity preference shocks, such as those in
Diamond and Dybvig (1983). Young workers subject to relocation want to liquidate holdings of any
other assets they hold and use the proceeds to purchase the currency of the relevant country. Workers
not relocated would prefer to hold only loans and to sell the return-dominated currencies they hold.
The possibility of asset value losses makes it natural for banks to emerge to insure young workers
against relocation risk by accepting their deposits, and offering state contingent deposit returns based
on holdings of both types of currency, as well as privately issued loans.” Relocated workers withdraw

their deposits in the form of the appropriate currency before moving at the end of period # while non-

other lenders to a project are located elsewhere with positive probability, and cannot be contacted.
Even non-movers are then subject to the risk of rejection of their loan paper by young workers.
Furthermore, there is no mechanism in a decentralized environment to insure non-movers against
default by remote borrowers; the holder of loan paper issued by a local borrower, however, can seize
project returns directly.

2When all bank lending and, hence, all borrowers are local — as is true under capital controls — this is
straightforward. Is inter-location bank borrowing and lending possible? Obviously, this is irrelevant
for the need for currency of relocated agents, as young workers cannot observe the balance sheet of
a remote bank. However, young workers selling local goods to non-movers in exchange for a check
written on a local bank deposit can observe the local bank’s balance sheet, which backs the deposit.
Nonetheless, they cannot contact remote borrowers to verify loan values. There are several possible
resolutions to this verification problem. First, if — by contrast to an individual worker — a bank is
sufficiently large relative to the size of a loan, loan diversification may eliminate the default risk
confronted by individual lenders. Second, if banks can establish affiliates elsewhere with remote
monitoring abilities, this may guarantee for young workers the value of foreign loans held by a local
bank. Third, governments may act to guarantee lending by local banks, which they do not for
individuals.

* There is at least one other natural institutional response to the possibility of private agents losing
the value of assets due to unforeseen liquidity needs. Temporary local spot markets could open at
the end of date 4 allowing young workers with different relocation realizations to trade assets among
themselves within a location.
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movers can write checks against their deposits, which are backed solely by loans, during local goods
market trade at 7+7.

2.4 Nature and Timing of Trade

Each date contains two trading periods. At the beginning of # local goods’ market trade occurs
autarkically within each location. Once local trade concludes, a “spatial trade” period occurs, with
unrestricted inter-location exchange of traded goods and currencies and (under free capital flows)
loans across locations.

During local trade, there is no movement of goods between locations and no communication
among agents across locations. At the beginning of each date, young workers in any location consume
a portion of the output of non-traded goods that they produce, and sell the remaining goods to old
workers — at date 1, initial old agents — in return for some assets. Except in the initial period, some
old workers have arrived from elsewhere, bringing with them only the currency of the seller to
exchange for non-traded goods. Some old workers have not moved, and young workers can verify the
value of local banks’ balance sheets, accepting checks written against them in exchange for non-traded
goods. Finally, each government offers newly printed units of its own currency in exchange for the
non-traded good of each location within its country. Once local trade in non-traded goods within each
location is complete, these markets close, and workers consume.

After workers’ consumption is complete, old entrepreneurs’ projects mature, producing traded
goods. There is then a period of free, inter-location trade, domestically and internationally, in traded
goods, currencies, and — if inter-location lending is permitted — consumption loans. During this spatial
trade period, there is full communication among banks (on behalf of young workers), entrepreneurs,
and governments within and across locations domestically, and internationally across locations paired
in trade. Old entreprenecurs repay the bank loans they accepted at #7, and banks receiving tradable
loan returns offer new loans to young entrepreneurs. Under “capital controls”, banks offer loans to
local entrepreneurs only. Under “free capital flows”, banks can offer loans to entrepreneurs in any
location. Banks can reallocate their currency and loan portfolios in asset markets. Traded good and
asset markets then close, and entrepreneurs consume.

At the end of each period 4 following the conclusion of all trade and communication, young
workers learn their relocation status. Relocated workers can contact their local banks at this time and
make early withdrawals of domestic or foreign currency, depending on whether they confront

domestic or international relocation. Workers not relocated write checks against their deposits to
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purchase local non-traded goods at the beginning of the following period. I depict the timing of trade
in figure 1.

2.5 Banks

The risk of relocation implies that young workers want to save through intermediaries that take
deposits, hold primary assets directly, and promise state contingent returns to depositors depending
on their relocation status and ultimate destination. Under my assumptions, all savings are
intermediated by such banks.

On the asset side, banks behave competitively, viewing themselves as unable to influence the
equilibrium returns to currency and loans. On the deposit side, they are Nash competitors, announcing
schedules of state contingent returns as a function of relocation status and destination, taking the
return schedules of other banks as given. With free entry into intermediation, competition for
depositors implies that, in a Nash equilibrium, banks choose deposit returns to maximize the expected
utility of a young worker, (1), subject to balance sheet constraints. I focus on equilibria in which loans
dominate the local currency in rate of return within each country. In these equilibria, banks hold
domestic and foreign currency solely to meet the liquidity needs of domestically and internationally
relocated workers.*

In the initial period, the savings that young workers deposit comprise the initial domestic (foreign)
money stock, and claims to the entire output of traded goods of the location, which initial old agents
have exchanged for non-traded goods. In all subsequent periods, young workers’ savings comprise
domestic currency exchanged by relocated old workers, and checks written on local bank deposits
exchanged by non-movers. I denote by dy =y — Ci,v‘ ¢ the deposit of a domestic young worker, which
is just his saving measured in non-traded goods. Domestic bank holdings of real per depositor (per

worker) assets, measured in domestic non-traded goods must then satisfy the balance sheet constraint,

md + xem/ + % (les1/pe) < dg, VE = 1. (3)

d
ME . . . . .
In (3), md = —p,f, is domestic bank, per worker domestic currency holdings — Mf — measured in
t

non-traded goods at # where pY is the price of a unit of a domestically produced non-traded good

measured in domestic fiat currency. Domestic real balances held between 7 and #+7 therefore have a

* Obviously, banks would never back the deposits of non-movers with the other country’s currency,
even if it were not return-dominated, because by convention only the local currency is acceptable in
local trade.
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N . Ml . , ,
non-traded return of (pa,t ) Similatly, xtm[ = p,\f* is domestic bank, per worker foreign currency
t+1 t

holdings — Mtf — measured in domestic non-traded goods at # Here, p{" is the foreign currency price
Nx*
of a foreign-produced non-traded good, x; = (et I;LN) is the relative price of a foreign non-traded good
t
in terms of domestic non-traded goods, and ey is the nominal exchange rate of the domestic country,
. . . . . . pNy .
measured in domestic currency units per foreign currency unit. This, x; = (et pt—N), is the real exchange
t
rate of the domestic country. Since the traded good is identical across countries and there is free trade
. . pr . . . . . .
in these goods, the law of one price holds, e, = p—;*, X¢ is also just the international relative price of the
t
internal relative price of non-traded in terms of traded goods,
N
Y, = <Pt */Pt*> Pt
t— N, T | =~
e /P Pt
The real return foreign real balances held between 7 and 7+7 and measured in foreign non-traded

*N

goods at #+7 per unit of foreign non-traded goods invested at # is just (:: ) Hence (:t ) (%) =
t+1 t+1 t

NN re

(pp,j ) ( :’1) is the return to foreign real balances measured in units of domestic non-traded goods at
t+1 t

t+1 per domestic non-traded good invested in foreign currency at % In addition, l;44 is the traded

goods value of a domestic bank’s date 7 per entrepreneur loans, and &2 m lt+1 is the per worker value

of these tradable claims. Then $=%2 m (lt+1 /Pe) is the per worker value of a domestic banks’ tradable

claims measured in domestic non-traded goods, where p, = =% is the domestic relative price of a
t
domestic non-traded good in terms of domestic traded goods, and p{ is the domestic currency price
of a unit of domestically produced traded goods. If policy permits international bank lending, then the
bank’s total loan portfolio comprises both domestic (I&, ;) and foreign (l{ +1) loans,
lepr = 18 + 1L,

Each domestic loan of one traded good at # has a real gross return of R, ; units of traded goods

received at #+7 per traded good loaned at # Then, RY,; = Rl 4, p— represents the gross return to a
t+1

bank’s one period domestic consumption loan measured in units of non-traded goods received at 747

per non-traded good invested at # Each foreign loan of one traded good at 7 has a real gross return

of R;Y, units of traded goods received at #+7 per traded good loaned at % Then, R{Y; =

14



*T Dt
Rey1—
Dt+1

x _ P X . . . .
R;‘ivl = RiT pf % is the gross retutn to a foreign loan measured in domestic non-traded goods.

t+1 t

Domestic banks promise to pay domestically relocated, internationally relocated, and non-

1- _ .
relocated young workers gross real returns on their deposits of pf ,pt( ) ,and p{~" respectively.

Since domestically relocated domestic young workers — of whom there are em per depositer — require
domestic currency in order to consume when old in their new location, gross payouts by domestic

banks to these agents must satisfy

N
piTemd, < m¢ ’ij : (4)

t+1

Internationally relocated domestic young workers — of whom there are (1 — &) per depositer —
require foreign currency in order to consume when old in their new location, so that gross payouts by

domestic banks to these agents must satisfy

(1 5)”(1 emrd, < xtm{ppt er1 5

t+1 €t

Finally, banks back the deposits of non-movers solely by loans to entrepreneurs, under the assumption

that the real return to loans dominates that of domestic currency measured in non-traded

pN
goods, R, > ——, where RN,.; = RY,1(P¢/De+1). Hence, if there is no trade in loans,
f+1

1—y\!
P -, < () ELRY,, ()
Y t
and, if there is trade in loans,
- 11—\ 1f - N Xt+1 '
- md, < ; )%:Rﬁﬁ( ; );:Rtivl =, )

STL’—

md
I define the domestic currency-deposit ratio of a domestic bank as y£* = 4, the foreign currency-

mf d
i 1 1- = x_ h : : : d(1- l 1-y
deposlt ratio as Vt( am = td t, the dOIIlCSllC loan—deposlt ratio as )/t (a-m = —Hl; - )
t l,[) trt

, and the foreign

-9 _ _d(1-m) _ (lt+1—lt+1)(1 Y)

loan deposit ratio as 1 — y{* —y, Y: D . If loans are not traded, then 1 —
trt
vEr yt(l o ytd(l_n) and a domestic bank’s budget constraints can be re-expressed as
T N
bt
per S ——— (7a)
‘ ETT Ppyq
V(l e Py e
t(l—e)n < t 15 + ’ (7b)
(I—e)mpry, e
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(1—yf™ -y ””)Rm

1-1 < 7

pr = 1—n (7¢)

If there is inter-location lending, (7¢) replaces (7¢),
d(1- d 1- X
VTR + (L =y — T = TR, (FL2)

pg—ﬂ S t . (7C,)

1-m
Finally, the bank’s holdings of both types of currency must be non-negative, so that y{ ,yt(l T >

0. Loan holdings are not constrained to be non-negative; banks can borrow from entrepreneurs in
principle.

The decision problem for a domestic bank is

maximize(ptgn Q=T i yem (-e)mg (1o n)d) {ln(y —d;)

+ B (enin(dep™ + (1 = e in (dep{ ") + (1 = ) In(dep} ™) )}
subject to (7a), (7b), (7c), and y§ ,yt(l A% >0 (if loans not traded), (P1)
subject to (7a), (7b), (7¢’), and y§ ,yt(1 9T >0 (if loans are traded). (P1’)
Foreign banks face exactly analogous problems, (P1*) and (P1*)), which I omit here for the sake of
brevity.
2.6 Individual Optimization
Given the existence of banks that solve problems (P1) and (P1’), a young worker of generation #need

only decide an allocation of income between consumption at date #and bank deposits, taking as given

the gross returns on deposits offered by banks. A domestic young worker solves the problem
Mmaxcy o ln(ci,v’t) + B (37[ In ((y - Cﬁ’,t)pf ) +(1—-¢e)min ((y - cyt)p(1 8)”))

+(1 —m)In ((y — cj,\’,t)p%'”) : (P2)
Foreign workers solve an analogous problem, (P2*), omitted here for brevity. A domestic young

entrepreneur of generation t = 1 solves the inter-temporal consumption/saving-borrowing problem,

T T
MaX T T 112014150 In(c¢) + BIn(cse41),

subject to cy't +let1 <0,
Cop+1 < G+ les1REsr- (P3)
Here, I, ;41 1s an entrepreneur’s net claims to traded goods at 7+7. Obviously, [, ;41 < 0is required
for a young entrepreneur to accomplish positive young age consumption. Since all worker savings are
intermediated, young entrepreneurs borrow from banks. Foreign entrepreneurs confront an analogous

problem, (P3%*), omitted here. Finally, an initial old agent in the domestic country solves the problem

16



maxen, ln(cf,\{l),

subject to co 1 < — + a pll))q (P4)
1

and the initial old agent in the foreign country solves an analogous problem denoted (P4*).
2.7 Government Policy
I assume that a government comprises a composite fiscal and monetary authority; it consumes non-
traded goods, may accumulate foreign exchange reserves, and prints national fiat currency.

I assume that the domestic (foreign) government carries into the initial period an endowment of
a stock of the other country’s currency, Fy > 0 (Fy > 0). At every date, the domestic (foreign)
government accesses both domestic (foreign) locations to purchase non-traded goods during local
trade. I denote the per capita amount purchased by the domestic (foreign) government by g,(gz). In
addition, the domestic (foreign) government may purchase foreign (domestic) country’s currency, in
the amount of Fy (F{) per capita att > 1. I abstract from taxes and government debt, so each
government must generate enough seigniorage revenue from outside money creation to finance its
consumption and any changes in its net reserve position. The domestic (foreign) government increases
the quantity of money outstanding in the hands of the public, M, (M), relative to the stock
outstanding at 7, My_; (M¢{_1), using new currency to purchase non-traded goods and finance any
changes in its foreign exchange reserves. Measured in non-traded goods, the government budget

constraints at any t > 1 are,

My — M4 €t 1 . "

—x =64t t _N(Ft —Fq4)— _N(Ft - F_y), (8a)
Dt Pt bt

M; Mt 1 N (Ft Ft* 1) (Fr—Fcy)

=g+ = (8b)
25 epe 2

I consider the following choices of policies. Each government sets a constant growth rate of the
stock of its money that is outstanding in the hands of the public. This stabilization is equivalent to an
inflation-targeting regime in the sense that in any steady state equilibrium the inflation rate of nominal
prices of both non-traded and traded goods equals the money growth rate. At date 1, the domestic

and foreign governments each set a constant money growth rate for all time; hence,

M,
=o>1t=>1,
M;_4
£ :
—=0,>1t>1.
t-1
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In addition, I consider two alternative real exchange rate regimes. In the first, real and nominal
exchange rates are entirely market determined and neither government manipulates the relative value

of currencies by altering the endowed initial period net reserve position which. For the domestic
(foreign) government, this initial net reserve position is Fy — e; Fy (e—o - Fy ) Reserve adjustments are
1

therefore zero at every date, F, = F,_; = FoVt > 1, Ff =F/_; =F;Vt>1, and all seigniorage
revenue generated by money creation is devoted to government consumption. In the second regime,
the domestic government unilaterally targets its bilateral real exchange rate, selecting a constant
value, x; = X,V t. The foreign government is entirely passive, in that it does not respond to this
exchange rate targeting policy. Hence , F{ = F{_; = Fg,Vt. By contrast, the domestic government
manipulates its foreign currency holdings at every date to attain, and maintain, the real exchange rate
target. Under both exchange rate regimes, each government’s consumption of non-traded goods is
endogenously determined, and under the second regime any changes in the domestic government’s

foreign reserve is endogenous to the target value.

Letting m, = %, and m{ = :T,t\,, and using the fact that F{ = F;_; = Fg, Vt, I can simplify (84) and
t t

(8b) to
(0_1)— + 2 —F_) 8a’
mg . =0t pév t t-1) (8a")
Nt \ Y (Fy — Fe_1) ,
my (T) =g: — T (8b)

Finally, I consider two, bilateral capital account regimes. The first prohibits international bank
lending. The second allows it.
3. Equilibrium
To make things concrete, I assume that while the domestic country is a sufficiently large economy that
it can potentially influence wortld prices, it is relatively poor in comparison to the rest of the world,
which is the foreign country. In particular, I assume that the per capita output of both traded and non-
traded goods is lower in the domestic country. In addition, I assume that domestic workers are
relatively highly dependent on liquid assets — cash — and hence domestic country credit extension is
relatively low. This assumption implies that the domestic country runs a trade and current account
surplus under capital controls. These assumptions reflect in the following restrictions on the relative
sizes of parameters.

Assumptionl. a)q*>q; b) y* >y, c)m>mn".
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In addition, I define two critically low values of the domestic country’s liquidity demand, and impose

assumption 2, throughout much of the following analysis.

q*(1-m*e")

Definition 1. - a) T = o oy vea-ma—o

~ qg'n*(1-¢%)
b) n g r*(1-e9)+q(1-m*)(1-¢)’

Assumption 2. a)t >T; b)q" (1 —¢") >q(1—¢).

Notice that, as T = I, assumption 2 implies that m > 7. Italso implies a stronger restriction on
the value of domestic liquidity than assumption 1 ¢).
Definition 2. An equilibrinm is prices, {pY, 0N, 0¥, 0iT, €4, P Dt %6, REp1, RiE1, RN, REN Y21, deposit

e pm(1=8) [m(l-e) ,(-m) x(1= 7T)} s an allocation Sor workers,
t=1

rerurns, {pt Pt Pe » Pt e Pt

N *N * N *N ® T «T T *T * *® it
{Cy,t, CytrAe, Aty Cot41s Cort+1s }tzl,for entreprenenrs, {Cy,t, Cy.trCot+1) Cot+1s Letr1s le,t+1}t=1:f0” initial old

*TTE yn’(l—e)’yt*n(l—s)’ytd(l—ﬂ)’yt*d(l—n')}oo

agents, {cB1, ¢33}, for banks, {yt Ve , and for  governments,
’ 1

{9¢, 95, Fe, Fi Y21, and policies, {0, 0", X}, such that:
7) Given prices, the deposit returns and allocation for banfks solve (P1) and (P1%) if there is no loan
trade and (P1°) and (P1%) if there is trade in loans;
72) Given prices and deposit returns, the allocation for workers solves (P2) and (P2%);
71) Given prices and deposit returns, the allocation for entrepreneurs solves (P3) and (P3*);

) Given prices, the allocation for the initial old agents solves (P4) and (P4*);

v) Given prices and policies, the allocation for governments satisfies the bﬂdgez‘ constraints (8a’) and (8b);
vi) Real interest rates satisfy return domination of money: R4 > s RPN, > B Vt =>1;

t+1
vii) Domestic and foreign currency markets, domestic and foreign loan ﬁmr/éetx, domestic and foreign non-

traded goods markets, and the global market for traded goods must clear at every date, t > 1.

3.1 Optimal allocations

. , T o (1-&m _ e (A-om\ _
The solution to banks’ problem sets y;" = em, ¥, = (1—-¢&)m, and (1 — Y — Y, ) =1-
m. If there is international trade in loans, arbitrage equalizes loan returns across countries,

R£V+1 = R;iv1 (t41/%e)s

so that the composition of a bank’s loan portfolio measured by ¥, d(l ™ and 1- yt(l m _

Y: da- 7T)) is indeterminate. The state contingent gross deposit returns offered by domestic banks are

N N
1-&)m e, .
pi™ = pz;,t to workers subject to domestic relocation, p( = _pz;& —te“ for workers subject to
t+1 t+1 ©t
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international relocation, and p{~™ = R{,; for non-movers. The solutions for foreign banks are
analogous.

The solution to the problem of a domestic worker, (P2), sets

N =Y .q =28
YU 148’ T 14

Given the solutions to the bank’s problem, the domestic non-traded goods value of a domestic

N
. . . . . N .
generation # worker’s old age consumption if domestically relocated is ¢, {5, = (%) (:;f ), if
’ t+1

. . . Na-on _ (¥B pév €t+1 : .. Na-m _ (YB N
internationally relocated is ¢, , ;" = (m AN and if a non-moveris ¢, " = Y R 1.

The solution to (P2*) for a foreign young worker is analogous. The optimal consumption and loan
allocations to (P3) for a generation # domestic young entrepreneur are

T q —q T ﬁq

Cpt=———7; | =——7=—;¢C =—
YT A+BARL, T T AHBRL, T T 1+ B)
Analogous solutions obtain for foreign entrepreneurs solving (P3*). The solution to (P4) for an initial

i : - My , (1-
old agent in the domestic country simply sets ¢}y = p_lg 4 =%

> ,and an analogous solution obtains
1

for foreign initial old agents.

3.2 Market clearing

3.2.1 Money markets In equilibrium, domestic and foreign bank per capita demand for domestic
currency must equal the per capita supply of currency by the domestic government that is in the hands

of the public. In per capita, domestic non-traded goods, t = 1

S ey By N (1= YPBy x,
U1+ 1+p '

Similarly, domestic and foreign bank per capita demand for foreign currency must equal the per capita

(10a)

supply of currency by the foreign government. In per capita, foreign non-traded goods, t = 1

mt = e Ppy” N (1 —e)nypBy/x;
L7148 1+ '

3.2.2. Loan markets LLoan markets must clear locally when capital controls are in place. Thus the per-

(10b)

entrepreneur supply of loans by banks within each country must equal the per entrepreneur demand
for loans, measured in traded goods, in (each location of) that country. For, t > 1,1, 441 + l41 = 0 and
let+1 + li+1 = 0. Given the optimal loan choices of young entrepreneurs and banks, the domestic and

foreign loan market clearing conditions are, Vt > 1,

A -mpByp: _ (A —-¥)q
(1+4) (1+PRE

(11a)
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A - )By'p: A —-Y)q”
a+p S Qa + BRI,

By contrast, under free capital flows, banks may lend to foreign entrepreneurs. Hence, there is a

(11b)

single loan market clearing condition,

(1 -mypyp, N A - )yYpy'p;  (1—19)q N 1-9)q”
1+8) (1+8)  (A+PRL, A+PRL,

In addition, the no-arbitrage condition for real returns offered to non-movers by banks, measured in

(11a)

non-traded goods holds, RY,; = R;Y, (x¢41/%,), or, equivalently, real returns measured in traded goods
are equal across countries,

Riv1 = R (Der1/Pe) = RV 1 (X1 /%) @ea1 /D) = REV1 (0L /07) = Rita (11b")
Equations (112°) and (11b’) replace (11a) and (11b) as equilibrium conditions in the economy with free

capital flows. Notice that, combined, they imply

A —mybyp. A =m)YBy’p: _ A —-9¥)a+q7)
1+5) 1+p) (A +ARE
3.2.3 Non-traded goods markets At date 1, the per capita supply of non-traded goods within each

(11¢)

location must equal the per capita consumption of young workers and the government, plus the per

capita consumption of initial old agents. The non-traded goods market clearing conditions in the

Yy (1- w)q

domestic and foreign country respectively are therefore Py = m+ ~ + + g, andyy” =
by 0 4 AW w)q + g1. Using the government budget constraints (82°) and (8%), and substituting in
v g1- Using the g g g

date-1 real balances from money market clearing, I can rewrite the goods market clearing conditions as

Yy empBy (A —-eNmYpy'x;  (1-9Y)q e
¢y_1+ﬂ+1+[?+ 145 + o —E(E—Fo); (12a)
L Yy emyByr (1- S)nwﬁy/xl 1-¥)q”
WOSTE T  TIep T 1wp b pIN(Fl fol - (120)

Equations (124) and (124) hold irrespective of the capital market regime.

At all other dates, t = 2, the per capita supply of non-traded goods within each location must
equal the per capita consumption of young workers and the government, plus the per capita
consumption of old workers, some of which have been relocated from elsewhere bringing the entire
outstanding per capita money supply of that location with them. Then, in the domestic and foreign

¥ i~
RY + g;, and Yy* = 133 +m (7:%,\,1) +

country trespectively, Py = By me_q (pt_%vl) — 212;83/
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YRy (1-m")
1+

My_q (p?’_l) _ %(L) _m [m* (p;"_"l) _ m;]
e\l /T o W) o LT N T e )

N
RN + g{. Using the government budget constraints, and the fact that m,_, (p;—é_\,l) =

Yy empfy (L —e)nPpy*x, (1 —m)YPPy e
tpy—1+ﬁ+ 1+/>’+ 113 + 55 R?’—ﬁ(Ft—Ft_l), (13a)
Lo Wyt emyByt A —ampBy A -m)Ppyr 1 B
VSTt T (1+B)x Tp et g (e Fea)- (130

Under free capital flows, because of arbitrage, (134) and (130) are

Yy empBy (A —-eD)nYBy x, (1 —m)PBy e ,
1/)}’—1_'_3 1+p 1+ 8 1+5 Rév_ﬁ(Ft_Ft—l)r (13a")

. Yy* emyYpy” (A —-emppfy (1 —n)Ppy” Révxt—l (Fe — F—1) ,
vy _1+ﬁ+ 1+p * (1+ B)x, * 1+p X¢ * piV (1357

3.2.4 Traded goods market At date 1, the world traded goods market clearing condition requires
that the supply of traded goods equals the demand for traded goods from young entrepreneurs in

both the domestic and foreign country,

*

" q q
+q* = + .
1T = Ay pRT T A+ PR

(14)

At all other dates, the supply must equal demand from both young and old entrepreneurs in both

counttries,

. q q* (q+qg9)p
1T AR, A+ PR A+ (15)

Under free capital flows with a unified world loan market and interest rate, traded goods market

clearing in the initial period must satisfy

q + q* — Lq*, (14’)
(1+B)R;
and traded goods market clearing at every date, t > 1, must satisfy
) q+q (g +4q9)B ,
qtq = (159

TA+PRL, T AR

If there are capital controls, of the nine equilibrium conditions — seven market-clearing conditions
and the two government budget constraints (84’) and (8/°) — eight are independent. Under free capital
flows, the nine equilibrium conditions constitute six market clearing conditions as there is a unified
world loan market, the no-arbitrage condition, and the two government budget constraints. Which
eight variables these eight independent equations determine under each capital market regime depends

on the real exchange rate regime.
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4. Capital Controls: No Real Exchange Rate Targeting
4.1 Steady State Equilibrium
I first investigate the existence and properties of steady state equilibria. In a steady state equilibrium,
all of the conditions of definition 2 are satisfied, and all real endogenous variables are constant. The
economy is stationary from date 2 onwards, and can attain a steady state equilibrium at this date.

For real money balances in each country to be constant over time, since the nominal money stock
of each country grows at a constant policy determined rate, the non-traded goods price inflation rate

of that country must grow at the same constant growth rate of the local money supply, Pl _ = o, pt:;vl =

Dt

o". Then, for the real exchange rate to be constant requires that the nominal exchange rate growth

N *N
. e X g . . .
rate satisfy — = ca(Pena/vity) _ (beaa/vity) _ (;) For a stationary relative price of non-traded

xe(p /oY) (pt /0:V)

goods in each country, traded good price levels must obviously grow at the same constant rates as

T *T
non-traded good price levels; % =0, z;t:}l =0
t t

Finally, constant real interest rates on tradable claims, R, =RTand R;T, = R, together with
constant internal relative prices imply that real interest rates measured in non-traded goods equal real

rates measured in traded goods within each country,

_ pT — pN. «T Pt _ p+T _ p*N
=RT=RY; RN, =R}, —+=RT =RV
Pt+1 Dt+1

Ry = RZ+1

Assuming that all real endogenous variables are constant, substituting the money market clearing
conditions and government budget constraints into the non-traded goods market clearing conditions,
combining these with the loan market clearing conditions, and using p* = xp, yields two equations

that jointly determine the steady state real exchange rate and domestic relative price of non-traded

goods,
Yyl —em) — (1 —¢)q/p
ST ema-om (1)
_ ¥ByA-—em+ 1 —-¥)a’/p (16b)

YRy (1 —e'm”)
(164) measures the relationship between the real exchange rate and relative price of non-traded goods
in the domestic country. Given the available supply of domestic non-traded goods, an increase in the
relative price of non-traded goods, p, by reducing the non-traded goods value of bank payouts to non-
movers and hence their purchasing power requires an increase in the real exchange rate and hence the

purchasing power over domestic non-traded goods of relocated foreign workers. (164) measures the
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negative relationship between the real exchange rate and relative price of non-traded goods in the
foreign country. Given the available supply of foreign non-traded goods, an increase in the domestic
relative price of non-traded goods, p, increases the foreign relative price of non-traded goods p* =
xp. This reduces the non-traded goods value of bank payouts to foreign non-movers, and hence their
purchasing power, which can be directly offset by a decrease in the real exchange rate. Such a decrease

also fosters equilibrium by raising the purchasing power over foreign non-traded goods of relocated

(a-9orm (1—em)
(1-en*) ~ (A-g)m*’

domestic workers. As there is a unique intersection of (164) and (165) at a strictly

positive and finite value of the real exchange rate and of the relative price of domestic (and hence

foreign) non-traded goods. Figure 2 illustrates this determination. Specifically,

y (-—on y (-en)
0<x€(?%1—ynﬂ53u—eﬂw>

1-vY)q
0<p€<m,oo>.

This implies there exists at most one steady state equilibrium, with existence conditional on return

domination of money, which proposition 1 (below) addresses. In addition, there exist unique, strictly
positive, and finite associated values of RTand R*Trespectively that clear the loan markets (114) and
(110) at the relative prices, p,x, and p* = xp satisfying (164) and (164). Steady state solutions for all
other endogenous real variables follow immediately. The steady state traded goods market clearing
condition is not independent of the remaining conditions, and can be expressed as
q

RT = ————.
@+4) -3

17)

Figure 3 depicts this relationship. Evidentally, RT =2 1iffR*T s 1.
Proposition 1. Steady state equilibrium under capital controls

Let assumption 2 hold. Then there exists a unigue steady state equilibrium with

T «T N pév—l 1 *N p;ﬂ 1
R">1,R" <1,R >—N=—,Cl7’ldR > ===
Dt a D¢ o

-1
. £ q* (A-em)(1—-¢&*n*)-(1-)n*(1-e)m
Zﬁr o > ((1—71:*) ( qg*(1—-em)+q(1-&)m )> > 1.
Proof. The solutions for relative prices that satisfy all of the market clearing conditions are,
_(Q=¥) q"'(1—e)n" +q(1 —e'n")
YBy Q1-em)A—-cn)— (1 —-e)n*(1—e)n/)

:<3’)< q"(1—em) +qn(1l —¢) )

v/ \g (1 —¢) +q(1 — e'n")
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. (A=) q"(1—em) + qn(1l —¢)
P =gy = -em)-A-e) -/

1-m gm*(1—¢*)+q(1 —e*n*)

v 4 A-—-em)(A—-en")—nm(1l—e)n*(1—¢")
RT_RN_(l—n*)( (1 —em)+qn(l—¢) )

The existence of a steady state equilibrium satisfying return domination of money in each country
. 1 1. . . . o
requires that RN > p and R*N > —in addition to satisfaction of the optimality, government budget

constraint, and market clearing conditions of definition 2. As is apparent from an inspection of figure

y(1—em) y(1-9m
y*(l—g*)ﬂ'* y*(l—e*ﬂ*),

2, since the unique intersection of (164) and (164) always lies at strictly positive

and finite values of x and p, which are necessary for the consumption and loan allocations resulting
from the relative prices above, and satisfying all of the other conditions of equilibrium, to take
admissible values. Hence, all that we need to show is the currency of each country is return-dominated
by loans, so that banks hold currency solely to meet liquidity needs as definition 2 presumes, at the
solution given by the intersection of (164) and (164). Manipulating the solution for RT = RN and using
definition 1, RT = 1iff m = #&. Hence, under assumption 2, RN = RT > 1, and so satisfies RT = RN >
i. However, under assumption 2, as manipulation of (17) verifies, R*T < 1.'Thus, currency is
dominated in rate of return by loans in the foreign country at the solution to (164) and (164) iff 1 >
RN =R > %. The condition of proposition 1 follows immediately. m

I record the complete set of steady state equilibrium private consumption and loan allocations,
and steady state equilibrium bank and government allocations, in Appendix A. Manipulating the steady
state solutions for relative prices yields the following proposition, the proof of which I omit for
brevity.
Proposition 2. Comparative statics

a) An increase in the domestic country’s relative supply of non-traded goods,y[y*, raises (depreciates) its real
exchange rate, x.

b) An increase in the domestic country’s relative supply of traded goods, q /q", reduces (appreciates) its real exchange
rate, X.

¢) An increase in the domestic country’s bank portfolio weight on liquid assets, T, raises — depreciates — the domestic
country’s real exchange rate, x, iff the portion of the liquid portfolio weight assigned to domestic currency is sufficiently
low and that of foreign currency sufficiently high: Specifically ,iff € <

q
q+q”
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d) An increase in the foreign conntry’s bank portfolio weight on liquid assets, ", raises— depreciates — the domestic
country’s real exchange rate, x; iff the portion of the liguid portfolio weight assigned to foreign currency is sufficiently

high and that of domestic currency sufficiently low: Specifically ,iff €* >

a .
q+q
Proposition 2 @) and b) illustrate the classical nature of long-run real exchange rate determination of
this economy. Parts ¢) and 4) are intuitively clear, and show how banking and monetary factors —
although not monetary policy — directly influence the steady state real exchange rate. The
independence of the steady state real exchange rate from money growth rates contrasts sharply with
the implications for real exchange rate determination of money growth rates in Betts and Smith (1997).
4.2 External Balance
At every date in the steady state equilibrium the relative size of real interest rates in the two countries
determines which country runs a trade deficit and which a trade surplus in traded goods. The
consequence of the domestic country exhibiting a relatively high steady state equilibrium real interest
rate, under assumption 2, is that domestic young entrepreneurs borrow and consume relatively few
traded goods, and the domestic country runs a trade surplus on these goods as a result. The steady

state, per entrepreneur, external balance of the domestic country in traded goods is just TBT = q —

¢y — c5. Substituting for young and old entreprencurs’ steady state equilibrium consumption, this
balance is
1 1- "A-e)n*+q(1 —&'n”
TBT=( ) o M@ A—edn +qd—en)) | (18)
1+p8 (1-em)Q—en) - (1—eDn*(1— &) )

The domestic country’s steady state per worker financial balance is just the difference between foreign

purchases of domestic currency and domestic bank purchases of foreign currency at every date, FB =

a-e9m"py*x  (A-&)nPy
1+8 1+8

. This difference represents inter-temporal trade between entrepreneurs and

workers, intermediated by banks. Any trade surplus (deficit) funds (is funded by) a financial balance
deficit (surplus), involving higher (lower) domestic purchases of foreign currency — a liability of the
foreign government — than foreign purchases of domestic currency — a liability of the domestic
government — measured in domestic non-traded goods. Redemption of each country’s currency occurs
internally, in that country’s non-traded goods in the following period, thus, external balance is
unaffected by redemptions and returns. Substituting the steady state equilibrium real exchange rate

into the expression for the steady state financial balance of the domestic country yields

_ By oo TA—em)+q(l—em
FB = 1+3 +.3<(1 — &) (q*(l ey 1= s*n*))) - —e)n). (19)

Proposition 3. Steady state trade balance under capital controls
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Let assumption 2 hold. Then TBT >0 And FB < 0.

(1-m) (q*(l—s*)n*+q(1—£*n*))
((l—src) (1—e'nm*)—(1—-e)nr*(1—e)m )

Proof. From equation (18), TBT > 0 iffq > Using definition 1, this

condition is equivalent to m > 7. Similarly, manipulating equation (19) gives FB 2 0 /f m S #&. Under
assumption 2, therefore, the domestic country’s steady state financial balance is negative. m

It is straightforward to verify that the sum of the per capita values of the two balances measured
in traded goods — the steady state equilibrium balance of payments of the domestic country — is zero
as required for external equilibrium, (1 —)TBT + FB x p = 0. In a steady state equilibrium, under
assumption 2, the domestic (foreign) country permanently runs a trade surplus (deficit) on traded
goods. This finances a domestic (foreign) country “financial balance” deficit (surplus). Specifically, the
domestic country’s trade surplus finances a higher domestic non-traded goods value of domestic
purchases of foreign country currency than foreign country purchases of domestic currency.

4.3 The Initial Period and “Dynamic” Equilibrium

The economy cannot attain its steady state in the initial period because initial old agents exchange
claims to the entire date 1 output of traded goods for non-traded goods with initial young workers.
At every other date, old non-movers exchange claims to traded goods for non-traded goods by writing
checks on bank loans to young entrepreneurs in the previous period. These claims reflect the optimal
demand for consumption loans by young entrepreneurs in the previous period, which is only a fraction
of the entire value of traded goods’ output. However, all of the optimality, market clearing conditions,
and government budget constraints are identical at every date from /=2 onwards and are completely
static; they are the steady state equilibrium conditions. The economy can thus attain the unique steady
state equilibrium analyzed in sections 4.1 and 4.2 at date 2. Thus, there exists a “dynamic equilibrium”
comprising the solutions to the initial period equilibrium conditions and an infinite sequence of steady
state solutions from date 2 onwards, if the optimality and market clearing conditions, and the
government budget constraints, are satisfied in period 1 at interest rates satisfying return domination
of currency.

In Appendix B, I describe how the economy attains equilibrium solutions at date 1 in detail, and
the determination of initial period external balance. Figure 4 depicts the determination of non-traded
goods market clearing in the initial period, which is almost identical to that at every other date and in
the steady state depicted in Figure 2, and Figure 5 shows the relation of initial period real interest rates.

Here, I simply state the key results.
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Proposition 4. Dynamic equilibrium under capital controls

Let assumption 2 hold. Then there exists a unique “dynamic” equilibrium, with Ry > vl R <

1

1 LN
1+8° Ry >

N N . 1 . 1.
i—z}v,andR§V>Z—2}V; Vt>1, RLyy =R" > LR, =RT <1, Ry =RV > andRiYy = RV > = iff

0-*
-1
% q* (A-en)(A-e'n")-(A-e)n*(1-&)n
o ><((1—1‘[*))( q*(1—-en)+q(1—-&)m )> )

Proof. See Appendix B.

I record the full set of initial period consumption and asset allocations in Appendix B.
Proposition 5. Initial period trade balance under capital controls
Let assumption 2 hold. Then TBT > 0 and FB; < 0.

1-m)(q*A-e)n* +q(1-&*1*))
(A-em)(1-e*m)-(1-e)n*(1-&)n )’

Proof. From equation (22), TBI > 0 iff q¢ > Using definition 1, this

condition is equivalent to w > 7. Similarly, manipulating equation (19) gives FB 2 0 ' m S fi. Under
assumption 2, the domestic country’s steady state financial balance is negative. m

It is straightforward to verify that the sum of the per capita values of the two initial period balances
measured in traded goods — the steady state equilibrium balance of payments of the domestic country
— is zero, as required for external equilibrium, (1 —)TBT + YFB; X p; = 0.

5. Capital Controls: Real Exchange Rate Targeting

I assume that, at date T, the domestic government unilaterally assumes a constant, bilateral real
exchange rate target X, X; = x, Vt = T. Although the attainment and sustainability of targets that are
more depreciated or “competitive” than the steady state equilibrium real exchange rate, X > x, are of
primary interest, wherever possible I derive results for all admissible target values. I assume that the
economy has been in a steady state equilibrium with no real exchange rate target featuring the
properties described in section 5.1, and that the policy takes effect unexpectedly from the perspective
of private agents, including banks. However, from date T onwards, all agents have perfect foresight. I
subscript variables determined in the last period of the steady state equilibrium by T — 1. In addition,
to distinguish the values of endogenous variables under real exchange rate targeting from those in the
absence of a real exchange rate tatget, I denote variable z by Z.

To foreshadow what follows, under this policy regime when X > x (¥ < x), in equilibrium the
domestic country government purchases additional (sells) foreign currency at date T, F3 > Fy (F7 <
Fy) to establish the target. When X > x, the domestic government, by increasing its reserves by the
same real value at every date, can maintain the real exchange rate target indefinitely in a steady state

equilibrium. Furthermore, the economy can attain this steady state equilibrium at date T. A one-time
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adjustment of price levels, relative prices, and allocations occurs at date T, in response to the policy
shock, relative to the previous steady state, and thereafter no change in any real endogenous variable
occurs. Furthermore, given the target value, X > x, the steady state equilibrium is unique. By contrast,
the domestic government cannot indefinitely se/ reserves and maintain a constant real reserve
adjustment value, as would be needed to sustain a more appreciated real exchange rate target, X < x,
in a steady state equilibrium. Consequently, although a government can potentially establish a relatively
appreciated real exchange rate target at date T, such a policy is not part of any equilibrium. I now

develop and formalize these results.

—~

5.1 Initial Period of the Targeting Regime, T

In the initial period of the targeting regime, the domestic (foreign) money market clearing condition,
(104) [(10b)], with money demand evaluated at X, dictates the value of initial domestic (foreign) real
balances consistent with the domestic government’s real exchange rate target. For exogenously given
money growth rates, this implies there exists a unique value of the date T nominal price of domestic
and foreign non-traded goods that is consistent with the real exchange rate target. Specifically,

domestic and foreign money market clearing conditions imply that non-traded good price levels in

period T satisfy
AN __ JMT—1(1+B)
PT = Ypemy+G-ermyn)’ (20)
AxN oM 5_, (1+p)x
Pr = YR(e* Ty x+(1—-e)my)” (20b)

For x > x (X < x ), the date T domestic nominal price of non-traded goods is lower (higher) than it
would have been in the non-targeting steady state equilibrium, accommodating the higher (lower)
purchasing power of internationally relocated foreign workers holding domestic currency. The
converse statements can be made of the foreign country nominal price of non-traded goods. The

equilibrium value of the domestic country’s initial nominal exchange rate is immediately determined

— AN
for a given real exchange rate target, by é7 = %,
T
oMsz_ ermy'x+(1—-o)m
o*Mz_, ) \emy + (1 — e )m*y*x

.. 0é7 . %
Proposition 6. % 20iffez1-¢"
Proof. This result follows from (20¢), manipulation of which yields

0é5 oMsp_ nyn*y*(e+e*—1 .
%1 = () ( YY(***)_Z)20z£21—e*.l
0*Mg_, ) \(emy+(1-€")m*y*%)
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Proposition 6 implies that the domestic country’s nominal exchange rate must depreciate (appreciate)
at T with the establishment of a relatively depreciated (appreciated) real exchange rate target #f and only
if the fraction of domestic agents requiring domestic currency to consume is sufficiently high (low)
relative to the fraction of foreign agents demanding domestic currency. The nominal price of domestic
non-traded goods adjusts downwards (upwards) to accommodate a higher (lower) domestic real
exchange rate, as we have seen, while the foreign country’s price of non-traded goods rises (falls).
Intuitively, only if the foreign private bank demand for domestic currency and domestic private bank
demand for foreign currency is sufficiently “weak” (“strong”) in the sense that e >1—€* (e <1 —
€*) does the domestic country’s currency depreciate (appreciate) in nominal terms to attain a
depreciated (appreciated) real exchange rate target. For China, in light of the financial restrictions
placed on domestic holdings of foreign currency and vice versa, it seems natural to assume that £ >
1 — £" holds. Nonetheless, in general, while a positive nominal reserve adjustment needed to establish
a more depreciated real exchange rate depreciates the domestic country’s nominal exchange rate, the
oft-assumed mechanism for currency manipulation, the equilibrium nominal exchange rate may
appreciate.

As in any steady state equilibrium with a constant equilibrium real exchange rate, a constant real
exchange rate target implies constant real balances in each country, as (102) and (105) show. After date
T, therefore, the domestic (foreign) nominal non-traded goods price rises at the rate of domestic
(foreign) money growth, exactly the inflation rates that we observe in the economy with a market

determined real exchange rate. Consequently, after T, the nominal exchange rate must rise at the

g . . .
constant rate — to maintain the real exchange rate target, exactly as the nominal exchange rate changes

over time in the equilibria of the economy without a real exchange rate target. A single, date T
adjustment in these nominal prices transitions the economy from the non-targeting steady state to a
targeting regime with the same intertemporal nominal behavior.

For X > x, in non-traded goods markets — given a fixed supply of goods — the higher purchasing
power over domestic non-traded goods of relocated foreign workers holding domestic real balances
at T must be offset by lower consumption of old domestic non-movers and/or lower domestic
government consumption. The former would require a higher domestic country relative price of non-
traded in terms of traded goods, to reduce the non-traded goods value of the tradable loan proceeds
backing the checks of non-movers. This would imply a larger reduction in the date T domestic

currency price of traded goods than of non-traded goods. However, the foreign relative price of non-
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traded goods would also then be higher, since pz = XPz, reducing the foreign non-traded goods value
of tradable loan proceeds backing the checks for foreign non-movers. This would aggravate the
reduction in demand for foreign non-traded goods due to the lower purchasing power of domestic
movers attributable to a relatively depreciated real exchange rate. On the other hand, since date T
domestic real balances are higher than in the prior steady state, from the domestic government’s
budget constraint (82) government consumption declines zf the government uses some of the
currency it prints to purchase additional foreign reserves. The domestic government’s foreign currency
purchase and associated decline in domestic government consumption serve to offset the increase in
private demand for the domestic non-traded good. In addition, as seen in (84, by raising the foreign
government’s seigniorage revenue and hence foreign government consumption, the domestic
government’s reserve purchase offsets the decline in private demand for the foreign non-traded good.
The converse statements apply if X < x.

Using the fact that the foreign government maintains forever its period-0 reserve position, the
date T government budget constraints are (84) and (84) evaluated at date T. I denote the domestic
government’s nominal reserve adjustment at date T by (ﬁ F— FO) = AF;. Define the domestic and

foreion non-traded goods value of the domestic sovernment’s reserve adjustment b
g g g J y

N -7 W ror [ 1\ . Afdom
Aftdom = (pA—N> AFt, AfthT' = (p’\TN> AFt = 7 .
t t

Using the steady state loan market clearing conditions which hold at T — 1, and p; = %P7, the non-

traded goods market clearing condition within each country can then be written as two equations in
dom

Aff and pp,

YRy E(1 —e)m* — y(1 — em)) + %

dom

A e VBOIE(L— e —y(1 — o) - LB
dom _ Pt
Aff = XAfT = 1 +B . (Zlb)

Given the values of pf and é7 consistent with currency market clearing at x = %, (214) and (214) jointly
determine the real (and hence nominal) reserve adjustment, Af#, and relative price of non-traded
goods, Pp, consistent with non-traded goods market clearing in the two countries. The foreign
country’s relative price of non-traded goods, P, as well as the nominal prices of traded goods in each
country, follow immediately. Loan market clearing conditions (114) and (114) evaluated at T determine

real tradable interest rates under the targeting regime. Date T consumption and loan allocations
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satisfying the market clearing conditions evaluated at X follow. In Appendix C, I document the
properties of (214) and (215).

Figure 6a depicts (212) and (215) for values of the target real exchange rate satisfying X €

( y(-gr  y(l-em)

, ) and ¥ > x. The domestic country’s non-traded good market clearing condition
y*(1-g'n*) y*(1-&")m*

is negatively sloped, and the foreign country’s is positively sloped. The condition X €

( y(-gr  y(l-em)

e 5 (1_8*”*) guarantees that (214) asymptotes to a negative value of the initial period reserve

im Afdom = ¥8 (1—e)n*y*s — (1 —en)y) <0, and that (240)

adjustment as ~ T oo | =
] Pr 1% g tIT 1+8

: Tl . : afor _ YB I S
asymptotes to a strictly positive value of the reserve adjustment — ﬁl;r?w Af;7 = 148 (A=-em)y'x

(1 —&)my) > 0. Thus, both loci cross the horizontal axis at a strictly positive, finite domestic relative
price of non-traded goods. In addition, X > x guarantees that the domestic country’s non-traded goods

market-clearing locus cuts the horizontal axis at a higher value of P than that of the foreign country.

Figure 64 depicts (214) and (210) for the case of X € (yf((ll__;):*) , yy((ll__qu), and X < x, with the latter

guaranteeing that the domestic goods market-clearing locus cuts the horizontal axis at a lower value
of P than the foreign country’s locus. Figure 6¢ depicts (214) and (215) for the case of X = x, in which

case the loci intersect the horizontal axis at the same value of ps. However, the restriction X €

(yf((ll__:*);) , yy((11—_‘:1;)z) is not necessary for the existence of a unique intersection of (214) and (21/) at
a strictly positive relative price. For example, figure 64 depicts the configuration of (214) and (214) for

x> 3% > x, and figure Ge depicts the configuration of (214) and (214) for x < % <x,

for py € (0, ). Proposition 7 follows.

ya-om _y(-em
v -en)’ y (-eDm

Proposition 7. [t X € ( ) Then there exists a unique solution to the date T non-traded

goods market dlearing conditions, satisfying Py € (0,0), Af 3 € (—00, +00). Specifically,

(1-y)q* (1-¢)q
By (- m)—y(d-e)m)’ wﬁ(y(l—en)—y*f(l—e*)n*))' and

a) ifX > x, then 0<p“7~E(

~ *x(1—¢c'nt") —y(1l—e)
0<Af?<¢ﬁ(y ( ) = ¥( )));
1+p

f X A (1-Y)q a-y)q* ;-
b) if x<x, then0<ps€ (wﬁ(y(l—eﬂ)—y*f(l—e*)n*)’wﬁ(y*f(l—e*n*)—y(1—e)n))’ andQ > Af 7 >

YRy x(1—e)m" —y(1-em)) |

1+8 !

' X = b = a-¥)q _ (1-9)q* _

6) Zj[ X =X, then 0< 1% YRy (1—em)—y*£(1—*)*) YRy E(1—e*1")—y(1-)1) )

Afz.
Proof. See Appendix C.
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The solution of (214) and (214) gives the date T value of the domestic government’s real reserve

adjustment. The latter is

B ) <y*((1 —e'n)g+ (1 - 8*)ﬂ*q*)>_ 22)

8= G015 pE
Equation (22) is an intuitively appealing representation of the date T reserve adjustment of the
domestic government. First, (22) shows that Af# 2 0 X 2 x. If the domestic government wants to
pursue a more “competitive” real exchange rate, it must purchase additional foreign currency in money
markets at date T. If the government wanted to pursue a stronger currency, in real terms, it must sell
some of its initial foreign reserve, Fy, at date T. Second, the absolute size of the reserve adjustment is
increasing in the distance of the real exchange rate target from the non-targeting steady state real
exchange rate. Third, higher foreign bank demand for domestic currency and foreign loans, given
foreign bank demand for foreign currency, which is proportional to (1 —e&*n*)q + (1 —")nq",
raises the required initial foreign reserve purchase by the domestic government when ¥ > x, and — by
implying a lower steady state equilibrium domestic country real exchange rate — raises the required
initial foreign reserve sale by the domestic government for any x < x.

Then the date T relative price of non-traded to traded goods in each country that is the solution

to (21a) and (210) is

/%, (23)

~) *

ﬁA:i( (1-¥)a+497) ):;a
TTYB\yA-m +yiE(l - )

Not surprisingly, these are increasing in the global supply of traded goods, and decreasing in global
bank holdings of tradable loans which reflects the global demand for traded goods by young

entrepreneurs. The implied nominal traded good prices that support the date T reserve adjustment
p p g p pp J

are

bl

(24)

; :( Mz(1+pB) )<y(1—n)+y*f(1—ﬂ*)>:ﬁ*fT

A-Y)(q+q)/)\ yer+y*x(1—e)m*

The nominal traded good price of a country is increasing in that country’s money stock, decreasing in

5=

the global supply of traded goods, increasing in global bank holdings of loans and decreasing in the
global bank demand for that country’s currency. Finally, loan market clearing yields real interest rates

on claims to tradable goods,

5T _ qy(1—-m) +y*x(1—n"))
e D TG R (254)
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por 00 -m+yx0—n7) (25b)

T+ q@+q)A-n)yx '

and the non-traded goods returns paid by banks to non-movers at T — which are subject to the shock

of the real exchange rate target adoption — are

~ ~p D q yA—-m)+y'x(1— n*))
RN =RI— = < , 25¢
= "Tpp (1 - ﬂ) y(q+q") (25¢)
v gD ( q* ) y(1—m) +y*x(1— %)
RIN=R:TL_ - ) 25d
T Tpr \1-m ( xy*(q+q7) (25d)

I record all date T consumption and asset allocations in Appendix D.

A*N

)> 1/6 and ( A*N) sliffzz

AN

It is clear from the money market clearing conditions that (

T

x. There is a tradeoff between the external and internal real value of a country’s currency. Domestic
non-traded goods price inflation declines — and the internal value of its currency rises relative to the
prior steady state equilibrium — and foreign non-traded goods price inflation rises when the domestic
country establishes a more depreciated external value of its currency. There is, therefore, a date T
welfare gain, for X > x, for domestic and foreign old workers who use domestic currency to consume
domestic non-traded goods. There is a date T welfare loss for domestic and foreign old workers who
require foreign currency to consume foreign non-traded goods. In addition, the date T real interest
rate measured in non-traded goods paid by banks to non-movers rises (falls) in the domestic (foreign)
country relative to its prior steady state value when X > x because the relative price of non-traded
goods declines (rises) at date T relative to its steady state value at date T — 1. Thus, there is a
consumption and welfare gain for domestic old non-movers and a loss for foreign old non-movers at
period T relative to the prior steady state.

Given the solution for the period T relative price of non-traded goods and foreign reserve
adjustment, period T government consumption of non-traded goods in each country is

A~ _ (=max _ = YRy (q*(1-e)m*+q(1—&*n*)+q(o—1)(1-7r*))
gr=@ )( ) [ 1+B)(q+q") ] (26a)

o' —&n)+q'n*(c" — ¢
g = (% —xml") [l/)ﬁy (q(o” )+ am( ))], (26b)
1+p(@q+qg)x
where
-max — (Y q*(c—em)+qn(o—¢)
x - (y ) (q **(1-e*)+q(1-e*n*)+(c—-1)q(1- rr*))

—min — (l) (q (1-em)+qr(1—-&)+q*(c* —1)(1—71'))
- q*n.*(o.*_s*)_l_q(o.*_g*n.*) .
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Since government consumption must be non-negative, (264) and (265) imply that the value of the real

min zmax
X

exchange rate target must satisfy an upper and a lower bound (x € [x ]), respectively,

conditional on the domestic and foreign money growth rate. Note that x™%*

is strictly increasing in
the domestic money growth rate, 0. The domestic government can establish a higher real exchange
rate target the higher is its money growth rate, as higher seigniorage revenue relaxes the constraint on
the value of domestic government consumption that reserve accumulation implies. Also note
that ¥™" is strictly decreasing in the foreign money growth rate, o*. If the domestic government
sought a more appreciated real exchange rate, it could establish a /ower real exchange rate target the
higher is the foreign country’s money growth rate. This is because higher foreign seigniorage revenue
relaxes the constraint on the value of foreign government consumption that domestic government
foreign reserve sales implies. A more depreciated external value is possible the higher is the rate of
internal depreciation dictated by domestic monetary policy, and a more appreciated external value is
possible the higher is the rate of foreign currency internal depreciation dictated by foreign monetary
policy.

Hence, admissible values of X should be bounded to guarantee non-negative government

consumption. It turns out that, under some reasonable parameter restrictions, these bounds do not

constrain the target value range more than the condition of proposition 7, namely that X €

1—-¢&)m 1—&m . . ey . .
( Q-e)my , ( )y ) — the range of real exchange rate values consistent with equilibrium in a no-
(- m))y* " (1-e9)m*y*
targeting regime. Definition 3 and proposition 8 summarize these assumptions.

Definition 3. Let

q(-m")—-q'n"(1-£")

2) g(n ) = qn*(1-&*)+ q(1-1*)€’
N — q*(l_s*n*)
b) h(T[ ) - q*(1—8*7T*)+(q+q*7'[*)(1—s)’
min — (" +@)n"(1-¢")
9 0 ~ (g*+ng)n*(1-e*)—-q(1-n*)(1—em)’
d) gFmin = (" +m(1-¢)

T (*m+n(1-)—-q*(1-m)(1-g* )’

Proposition 8. Fiscal and monetary policy with a target under capital controls
" " _ (1-e)ry y (1-em) ~ . i A% .
Let > max(g(n*),h(x*)). Then VX € ((1—e*n*)y*’?(1—s*)n*)’ @) g3 > 0ifc =™, b) G2 >0

o* = g*min,
Proof. See Appendix D.

Proposition 8 establishes conditions under which sufficiently high money growth rates guarantee
positive government consumption. For both countries, the guarantee of positive government

consumption requires that  also be sufficiently high. Furthermore, the critical values of both domestic
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and foreign money growth are decreasing in m. Intuitively, higher domestic demand for domestic
currency, and hence for domestic non-traded goods, relaxes the constraint on the domestic seigniorage
revenue needed to support positive domestic government consumption when the real exchange rate
target is higher than the equilibrium real exchange rate. It does so by raising the equilibrium value of
domestic real balances or, equivalently, reducing the nominal price of domestic non-traded goods.
When the target is lower than the equilibrium real exchange rate, foreign government seigniorage and
consumption are constrained by domestic government reserve sales. Higher values of the domestic
demand for foreign currency raise the equilibrium value of foreign real balances and relax this
constraint. The panels of figure 7 illustrate the admissible combination of values of m and m*such that
the conditions of propositions 1 through 8 are all satisfied.

There are thus two crucial ingredients for the unilateral establishment of a real exchange rate target.
First, there must be a sufficiently high money growth rate in one of the two countries to guarantee
positive government consumption in that country, and the identity of the country depends on whether
the target lies above or below the equilibrium real exchange rate. Second, the liquidity of the domestic
country, T, must be sufficiently high relative to that of the foreign counttry.

5.2 Existence of steady state equilibrium

At every date t > T, the equilibrium conditions take exactly the same form as they do in the initial
period of the targeting regime, and — with the exception of government budget constraints, which
include real reserve adjustments — are completely static. It is straightforward to verify that, if it exists,
the only equilibrium for this economy comprises an infinite sequence of the stationary solutions for
the real endogenous variables derived in Section 5.1 from date T onwards, together with constant
growth rates of nominal prices. In other words, if it exists, the only equilibrium is a steady state
equilibrium.

To see this, note that (214) and (214) are unchanged at every date and, as we have seen, yield a
unique solution, given . Hence, pry; = pp =P and Afs,; = Afp = Af Vi > 1. Given pand p* =
xp loan market clearing yields constant solutions for real interest rates, RT,and R*T. Hence, real loan
returns measured in non-traded goods, RN and R*", are also constant. As Section 5.1 establishes, a
constant real exchange rate target implies that real balances are constant in each country, Vi > 1,
Mpy; = My = M, My, ; = My = M". Since real balances and the real reserve adjustment are constant,
the government budget constraints imply that government consumption is also constant, §74; = g =

g,and g7, = g7 =g",vVi=> 1.
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Since real balances are constant, the non-traded goods price of each country rises at the rate of
that country’s money growth rate, and since internal relative prices of non-traded goods are constant
a country’s traded good price also rises at that country’s rate of money growth. The domestic country’s
nominal exchange rate rises at the ratio of domestic to foreign money growth to keep the real exchange
rate constant. Then, all equilibrium private sector allocations, particularly those that depend on
inflation rates, rates of nominal exchange rate growth, and real interest rates, are also constant.

Thus, the economy with a real exchange rate target can attain a steady state at T, in which all real
endogenous variables are constant at their date T values, and nominal variables change at constant
rates. However, a steady state for this economy is possible only if the real exchange rate target is
higher than the equilibrium real exchange rate. A target that is lower than the equilibrium real exchange
rate results in a constant reserve loss valued in non-traded goods at every date, and — since non-traded
goods prices rise at money growth rates that exceed one — this implies an increasing rate of nominal
reserve loss. Increasing sales of nominal reserves culminating in the elimination of the stock at a finite
date cannot be part of a stationary state comprising an infinite sequence of static conditions. In
addition, existence of the steady state equilibrium, requires that money growth rates be sufficiently
high to ensure that loans return-dominate money, and must feature non-negative government
consumption.

Below I develop conditions for existence and uniqueness of a steady state equilibrium comprising
an infinite sequence of the date T prices and allocations I have described ¥ X > x. Proposition 9
demonstrates that a more appreciated real exchange rate target than the equilibrium real exchange rate
(x < x) cannot be indefinitely sustained and hence cannot be part of any equilibrium.

Proposition 9. Suppose that X < x. Then no equilibrium exists.
Proof. See Appendix E.

Identical to those at date T, the non-traded goods market clearing conditions determine the
domestic country’s relative price of non-traded goods and its non-traded good value of the reserve
adjustment. 1 denote these two variables by p and Af. The steady state non-traded goods market
clearing conditions in the domestic and foreign country respectively are therefore identical to (21a)
and (214) given by p and Af. 'The unique solution of these two equations gives the steady state values
of the domestic relative price of non-traded goods and the non-traded goods value of the domestic

government’s reserve adjustment, p = P and A f = Af7.1record steady state nominal and real price,
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private sector allocations satisfying the optimality and market clearing conditions of definition 2 in
Appendix E.
The solutions for real returns to loans are

5T _ pN _ Ay(-m+y*x(1-n"))
=R= 1-my(a+q) '’ (27a)

q*(y(1-m+y*x(1-1*)) (27b)

SuN
R (1-m*)y*x(q+q*)

RT

As is true at T, the relative size of real returns across countries depends on the real exchange rate

target, and the parameter restriction required for the steady state domestic interest rate to exceed,

equal, or smaller than1l. Under assumption 2, Q) y(l_g)n. Then for anyx €
y*q(l_n*) y*(l—E*H*)
ya'a-m

( y(d-gm  y(l-em)

mption 2 ran X
y*(l—s*n*)'y*(l—s*)n*)’ assumpto guarantees X >

.Then, rearranging the expression
y*q(l_n.*) > g g p

for RT, clearly RT > 1 under assumption 2. Hence, R*T < 1.
The following proposition summarizes conditions for existence of a steady state equilibrium under
a real exchange rate target. In this, I ignore the trivial case of X = x.

Proposition 10. Steady state equilibrium with a target under capital controls

(1-em)y

Let i) = max{g(n™), @}, and i) x € (x, (1—s*)n*y*)'Tb€” there exists a unique steady state equilibrium with

s B 5 5 Yy, 1 N N1 ;
positive government purchases, RT >1,R*T <1, and RN > % == and R*N > % == iffa)o=a™", and
t

t

* g (yQ-m)+y*x(1-1*)) -1 _ psN—1
bo' > ( (-m)y*x(a+q") ) =k > L
Proof. From an inspection of figure 6a, if the solution represented by the intersection of domestic

(1-em)y

—) satisfies the remaining
A-e)my*

and foreign non-traded goods market clearing condition for X € (x,

conditions for a steady state equilibrium, then the steady state equilibrium is unique. In addition, as is

apparent from an inspection of figure 64, the unique intersection of two non-traded goods market

. . . . . : . A 1-

clearing conditions always lies at strictly positive and finite values of p and Af, while X € (x, ﬂ)
(1=e9)my*

is also strictly positive and finite. Hence, the resulting private consumption and loan allocations

satisfying all of the other conditions of equilibrium in definition 2 take admissible values. Government

consumption must also satisfy non-negativity, however. Using the argument of Proposition 8, for X €

( .%), X > x > ™", Thus, from (264), §* > 0. Proposition 8 also shows that if w > g(m™)
and X € (x, ﬂ), then § > 0iff 0 > ¢™" > 1. Part 4) of the proposition is immediate. All that
(1-e)m*y*

remains for existence of a steady state equilibrium is that the currency of each country is return-

dominated by loans, so that banks hold currency solely to meet liquidity needs as definition 2
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presumes, at the solution given by the intersection of steady-state version of (214) and (214). Return

. . . . = 1 = 1 . ~ .
domination of money in each country requires that RY > —and RN > —. Since 7 > 1, assumption 2

, , o o . . . . 1 .
is satisfied. Then RN = RT > 1, and immediately satisfies RN > pe However, under assumption 2, as

through traded goods market clearing condition, R*N = R*T < 1. Thus, currency is dominated in rate
of return by loans in the foreign country at the solution to steady-state version of (214) and (215)
iff1 >R*N =R > Gi Part /) of the proposition follows. m

5.3 External Balance

As at date T the relative size of the steady state real interest rate across the two countries determines
which country runs a trade deficit and which a trade surplus in traded goods. Under the conditions of
proposition 10, RT > 1, R*T < 1. 1n addition, (274) and (275) show that the higher the real exchange
rate target, the higher the steady state domestic real interest rate and the lower is the steady state
foreign real interest rate. The steady state trade balance is TBT>q — 6‘37; — ¢I. Substituting for

entrepreneurs’ steady state equilibrium consumption (see Appendix E), this balance is just

o _ (1 ¥y -m@+q") )
B _(1+ﬁ)(q (Y1 —m) +yx(1—n))) (28)

Proposition 11. Lez assumption 2 hold and x € (x, M) Then TBT > TBT > 0 and TB*T < 0.
(1-e9)m*y*

(AT L YA Gee £ x> O g g > 240 g
(1-e*n)y y*q(1-m*) (1-e*m*)y y*q(1-m*)

Proof. Under assumption 2

(1-em)y
(1—&*)m*

TBT > 0 follows. In a country with a real exchange rate target satisfying ¥ € (x, ), a relatively

high steady state real interest rate on consumption loans and relatively low bank credit results in
relatively low borrower consumption, and a permanent trade surplus. In addition, the higher is the
target value the larger is the trade surplus. In particular, the trade surplus is higher than its non-

targeting steady state value for X > x. Recall the equilibrium value of TBTunder no-targeting regime

T_ (.1 _ 1-m)(q* (- +q(1-&*1*)) T T '
TB" = (1+B) (q (A-em)(1-e*m)-(1-e)m*(1-&)m ) )’ ThenTB >TB iff

(1-m)(q*(1-e)n" +q(1-¢*m")) y(1-m)(q+q")
(A-em)(1-e*m)-(1-e)m*(1-&)n ) = (y(1-m)+y*x(1-1*))

, which after some manipulation, using the steady

state solution for x, yields ¥ > x. The result follows. m
When a government targets the real exchange rate by manipulating its foreign exchange reserve, a
domestic-country trade surplus does not imply net private financial (currency) outflows. The domestic

(1-eDm"py’x (1—s)nﬁy. Under real
1+8 1+p

country’s steady state per worker external financial balance is FB =
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exchange rate targeting, the financial balance depends on the value of the target, and so is ambiguous.

However, the domestic country’s steady state per capita balance of payments must be permanently in

surplus, since it equals the traded goods value of its reserve accumulation at each date, BOP =
(1 —)TBT + YFB X p = Afp > 0. Balance-of-payment can be re-expressed as

BOP = (- L

q+q’

) (y*((l —&'nt*)g+ (1 - s*)n*q*)) p.
Proposition 12 collects these results.

Proposition 12. Steady state external balance with a target under capital controls

. £~ o — (1—em)y
Leti)m = max{g(m™*), 7}, and iz) x € (x,(lTW

a unilateral domestic country real exchange rate target, in which the domestic (foreign) country has a permanent trade
surplus (deficit) exceeding that in the steady state equilibrium without targeting, a permanent balance of payments surplus

) Then, there exists a unique steady state equilibrium nnder

(deficit), and the domestic country’s financial balance satisfies
FBZ0iffx= y Q-om
) RSN
Proof. See Appendix E.
6. Free Capital Flows
I now investigate how bank trade in loans — international capital flows — affects the properties of
equilibria with and without real exchange rate targeting.
6.1 Market Determined Real Exchange Rate
6.1.1 Steady state equilibrium I first characterize and explore the conditions for existence of a
steady state equilibrium for this economy, in which all of the real endogenous variables are constant.
To distinguish variables from those under capital controls, I denote the value of vatiable x by X.

In order for real balances to be constant within each country, nominal non-traded price inflation

rates, and the growth rate of the nominal exchange rate, exactly mimic their behavior in the steady

. : Pira Pids _ Cer1 _ Feaa (Pl /Pid1)
state equilibria of the financially closed economy; =0, =5 =0%, and —— =——FF G~ =
143 Pt et xt(pt /Pt )
(ﬁﬁq/ﬁz%) g . . . ﬁal
N = (;) , Vt. For internal relative prices of non-traded goods to be constant, therefore, T =
t t t

ﬁ*T
o and =22 = g%, Vt.
Pt
Under free capital flows, equilibrium real interest rates measured in traded goods must be the same
in the two countries. Then, in a steady state equilibrium, there must be a constant world real interest
rate on tradable claims, R],; = RT = R*T. Since the relative price of non-traded goods within each

country is also constant, the constant steady state real interest rate measured in non-traded goods
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within each country equals the steady state world real interest rate measured in traded goods, RN, =
RN = BT; RN, = BN = R°T = BT,
From the traded goods market clearing conditions (14°) and (15°), the initial period world real

interest rate is 5 while at every other date, in any equilibrium, it is constant and equal to one. Hence,

as was true under capital controls, the economy cannot attain its steady state at date 1. As we would
expect, the steady state equilibrium real interest rate lies between the equilibrium interest rates under
capital controls.

Given a steady state real interest rate of one, either of the steady state non-traded goods market

Yyp _ empyp

148 1+8 +

clearing conditions, (132) and (13b°) evaluated at constant endogenous variables (

(A= PBy*% | YBy(1l-m) 57 . . : Yy'B _ ype'ny' B | yU-&)nPy/X
p + 3 R" in the domestic country and -7 = 1ip s T
YEY AT BT i the foreign country) yields the steady state real exchange rate, and the second is

148
redundant. The domestic country’s steady state relative price of non-traded goods, p, follows from the
global loan market clearing condition, (11°), evaluated at RT = 1. Steady state real balances follow from
money market clearing conditions, (164) and (164), and government consumption from the budget
constraints (174) and (170).

Proposition 13. Steady state equilibrium under free capital flows

There exists a unigue steady state equilibrinm with RN = R*N > max (i , UL)

Proof. It is evident from (15) that there is a unique world steady state real interest rate consistent with
traded goods market clearing, which is equal to one and, since relative prices are constant in a steady
state, the real interest rate measured in non-traded goods also take the unique value of one. Then there
is a unique solution for X satisfying (134’ or (134’ evaluated at constant endogenenous variables, and
hence a unique solution for P satisfying (11°) evaluated at RT = 1. If these solutions for RT = R*T =

RV =R*N, ¥ and p satisfy all of the other conditions of a steady state equilibrium, then the steady

state equilibrium is unique. The solutions for relative prices are

. (y\( r(A—¢)

*= (F) (n*(l - s*))'

. (A=P)g+q) ( n'(1—¢€") )
p= YRy A-mr(1-e)+ A -1 —-¢e)/

. (A=Y@ +q7) (1l —¢)
P = YRy* A-mr(1-e)+A-n)n(1l—-¢))
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These solutions are strictly positive and finite, implying strictly positive, finite values for real balances,
government consumption, and all private consumption, loan, and bank allocations satisfying the
optimality, market clearing conditions, and government budget constraints of definition 2. Then all

that is required for existence of a steady state equilibrium is that real interest rates satisfy return-

N xN
domination of money, RN > %and R*N =RN > %.Since RT = RN = R*N = 1,and steady state
t t
. . N N L . . SN BN
inflation rates are —x— = ¢ > 1,~5 = ¢* > 1, return domination is always satisfied, since RY = R*" =

Pt-1 Pe-1
1 > max G,Ji)

I document the full set of steady state private sector and government allocations under free capital
flows in Appendix F. Manipulating the solution for the steady state real exchange rate yields the
following proposition, which I state without proof.

Proposition 14. Comparative statics
a) An increase in the domestic country’s relative supply of non-traded goods,y |y*, raises —depreciates — its real

exchange rate, X.

b) An increase in the domestic country’s bank portfolio weight on liquid assets, T, raises — depreciates — its real
exchange rate, X.

¢) An increase in the foreign country’s bank portfolio weight on liguid assets, w*, reduces — appreciates — the domestic
country’s real exchange rate, X.

Note that the steady state equilibrium real exchange rate under free capital flows is independent of
relative national supplies of traded goods, by contrast to that under capital controls. Now, the inter-
temporal prices of traded and non-traded goods are arbitraged, in addition to the intra-temporal price
of traded goods, and this completely insulates the relative price of non-traded goods across countries
from the traded goods market. In addition, there is no longer any ambiguity in the effect of higher
liquidity demand for the real exchange rate; it no longer requires sufficiently strong “own” relative to
“foreign” demand for the currency to depreciate in value with higher domestic liquidity demand and
appreciate with higher foreign liquidity demand.

The steady state, per entrepreneur, external balance of the domestic country in traded goods

isTBT = q — Cv‘; — ¢TI Since the real interest rate is one, 537," = 13—3, and the trade balance is

ﬁT:q_(lzﬁ)‘(quﬁ)ﬂ

In a steady state equilibrium, trade is permanently balanced. The domestic country’s steady state per

worker financial balance measured in domestic non-traded goods, is
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5 _ T (1-e)By*x  m(l-e)By
i 1+8 1+8
Under free capital flows, this balance includes zero change in net foreign bank lending to the domestic

A-m)YBy*Ip (1—¢)q*) _
1+pB) (1+B)RT

country at each date, at a gross real interest rate of one, [(

Q-m)Ypy Xp  (1-Y)q”\ _ ;
( ap o p’)ET) = 0], and the current account which equals the sum of the trade balance and
net interest received on foreign loans is obviously zero. Substituting the steady state equilibrium real

exchange rate and interest rate into the expression for the financial balance yields

By [, wf T —8) _
FB:m ﬂ(l—S)(m>—ﬂ(1—€) = 0.

The solutions for the steady state equilibrium real exchange rate and real interest rate imply that, with
free capital flows, net inter-location trade in currencies and loans is zero, and there is balanced trade
for traded goods.

Proposition 15. et assumption 2 hold. Then the steady state equilibrium real exchange rate under free capital flows

25 higher (more depreciated) than that under capital controls.

Proof. A comparison of the expressions for the steady state equilibrium real exchange rate under

q*(1-em)+qm(1—¢)
qg*n*(1—-e*)+q(1—&*m*)

capital controls, X = l(
y

*

), and that under free capital flows, ¥ = (yl) (—ﬂﬂgii)))

n(1-¢) q*(1—em)+qn(1—¢) )
ﬂ*(l—S*)) > (q*n*(l_g*)+q(1_g*n*))- ImpOSlng

implies that the latter is higher than the former if (

assumption 2 proves the proposition. m

Since the steady state domestic country real interest rate is equal to one and hence, under
assumption 2, lower than in the steady state equilibrium with capital controls, the demand for domestic
non-traded goods of non-movers who write checks backed by loans is also lower. A relatively
depreciated real exchange rate increases the purchasing power of foreign consumers over domestic
non-traded goods, offsetting the decline in domestic demand from non-movers. Further, a
comparison of the steady state solutions for internal relative prices shows that, under assumption 2, a
relatively depreciated real exchange rate under free capital flows reflects in a lower domestic relative
price of non-traded goods, and higher foreign relative price of non-traded goods, relative to those
under capital controls. At these relative prices, the steady state private consumption and loan
allocations of the economy are identical to those of a non-monetary, autarkic economy, owing to
completely balanced trade, in goods, currencies, and changes in net lending.

The welfare of young workers, of workers subject to relocation earning rates of return to

currencies, and of old borrowers are each identical under free capital flows to that under capital
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controls. However, under assumption 2, a lower real interest rate under free capital flows implies that
the welfare of domestic (foreign) non-movers is lower (higher), and that of domestic (foreign) young
borrowers is higher (lower). In addition, under assumption 2, steady state domestic (foreign) real
balances, seigniorage, and hence government consumption are higher (lower) under free capital flows
relative to those under capital controls, due to the a relatively depreciated domestic country real
exchange rate, and the concomitant increase (decrease) in purchasing power for foreign (domestic)
agents over domestic (foreign) non-traded goods. There are both internal and international steady
state distributional consequences of allowing international capital flows when there is no real exchange
rate target — domestic borrowers and foreign lenders gain, and domestic lenders and foreign borrowers
lose.

6.1.2 The initial period and dynamic equilibrium The economy can never attain its steady state
in the initial period because the world real interest rate must accommodate the absence of old

entrepreneurs in the global market for traded goods, as is true under capital controls. At date 1, using

(14), RT = R3T = ﬁ The initial period non-traded goods market clearing conditions (124) and

(12, setting F; = F,, are identical to those under capital controls, and we know that they yield the

following, unique solutions for Py, ¥;, and Pp; = p; X4,

. (Y qg(1—en)+q(l—e)n

= (F) <q*(1 - +q(1 - s*n*))' (29a)
. (A=) +p) q(1—e)n" +q(1l—e'n") 295)
P = YRy Q1-em)Q—-—cn*)— (1 —e)n*(1—e)n)’ (

o (A=) +B) g(1—em)+q(l-o)n (29¢)
P1= YRy* Q1-en)(—em)— (1 —e)n*(1—&)m )

Since the initial period real exchange rate is identical to that under capital controls, the initial period
nominal prices of non-traded goods that clear money markets, given exogenous initial money stocks
and money growth rates, are also unchanged. Then, since the initial period relative price of non-traded
goods in each country and nominal non-traded good prices are unchanged relative to those under
capital controls, the initial period nominal traded good prices is also unchanged relative to the
economy with capital controls, as is the initial period nominal exchange rate. Thus, the initial period
solutions under capital controls in proposition 4 all hold under free capital flows, except for initial real
tradable interest rates, which are arbitraged under free capital flows. The arbitraging of real interest
rates is irrelevant for the initial period equilibrium real exchange rate, relative prices and allocations,

because the demand for non-traded goods arises from the initial young and the initial old, who have
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no interest income. As is true of the steady state equilibrium interest rate under free capital flows, the
initial world real interest rate in traded goods lies between the equilibrium initial period real interest
rates of the two countries under capital controls. Under assumption 2, the domestic country realizes
a relatively high initial period real interest rate under capital controls. Thus, under free capital flows,
the initial period real interest rate in the domestic country is lower, and that in the foreign country is
higher, than in the financially closed economy.

The initial period world real interest rate balances trade. Each country’s output of the traded good
is exactly equal to the value of that country’s consumption of the traded good. Young entrepreneurs
are the only agents whose initial period allocation depends on the status of international loan trade.
Under assumption 2, domestic young entrepreneurs face a lower real interest rate than they do in the
financially closed economy, and consume more than they do under capital controls, while foreign
young entrepreneurs face a higher real interest rate and consume less. These changes in consumption

produce initial period balanced trade. The per-entrepreneur, external balance of the domestic country
1

«T _
P ¢y =4q, and the trade balance

in traded goods is TBY = q — cv';l. Since the real interest rate equals
 FRT _ -
1sTBf =q—q =0.

The domestic country’s initial period per worker financial balance measured in non-traded goods,

including the establishment of initial period net foreign bank lending, is

PR = (1 -e)By'%;, n(1-e)By 4 qA-y) (A -mBy
re 1+8 14+ 8 P+ BRY  A+pB)

Substituting the initial period solutions for the real exchange rate, real interest rate, and relative price

(30)

of non-traded goods into this expression yields FB; = 0. The solution for the initial real exchange rate

implies that — under assumption 2 — net inter-location trade in currencies has a negative balance,(lf;ﬁ)

(m*(1 — €M)y %, — (1 —€)y) < 0.Imports of foreign currency exceed exports of domestic currency.

This net purchase of foreign currency (accumulation of foreign assets) is funded by a surplus in net

;) ((1—¢)§1+3)q 3

foreign borrowing via one period consumption loans, measured by (1+ ; 5
1

1- ﬂ)lpﬁy) > 0.

In order that the initial period solutions to the equilibrium conditions be part of a dynamic
equilibrium, of course, requires that money be return-dominated by loans between periods 1 and 2, as
I discuss below. At every other date, things are rather different compared to the financially closed
economy. Since there is a single, global loan market, it is no longer the case that one can substitute

country-specific loan market clearing conditions (114) and (114) into the domestic and foreign non-
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traded goods market clearing conditions (134) and (134) to eliminate RY and yield two equations in ¥;
and pP;. Instead, (134’ and (134’) must be solved at every date.

The real interest rates measured in non-traded goods that appear in the non-traded goods market

. .. ~ ~m De_ ~ S~ X S PDeoq Xe— ~
clearing conditions at each date t > 2 are RY = Rg%and RN =RV ; L= RT P ; L Here RY,
t

vt ijt vt
Dt-1, and X,_; are pre-determined, so (13z) and (13/)), determine the date 7 real exchange rate and
date # domestic country relative price of non-traded goods (and hence p; = ¥,P;), and therefore RY
and R;N. The world real interest rate on traded goods between #and 747, RY,,, is determined from
traded goods market clearing, as always, and the loan market clearing condition is redundant. Given
the real exchange rate, X, money market clearing yields nominal non-traded goods price levels and,
hence, the nominal exchange rate that is consistent with these prices and the real exchange rate &, =
X PN /BN, The relative price of non-traded goods in each country then yields the nominal traded
y ok kN

goods price level in that country, gl = §.pY, p;T = p;BN. Date #allocations follow.

There is no immediate attainment of a steady state in this environment, due to the appearance of

De—1

the dynamic variables >
t

and % in (134) and (135). It is clear that the real interest rates, RY and
t

- o [F .
RN = RY (x—l) cannot be equal at date 2 — and cannot be equal to the world real interest rate — as they
2

are in a steady state equilibrium, because the initial real exchange rate is not equal to the steady state
equilibrium real exchange rate. Since this is the case, the real exchange rate that solves (132 and (134
at date 2 is also not the steady state equilibrium real exchange rate. I now explore the implied dynamic
equilibria.

Can this economy converge to its steady state equilibrium, asymptotically? Are there dynamic
equilibria? First, it is evident from the traded goods’ market equilibrium condition that the equilibrium
world real interest rate is constant and equal to one at every date. Then the non-traded goods market

clearing conditions at every date, t = 2, can be expressed as

Yy | YBemy B —eNmyXe YB y(1 = 1) Py

Wit 1T 1+5 1+8 B, (31a)
LYyt yYpentyt YpA-ony YBy (1—nm")Pq X
WEtret 1y T aspn 148 p, % (31b)

From (31a) we obtain the following expression for the rate of change of the domestic non-traded

goods price,

Dt (1-m)y
= > 2.
D1 (A-em)y—-(1—e)m*y*%’ vt=2 (32)
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Notice that (32) is always less than (greater than) one for X, < (>)X.In particular, for ¥, < X, the
domestic relative price declines over time, although the gross growth rate of the domestic relative
price of non-traded goods rises over time converging to one as X; approaches its steady state value.

Substituting (32) into (314) yields the following law of motion for the real exchange rate,

y yr(l—e)(1—-—n)+y"(1 —en)(1 — )X, -
37) <y(1 —em)(1—-—n)+y'n*(1—e")(1 - n*)%t) 2L

(33)

Xt+1 = (

I depict this law of motion, configured under assumption 2, in figure 8. Evidently, the unique steady
state equilibrium is asymptotically stable. I now state this formally.

Proposition 16. Asymptotic stability of steady state equilibrium under capital controls
The law of motion for X is monotone increasing, and crosses the 45-degree line from above.

Proof. See Appendix G.

Since there exists a unique initial period solution for the real exchange rate, the asymptotic stability
of the steady state equilibrium implies that there exists a unique perfect foresight equilibrium path of
the real exchange rate. Furthermore, under assumption 2, the steady state equilibrium real exchange
rate is higher than the initial period equilibrium real exchange rate. Then under assumption 2, the
equilibrium trajectory exhibits a permanently depreciating real exchange rate. A country with relatively
high use of liquid assets and low credit extension, that is open to international capital flows, will
experience a monotonically depreciating real exchange rate in the absence “shocks” that shift the law
of motion. Conversely, a country with relatively low liquidity and high credit extension would exhibit
a permanently appreciating real exchange rate.

Once the date t > 2 real exchange rate is determined by this law of motion, date 7 real balances
follow from money market clearing, (32) yields the domestic country’s relative price of non-traded
goods (and Py = X;P,), and government consumption is determined by the government budget
constraints. The dynamic behavior of the foreign country relative price of non-traded goods is, from

(312,

Pt _ P K _ y a-m) (34)
Doy Deo1 ¥ ¥y (1—e'm)-ym(1-e)/%;
If X, is rising over time towards its steady state value, as it is under assumption 2, Z;:t > 1, although
t-1

the (net) rate of increase in the foreign relative price falls over time, converging to zero as the real
exchange rate approaches its steady state value.

We can now determine real interest rates paid to non-movers in dynamic equilibrium. Since R =

= = ==+ then, under assumption 2, the domestic real interest rate in

RtT prv—1 ptv—1 and R;N — RZT ptv-*1 __ Pt
Dt t Dt
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non-traded goods rises over time towards its steady state value of one, since p;'l > 1, while the foreign
t

real non-traded return falls over time towards its steady state value. For existence of dynamic

equilibrium, it must be the case that at every date on the trajectory these interest rates satisfy RY =

T

xN

D, 5 j; 5N . . ey . . D
% > p;;, and R;N = % > %. Then existence of dynamic equilibrium requires that & > 1 and
t t t t -1
T
;fT > 1,Vt = 2. From the domestic money market clearing condition,
t—-1
s N * * ok N
p eny+ (1 —e)m’y X
v]\;- = ( ( ?k * *i ’t 2 2' (35(1)
Pt—1 emy + (1 —e)m"y*X,

If, as is true under assumption 2, X; > X;_,Vt > 2, then the domestic country’s non-traded goods
inflation rate is /ower than the rate of domestic nominal money growth at all dates, however, it rises

over time in converging to the nominal money growth rate as the rate of increase of the real exchange

xN
rate declines. For ;26_1 > 1 at every date, 0 must be sufficiently high. Similarly, in the foreign country,
5N ey  + (1 — &)my/%,_
If,f—N=a*( Y+ ( )y/il>,t22. (35b)
25 en*y*+ (1 —e)my/X;

Under assumption 2, X; > X,_1,Vt = 2, and the foreign country non-traded goods price level rises at

<k N
a rate greater than its nominal money growth rate. Then D> 1,vt>2. 1 impute the inflation rates

Pt-1

of traded goods prices from the inflation rate of the nominal non-traded goods price and the rate of

change of the relative price of non-traded goods for each country. Specifically,
Bt _ Y De _ ((emy + (1 — 5*)”*}’*9@—1)((1 —em)y—(1- 5*)7'[*3]*5615)
xT - x N / X =0 * *a ok N
Pt-1 Pi—1 Pr-1 (emy + (1 — e)m*y*X)(1 —m)y
e’ (oY i\ L€y X+ (1 —)my) (A —en)y — (1 — )y E,)
«T *N / * =0 Kok kN
Pe-1 Pt=1 DPt-1 1 -my(en*y* X + (1 — &)my)

Under assumption 2, domestic country traded goods prices increase more quickly than domestic

), (35¢)

). (35d)

country non-traded goods prices, because the domestic country relative price of non-traded goods
falls over time with a depreciating real exchange rate, from (32). However, the domestic money growth

rate must be sufficiently high to ensure that money is return dominated. This is because the domestic

<N
money growth rate must be sufficiently high to ensure that —— > 1. Under assumption 2, foreign
Pt—1

traded good prices increase less quickly than foreign country non-traded good prices, because the

<« N
relative price of foreign non-traded goods rises over time. In this case, we know that ;fN > 1. Then,
t—-1
T
?,fT > 1,Vt = 2, provided that the foreign money growth rate is sufficiently high.

Pt-1

48



N xN

. . X é
Using the law of motion for the real exchange rate and the fact that —— = — (E’fN Vth), the
Xt-1  €t—1 \Pt—1" Pt—1
rate of nominal exchange rate depreciation of the domestic country is
é; o (eny+ A —-e)n'y %,_)(e Ty X + (1 — &)my) (350)
— = e

€t—1 T ot (emy + (1 = e)m*y* %) (e*m*y*%_1 + (1 — &)my)’

From (35¢), if e + &" > 1, Ei = G—U i als 2 1. The converse is true if € + € < 1. Under assumption
t—1 -1

X

2, the initial real exchange rate lies below the steady state real exchange rate, and the real exchange rate

increases over tlme,%—t > 1Vt. Then if € + € > 1, the nominal exchange rate of the domestic
t—1

country depreciates at a faster rate than the relative nominal money growth rate of the domestic
country — faster than its steady state growth rate. If € + €* < 1 it depreciates more slowly. The intuition
for this result is that if the portion of domestic liquidity demand that is demand for domestic currency
exceeds the portion of foreign liquidity demand that is demand for domestic currency, the external
value of the currency depreciates more quickly and vice versa. In the former (latter) case, the rate of
nominal depreciation declines (increases) monotonically towards the relative money growth rate of
the domestic country as the economy approaches the steady state.

6.2 Real Exchange Rate Targeting

I now consider conditions under which it is feasible for the domestic government to establish and

maintain indefinitely a real exchange rate target X starting at some date T. I assume that the economy

has been in a steady state equilibrium until period T. Establishment of the target at T surprises private

agents, however, agents have perfect foresight at every other date. Below, I show that there exists a

unique steady state equilibrium for % > ¥, attainable from period T + 1 onwards. Furthermore, the
steady state equilibrium is the only equilibrium that the economy can attain following the successful
establishment of a real exchange rate target at T. Thus a real exchange rate target under free capital
flows is not associated with the type of equilibrium dynamics that I described in section 6.1.2. In fact,
if establishment of the target occurs at date 1, or any finite date following date 1, this eliminates all of
the dynamic equilibria converging to a steady state in the absence of a target that I analyzed in 6.1.2.
I have demonstrated that a more appreciated real exchange rate than the steady state real exchange
rate is not sustainable indefinitely, in a steady state equilibrium, under capital controls. The same
intuition and almost identical mechanics generate the same result under free capital flows, so I ignore

the case of X < X in what follows for the sake of brevity. To distinguish the values of variables under
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real exchange rate targeting from those without a real exchange rate target, I denote the value of
variable Z under the targeting regime by Z.
6.2.1 The initial period of the targeting regime First note from the money market clearing
conditions that, with a constant real exchange rate target, as is true under capital controls the real
balances of both currencies are constant at every date, t = T. Consequently, the inflation rate of non-
traded goods in a country for t > T + 1 is constant and equal to that country’s money growth rate. At
date T, for ¥ > ¥, the non-traded goods value of domestic (foreign) real balances held by banks rises
(falls) so the T domestic (foreign) country price level of non-traded goods must fall (rise) relative to
the value it would have taken in the preceding steady state equilibrium. Namely, as in establishing a
real exchange rate target under capital controls, the date T domestic (foreign) non-traded goods
inflation rate is lower (higher) than o (6*). For t = T + 1, however, both real balances and inflation
rates of non-traded good price levels are constant.

In addition, as at all other dates under free capital flows, traded goods market clearing is
independent of the real exchange rate at date t = T, and hence of the real exchange rate regime.

Together with the no arbitrage condition, traded goods market clearing implies that the period T+1
world real interest rate equals its steady state value and period T value, R; = R;{Ll = 1,1?;; =

R;%T = RT = 1. As in the absence of a target, the world real interest rate is constant at this value for

all periods thereafter, R?;;H =1,vt=0.
The world loan market clearing condition, (114, using 3 = Xp7 is

A -myBypr A - Wpy'xpr _ A -9)a+4)
A+ -+ A+ PRl

T+1

(11chH

Equation (11¢) exhibits both a constant real tradable interest rate equal to one, and hence equal to its
previous period’s steady state value, and a constant real exchange rate that is higher than its equilibrium
value in the preceding steady state. Thus, a constant, unique value of the domestic relative price of
non-traded goods solves (11¢) at every date in a targeting regime t > T. Furthermore, it cannot equal
its preceding steady state value since X > X. Specifically, it must be /ower than its preceding steady state

value at T — 1 to clear the loan market. Solving (11¢) yields

__ (@-P)@@+a) 1
r— Yp ((1—7r)y+(1—n'*)y*f)' (36a)

o
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a
%

Then, ps = ¥p7 must be higher than its preceding steady state equilibrium value for (11¢) to hold. In
addition, the date T real interest rate measured in non-traded goods received by old non-movers from

banks within each country also does not equal its steady state value of one, but is given by

< o D 5o 1-mr*(1—-e)+y*'x(1—n")n*(1—¢&*

R%’:R; €1= €1=<Y( ) (* )* Y x( *) ( )) 1 (36b)
pr Pt yA-mnr*(1-¢e)+y(1—n)n(l—e)

S o Br Xpg_ 1-mrn(l-¢e)+y'*x(Q—-—n")n(l—¢

R = R = _31:<‘{( yrd Z &) +y7xd - ntd — ) ><1 (36¢)
Pr  Xpp xy*(1-mn*(1—e*) +xy*(1 —n*)n(l - €)

At every date after T, however, since the relative price of non-traded goods that clears the loan market
is constant, and given by its date T value (364), non-traded returns in each country are constant and
equal to one.

Substituting (36b) into the date T domestic non-traded goods market clearing condition, or (36¢)
into the date T foreign non-traded goods market clearing condition, yields the unique value of the

reserve adjustment at date T that clears both non-traded goods markets at these interest rates,

_ Yy empfy (A —e)n*Ypy*x (1 —n)Ppy RN g
wWETY s T T T 115 t1xpg Rr 4

Yy* N e Ypy” N (1 —&)mpBy N (1 —m)Ypy”
1+ 1+p (1+p)x 148

Yy* = RZY + Af7/%.

This solution is

(= < ﬁ * ok * (1_”)(1_77*)
=(x-%) (1+/3) (1= &)y (1 * (1—1[)71*(1—8*)+(1—7r*)7r(1—£)) > 0. (36d)

Substituting (36d) into the date T government budget constraints, and real balances evaluated at the

real exchange rate target, yields government consumption

gr= " =0 (0) (55) - 1+, (36¢)
5;; _ (f xmm) ( ) (11»[-)'_.8‘8) (1 ;g*)y* <<i*:eg**> 040 (- (1 7_[*))’ 6P

where Q= (1 —-m)n*(1—e)+ (1 —n*)n(1—¢) € (0,1),and

e [EER) o ((Z) a-ma -
wmex = x| A Q+o(l-—m)(l—1) =X

) Q+oc"(1—-m)(A—-7"
xmn = ¥ ( X ) < X.

(01;8)9+0 (1-m)(1-mr%)
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It is straightforward to verify that, as usual, the upper bound for the target value that guarantees non-

Zmax
X

negative domestic government consumption when x > X, , s increasing in the domestic money

growth rate, o.Similarly, the lower bound for the real exchange rate target that guarantees non-
negative foreign government consumption when X < ¥, ™", is decreasing in the foreign money
growth rate, 0.

The domestic government can establish a real exchange rate target relatively depreciated compared
to the steady state equilibrium real exchange rate under free capital flows provided its money growth
rate is sufficiently high to guarantee that its own consumption is non-negative. For the target and the
date T solutions to be consistent with equilibrium requires, of course, that money be return-
dominated by loans in both countries at 7. I return to this issue below. I record the private sector date
T consumption and asset solutions in Appendix 1.

6.2.2 Existence of steady state equilibrium with X > X As I noted above, since the real exchange
rate is irrelevant for traded goods market clearing, the unique world real interest rate that clears this
market when there are no arbitrage opportunities equals one at every date (except date 1) in any
equilibrium, including a steady state equilibrium (if it exists). Then, in a steady state equilibrium, given
the target X, the world loan market clearing condition (11¢) yields a unique, constant solution for the

relative price of non-traded goods in each country,

1/ (A-9)a+q) \_pP
B (y(l —m) +y*x(1- n*)> R (37a)

X
Note that these stationary solutions are identical to those under capital controls with a real exchange

rate target. They are also the solutions for relative prices in the economy with free capital flows and a

- . T ST .
real exchange rate target at every date from T onwards. Since R = R =1, and using the fact that

relative prices are constant in a steady state, then

By =Rt o frofv o (37h)
Pt
< < 5 — % — < k>4
BV = for PZel _ Ber B (37¢)
pex

Substituting these solutions into either of the non-traded goods market clearing conditions, and
combining these conditions with the money market clearing conditions and government budget

constraints, yields a unique solution for the domestic government’s steady state reserve adjustment

Af. The common value that solves either non-traded goods market clearing condition is
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T35 A=) <afn (37d)

of = -0 (22
This is smaller than A f 7, because the steady state domestic (foreign) non-tradable loan return is lower
(higher) than in the initial period of the targeting regime, yielding lower (higher) purchasing power
over non-traded goods for old workers writing checks than at T. Then higher domestic and lower
foreign government consumption is required to clear local markets in the steady state than at T, a and
a smaller domestic reserve adjustment results. The steady state solutions for real balances are identical
to those that obtain at every date with a constant real exchange rate, while the constant value of
government consumption in each country derives from the government budget constraints and I
discuss these below.

These steady state solutions satisfy the optimality and market clearing conditions, and the
government budget constraints of definition 2. In addition, all of the endogenous variables take
admissible values at every date in this steady state. The solutions (374) through (374) and the
assumption that X > X, guarantee admissible values for all of the endogenous variables except
government consumption. In particular, the government’s real and nominal reserve adjustment is
always positive, and hence sustainable. In addition, money is return dominated in a steady state
equilibrium because real loan interest returns measured in non-traded goods equal one in each country
at all dates. I record the private sector steady state equilibrium consumption and asset allocations in
Appendix H. The steady state government consumption that satisfies the government budget

constraint in each country, and which must be non-negative in equilibrium, is

g = (" —x) (%) (11'1_){_'8’[),) (1 — ")y, (37e)
e Q)T

where

gmax _ Y (o —¢)

Sy (-
ymin — y n(l—e)
y e —e)

For government consumption to be non-negative, (37¢) and (377 imply that the target value must

[ mm vmax] ymax

satisfy X € Again, the upper bound X is increasing in the domestic money growth

ymin

rate while X is decreasing in the foreign money growth rate. It is clear that, since ¥™" < X, the

lower bound is irrelevant for all targets that yield sustainable (positive) reserve adjustments (X >
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X); steady state foreign government consumption increases by the foreign non-traded goods value of
the positive domestic government reserve adjustment. A higher domestic money growth rate therefore
simply increases the range of target values, above the steady state equilibrium real exchange rate, that
are consistent with a targeting steady state equilibrium with non-negative domestic government
consumption. Proposition 17 establishes conditions under which the upper bound of sustainable real
exchange rate targets under free capital flows is not more constrained than that under capital controls.
Proposition 17. Fiscal and monetary policy with a target under free capital flows

l _ vy 1-em < Sy
Let 0= - ThenVx € (x, - —n*(l_s*)),g >0,g">0.

. . . < . . 1-em s . . .
Proof. Manipulating the expression for ¥4 and comparing it to Z—————, it is evident that if ¢ >
y* *(1-¢*)

< 1- _ o - i _ S . _
l, then ¥MaX > X " Then vi e (x,lli), XM > x,and from (374) g > 0. Since X >
T y* r*(1—¢*) y* n*(1-¢*)

X > X™" then from (375) §* > 0. m
Proposition 18 summarizes the foregoing, and I state it without proof.

Proposition 18. Steady state equilibrium with a target under free capital flows

_ « 1— . . T g S Sk <
Let x € (x,li). Then there exists a unique, steady state equilibrinm withg > 0,g* >0, 1 =RV >
y*rr(1—¢*)
SN -~ Sk N
Py _ 1 — BN  Pe—1 1. 1
St ==andl1 =R" > ==ifoc = -.
pé\l o ptN o* ﬁ T

As in the steady state without a real exchange rate target, since the real interest rate is equal to

2 q )
one, C; =5 and this balances trade,

B
ﬁﬂ:q_(ﬁﬁ)_(ffﬂ)zo

The domestic country’s steady state per worker financial balance measured in domestic non-traded

goods, is

75 _ ' (A-e)By'x  m(1-¢£)By
FB = 1+8 1+

At a gross real interest rate of one there is no change in net lending between any two periods in the

Q- YRy %D _ (1—w)q*) _ ((1—n*)wﬁy*fﬁ _ -9
(1+B) (1+B)RT (1+pB) (1+B)RT

steady state,[( ) = 0] and the current account

balance is zero. As X > X, FB = %(E —X)n*(1 —¢€*) > 0. The domestic government’s net

accumulation of foreign currency exactly offsets this positive balance. In short, the per capita, non-

a

traded goods value of the steady state balance of payments is just BOP = A f= 1,DF<'Z\?
6.2.3 Dynamic equilibrium and stabilization of real activity At every datet >T + 1, the

equilibrium conditions and their unique solutions are identical to those in the steady state equilibrium.
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Therefore if the economy satisfies the conditions of Proposition 18, it attains the unique steady state
equilibrium at T + 1.Then there exists a dynamic equilibrium comprising the date T solutions
recorded in 6.2.1, followed by an infinite sequence of the steady state equilibrium solutions recorded
in 6.2.2, if money is return dominated at every relevant date. Since real interest rates measured in non-

traded goods equal one in the steady state, it is immediate that return domination of money is satisfied
for interest rates RY and RiNfrom date t = T + 1 onwards, and banks in period T hold money only to

L o . = 1 1
meet liquidity needs. We also know that any steady state equilibrium satisfies RY > 1> = and = <
g g

I%%N < 1, by definition of an equilibrium. Since the institution of the target is a “surprise”, banks in the
prior steady state equilibrium behave as though return domination is satisfied between T — 1 and T,
and hold money solely to satisfy liquidity needs of movers. Ex post, of course, real interest rates deviate
from their steady state values, as do inflation rates, but this has no implications for bank portfolio
choices.

As long as the real exchange rate target is constant, there are no equilibrium dynamics from T + 1
onwatds. This is also true if the government establishes a target, X > X, at any date during the unique
dynamic equilibrium path of real depreciation observed without a target, or at date 1, when it is fully
anticipated by private agents. In either case, there is one period of adjustment, when internal real loan
returns measured in non-traded goods, and internal relative prices of non-traded goods, adjust to
accommodate the higher real exchange rate than that period’s equilibrium real exchange rate.
Thereafter, the real exchange rate, the internal relative price(s) of non-traded goods that clear the
global loan market, and - hence — non-tradable loan returns are all constant at their steady state values.
Consequently, establishing a real exchange rate target at any finite date under free capital flows
completely stabilizes real activity relative to the dynamic equilibrium that otherwise obtains. In
addition, since in the targeting regime the inflation rate of a country’s non-traded good price equals
its constant money growth rate from T + 1 onwards, the rate of nominal exchange rate depreciation

g - SN SN

. . e ép X P7ye/Dpys o . ey s

is just its steady state equilibrium value, s = === = — ¢ > 1. In the dynamic equilibtium
T+e-1 XPpyt/Pryry O

Do

that we would otherwise observe in finite time, the rate of nominal depreciation may be higher than
. . . é o . . . .
this. Specifically, from (35¢), if € + & > 1, ;—“ > — . If private agents trade little in currencies, then
t ag

for the domestic country, establishing a real exchange rate target under free capital flows may also
stabilize the rate of nominal exchange rate depreciation.

7. Conclusion
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I develop a two-country, monetary, dynamic general equilibrium model with flexible prices in which
the composite fiscal-monetary authority of a country can unilaterally establish and sustain indefinitely
a relatively depreciated real exchange rate target through foreign reserve accumulation. If government
consumption endogenously adjusts to sterilize the consequences of the intervention for private
consumption of non-traded goods, the policy is not inflationary. Nonetheless, money growth rates in
both countries must be “sufficiently high” to support the equilibria I analyze, guaranteeing that loans
dominate money in rate of return (so that banks hold currency solely for its liquidity as I assume), and
that domestic government consumption is non-negative. Under capital controls, the real exchange
rate targeting regime improves the targeting country’s trade balance, supporting a mercantilist rationale
for the policy. Under free capital flows, it has no impact for the trade balance but — if introduced at
date 1, for example — stabilizes real activity and, potentially, the nominal exchange rate, relative to their
equilibrium behavior at finite time horizons in the absence of a target.

The model in which I obtain these results is, obviously, highly stylized, and many of its
assumptions strong. A natural extension would separate the budget constraints of the fiscal and
monetary policy authority, with government consumption funded by taxes and bond sales, and the
central bank’s seigniorage revenue funding reserve accumulation and government bond purchases. An
evaluation of the effects of traditional sterilization of reserve accumulation, via central bank sales of
bonds to private banks, would be possible in this environment. A second extension would seek to
rationalize the absence of an international response to the targeting regime, by analyzing the
implications of retaliation through competitive devaluation, or the imposition of tariffs. A third
modification would relax the assumption that there is no aggregate uncertainty in liquidity demand
can be relaxed, by allowing randomness in m and m*. Alternatively, the assumption of no aggregate
uncertainty in alternative currency demands can be relaxed, by allowing randomness in € and €*. These
extensions would permit evaluation of whether the management of reserves to maintain a target is
feasible when there is risk of an aggregate liquidity or currency crisis, and an analysis of whether reserve
management and capital controls can stem financial crises, in an environment where agents hold
country-specific currencies solely for their liquidity. Finally, introducing capital formation and
endogenous growth would enable an analysis of how real exchange rate targeting, currency
manipulation, and capital controls affect a country’s long-run growth prospects. Beyond the scope of

the current paper, I leave these extensions to future research.
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Appendix

A. Steady state equilibrium with capital controls and no targeting

The steady state consumption and loan allocations for workers and entrepreneurs, asset allocations

for banks, and real balances and government consumption in each country are;

N Yy

V=T
co " = 1[1_}/3(%)

CN,(l—e)n:: .By (1)
° 1+p\a/’

C*N,(l—e*)n'* _ ﬁy* ( 1)

*

e =Y :
YA+ p
C*N,g*n:* — ﬁy* (i)
0 1+ p\c*/)

0 T 1+8\6*

Ni-7 (ﬁy )( q ) QI-em)(A—-¢'n")—n"(1—e)n(1—¢)
1+p/\1—mn grn*(1—e*)+q(1 —e*m*) ’

N 1-7" ( By” )( q ) A-en)(Q—en*)—n*(1— (1l — &)
1+p8/\1—-n* q*(1—em) +qu(1l —¢) ’

_ (1- n)(q*n*(l —&)+q(1 - e*n*))

A+ -em)(A—e'n?) —n*(1—e)n(l — &)
ST = (1-7m)(q"(1 —en) + qr(1 — €))
YA+ B)((l —en)(1—e*n*) —m*(1 — ) (1 — g))'
_ 1-m(g'm* (1 — ) +q(1 —e*n7))

1+ -em)@—e'n?) —m*(1 - edn(1 - e))

e —

P (1-7m)(q*(1 —en) + qr(1 — €))
A+ -mA-en)—m (1 -l —¢))
__ba . Bq
CEATH C T arE
enfB (1-&)np " e'n*By”* * (1-e)m" By*
mt = (T52).m/ = (55) w7 = (555) m = (S05),

(d)ﬁy ) g (1—¢&)+qn((1—n)e+n"(1—e€"))
1+p8 gt*(1—e*)+q(1 —e*n*) ’

= (1/)[?3/*) q*n*((l —m)e*+n(1l— e)) +qn(l—¢)
" \1+p (1 —en) +qn(l —¢) ’

g= (0 - 1) ( YPy ) <q*n*(1 —eNt+qn((1—n)e+n*(1 - e*)))I

o 1+ g (1—¢e*)+q(1—e*n*)

. (a* - 1) (1/)[?3/*) q*n*((l —me +n(l - e)) +qn(l—¢)
9 =\ 1+p8 q*(1—en)+qn(l—¢) '
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B. The initial period and dynamic equilibrium under capital controls and no targeting

Equations (124) and (125) show the initial period non-traded goods market clearing conditions. With
no real exchange rate targeting, reserve movements are zero, and these conditions can be re-expressed
as the following two equations in the initial real exchange rate and initial domestic relative price of

non-traded goods,

_ A —emypy — A —-Y)q( + B)/p1

. A= eIm by | “D
A -anmyYpy+ (1 —-)q (1 + B)/ps
= (1—e'n )yPpy* ' (“4.2)

Figure 4 depicts the two loci implied by (A.1) and (A.2), which are very similar to those characterizing
the steady state equilibrium in (164) and (164). The loci have a unique intersection at strictly positive
and finite values of x; and p;, which implies there exists at most one initial period solution satisfying

market clearing and optimality for these two variables. Specifically,

y A-&n y (1—en)
0<x € (F (1—em?) y* (1 - e*)n*)'

1+ (1)
0<”1€(( B )w(l—en)y'“’)'

The only difference relative to the joint determination of these variables at every other date, and in

the steady state equilibrium, is the appearance of 1 + f in the numerator of the value of p; at which
(204) intersects the horizontal axis. The lowest possible solution for p; which satisfies non-negativity
of the real exchange rate and domestic non-traded goods market clearing is bigher at date 1 than at any
other date. This is because the quantity of traded good claims held by initial old agents is higher than
at any other date. The real exchange rate and hence demand for non-traded goods deriving from the
real money balances held by initial old agents that are consistent with this higher value must be lower
at any given relative price of non-traded goods — (204) is lower than (164).

Given the solution to (20a) and (204), p; = p1x;follows, (114) and (110) yield the initial loan
market clearing real interest rates that are consistent with the initial relative price of non-traded goods
of each country, and all other solutions for initial period endogenous variables follow immediately.
The initial period traded goods market clearing condition is not independent of the remaining initial
period equilibrium conditions, and is satisfied at the real interest rates that clear loan markets.
Rearranging the condition yields the following relationship between domestic and foreign country real

interest rates in the initial period,
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q

(@+a)A+F) ~ger

R} =

(4.3)

Figure 5 depicts this relationship. It is evident from (21) than R 2 ﬁ iff R3T s ﬁ

As in the steady state equilibrium, the consequence of a relatively high real interest rate is that
domestic young entrepreneurs borrow and consume relatively few traded goods, and the domestic
country runs a trade surplus on these goods as a result. Recall that only young entrepreneurs consume
traded goods in the initial period. The initial period per entrepreneur, external balance of the domestic
country in traded goods is, therefore, TB] = q — cj;. Substituting for young entrepreneurs’ initial

eriod equilibrium consumption, ¢l , = this balance is just
q > Cy1 ]

_a
(1+B)RY’

p_ o A-m(@mA-e)+q(-en))
e (1-em)Q—en)—m*(1—eDn(l—¢)) (A.4)

The domestic country’s initial period financial balance measured in non-traded goods is equal to its

steady state value, since the initial period real exchange rate equals its steady state value,

_ _ By oo [ Q-em+q-gm
FBl =FB = 1+ ((1 € )7T (q*(l—s*)n*+q(1—s*n*))) (1 e)n').

However, its traded good value is larger than its steady state value in absolute terms, since the relative
price of non-traded goods is higher in the initial period than in the steady state. See section 4.3 for
proposition and proof of dynamic equilibrium, and proposition concerning initial period external
balances.

Proof of Proposition 4. Dynamic equilibrium under capital controls

The solutions for relative prices that satisfy all of the market clearing conditions at /=7 are,

((1—¢)(1+B)>< g (1-¢)+q—e'n") )

P = YRy A-em)(A—en)—n*(1 —9)n(l —¢)
(Y q"(1—em) +qn(l—¢)
1= (3?) <q*n*(1 —&)+q(1 - e*n*))'
. (A=9P)A+p) q'(1—em) +qn(l —¢)
P1= YRy* QA-em)(1l—em)—nm*(1—e)n(1—¢))
RT — q Q- —en)—n*"(1—e)n(1 —¢)
2T ((1 +8)(1 - n))( g (1—e)+q(1 —e'n*) )

RiT = ( q* )((1 —e'nt )1 —en)—n*(1 — e)n (1l — e))
2 a+pA—-n% q*(1—em) + qu(l —¢) ’

In addition, initial period nominal prices are
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pN = (UMo(l + ﬁ)) < gn*(1—e") +q(1 —¢&*n*) )
YBy (1 — &) + qn(e(1 — %) + (1 — &)
piN = <0*M3(1 + ﬁ))( g (1 —en) 4+ qn(l —¢) )
Ypy* g (e*(1—m) + (1 — &) + qn(l —¢)
( oM, ) ( Q-1 —en) —n*(1 — (1 — &) )
A=Y/ \gr (1 —&) +qn(e(l —n*) + *(1 — €))
( o*M; >( 11— —en)—n*(1—¢* )n(l_g))
A-P))\g'n*(e*(1 —m) + (1 — &) + qu(1 — &)

B <0M0 ) ( g (er(1—-m) +n(l—¢)) +qn(l —¢) )
= P1 oMy ) \q*m*(1 — &%) + qn(e(l —n*)+ (1 - s*)) '

At every t = 2, the equilibrium conditions yield exactly the steady state solutions for relative prices;

« " q* (1-en)(1-&*n*)—m(1—-&)m* (1—¢€%)
Pt =D Xt = X, pt = p Rt+1 - RT RN Rt+1 R T= =R N = (1_7.[*)( q*(1—em)+qm(1-¢) )

Initial period real interest rates measured in terms of non-traded goods are thus equal to their steady
state equilibrium values, RY = R} Zl =R] % =RI(1+B)=RN, RN =RiT ”1 = RiT ”1 =RT(1+

B) = R*N. Since the real exchange rate and real balances are constant in both countries from date 1
onwards, nominal non-traded prices must rise at money growth rates, pfy; = opl; pil, =
o*pN, vt = 1. Since the real exchange rate is constant from 7=7 onwards, the nominal exchange rate

between any two periods must depreciate at a rate equal to the relative domestic money growth rate,

ete—’;l = %, However, from p, = ” Bpl' the rate of growth of nominal traded goods prices between
dates 1 and 2 must satisfy p2 = a(1+ B)pi, p3’ =a*(1+ B)p;’, while since p and p* are constant
from date 2 onwards, pf,; = op!; it = a*pz*T, Vt > 1. From period /=2 onwards, real and

nominal variables take on their steady state values.

From figure 4, there exists at most one initial period real exchange rate and initial period domestic
relative price of non-traded goods (and hence all other initial period endogenous variables) satistying
the optimality conditions of definition 2 and initial period government budget constraint and market
clearing conditions. This solution must also satisfy return domination of currency between dates 1 and

2 to be part of an equilibrium. Manipulating the solution for Rg and using definition 1, it is evident
that RT = ﬁ if f m 2 f&. Hence, under assumption 2, R} > Then RY = RT (%) =RI(1+p) >
p_1

1. It is immediate that RY > =% = =, Assumption 2 implies that R3" < = Hence, R3N = R3T (&) =
12 o 1+ D5

R3T(1+ B) < 1. Then, the foreign real interest rate satisfies return domination of currency between
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dates 1 and 2 if f R3N = R3T(1 + B) >

*N
1. : : o
Zi,\, = —. Using the solution for R3T above this condition is
2

equivalent to

-1

o> () (et o))
The solutions for all endogenous variables satistying all of the equilibrium conditions for the economy
from date 2 onwards are identical to those in a steady state equilibrium, the existence of which
proposition 1 establishes. As illustrated by (164), (164) and figure 2, these solutions are unique. Then
all that is required for the initial period solutions, and an infinite sequence of steady state solutions
from date 2 onwards to constitute a dynamic equilibrium is that currency be return dominated by
loans within each country from date 2 onwards. Proposition 1 and its proof establish that this

condition is satisfied, under assumption 2, 7/

. q" Q- —-en)—n*(1—)n(1l —¢) -
o> ((1—n*))( q*(1—em) + qu(1 —¢) ) -

The initial period consumption and loan allocations for workers and entrepreneurs, asset

allocations for banks, and real balances and government consumption in each country are;

*

N y *N _ y

RGN CEO¥ EECED)
N = M, 4 (A-¥)g _ Mo qBy((1 —em)(1 —e'n*) —m*(1 — e)n(1 - €))
“ypl T ypr ypl A+p(am 1 -e)+ql—en))
N enyf + (1 — e By x;  Py(q(l —em)(1 —e'n*) — qn*(1 — e)n(1l — €))
ot (1+p)o 1+ B (g (1 —&*) + q(1 — e*1¥)) '

N = ( By )(q*n*(l —e)+q((c(1—e'n) —n(o— D" (1 —e)(1 - 5))))
%17 \1+4p o(qg*m* (1 —&*) + q(1 — e*n*)) '

( By )qn(l —e)+q* (a*(l —en)—n*(c* - 1(A—-m)e* + (1l — e)))

N =
ot \1+B o*(q*(1 — en) + qu(1 — €)) '
r . (@- n)(q*n*(l —&)+q(1 - e*n*))
1= (1—-en)(1—-¢en*) —n*(1 —e)n(l—¢)
T 1- n*)(q*(l —em) + qu(1l — 5))

1= (1—-en)(1-¢en*) —n*(1—e)n(l—¢)
Lo ( 1-m(g'n* (1 — ) +q(1 —e'n™)) >
e2 = ,

A—en)A—¢e*n*)—nm*(1 —")n(1l —¢)
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. o 1-7m)(q*(1 —en) + qr(1 — €))
e27 \Q-en)—-en)—m*(1—e)n(l—¢))

L= (1—7r)(q*7r*(1—e*)+q(1—£*n*))
2T\ - -t -1 —-e)n(l—¢) )
= (1 —n*)(q*(l —em) +qn(l — s))
27 \Q-emQ -t -1 —eNn(l—¢))

_(emfyN\ (A =nBy\ . g Py ., ((A—e)n By’
mg_(1+ﬁ)' 1_( 148 ) 1 _(1+B )’mld_( 148 )
3 (wﬁy ) (q*ﬂ*(l —&)+qn((1-—n)e+n"(1- e*)))

" \1+p gr*(1—¢*)+q(1 —e*n*)
. (lpﬁy*) q*n*((l —m)e*+n(1— e)) +qrn(l—¢)
™= 1+p8 qg*(1—em) + qu(1 —¢) ’
B (a - 1) ( tpﬁy) gn*(1—e)+qn((l—n")e+n"(1—¢"))
917\ 1+ (1 —¢e*) +q(1 —e*n*) ’

. (0* — 1) (djﬂy*) q*n*((l —me +n(l— s)) +qn(l—¢)
1=\ 1+p qg*(1—em) + qu(1 —¢) '

*

C. Initial period of a targeting regime with capital controls

Properties of (21a) and (21b) in initial period of a targeting regime with capital controls

6Af,;,iom azAﬁTdom i o 6Af,Tdom _ ) aAquom .
a) Py <0, a02 >0, Vps € (0,00); I};r?o —ap? = —o0, pl%rTnoo o0 =0;

anflo" a2afLe" ~aagler _aaglor

Vps € ;1 L= 1 L =0;
b) aPT > 0; ap% < 0, pT (0, OO): p;rlilo 3p7~ + ’p%ﬂnoo apT 0
c) lim A £f°™ = oo, lim Affdomﬂ (1= eHn*y*x — (1 — em)y);
p7 ) p 'TTOO 1+ ﬁ

. or _ . or _ wB *___% * = : d .

d) limA f27" = —oo, pl;r?mAfT =1ep (A =-en)y*x— (1 —o)my) > p171=r1nooAfT om .

pTlo

) (A =1)q ( 1 )
P tlgense =\ Typ \a ey —a—emyx)

_(A-yq 1
f) p TlAij:or=0 - < ¢ﬁ ) ((1 — 5*7'[*)}7*3? - (1 - S)T[_')l).

Proof of Proposition 7. Equations (214) and (215) show, and as I have documented above, that as
p7 1 0 from above, the domestic country’s locus is strictly higher than the foreign country’s locus,
while as pp T oo, the foreign country’s locus lies strictly above that of the domestic country. In

addition, the functions (214) and (214) of p# are continuous, and continuously differentiable, on pp €
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(0,00). These four facts, together with the curvature of (214) and (210) imply that there is a single
intersection of the two loci on ps € (0, 0). Whether A f 7 1s positive, negative, or zero, and the value
of Pz, depend on the locations of (214) and (214) in (Afz , Pz ) space, which depend (in part) on the
value of the real exchange rate target. It is obvious from an inspection of (214) and (210) that, ceteris

paribus, both loci shift up with higher values of the target real exchange rate, and down for lower

values. The loci intersect on the horizontal axis at A f 7 = Af 7 Tfor = 0 when ¥ = x. We know that
(1-2) (1—em) - g dom _ W v
X € ((1—efn7*r)3;/*’(1—ef)77tr*3;/*)' Then, when X = x, ,31 Af 7 =11p —((A-er'y'x—(1—en)y) <
p for _ Yp X .= . .o . .
0, j f =11p (1 —¢e'm")y*x — (1 — &)my) > 0. Since both loci shift up with higher values
Pr
of the target, they must intersect above the horizontal axis when X > x, where A f 7 = A7 Tor s,

and intersect below it when ¥ < x, where Af Tdom =Af Tfor <0. m

D. Initial period of a targeting regime with capital controls

The initial period consumption and loan allocations for workers and entrepreneurs, asset allocations
for banks, and real balances under a targeting regime with capital controls are;

*

N Y @*I\L:y—
CNCEYO TTa+p

éN'TE” ( yp )( ;] ) _ ( B ) ( 1 ) (eny + (1 — ey D)(q°(1 — eNn* + q(1 — ') ’
o 1+ B/\ p3 1+p/ \(1+p)o (q*(l — e +q(en(l— ) + w*m(1 — S*)))
6*1;,8*71 3 ( y*B )( ; ) _ ( B )( 1 ) (e'm*y*x+ (1 — s)ny)(q(l —an+q(1- sn)) ’
o, 1+ B/ \ p7 1+p/\(1+B)o* J?(q(l —on+q*(ernr(1 —m) + mr*(1 —s)))

N1 _ ( B ) < 1 ) (em*y*'x+ (1 — e)ﬂy)(q*(l - +q(1 - s*ﬂ*))
or 1+p/\1 +pB)a (q(l —an+q (el —m) + (1 — e))) '

6*1\1'(1_8*)“* _ ( B ) ( 1 ) (emy + (1 — s*)rt*y*f)(q(l —om+q*(1 - sn))
of 1+p/\A+B)o~ f(q(l—s)n-{—q*(s*ﬂ*(l—T[)+7r7'[*(1—8))) ’

= (g - (g - () ) (=)

N _ ( y'B ) ( q ) <y(1 -m)+yx(l— n*)>’

° 1+p/\1—n* xy*(q+q*)
T _ yA-m@+4q7)
YA+ (- +yEd —nY))

T (1-n")y"x(q+q")

YT A pHOA—m) +yEA—1)
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yd-m)(q+q")
A+BR(yA-m)+yx(1—n"))
o (1 —nm")y'x(q +9q")
et A+ -m +yE(1—nY))
y1-m)(q+q")
A+ (A -m)+y=x(1—n"))
i* A-n")y*x(q+q")
™M A+ -m) +yEd -1

o~

ef+1 = —

41 =

i (222t (L) e () iy (L2
My = (;lfﬁ) (emy + (1 — €)M y* %),

ms = (1ll-)|-ﬁﬁ) (e'n*y* + (1 — e)my/x).

Proof of Proposition 8. Fiscal and monetary policy with a target under capital controls

a) It is straightforward to verify, using definition 3 «) and definition 3 ¢), thati) if & > g(n*),c™" >

1, i) if T < g(m*), c™™ < 0, iii) llT(Tl N ™M = oo, It is also the case that, from the definition of
n-g(m

-max . . * -max l (1_871')
XM iv)if = g(m*), x = (y* Qe

)iff o=>0™" v)ifn<g(m®),xm* >

(l (1—em)

" (1_8*)n*) iff 0 < ™™, Since g € (1,0) is the range of admissible money growth rates, then 7)

v (1—em)

)can be satisfied at an admissible money
y* (1—e")m*

through ») imply that the restriction X™%* > (

growth rate only if m > g(m™) holds. Specifically, if # > g(*), ¥™** > (% (51__;;2*) iff o = o™ >

1. Then for any ¥ € ((1(:2?;’%(5:82) ,ifTt > g(n*) and 6 = 6™", then ¥™** > x. From (264),

XM > xiff g > 0.
b) Similarly, it is straightforward to verify, using the definition of ¢ ™™, that i) if m >

h(m*),c*™" > 1, i) if T < h(*), ™™™ < 0,and iii) lir}rll( )a*min = oo. It is also the case that,
m*—>h(m

using the definition of ™", iv) if m > h(r*), #™" < (yl (i:fft’f)) iff 0% = ¢ ™ and v) if T <

h(m), x™" < (yl (gl__;zrn)) iff 6* < "™ Since 0* € (1, ) is the range of admissible money growth

y (1-em)
y* (1-e9)m

rates, then /) through ») imply that the restriction ™" < ( ) can be satisfied at an admissible

money growth rate only if T > h(r*) holds. Specifically, if T > h(n*), ¥™" < (;’ (il 88;2 ) iff o*
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(1-&)my ¥y (1—em)
(1-&*m*)’ y* (1—-*)m*

o*™" > 1. Then for any X € ( ),ifn > h(n*) and ¢* > ¢*™" then ¥™" <

x. From (264), x™" < % if f §7 > 0. m

E. Steady state equilibrium in a targeting regime under capital controls

Proof of Proposition 9.

As the real value of this adjustment measured in (domestic) non-traded goods must be constant in

AP, 67, PN, i _ .
D TPl = 1,vi > 1. Then the domestic government’s
AFgy i 1894 1D7

equilibrium, then we must have

nominal foreign reserve adjustment must satisfy AFg,; = 0*AF7,;_,,Vi = 1. The date T reserve

movement consistent with attainment of a target more appreciated than the equilibrium real exchange

Mz ) (y*((l—e*n'*)q+(1—£*)n*q*)

rate is APy =Fq—Fy= (% —x) (q+q* e

- . Af, .
) <0,s0 Fj < F,.Since —- =
AFgy; 4

0*Vi > 1,the domestic government’s nominal foreign reserve level at T+ 1 satisfies Fpoq =
(1+ 0*)F3 — 0*Fy, and, iterating, this implies Fp,; = Fppi_q + a*i(ﬁf - FO),Vi > 1. The reserve
change is increasingly negative relative to the initial period of establishment of the target. Consider the
conditions under which the domestic government’s reserve approaches zero at some date T+1i,
Fpyp=Fpyo1 + 0" (Fs — Fy) = 0. Then it must be that Fp;_; = 0*(Fy — F7) > 0. Then, Fp,;_; =
Frpp+ O'*i_l(ﬁ"f - FO) - a*i(FO - ﬁf), or Fpyp— (a*i + a*i_l)(FO — F'f'). Iterating, F7,, =

Fi+0"(Fp — Fy) - Xioy0* (Fy — Fy). This implies that the current reserve level approaches zero

S8 B cor B Yoot o*—g 1 . .
atT+1, Fpy— 0,iff Fp - Fy < = ) = Fy (——+5 ). Then the initial reserve movement satisfies

;:06*1 1—g*it1
(FT_FO)_)FO m—l —FO(W>SO.

Then, if theT +1 reserve approaches zero, the initial period reserve movement (F7—Fp) =

(f—x) a*?MS (y*((1—s*n*)q+(1—£*)rr*q*)
q+q* e y*x+(1—-&)my

=) o "M\ (y'(A— e g+ (1 —en*q”) S F ( o' —1 )
q+q* emy*x + (1 —&)my O\1 — g#it1)’

) satisfies

. R o*—1 .o
This shows that if T = oo, then F, (—1 = +1), and hence the initial reserve movement, must equal zero,
-0

but the latter is possible iff (X — x) = 0. Thus, for (¥ —x) <0, the nominal reserve level must
approach zero in finite time, and the economy cannot sustain indefinitely a constant real value of the

reserve. l
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The steady state consumption and loan allocations for workers and entrepreneurs, asset allocations

for banks, real balances, and government consumption under a targeting regime with capital controls

are;

*

o p— i a—
Y@+ py Yo @a+py

B
=)0 -
yp (

AN,(1-8)1 1 A*N,(1—€")m* _ y*ﬁ 1
&) =GR 6)
e _ ( ypB ) (yA-m) +y"x(1—n"))
o T \1+p y(q +q*) ’
é*N,l—n* _ ( y*ﬂ ) (y(l - T[) + y*f(l — T[*))
o S \1+p xy*(q+4q°) ’
AT 1-my(q+q") o = A-n")y*x(q+q")
TOA+pA-m+yx-m)) 7 A+p(yA-m)+y A - )
5 1-my(q+q") X (1-n")y*x(q+q")
lo =— — , lg =— — ,
A+ (A - +y=x(1—n)) A+ (A —n) +y=x(1—n))
P A -myl@+q°) e (A-m)y'x(@@+4q°)
A+ -m +yx(1—n*)) A+ -m) +yx(1—n))
a4 (ETBYN\ ., (A =emBy\ _., g ByN ., ((A—e)nBy" _
md_(1+ﬂ)'mf_( x(1+B) )’md_( 1+p )’mf_( 1+p )x’
m= (;’lfﬁ) (emy + (1 — e)m*y* %), m* = (111-11-3[}) (e'm*y*+ (1 — &)my/x),

P 2 . - \ s .
g=(x —x)<;)<(1+ﬂ)(q+q*))y((q+ﬂq)0—n(0—1)(q+q)—en(q+q)),

5 = (f_xmin)(l)((l +Bl)p(/>; — )) ((q +*q)e" — et (q + q7)).

Proof of Proposition 12. Steady state external balance with a target under capital controls
Proposition 10 establishes that there exists a unique steady state equilibrium under conditions 7) and
7). Proposition 11 establishes the value of the trade balance when assumption 2 holds, which is

equivalent to m = max{g(m*), &}, and it demonstrates that it is larger — more positive — than in the

. . - 1- . .
non-targeting steady state. In addition, for m > 7, 2% (i_ S;n > x. Then the domestic country’s financial
. . . . 1-
balance is ambiguous, and satisfies FB 2 0 iff ¥ = 2 a-om
y* (1—e)m*
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F. Steady state equilibrium under free capital flows and no targeting
The steady state consumption and loan allocations for workers and entrepreneurs, asset allocations

for banks, real balances, and government consumption under free capital flows are;
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G. Dynamic equilibrium under fee capital flows without a target

Proof of Proposition 16. Asymptotic stability of steady state equilibrium under capital controls
n(1-¢)
(1-¢&*m*)

First, note that (33) has an intercept at Xy = (%) ( ) > 0, and this value lies below the steady

state equilibrium value of ¥. Second, differentiation of (33) yields

dXiiq _ (l)y(l —m)y*(1— n*)((l —en)(1—¢e'n")—n(1l—e)r*(1 — 8*))
y

dX; A -enm)A—-n)+yn*(1—e)(1 —7m*)%)? ’
which is strictly positive for all finite values of ¥;. Moreover, from (33), lim dx—;“ =0 and L jft;“ <
Xpooo dAXy Xt

0. Thus, (33) must intersect the 45-degree line only once, and it must clearly cross that line from above.
The steady state equilibrium is, therefore, asymptotically stable. m

H. Steady state equilibrium under a targeting regime with free capital flows

The steady state consumption and loan allocations for workers and entrepreneurs, asset allocations
for banks, and real balances under a targeting regime with free capital flows are;
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m = (iﬁﬁ) (emy + (1 — em*y*®), W' = (1l/jrﬁﬁ> ey + (A = e)my/x).

I. Initial period allocations under a targeting regime with free capital flows
The initial period consumption and loan allocations for workers and entrepreneurs, asset allocations

for banks, and real balances under a targeting regime with free capital flows are;
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Figure 1: Timing of Transactions
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Figure 2: Steady State Equilibrium
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Figure 3: Steady State Real Interest Rates
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Figure 5: Initial Period Real Interest Rates
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Figure 6: Establishing a Real Exchange Rate Target
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Figure 7: Admissible Region of 7 and 7*
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