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Abstract

Motivated by the observation that exchange-rate management re-

sembles market making, we use microstructure theory in order to

conduct a welfare analysis of exchange-rate management, including

the “corner solutions” of a free float and a fixed peg. We show

that a policy that smoothes out exchange-rate fluctuations needs to
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trade off the welfare gain due to lower risk exposure of local produc-

ers against the trading losses that the policy would generate owing

to speculation. We identify the conditions under which exchange-

rate management can increase welfare and argue that these con-

ditions are more likely to be satisfied in illiquid markets, mainly

small economies and emerging markets. We also explore the role of

a Tobin tax (assuming enforceability) in facilitating exchange-rate

management. (JEL: E58, F31, G14, O24)
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1. Introduction

The argument that private exchange speculation will not provide sufficient

smoothing of exchange fluctuations is sometimes used to justify ... extensive

intervention by individual governments ... to even out minor fluctuations in

exchange rates. ... [However], if they [governments] lose money, they make

gifts to other speculators or traders, and the primary cost ... is born by them.

Friedman 1953, pp. 187–188.

There is a remarkable similarity between market makers in dealership markets —

like the New York Stock Exchange (NYSE) — and those central banks, particularly in

small and illiquid markets, who manage their foreign exchange (FX) markets.1 This

similarity is apparent in two main respects. First, in both cases the declared objective

of the respective agencies is to deepen the market and smooth price fluctuations. For

example, the Constitution and Rules of the NYSE state that a specialist should provide

for a “fair and orderly market ... [which] implies the maintenance of price continuity

with reasonable depth and the minimizing of the effect of temporary disparity between

supply and demand.”2 To the same effect, when Israel ‘floated’ its exchange rate in 1977,

the central bank reported that “the involvement of the central bank is [now] limited to

moderating the effect of short-term random fluctuations in the demand and the supply

for foreign currency on the exchange rate. Non random changes in the supply and the

demand will affect mainly the exchange rate and not the economy’s foreign reserves.”3

Presently, the bank abstains from day-to-day intervention; however “should the need

arise, the foreign currency department can intervene through the purchase or sale of

foreign currency.”4

1For more detail on dealership markets see Pagano and Roell (1990), Ellul (2001), and Viswanathan

and Wang (2002).
2See Rule 104 regarding the functions of the specialist.
3See the Bank of Israel’s 1977 Annual Report p. 231 (Hebrew). Hence, “fear of floating” is not a new

phenomenon; see Calvo and Reinhart (2002), although in their view a fear of floating is ultimately fear

of inflation.
4Bank of Israel website.
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Second, while implementing their price-smoothing strategies, the respective agencies

typically lose money to sophisticated speculators. As for the NYSE, Panayides (2004)

documents the restrictions imposed by the exchange on specialists’ trading so as to pre-

serve price continuity. He estimates that losses while trading under the imposed con-

straint amount to $3,824 per stock per day (averaged across 35 “highly active” stocks),

against a daily profit of $6,160 while trading unconstrained. Systematic studies of central

banks’ trading losses are scarce. Taylor (1982) documents some of the tricks employed

by central banks to hide the losses off the accounts. His own rough estimates show a

strong tendency toward heavy losses among central banks of nine developed economies

who had (at the time) “floating” exchange rates, up to $3.7 billion lost by the Central

Bank of Italy over the period 1973—1979.5 Increasingly, trading losses are perceived as a

binding constraint on exchange-rate management. While reporting an estimated trading

loss of £3 billion by the Bank of England during a single day, The Economist commented

that perhaps the underlying exchange-rate policy was “the right thing to do, but at a

time when public expenditure restraint is supposed to be at the top of the government’s

agenda, it is worth asking what was the cost to the taxpayer.”6 To the same effect,

one of the main reasons why the Bank of Israel stopped its daily intervention was that

“continued and prolonged intervention through selling reserves may increase uncertainty

and strengthen the tendency towards capital exporting and a speculative attack ... which

will levy a high cost on the State’s treasury.”7

The similarity described here puts into a different perspective some of the classical

arguments about exchange-rate policy. If providing liquidity — even at a loss — is an

essential role of profit-oriented market entities, then the price-smoothing role of the state

should not be dismissed as easily as in Friedman (1953); since liquidity is a public good, a

state that has access to taxation (and hence need not break even), must have an advantage

over private institutions in providing it. This leads us to the idea that exchange-rate

5Inflate by a factor of 2.5 in order to adjust for current prices.
6“Black Wednesday”, 16 September, 1992, the day Britain was forced to abandon the ERM; see The

Economist, 10 October, 1992.
7Bank of Israel 1998 Annual Report, p. 196.
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policy can be perceived and analyzed as an attempt by the state to “make the FXmarket”

on social welfare rather than on profit grounds. An immediate implication of such an

approach is that the structure of the market is crucially important in determining the

role of the state. Presumably, the scope for policy is quite different for developed markets

with sophisticated financial instruments and an active provision of liquidity relative to

small, illiquid and emerging markets.

In order to develop this idea, we model the dealership FX market of a small open

economy with terms-of-trade uncertainty and fairly rudimentary financial markets. Lyons

(1997) suggests a formalization that captures some of the specific features of FX deal-

ership markets. Nevertheless, we use the more tractable formalization of Kyle (1985)

(see further discussion of this point at the end of this section). With no state interven-

tion, the economy is already served by some FX dealers who provide liquidity out of

profit-oriented motives, a setting that we interpret as a free-float exchange-rate regime.8

The basic question that we address is whether the state can improve social welfare by

“taking over” the FX market and then imposing on the dealers a trading policy that

differs from the free float, compensating them for ex ante trading losses by lump-sum

transfers. We are obviously aware of the fact that most real-world FX management is

done via open-market operations rather than by interfering with dealers’ trading.9 We

chose this formalization in order as to preserve a well-defined measure of social welfare.

We treat the central bank as a welfare-oriented intermediary that can change the allo-

cation of risk among “real” agents, but does not have any risk-bearing capacity of its

own. If (alternatively), the state traded against its own portfolio, then the risky return

8A survey by the Bank of International Settlements (BIS) shows that in the USD-Euro market, 56%

of the turnover is executed aganst dealers and 32% against financial institutions. The figures for the

USD-JPY market are 57% and 29%; for the USD-residual currencies markets, the figures are 56% and

30%, respectively. See Table E-2 in the BIS’s Triennial Survey of Foreign Exchange Markets, April 2001.
9It is interesting to note, however, that for many years the Bank of Israel had a monopoly over FX

dealership. Essentially, the FX market consisted of a daily batch auction conducted by the bank itself;

see Djivre (1993) and Djivre and Tsiddon (2001). Obviously, this arrangement provided an easy (and

confidential!) vehicle for exchange-rate intervention.
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on that portfolio would have to be borne by some taxpayers. Essentially, the current

formalization allocates these returns to the dealers.

We report five main results. First, a free-float exchange-rate regime is generically

inefficient. This follows from the basic tension that exists in the model between the

risk-sharing role of prices and their informational efficiency. In our model, markets are

incomplete and local producers hedge against terms-of-trade shocks by taking FX posi-

tions. However, the FX market is opened only after some fundamental information has

already leaked out to some of the better-informed (foreign) speculators; if the market is

informationally efficient, some of this information will be incorporated into equilibrium

prices. By the well-known Hirshleifer (1971) effect, this early revelation of information

destroys some insurance opportunities.

Second, the extreme case of a fixed peg is not feasible, let alone optimal. The reason

is that, since the free float is informationally efficient, any deviation would create a profit

opportunity that will be utilized by speculators. In the limit, when the exchange rate is

perfectly smoothed, speculators would inflict infinite losses on the local dealers. Taking

the first two points together, it is clear that both “corner solutions” of the free float

and the fixed peg have no particularly attractive welfare properties.10 It is noteworthy,

however, that in our setting there is a sharp distinction between dollarization (dollar-

backed local currency) and a fixed peg (local-assets-backed local currency with a price

still pegged to the dollar). The infeasibility result applies to the fixed peg but not to

dollarization.

Third, although the free float is generically inefficient, it is not clear in what direction

policy should operate. This is because policy is driven by two conflicting motives, in

parallel to the dual role of prices. On the one hand, smoothing the exchange rate improves

the risk-sharing role of prices. On the other hand, deviations from informational efficiency

generate trading losses that ultimately fall on the taxpayer. It is not clear a priori

which effect dominates ; in theory, it might be optimal to reverse the policy and trade

the currency for rent-seeking motives, bearing the social cost of increased consumption

10See Fischer (2001) and Frankel, Schmukler, and Serven (2001).
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volatility. A crucial insight offered by the analysis is the inherent conflict between the

two motives. Central banks are constantly searching for a policy that would both deter

speculation and smooth exchange rates. We suggest that probably the two objectives

cannot be satisfied simultaneously.

Fourth, we show that–under some fairly plausible conditions– combining exchange-

rate management with a small (positive) speculation-deterring Tobin tax can enhance

welfare (if, indeed, the tax can be enforced). This is in spite of the fact that the tax is

levied on speculators and other traders alike and thus distorts some “legitimate” hedg-

ing. Moreover, with a Tobin tax the policy of a fixed exchange rate would be feasible

(no optimality of such a mix is implied). In our analysis, the tax is desirable not just for

its own sake but mainly as a facilitator of exchange-rate management, slowing down the

speculative forces that might disable it.11

Lastly, in spite of our third result, we derive a remarkably simple rule of thumb to

guide policy: the central bank should intervene to smooth the exchange rate in economies

where both the free-float elasticity of the exchange rate with respect to the order flow as

well as the coefficient of relative risk aversion of local producers are “high”. We analyze

the determinants of the relevant elasticity and conclude that the condition for smoothing

is more likely to be satisfied in emerging markets and small economies. Note, however,

that our setting is already oriented toward emerging markets. We can thus strengthen

the argument that FX management is suitable mainly for emerging markets. Indeed,

our whole analysis rests on the assumption of incomplete markets. In emerging markets,

where insurance markets are malfunctioning, the government may try to substitute for

them by smoothing the exchange rate; see McKinnon and Schnabl (2003).12 Also, the

Tobin tax may be interpreted as reflecting high transaction costs on FX transactions,

which would facilitate the operation of FX management. Thus, emerging markets tend

11The tax is originally proposed in Tobin (1978). For microstructure treatments see Subrahmanyam

(1998) and Dow and Rahi (2000).
12In their own words: “to offset the nonexistent market in forward exchange, the government is induced

to provide an informal hedge by keeping the exchange rate stable.”
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to manage their exchange rates because they already have enough “sand in the wheels”.

One more introductory comment is in order. In line with Kyle (1985), we model

speculation as trade based upon a private signal of a fundamental macro variable – in

our case, the terms of trade. Some would argue that macroeconomic events are by their

very nature public and equally well known to all traders in the market. In contrast, Lyons

(2001, pp ./ 26-28) argues that private information plays a crucial role in FXmarkets, but

he makes a distinction between two types of private information: fundamental and ‘non-

payoff’, which is more related to the propensity to trade FX. The distinction is important

because the second type of private information is likely to be more dispersed. However,

it would be aggregated into the order flow. It is crucial that FX dealers are sooner and

better informed about the order flow and thus become the most significant informed

traders in FX markets. According to this view, the second type of private information

is more common in the liquid markets of the more developed economies. In contrast the

first type of private information is likely to exist in emerging markets, particularly if they

have an oligopolistic dealership structure and have cozy relations with local politicians

(see also McKinnon and Schnabl 2003, Section 3.3). Lyons (1997) offers a formalization

of dealership markets with the first type of private information.13 In this paper we retain

Kyle’s (1985) formalization for two reasons. First, it is more tractable for the kind of

exercise that we do. Second, because exchange-rate management is more relevant to

emerging markets, one might just as well conduct the analysis in a setting that captures

their specific features. However, we do not think that this choice of framework limits

the results in any way. Based on some experimentation with the alternative setting, we

believe that the trade-off between risk sharing and trading is generic and would favor

intervention mainly in emerging markets.14

13Another contribution of Lyons (1997) is the analysis of dealers’ risk aversion.
14For some evidence on private information in FX markets see Ito Lyons, and Melvinet. al . (1998),

Evans and Lyons (2002), Cheung and Wong (2000), and Naranjo and Nimalendran (2000). For a

more comprehensive discussion and evaluation of these results, see Lyons (2001) and Frankel, Galli and

Giovanini (1996).
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After a brief discussion of related literature, the remainder of the paper proceeds

as follows. The basic model is presented in Section 2, followed by a discussion of the

flexible exchange-rate regime in Section 3. Section 4 derives the central results about

the optimality of exchange-rate management. A Tobin tax is introduced in Section 5.

Section 6 provides a discussion of some positive implications of our theory and concludes

with some remarks on robustness. The Appendix contains the proofs.

1.1 Relation to the Literature

Traditionally, exchange-rate policy was analyzed within the IS-LM model and relied

heavily on price stickiness (see Marston 1985). Obviously, any policy analysis within

an ad hoc framework that has no proper welfare measure would be lacking. Recently,

important progress has been made in modeling price stickiness within an “optimization

framework”; see Devereux and Engel (1998). We do not attempt to survey or evaluate

the sticky-prices approach. We would like to emphasize, however, that in our analysis

prices are free to adjust instantaneously to market conditions and that policy is evaluated

by a standard welfare economics criterion.

Helpman and Razin (1982) were among the first to introduce market incompleteness

into exchange-rate analysis. Their results, however, are somewhat inconclusive in de-

termining which regime welfare-dominates the other. Neumeyer (1998) argues that the

incomplete-markets argument tends to favor flexible exchange rates over strictly fixed

exchange rates, because fixing the exchange rate is like shutting down a market, which

in turn would span fewer insurance opportunities. However, this argument applies only

to the corner solution of a strictly fixed peg. The analysis is thus more relevant to un-

derstanding the welfare properties of currency unions and dollarization programs; it may

prove difficult to apply across the set of exchange-rate policies that are employed in most

other cases.

There is little research using a market microstructure approach to analyze exchange-

rate policy. Vitale (1999, 2003) models central bank intervention in FX markets in
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a microstructure setting, focusing on the interaction between the FX market and the

classic macroeconomic problem of credible commitment in a setting with an expectations-

augmented Phillips curve. Vitale shows how the central bank may credibly reveal its

privately known inflation target through FX operations, which have a stabilizing effect

on the economy.

Jeanne and Rose (2002) develop a microstructure model of FX markets aimed at

finding a rationale for stabilizing the exchange rate. In their model, based on DeLong

et al. (1990), a stabilizing policy drives out destabilizing noise trade. We are somewhat

more skeptical about the welfare gains from a stabilizing policy. Stabilizing in our model

creates opportunities for speculation, which undermines the policy itself. The difference

goes back to the underlying microstructure model: DeLong et al. in their case; Kyle

(1985) in ours.

Killeen, Lyons, and Moore (2001) explore the relationship between traders’ behavior

and the exchange-rate regime during the period between the announcement and imple-

mentation of fixed exchange rates in the EMU. They show theoretically and empirically

that FX trading strategies are conditioned upon the exchange-rate regime. The sensitiv-

ity of exchange-rate movements to order flow therefore disappears upon the introduction

of a credible fixed exchange-rate regime. The results of Killeen and colleagues are con-

sistent with one of the main building blocks of our model: that market participants

endogenize the exchange-rate regime. We take this insight a step further by developing

a normative theory of exchange rate determination.

2. The Model

We have in mind a small open economy featuring high exposure to terms-of-trade un-

certainty, fairly rudimentary financial markets, and quite active foreign speculators. We

start with a description of the fundamental risk, to be followed by a description of the

economy’s financial structure and insurance opportunities, turning finally to the market-

making operations of the central bank.
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There are three periods, t = 0, 1, 2. We aggregate local production to a single export

good, which we shall dub copper. Because of the small size of the economy, the terms

of trade are determined exogenously and randomly by world markets. The market for

copper opens at t = 2, where copper is traded against the world’s currency, which we

shall dub the dollar at a spot price of P ($/pound of copper), and

P = µP + p, p ∼ N
¡
0, σ2p

¢
.

Here µP is the unconditional mean of the world’s price and p is a normally distributed

deviation from that mean. Consumption goods are imported from abroad. We normalize

the price of the consumption good to unity and use it as a numeraire. We thus use the

terms “consumption good” and “dollars” interchangeably.

There is a measure-1continuum of the local copper producers with constant absolute

risk aversion (CARA) preferences,

uh (c) = −e−ρhc.

Output is deterministic at Y units of copper and is realized at t = 2. Hence, GNP

denominated in terms of consumption goods is uncertain. Obviously, the local producers

would like to share this risk with some other agents. In addition to the local producers,

the only other locals are risk-neutral FX dealers. Hence, if financial markets were perfect

then dealers would fully insure the local producers. Since markets are incomplete, we

turn next to a description of the economy’s financial and monetary structure.

A public agency called the central bank has two roles. The first is to issue local

currency; this will be the bank’s only role in a free-float exchange-rate regime. In a

managed exchange-rate regime, the bank may be called upon to intervene in the FX

market. As for its first role, we assume that at t = 0 the bank issues banknotes, which

we shall dub pesos, against a portfolio of local assets. For simplicity, suppose that these

assets are riskless bonds issued by the local producers and thus denominated in terms of

copper. Hence, the bank’s balance sheet is simply

M0 = copper-denominated bonds, (1)
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where M0 is the money base. At the end of the second period, the bank unwinds its

position and pays one unit of copper for every peso. The FX market opens at t = 1; we

denote the inverse of the exchange rate by Q ($/peso), so that a high Q means a strong

peso. It is worth making a few comments about our modeling of money.

(i) Local currency is, essentially, a future contract on copper. As a result, money

is priced just like any other short-maturity futures contract. This commodity money

approach abstracts from traditional issues concerning the pricing of fiat money in an

infinite-horizon economy. Nevertheless, the approach captures one aspect that is both

realistic and crucial to our analysis: that the peso will be strong when the world price

of copper is expected to be high. In a recent paper, Chen (2002) analyzes exchange-rate

determination in commodities-specialized economies using a commodity money approach,

providing strong evidence of that effect.

(ii) The quantity theory of money holds: If more peso notes are issued against an

existing amount of local bonds, the value of the peso will fall proportionately. However,

we assume that the central bank is independent and can commit not to inflate. Note also

that open market operations — namely issuing more pesos against more copper bonds

— are neutral by Ricardian equivalence, as agents substitute pesos for bonds in their

portfolios.

(iii) The central bank may dollarize by issuing pesos against dollars rather than copper

bonds. That would peg the value of the peso against the dollar, but it would have no

effect on the dollar prices of local assets (copper bonds) on the dollar-denominated income

of the local copper producers. In other words, the policy cannot improve risk sharing

between copper producers and other agents in the model.

Our crucial assumption is that there is no ex ante (t = 0) trade. Moreover, the

FX market opens at t = 1, after some information has been revealed about the t = 2

spot price of copper. By the well-known Hirshleifer (1971) effect, an early revelation of

information destroys insurance opportunities. At this point, it might be useful to develop

a first-best benchmark: how the risk-averse copper producers would hedge themselves if

they could trade with the dealers at t = 0.

10
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Let ch be the t = 2 local producers’ level of consumption. Then

ch = Y P + πh, πh ≡ mh (P −Q) , (2)

where mh is the producers’ peso position and πh her trading profits. Since pesos are

futures on copper, if trade takes place ex ante then the peso should be priced by the risk-

neutral dealers according to its unconditional mean, µP . At that price, the risk-averse

copper producers take a zero position on copper by shorting the peso atmh = −Y , which

will set consumption at Y · µP , deterministically. In simple words, the local producers

would borrow Y pesos, use the proceeds to buy dollars, and pay their debt at t = 2

out of their copper income. Obviously, this hedging strategy breaks down if the FX

market opens only at t = 1, after some of the uncertainty about P has already been

resolved. Consider the extreme case where P is fully revealed at t = 1. Then P = Q and

consumption is Y ·P , with the local producers bearing all the terms-of-trade uncertainty.

At this point, any attempt by the central bank to interfere with market prices would

result in infinite trading losses. We thus make some further assumptions that imply

that, although some sophisticated speculators have superior knowledge about the copper

market, that knowledge is only partially revealed at t = 1.

We assume that there are N risk-neutral foreign speculators. Their (aggregate) de-

mand for pesos is denoted by ms, so that their trading profits are

πs = ms (P −Q) . (3)

At t = 1, each speculator receives a noisy signal s about the t = 2 spot price of copper,

such that

s = p+ ε, ε ∼ N
¡
0, σ2ε

¢
.

(Note that the signal s is already defined as a deviation from the mean spot price.) Here

ε is uncorrelated with any of the other random variables in the model. By standard

results,

E (p | s) = θs, θ =
σ2p

σ2p + σ2ε
, (4)
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where θ is the “precision” of the signal.15 In line with the foregoing discussion and

with Lyons (1997), one might assume that the speculators have gained their superior

knowledge by accessing order-flow information in some foreign copper markets.

However, not all the foreigners are well informed. Suppose that there is a measure-1

continuum of “noise” traders with CARA preferences and a coefficient of risk aversion

ρn such that

un (c) = −e−ρnc. (5)

Like the local copper producers, these agents also trade for hedging reasons, but unlike

the locals they are subject to a supply shock n ∼ N(0, σ2n), the realization of which is

known only to themselves. The shock is realized at t = 0. The consumption of these

noise traders is thus cn = nP + πn. Given their demand mn for pesos, trading profits are

πn = mn (P −Q) . (6)

Note that, in our setting, the term “noise” does not imply irrationality but simply the

need to hedge an endowment shock by taking a market position; see Spiegel and Subrah-

manyam (1992).

We turn, now, to a more detailed description of the price-formation mechanism. As

already noted, prices may be determined either by profit-oriented dealers or through

central bank intervention. In either case, the quoted exchange rate may be reduced to a

policy function

Q = µP + λ · (m− µm) , m = ms +mh +mn, (7)

where m is the order flow of market orders (for pesos) submitted, in aggregate, by

speculators, local producers and noise traders. Here µm is the unconditional mean of m;

linearity is discussed shortly. Under all exchange-rate regimes, the equilibrium is defined

as follows

Definition 1 Regardless of the exchange-rate regime, a (Nash) equilibrium is a com-

bination of market orders ms (given the privately observed s), mn (given the privately

15We use the term “precision” loosely — not in its strict statistical definition.
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observed n) and mh that are best responses given the commonly known λ.

The various exchange-rate regimes differ by λ, the sensitivity of the price to order flow.

The inverse of λ can be interpreted as a measure of liquidity: when liquidity λ−1 is high,

large orders can be executed with relatively small price impact. By a free-float exchange-

rate regime we mean that the central bank does not intervene with the operation of the

profit-motivated dealers. The dealers observe the order flow (but not its components!),

and quote a price. Since all other players are restricted to market orders that need to

be submitted before the price is quoted, no player but the dealers can condition trading

on the aggregate order flow. We follow the usual formalization by which the risk-neutral

dealers quote a price equal to the expected spot price of copper (at t = 2), so that the

conditional expected trading profit is equal to zero.16 Alternatively, the central bank

may take control of the market and operate it for social welfare rather than commercial

motives, imposing its own trading policy on the dealers. Under a fixed peg, the exchange-

rate is set independently of the realization of order flow. In a managed float, the central

bank appreciates (depreciates) the peso when it observes a strong (weak) demand, but

not to the same extent as profit-oriented dealers would. More formally, we have the

following

Definition 2 There are three possible exchange-rate regimes:

1. a free-float, where λF is consistent with Q = E (P | m) ;

2. fixed peg, where λ = 0;

3. managed float, where λ 6= λF and λ > 0.

As already noted, we are aware that, in reality, central banks trade against their own

portfolio rather than impose a trading policy on FX dealers. This formalization reflects

16The Kyle (1985) model is often interpreted as having a single market maker on which a “market

efficiency” (zero expected profit) condition is imposed. However, a competitive-industry interpretation is

offered by Kyle himself: “we could, however, replace the market efficiency condition ... with an explicit

Bertrand auction between at least two risk-neutral bidders, each of whom observes the order flow ... and

nothing else” (p . 1318).

13



Guembel and Sussman Optimal Exchange Rates

our preference for a clean welfare accounting at the expense of a realistic description of

intervention. We think of the central bank as a public intermediary, which has no risk-

bearing capacity of its own. Thus, were it to trade on its own portfolio, some agents would

have to bear the uncertain return on that portfolio. Essentially, the current formalization

allocates all the uncertainty to the dealers, which is socially efficient owing to the dealers’

risk neutrality and their infinite risk-bearing capacity.

We evaluate the policy by a standard welfare economics criterion: namely, both deal-

ers and local producers are made (weakly) better off by the policy. Since the dealers

are risk neutral, the central bank need not compensate them for bearing a higher risk.

However, should the dealers bear trading losses due to the imposed policy, the central

bank would compensate them (in expectation) via a lump-sum transfer funded by a tax

that is levied on the local producers. Hence,

Definition 3 An exchange-rate policy λ 6= λF is said to be welfare improving if the local

producers are better off after paying a lump-sum transfer T to the dealers such that dealers

are kept at zero profit. The lump-sum tax takes place at t = 0.

Note that the speculators and noise traders are left out of welfare accounting by virtue

of their foreign status.

It is worth making two additional points about the setting. First, we assume that

exchange-rate management is delegated to an independent central bank that can commit

to execute the policy as intended.17 Observe that removing the commitment assumption

would affect our equilibrium but would not reverse the results. Without commitment,

the model would have an equilibrium where the exchange-rate policy is selected only

after the order flow is observed, in a way that is foreseen by all traders when market

orders are submitted. In such a case, the government may still try to improve interim

(rather than ex ante) risk sharing. Clearly, the loss of commitment would limit the

scope for welfare-improving exchange-rate policies. In that respect, one should interpret

17There is some evidence that central banks can better commit relative to governments; see Alesina

and Summers (1993).
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our results as establishing a limiting case for what policy may achieve under the most

favorable political assumptions.

Second, it is also noteworthy that we have implicitly assumed that all players in

the model are free from insolvency constraints. Their pockets are deep enough to bear

any trading losses that might occur. Needless to say, this assumption is made more for

tractability than for realism. As for the government, its freedom from wealth constraints

is a function of the assumed ability to levy lump-sum taxes. Evidently, our assumption

is diametrically opposed to the standard assumption in the bank-run literature, where a

shortage of even a small amount of liquidity may bring the system down; see Krugman

(1979) and many others. It seems that both assumptions are equally extreme and call

for modification in the shape of a convex “cost of maintaining the system” function, as

in Morris and Shin (1998).

3. A Free-Float Exchange Rate Regime

In this section we consider the case of a free-float exchange-rate regime. We analyze

the conditions under which equilibrium exists and highlight some key properties of that

equilibrium, which provides the foundation for our analysis of welfare-improving policies

in the next section.

As already noted, we analyze a Nash equilibrium of the following game. All agents

are rational. Speculators receive private information and then submit a market order

that maximizes expected profits, given the trading strategies of all other agents, includ-

ing the dealers’ pricing policy. Noise traders act in a similar way, except their trading is

conditioned upon their endowment shock. Local producers trade unconditionally (cop-

per output is deterministic), but their trading decision still relies on their expectations

about how other agents would trade upon the signals that the hedgers themselves cannot

observe. The dealers observe the total order flow, extract the information it contains and

set prices equal to the conditional expected price of copper at t = 2.

In line with the existing literature, we restrict attention to linear equilibria. This
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means that dealers, speculators, and noise traders all have linear strategies with respect

to the signals mentioned in the previous paragraph. Note, however, that linearity is

not a restriction on the strategy space: under the assumption of normal distributions

and CARA utility functions and given that other agents play a linear strategy, the best

response for any agent is linear as well. Thus, a linear equilibrium would survive even

without the linearity assumption; however, the existence of a unique linear equilibrium

does not rule out the existence of some other non-linear equilibria. We are not aware

of any nonlinear equilibrium ever discussed in the literature in relation to this class of

models.

It thus follows that all traders rationally foresee that the dealers price the peso ac-

cording to the function

E (p | m) = λF (m− µm) . (8)

As we shall see, E (ms) = E (mn) = 0; since the local producers’ demand is nonrandom,

the mean order flow µm equals the mh, so that

m− µm = ms +mn. (9)

Denote by mi the demand for pesos by the ith individual speculator, so that ms =P
imi. Denote by m−i the aggregate market order of all speculators less the ith specu-

lator. Then, using equation (3), the maximization problem of the ith speculator is

max
mi

mi · E (p− q | s) , (10)

where q = Q−µP and µP cancels out. Using equations (4), (7), and (9), and also noting

that E (mn) = 0, equation (10) boils down to

max
mi

mi · [θs− λ (mi +m−i)] .

Assuming that allN speculators are symmetric, the solution to this optimization problem

is given by

mi =
θ

λ (N + 1)
s, ms = δs, (11)
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and

δ =
θN

λ (N + 1)
. (12)

By a similar argument and using (5), we calculate the demand for pesos by the noise

traders. Owing to CARA preferences and the normality assumption, the noise traders’

problem can be written using the certainty equivalence of expected utility:

max
mn

E (cn)−
1

2
ρn ·Var (cn) .

This can be written as

max
mn

−λmnmn −
1

2
ρn ·

©
[n+mn (1− λδ)]2 σ2p + (mnλδ)

2 σ2ε
ª
,

where mn is the individual trader’s demand for pesos and mn is the demand for pesos

by the entire population of noise traders. Note that the individual trader’s demand

is measured per unit of population, so that mn = mn.18 The distinction between the

two numerically equal magnitudes is essential: the individual trader uses mn in order

to predict (rationally) the price effect of noise trading yet chooses a utility-maximizing

portfolio with respect tomn only. Solving the portfolio problem above yields the demand

for pesos by the entire population of noise traders:

mn = −δn · n, δn =
ρn (1− λδ)σ2p

λ+ ρnB
, (13)

B =
£
(1− λδ)2 σ2p + (λδ)

2 σ2ε
¤
. (14)

Using (12), we can rewrite B as

B =

µ
1− θ

N

N + 1

¶2
σ2p +

µ
θ

N

N + 1

¶2
σ2ε.

We can now prove the following result.

18Strictly speaking, each individual trades only a fraction dz → 0, of the entire demand of the noise

traders. Because they constitute a measure-1 population, aggregating over all individuals yields mn =

mn. Owing to the infinitesimal size of the individual trader, there is no need to distinguish between the

demand of the entire population and the demand of the entire population less the individual trader.
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Proposition 1 Within the class of linear equilibria, there exists a unique free-float exchange-

rate equilibrium if and only if

K > 1, K =
ρ2nσ

2
pσ
2
n

¡
1− θ N

N+1

¢2
θ N
(N+1)2

.

In this equilibrium, the dealers respond to the order flow according to the coefficient

λF = ρnB

√
K + 1

K − 1 . (15)

Proof. The dealers set the exchange rate so as to break even in expectation, given

the information contained in the aggregate order flow:

q = E[p|ms +mn].

By standard inference rules,

E[p | ms +mn] = λ (ms +mn) , λ =
Cov (p,ms +mn)

Var (ms +mn)
. (16)

Using the result in (11), we get

λ =
δσ2p

δ2
¡
σ2p + σ2ε

¢
+Var(mn)

. (17)

Note that λ > 0. Hence, one may substitute for the δ as computed in equation (12)

and the variance of liquidity trader demand from (13). Solving for λF yields a quadratic

equation that has one positive real root if and only if K > 1. This root is given by (15).

Thus, a competitive equilibrium may not exist. This corresponds to the finding of

Spiegel and Subrahmanyam (1992) that noise traders are willing to trade only if their

demand for insurance is sufficiently high (high values of ρn, σ
2
p, σ

2
n) to justify the trading

losses against informed speculators.

The properties of the free-float exchange-rate regime are crucial for the understanding

of subsequent results. We elaborate on some of them, starting with the observation that

— even without any state intervention — the dealers already provide some insurance to the

local producers by smoothing fluctuations of the exchange rate. Our next result follows

from equations (16) and (12).
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Corollary 1 Under a free-float exchange rate, dealers smooth the exchange rate so that

Var (q | λF ) = θ
N

N + 1
σ2p < σ2p. (18)

To see why smoothing the exchange rate provides insurance, note that under autarky

(i.e., without any hedging, so that mh = 0) the local producers’ exposure is determined

solely by the variability of the terms of trade, σ2p. Under a free-float exchange-rate regime,

the local producers may hedge themselves by holding the first-best portfolio mh = −Y .

But unlike the first-best equilibrium, in the present case this portfolio would not deliver

full insurance because of execution risk. As noted, the local producers submit market

orders, which the dealers price only after they observe the order flow, thus leaving the

hedgers exposed to some price uncertainty. Still, Corollary 1 guarantees that, relative

to autarky, some insurance is provided by the market. The questions of whether this is

the socially optimal amount of insurance and whether there is any way for exchange-rate

policy to improve upon it is obviously the main concern of our analysis.

However, under a free float, the exchange rate is determined not by risk-sharing

considerations but rather by informational efficiency. As a result, from (16) we derive

the next corollary

Corollary 2 A free-float exchange-rate regime is (semi-strong form) informationally ef-

ficient, so that
Cov (q, p | λF )
Var (q | λF )

= 1.

Since P is just the next-period value of local currency, Corollary 2 implies that given

public information, the current price of local currency is the best predictor of the future

price, which means semi-strong form informational efficiency. Thus, Corollary 1 may be

interpreted as a Shiller (1981) variance-inequality result: since the current price predicts

the future price with an error that is uncorrelated with the current price, the future

price must have a variance that is greater than the current price. Hence, the fact that

prices are not fully revealing plays a crucial role in delivering risk sharing in a free-float

equilibrium. Corollaries 1 and 2 highlight the basic tension in our model between the
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risk-sharing and information-efficiency role of prices. Under a free float, the dealers price

the peso so as not to “leave money on the table”. Any price management would create

a profit opportunity for market participants and a trading loss for the dealers, for which

the tax payer would have to compensate them.

For subsequent results, we derive the local producers’ portfolio and welfare under

a free float. Using equations (2), (7), and (9), we express their decision problem as a

standard mean—variance portfolio problem with two risky assets:

max
mh

Y µP −
1

2
ρhVar (ch) , (19)

Var (ch) = (Y +mh)
2 σ2p − 2 (Y +mh)mhσpq +m2

hσ
2
q. (20)

Using Corollary 2 we have the following.

Corollary 3 Under a free-float exchange rate, the local producers hold all their wealth

in dollars,

(mh | λF ) = −Y. (21)

As hinted previously, the optimal portfolio is indeed the same as in the first best; but

unlike the first best, full insurance is not obtained owing to execution risk. Substituting

the local producers’ portfolio (21) into their objective function (19) allows us to derive

our next corollary.

Corollary 4 Under a free float exchange rate, local producer’s welfare is given by

WF = Y µP −
1

2
ρh · Y 2 ·Var (q | λF ) , (22)

Var (q | λF ) = θ
N

N + 1
σ2p. (23)

We postpone complete comparative statics analysis of the free-float regime until the

next section. At this point it is sufficient to remark that the local producers’ welfare

falls the better informed and more numerous speculators are. This result highlights

the role played by the Hirshleifer effect in our model. Note that the speculators trade

more aggressively the more precise their private information is (namely, the higher is
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θ) and the more numerous they are. The second effect is due to the Cournot nature

of our equilibrium: the greater the number of speculators, the less they internalize the

price impact of their own trading and the more aggressively they trade. As a result of

both effects, the equilibrium becomes more revealing, more insurance opportunities are

destroyed, and the local producers’ welfare falls.19

4. The Optimal Exchange Rate

Under a free float, the dealers break even in expectation and the speculators’ profits are

all made at the expense of the noise traders. (Note that, under any λ, the local producers

avoid active trading and thus any trading losses.) Once the central bank determines an

exchange-rate policy that deviates from informational efficiency, this result no longer

holds: the dealers would bear some trading losses, for which the central bank would have

to compensate them. That would require a lump-sum tax T on the local producers such

that

T = E (πn) +E (πs) . (24)

Using equation (6), it is easy to see that the noise trader’s profits are

E (πn) = −λδ2nσ2n; (25)

the speculators’ profits are given by

E (πs) =
θ

λ

N

(N + 1)2
σ2p. (26)

We can now derive the following result.

Proposition 2 A fixed exchange-rate regime (λ = 0) is not feasible.

19Note, however, that this result relies heavily on the speculators’ risk neutrality; otherwise, an in-

creased number of speculators would increase the risk-bearing capacity of the market. It is also worth

emphasizing again that this result might depend on the CARA specification of locals’ and noise traders’

risk aversion.
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Proof. Using equations (13), (25), and (26), it is easy to verify that

lim
λ→0

T =∞.

As emphasized in the previous section, when exchange-rate policy deviates from a free

float, prices are informationally inefficient and some money is left on the table. However,

only the speculators can take advantage of that situation. This is because uninformed

agents are not allowed to condition trading on the exchange rate and to profit thereby

from informationally inefficient pricing of the peso. To better understand this statement,

note that, whenever λ 6= λF , the peso may be either overvalued or undervalued. Moreover,

observing a price and knowing both the policy λ and the informationally efficient pricing

rule λF , agents can figure out whether the price is above or below the informationally

efficient price. If they were able to condition their trading on that information, they could

profit by going long (short) on the peso when it is undervalued (overvalued). However,

since they are restricted to market orders that must be submitted before the price is

announced, uninformed agents cannot take advantage of the informational inefficiency.20

In contrast, speculators (who are restricted to the same “trading technology” as other

agents), can use their private information to forecast mispricing of the peso, take the right

position, and make a profit. Obviously, the prospects for speculative profits increase as

the exchange-rate becomes smoother and the central bank forces the dealers to absorb

the order flow with a smaller price adjustment. Since the speculators are risk neutral,

they can trade very aggressively. At the limit, when the exchange rate is pegged, their

trading profits tend to infinity; see equation (12). Note, however, that the argument

here is not symmetric, and that speculative profits vanish as λ → ∞. This is because,

when faced with a more price-responsive policy, the oligopolistic dealers must consider

the greater price impact that their own trading has on the market and hence scale back

their trading.

20An alternative formalization that would limit noise traders’ ability to speculate is price-conditional

trading (possibly via limit orders) and an additional noise term.
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Things are quite different for the noise traders. Facing the same endowment shock,

noise traders also have some information about mispricing. However, they cannot take

advantage of it because of risk aversion, which generates a hedging motive to trade in

the opposite direction from the speculative motive. To see why, consider a positive

endowment shock that would induce them to take a short position in the peso. Hence,

they expect a low order flow that would induce the dealers devalue the peso. Knowing

that the devaluation is not an indication of bad news, the noise traders may speculate by

going long on the peso, against their own hedging motive. As a result, the noise traders

can never profit from trading; see equation (25). Their trading losses, unlike those of the

speculators, are zero at a fixed peg because the exchange rate never deviates from the

unconditional mean price of copper.21

Let us now turn to the complete social welfare analysis. The idea is to recover some of

the insurance opportunities destroyed by the Hirshleifer effect and to compensate dealers

for the trading losses. The compensation is funded by an ex ante lump-sum tax on the

local producers. Our objective function is thus

W = Y µP − T − 1
2
ρh ·Var (ch) . (27)

We can now prove the main result of this paper.

Proposition 3 Suppose that K > 1 (a free-float equilibrium exists). Then (i) the social

welfare optimization problem has an interior solution 0 < λ∗ <∞, and (ii) the free-float

equilibrium is generically inefficient (λ∗ 6= λF ).

Proof. We start with part (i) of the proposition. Proposition 2 has already demon-

strated that λ∗ 6= 0. To prove that λ∗ <∞, we show that ∂W/∂λ < 0 for high λ.

There are two channels through which λ affects welfare: risk exposure and the tax

burden; see equation (27). Starting with the first effect, we note that Cov(p, q) is inde-

21At the other end, when λ is high, trading profits also tend to zero as the trading intensity of the

noise traders approaches zero; see equation (13).
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pendent of λ:

Cov(p, q) = λδσ2p = θ
N

N + 1
σ2p. (28)

Applying the envelope theorem to equation (19) allows us to derive

dVar (ch)
dλ

= mh ·
dVar (q)

dλ
. (29)

Now

Var(q) = θ
N2

(N + 1)2
σ2p + (λδn)

2 σ2n. (30)

Using this and equation (13), it is easy to verify that

dVar (ch)
dλ

> 0. (31)

Next, we use equations (24) — (26) to calculate the effect of λ on the tax:

−dT
dλ

= θ
N

λ2 (N + 1)2
σ2p +

ρnB − λ

(λ+ ρnB)
3ρ
2
nσ

4
pσ
2
n

µ
1− θ

N

N + 1

¶2
.

Hence, −∂T/∂λ < 0 whenever

K
λ3

(λ+ ρnB)
3 > 1 +

λ2ρnB (N + 1)2

(λ+ ρnB)
3 θN

. (32)

As λ→∞ and wheneverK > 1, inequality (32) is satisfied. Hence, at high λ, ∂T/∂λ > 0

so that increasing λ requires a higher tax.22 It follows that, for sufficiently high λ,

∂W

∂λ
= −∂T

∂λ
− ρh
2

∂Var (ch)
∂λ

< 0,

and hence λ∗ must be internal.

In order to prove part (ii) of the proposition, we evaluate the two effects identified

previously at the free-float point. Starting with equation (29) we get

dVar (ch)
dλ

|λ=λF= Y 2 · dVar (q)
dλ

|λ=λF . (33)

Differentiating equation (30) and evaluating the derivative at the free-float point yields

dV ar (q)

dλ
|λ=λF= 2λF δnσ2n

µ
λ
dδn
dλ
|λ=λF + δn

¶
> 0. (34)

22However, the level of the tax tends to zero as both noise and speculators’ profits tend to zero; see

equations (25) and (26).
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Again using equations (24) — (26) we differentiate the tax function and evaluate the

derivative at the free-float point (where, by informational efficiency, T = 0), so that

dT

dλ
|λ=λF= −2δnσ2n

µ
λ
dδn
dλ
|λ=λF + δn

¶
< 0. (35)

Clearly, it is optimal for the bank to intervene in the FX market whenever

−dT
dλ

|λ=λF −
1

2
ρhY

2 · dVar (q)
dλ

|λ=λF 6= 0⇐⇒ 1− 1
2
ρhY

2λF 6= 0. (36)

Since λF is a combination of the external parameters (see Proposition 1), it is clear from

(36) that the condition for intervention is generically satisfied.

Parallel to the dual role of prices (informational efficiency and risk-sharing), Proposi-

tion 3 identifies two motives for intervention: the revenue motive (see equation (35)) and

the insurance motive (see equation (33)). The risk-sharing motive always motivates the

bank to smooth the exchange rate. However, such a policy also generates trading losses,

at least at the free-float point. Clearly, one of the fundamental insights of our paper is

the understanding that the two effects operate in opposite directions. Central banks are

constantly searching for a policy that would both deter speculation and smooth prices.

Proposition 3 suggests that perhaps both objectives cannot be achieved simultaneously.

Another implication of Proposition 3 is that only by coincidence will the optimal

trade-off occur at the free-float λF . This result should be clear by now: free-float exchange

rates are determined by informational efficiency. If markets are incomplete and local

producers cannot hedge against terms-of-trade uncertainty, then there is no reason to

suppose that laissez-faire is socially optimal. Going back to Proposition 2, it is also clear

that a fixed peg is not even feasible, let alone optimal. In that respect, neither corner

solutions has any attractive welfare properties.

Since it is not clear which motive for intervention dominates, it must be theoretically

possible for the smoothing policy to be reversed. This means that the bank would increase

price responsiveness so as make a trading profit, which would be allocated back to the

local producers via a lump-sum transfer. Effectively, the central bank would coordinate

the dealers into a monopoly that extracts rent from the noise traders who wish to use
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the peso for hedging purposes. Note that, in such a case, the speculators’ profits would

decrease although their trading profits would remain positive.

One might expect that, in a model with so many distribution effects, figuring out

what direction the policy should operate in would be very complicated. However, the

problem is helped by the extremely simple form that the trade-off between FX variance

and the tax takes at the free-float equilibrium. From equations (35) and (34) we can

derive how exchange rate volatility can be traded off against the dealers’ trading losses:

dT

dVar(q)λF
= − 1

λF
. (37)

A marginal reduction in exchange-rate variance increases trading losses by a factor λ−1F ,

which is a measure of liquidity. The more liquid the market is (lower λF ), the less fa-

vorable the trade-off between smoothing and taxation becomes. Intuitively, this happens

because speculators trade larger sizes when markets are more liquid. Any arbitrage op-

portunities that arise from a smoothing policy therefore incur a trading loss proportional

to the speculators’ trading intensity. The optimal policy needs to balance these two

effects. Using the equalities mh |λ=λF= µm |λ=λF= Y and µq = µp, the condition in

equation (36) can be expressed as the following simple rule of thumb.

Corollary 5 It is optimal to smooth the exchange rate by setting λ below λF if and only

if ∙
1

2
ρh
¡
Y µp

¢¸
·
µ
λF

µm
µq

¶
> 1,

where the first term on the left is (half) the local producers’ relative risk aversion and the

second is the elasticity of the exchange rate with respect to the order flow under free float.

As one would expect, smoothing is optimal if the local producers are relatively risk

averse. Corollary 5 highlights another important insight: that the scope for exchange-

rate management depends on the economy’s financial structure. Thus, exchange-rate

policy may increase welfare in economies where the free-float equilibrium exchange rate

is highly elastic with respect to the order flow – that is when the free float liquidity

parameter λ−1F is low. To see what type of economies are likely to satisfy this condition, we
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analyze how the free-float elasticity λF is affected by the model’s exogenous parameters.

In order to facilitate the interpretation, we regroup the parameters into economically

more meaningful composite variables and take partial derivatives with respect to each

such variable. In particular, (15) can be rewritten as a function of the following five

(composite) variables: noise traders’ risk aversion ρn, the relative size of noise traders’

endowments shocks σ2n/
¡
σ2p + σ2ε

¢
, the overall level of uncertainty in the economy σ2p+σ

2
ε,

the speculators’ information quality θ, and the number N of speculators.

Proposition 4 The partial effect of the model’s parameters on the free-float elasticity of

the exchange rate λF with respect to order flow is given as follows.

ρn
σ2n

σ2p+σ
2
ε

σ2p + σ2ε θ N

− − − ± ±

Moreover, if θ < (N + 1)2/ [2N(2 +N)] then dλF/dθ > 0.

Proof. See the Appendix.

Consider first an increase in ρn. When the noise traders become more risk averse, they

increase their trading intensity as they become more eager to hedge their positions. When

the dealers realize that a larger part of the order flow is driven by hedging needs rather

than by informed speculation, they absorb it with a smaller price effect and the free-float

liquidity λ−1F increases. In such circumstances, the dealers provide more insurance and

there is less need for exchange-rate smoothing. Similarly, equilibrium liquidity increases

(λF falls) when the relative size of the noise traders’ endowment shock, σ2n/
¡
σ2p + σ2ε

¢
increases.

Consider next the partial effect of σ2p+σ
2
ε. Since the signal precision θ is held constant,

the relative magnitude of σ2p and σ2ε remains the same. Moreover, σ
2
n is increased by the

same proportion as σ2p + σ2ε so as to keep the relative magnitude of the two variances

constant. Effectively, σ2p+σ
2
ε therefore measures the economy’s overall level of uncertainty.

To better appreciate the partial effect, observe that date-1 FX trading can be in-

terpreted in our model as pure “capital flows” (issuing the contracts) whereas date-2
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flows are a mix of the capital account (settling the contracts issued in the previous pe-

riod) and the current account (delivering copper and purchasing the consumption goods).

Thus σ2p + σ2ε and σ2n measure the variability of the exogenous shocks underlying capital

flows; the larger is the level of these variances, the higher is the volume of capital-flow

fluctuations. This explains the negative partial effect of the level of uncertainty on the

equilibrium λ: as a given amount of information is incorporated into prices via a higher

volume, the marginal effect of order flow on the exchange rate becomes smaller. Note,

however, that even though λ falls, the volatility of the exchange rate increases and wel-

fare falls (see Corollary 4). Yet it is “less likely” that a smoothing policy could improve

welfare, because the trading losses against higher-volume capital-flow fluctuations would

increase.

The effect of increased signal precision θ is roughly opposite that of ρn: the order

flow becomes more informative and the dealers absorb it with greater price sensitivity.

Moreover, note that the speculators’ trading intensity responds equally to changes in θ

and N/ (N + 1) (see equation (12)). Nevertheless, the equilibrium effect of the latter

variable is quite different. To understand why, consider equation (17), which shows that

the first-order effect of θ on λ is positive while the effect of N/ (N + 1) is nonmonotonic.23

The economic interpretation is as follows: When the speculators become more numerous,

they trade more aggressively on both the information and the noise component of their

signal; it is hence unclear whether order flow becomes more or less informative. This is

different when signal precision increases and therefore more information is incorporated

into order flow. In that case, dealers price the peso with greater sensitivity to order

flow. However, noise traders also change their trading intensity when prices becomes

more informative, which is why the comparative static with respect to θ and N remains

ambiguous. As Figure 1 shows, the effects just described interact in a complicated way,

which makes it difficult to derive analytic results regardingN . However, most simulations

23Dividing both numerator and denominator of (17) by σ2p + σ2ε, note that θ appears in both in a

squared form, whereas N/ (N + 1) appears linearly in the numerator but squared in the simulation. In

the figure we have set ρn = 1, σ
2
p + σ2ε = 1, σ

2
n/
¡
σ2p + σ2ε

¢
= 1.
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Figure 1: λ as a function of θ and N (see note 24).

that we have conducted “look similar” to Figure 1.24 In particular, we find that dλF/dθ >

0 for a wide range of parameter values, even when the sufficient condition of Proposition

4 is violated.

Thus, exchange-rate smoothing “is more likely” to add welfare in economies where

(a) a relatively small fraction of foreign trading in the local currency is driven by hedging

needs, (b) speculators are relatively few and command good insider knowledge of the

sort of news that moves the exchange rate, (c) capital flows are of a moderate volume.

All these conditions seem to be satisfied in illiquid FX markets, most likely in small

economies or emerging markets.

5. The Tobin Tax

In addition to direct intervention in the FXmarket, the central bank may be able to affect

exchange-rate fluctuations via a Tobin tax. The practical feasibility of enforcing such a

tax in a world where millions of dollars can be moved across borders within seconds is
24High values of θ and N/ (N + 1) may violate the K > 1 condition for existence; we have truncated

such values from the picture.
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obviously questionable. But given the broad attention that the Tobin tax has received in

the literature, the analysis is interesting even as a theoretical exercise. Another reason to

analyze the Tobin tax is for its role in an alternative interpretation of the results, which

is offered in the next section.

A Tobin tax serves two functions. First, it discourages speculation and so in our

setting would have a direct stabilizing effect. Second, it generates revenue. Revenue

is generated both directly and (much more importantly) indirectly by decreasing the

dealers’ losses to the speculators while implementing a smoothing policy. Since these

trading losses are a major obstacle to implementing an exchange-rate policy, the Tobin

tax plays an important role in enabling exchange-rate management. Indeed, the first main

result of this section is that a fixed peg, which was previously shown to be infeasible,

becomes feasible once accompanied by a Tobin tax. Note, however, that while the tax

discourages speculation it also has a distortive effect, as it increases the cost of hedging

for local producers. It is thus not a priory clear that overall a Tobin tax would improve

welfare. Hence our second main result is to provide a sufficient condition to that effect.

Suppose that the central bank can levy a nonlinear tax on FX transactions; more

specifically, assume that the tax is quadratic in the order flow of each trader and equals

(1/2) τm2. The assumption is made for tractability, so as to preserve linearity at the

margin (see Subrahmanyam 1998; Dow and Rahi 2000). Clearly, the nonlinearity of

the tax exacerbates the implementability problem. Traders have an incentive to split

orders, infinitesimally, in order to avoid the tax. However, it should be noted that the

nonlinearity does not play any economically meaningful role in the analysis. At least

intuitively, the argument relies only on a wedge that is inserted between the market price

and the effective price of the peso.

As for the fiscal effect of the tax, the lump-sum tax T that must be levied on the

domestic producers is given by

T = E (πn) +E (πs)−
1

2
τE
¡
Nm2

i +m2
h +m2

n

¢
, (38)

where mh and mn are aggregate positions (to be distinguished from decision variables).
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Thus, the lump-sum tax equals the trading losses minus the tax revenue from a Tobin

tax. We can now follow the same steps as in the previous section to show the following.

Proposition 5 A Tobin tax τ > 0 enables a policy of a fixed exchange rate.

Proof. In the presence of a Tobin tax, the speculator’s optimization problem can be

rewritten as

max
mi

mi · [θs− λ (mi +m−i)]−
1

2
τm2

i .

Solving for the equilibrium mi yields

mi =
θ

λ (N + 1) + τ
s, ms = δs, δ =

θN

λ (N + 1) + τ
. (39)

For τ > 0, δ is therefore bounded above for λ = 0. Hence, E(πs) is also bounded.

Moreover, it is straightforward to show that all other terms in equation (38) are finite at

λ = 0, and hence T is finite also.

Thus, a policy that was previously not feasible because of speculation is now enabled

by the Tobin tax, which decreases the intensity of all FX trading. It should be clear,

however, that the result does not mean that a fixed exchange rate is optimal. Moreover,

since the Tobin tax also decreases the intensity of noise trading, it is not even clear what

effect it would have on exchange-rate volatility. We thus turn to the complete welfare

analysis.

Given the Tobin tax, the optimization problem of the local producers can be written

as

max
mh

Y µP − T − 1
2
τm2

h −
1

2
ρhVar(ch). (40)

Straightforward calculations yield

mh = −Y
ρh (1− λδ)σ2p

τ + ρh
£
(1− λδ)2 σ2p + (λδ)

2 σ2� + (λδn)
2 σ2n

¤ (41)

or

mh = −Y
ρh (1− λδ)σ2p

τ + ρh
£
(1− λδ)σ2p + (λ/λF )λδσ

2
p

¤ .
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Thus, the tax has a clear distortive effect as it decreases the amount of hedging by

the local producers (at the free-float point).25 The tax would have a similar effect on the

noise traders. Nevertheless, consumption variance of the local producers falls, since the

decrease in speculative trading has a stronger effect on exchange-rate volatility (at any

given λ). Our next lemma makes this more precise.

Lemma 1 A small Tobin tax reduces risk exposure:

dVar(ch)
dτ

|τ=0 < 0.

Proof. Using equation (41) allows us to write

dVar(ch)
dτ

|τ=0 = 2
dδ

dτ
|τ=0 ·

©
−mhλσ

2
p [Y +mh (1− λδ)] +m2

hλ
2σ2�δ

ª
+ 2

dδn
dτ
|τ=0m2

hλ
2σ2nδn.

Using (39) allows the further simplification

dVar(ch)
dτ

|τ=0 = 2mhθ
N

λ (N + 1)2
·
½
σ2p [Y +mh (1− λδ)]−mhθ

N

N + 1
σ2�

¾
− 2m

2
hλ

2σ2nδ
2
n

λ+ ρnB
.

Substituting in the optimal hedging demand from (41) enables us to show that

σ2p [Y +mh (1− λδ)]−mhθ
N

N + 1
σ2� > 0.

Given that mh < 0, it follows that

∂Var(ch)
∂τ

|τ=0 < 0.

It is useful to integrate this result with those of the previous section. Using Lemma

1 and the analysis of the partial effect of λ on Var(ch) in Proposition 3, we conclude

that consumption variance can be reduced under a small Tobin tax τ or exchange-rate

smoothing (or both). Combining the tax burden of the Tobin tax with its effect on the

risk exposure of local producers yields the following welfare result.
25Note that, at λ = λF equation (41) is reduced to (21) as τ → 0.
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Proposition 6 A small Tobin tax may be welfare increasing. A sufficient (but not nec-

essary) condition for welfare improvement is N < 4 and λ < (ρn/3)B.

Proof. In the presence of a Tobin tax, the welfare function can be written as

W = Y µP − T − 1
2
τm2

h −
1

2
ρh ·Var (ch) .

Taking the first-order condition with respect to τ and applying the envelope theorem, we

have
dW

dτ
|τ=0 = −

dT

dτ
|τ=0 −

1

2
m2

h − ρh
dVar (ch)

dτ
|τ=0.

Given equations (38) and (39), we can evaluate the derivative at τ = 0

dW

dτ
|τ=0= −

∙
−θ 3N

2λ2 (N + 1)2
+ 2θ

N2

λ2 (N + 1)3

¸
σ2p

+
1

2
δ2nσ

2
n

µ
1− 4 λ

λ+ ρnB

¶
− ρh

dVar (ch)
dτ

|τ=0.

Since
dVar (ch)

dτ
|τ=0 < 0,

a sufficient condition for a welfare improvement is that net revenue (−T ) minus the Tobin

tax paid by the local producers (1/2) (τm2
h) be nondecreasing in τ . This is the case when

−
∙
−θ 3N

2λ2 (N + 1)2
+ 2θ

N2

λ2 (N + 1)3

¸
σ2p +

1

2
δ2nσ

2
n

ρnB − 3λ
λ+ ρnB

> 0. (42)

A sufficient condition for this to be true is N < 4 and λ < (ρn/3)B.

Note that the proof (particularly equation (42)) provides a sufficient condition under

which the total required tax payment, T + (1/2) τm2
h, decreases in the Tobin tax (note

that the revenue effect of (1/2) τm2
h is neutral because it reduces T by an equal amount).

Under the sufficient condition in Proposition 6, a small positive τ would improve welfare

as both consumption variance and the tax burden fall.

More generally, an optimal policy may involve the smoothing of the exchange rate

combined with a small Tobin tax. We know from Proposition 3 that the tax burden

T + (1/2) τm2
h increases when λ falls (locally at the free float). Under the sufficient

conditions identified in Proposition 6, a small Tobin tax can generate revenue and reduce
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consumption variance. Essentially, the negative fiscal effect of a smoothing policy can be

mitigated by a Tobin tax, which would generate revenue directly, decrease the trading

losses to speculators, and reduce risk exposure.

Note, however, that the condition in Proposition 6 is weak; a Tobin tax may improve

welfare even when it reduces revenue if the risk-sharing effect dominates the revenue

effect. In that case a small Tobin tax could be used to reduce consumption variance, even

though this would increase the tax burden when the sufficient condition in Proposition 6

is violated. In addition to using a small tax, a policy maker could increase λ above the

free-float level in order to mitigate the negative fiscal implications of the Tobin tax – at

the cost of reducing its risk sharing advantages.

6. Concluding Remarks

The literature using a market microstructure approach to exchange-rate theory is grow-

ing fast. By and large, this literature has focused on positive aspects of exchange-rate

determination, using order-flow information in order to provide a better explanation of

exchange-rate movements (see Lyons 2001 for an excellent overview of the progress made

so far). The use of this approach to investigate normative aspects of exchange-rate policy

has been limited. In this paper we try to address this deficiency by exploring the theory’s

potential in shedding new light on some of the exchange-rate policy issues that have been

the subject of debate at least since Friedman’s (1953) contribution.

This paper provides a simple market microstructure model of exchange-rate manage-

ment that allows us to identify conditions under which a smoothing policy can be welfare

improving. In the discussion of Proposition 4 we show that the exogenous conditions

favoring exchange-rate management are more likely to be satisfied in small and emerg-

ing markets. The argument that associates exchange-rate management with emerging

markets is somewhat stronger than this and is embedded in some of our modeling assump-

tions. First, by disallowing trade at t = 1, we have made the markets “very incomplete”.

Such a level of incompleteness is more common in emerging markets than in developed
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markets. Clearly, once insurance markets function more smoothly, the very argument

for exchange-rate management collapses. Second, most emerging markets suffer from

“financial repression”, one symptom of which is above-normal transaction costs for any

financial deal, including FX. These transaction costs have an effect similar to a Tobin tax.

Such “sand in the wheels” of trade could facilitate the implementation of exchange-rate

management, since it increases the cost of speculative trading.

Although our analysis is primarily normative, the implied correlation between eco-

nomic development and a fear of floating the exchange rate seems to be confirmed by the

data; see Calvo and Reinhart (2002). Note again that our explanation is very different

than theirs and is unrelated to a commitment to avoiding inflation.

Perhaps the most important advantage of the microstructure approach is that it

lends itself easily to a proper welfare analysis of exchange-rate policy, where welfare is

measured just as in any other public economics exercise. Thus, for example, Friedman

has posed the question of whether private speculation is “sufficiently smoothing” of the

exchange rate; many have argued with his affirmative answer, but few have done so upon

sound welfare economics grounds. Even when incomplete-markets models – with proper

welfare measures –were used, it was difficult to relate the results to the traditional policy

questions; in particular, whether the central bank should “accommodate” fluctuations

in the demand for foreign currency so as to decrease the volatility of the exchange rate.

The microstructure approach is able to do just that. Even if the reader disagrees with

our specification of the type of players (producers, speculators, etc.), their preferences

(CARA and risk neutrality), the source of risk exposure (terms of trade, endowment

shocks), or financial structure (commodity money, market orders, perfectly competitive

dealers), a framework is provided where the setting can be modified and the conclusions

reconsidered.

Where the microstructure approach gets the extra power is from the modeling of

speculation. Here, traditional approaches have either ignored the restrictions that no-

arbitrage conditions impose on policy – or have imposed them so tightly that policy

was made impotent up front. In contrast, the microstructure approach allows some pro-
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fessional speculators to trade more successfully than others. Avoiding bang-bang (either

zero or infinity) equilibrium profits, speculation imposes a significant restriction on pol-

icy, yet still leaves it with some room to maneuver. Hence the tension between the

information-efficiency and risk-sharing role of prices, which forms the core of our analy-

sis. Again, one may debate whether private information is the source the speculators’

advantage in FX markets or just a simplifying assumption; we believe that the effects we

have identified are generic and would survive in other settings.

Finally, the microstructure approach provides a setting where the structural aspects

of various economies – whether emerging or well developed, having thin or liquid FX

markets – can be modeled with great detail. Thus, modeling may specify the nature of

market incompleteness, the extent to which speculators have an advantage over ordinary

traders, or the competitiveness of the market; all these structural aspects are directly

relevant to the policy question. Indeed, the microstructure model introduces the insti-

tutional dimension into analyses of exchange-rate policy. In that respect, the analogy

between FX dealers and central banks from which we begun our investigation is not coin-

cidental; rather, it is a reflection of similar constraints imposed by traders on institutions

whose role is to provide liquidity to the market.

7. Appendix

Proof of Proposition 4

Since µm and µq are not affected by any of the external parameters mentioned in the

proposition, the elasticity is determined by λF alone.

We restate equation (15) as

λF =
ρn eBpeK − 1/S ,
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where

bK =
ρ2n (σ

2
n/S) (1− θl)2

l (1− l)
,

bB = (1− θl)2 θ + (θl)2 (1− θ) ,

S = σ2p + σ2ε, l =
N

N + 1
.

The first three partial derivatives are immediate.

To find the partial derivative with respect to θ, compute

∂λF
∂θ

= ρn

∂B
∂θ

³p eK − 1
S

´
− B

2
√

K

∂K
∂θ³p eK − 1

S

´2 .

Then

∂ bK
∂θ

= −2 bK θ

(1− θl)
< 0,

∂ bB
∂θ

= 1 + 2θl (l − 2) .

If θ < 1/ [2l (2− l)], then ∂ bB/∂θ > 0 and ∂λF/∂θ > 0. Simulations that we have con-

ducted show that this sufficient condition is quite weak in the following sense: even when

the condition is not satisfied, the direction of the comparative static remains unchanged

for a large set of parameters.
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