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FX Option Volume

Abstract

We study the predictive power of foreign exchange option volume for future exchange

rate returns. Using over-the-counter option trades with counterparty identities and

contract characteristics, we document that higher option volume predicts a deprecia-

tion of the foreign currency relative to the US dollar, especially when informed investors

are more concentrated, dollar benefits are high, and options offer more leverage. These

findings support an asymmetric information model in which informed investors choose

to trade in the option market to exploit informational advantages. Additionally, in-

vestors with more dealer connections, broader currency coverage, larger trades, and

stronger past performance exhibit superior forecasting skill.

Keywords: Exchange rates, Currency Returns, Foreign Exchange Options, Informed

Trading, Dollar Benefits.

JEL Classification: F31, G12, G14, G15.



1 Introduction

Over-the-counter derivatives are essential tools for functioning financial markets and real

economies. Among them, foreign exchange (FX) options have experienced exponential

growth that started with the financial crises of the 1990s and continued with the expand-

ing intermediation of international capital flows (e.g., Gourinchas and Rey, 2007b; Gabaix

and Maggiori, 2015). By now, the FX option market is one of the largest and most liq-

uid markets of its kind, with an average daily turnover that exceeds $630 billion and an

outstanding notional value larger than $25 trillion (BIS, 2025a,b). Their bespoke nature,

moreover, makes FX options attractive to various market participants with different beliefs

and trading motives, such as international banks, hedge funds, asset managers, and non-

financial corporates. As a result, trading activity in FX options may provide valuable and

timely information about future exchange rate returns, which are notoriously difficult to

predict.

Despite its importance, price discovery in the FX option market remains largely unexplored

since high-quality data are difficult to gather. This market is opaque and decentralized,

contracts are negotiated privately, and the terms of a trade are not publicly available, thus

making it challenging for academics and policymakers to examine whether trading activity in

FX options is a relevant source of information for price determination. Recent research has

made significant progress in understanding other segments of the FX market, namely spot,

forward, and swap, by examining asymmetric information (e.g., Cespa, Gargano, Riddiough,

and Sarno, 2022; Ranaldo and Somogyi, 2021), liquidity conditions (e.g., Mancini, Ranaldo,

and Wrampelmeyer, 2013; Ranaldo and Santucci de Magistris, 2022), and price dispersion

(e.g., Abbassi and Bräuning, 2020; Cenedese, Della Corte, and Wang, 2021; Hau, Hoffmann,

Langfield, and Timmer, 2021). In contrast, our knowledge about trading activity in FX

options remains limited to date, despite informed traders having an incentive to drift towards

instruments with higher embedded leverage to exploit their informational advantage.1

In this paper, we make an effort to address this gap in the existing body of research both

1While there is evidence that FX option implied volatilities can help predict future exchange rate returns
(e.g., Della Corte, Ramadorai, and Sarno, 2016; Londono and Zhou, 2017), the exact mechanism behind this
relationship is not completely understood.
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theoretically and empirically. We start our analysis by proposing a simple model where in-

formed investors can choose whether to trade FX options to capitalize on their informational

advantage. This model generates several testable predictions regarding the relationship be-

tween FX option volume and future exchange rate returns, which we then empirically verify

using a novel and comprehensive database on over-the-counter FX options. In our dataset,

we observe counterparty information and contract characteristics for more than nine million

transactions over more than nine years, capturing more than 40% of the global trading ac-

tivity in FX options. Consistent with the model, we find strong empirical evidence that high

option volume predicts a future depreciation of the foreign currency, especially when the

concentration of informed investors in the option market is higher, during periods of higher

dollar benefits, and for options providing higher leverage opportunities.

To guide our analysis, Section 2 builds on Easley, O’Hara, and Srinivas (1998) and presents a

suggestive model that illustrates the relationship between option volume and future exchange

rate returns. In our setting, informed and uninformed investors can trade spot and option

contracts with competitive market makers. Different from Easley, O’Hara, and Srinivas

(1998), however, we assume that investors gain benefits from securing a payoff in US dollars

(or simply dollars), which can be achieved by selling the foreign currency in the spot market,

buying a put option, or writing a call option on the foreign currency. The assumption of

such benefits is closely related to the flight-to-safety or hedging role of safe assets in the

spirit of Acharya and Laarits (2025). Because the dollar tends to appreciate in bad times,

all else equal, investors face an expected utility cost from being short dollars. Consequently,

when the dollar functions as a safe asset, investors are reluctant to short it and instead

value dollar exposure as a hedge against adverse states.2 According to our model, there is

a negative relationship between volume and future exchange rate returns, i.e., high option

volume today predicts a depreciation of the foreign currency tomorrow. Intuitively, when

informed investors receive a positive signal about the foreign currency (or a bad signal about

the dollar), dollar benefits may deter these investors from increasing their foreign currency

2We are particularly grateful to the Editor, Associate Editor, and an anonymous referee for their in-
sightful suggestions on modeling dollar benefits in this way. This assumption is also broadly related to the
dominant role of the dollar in international transactions and financial markets, as emphasized in studies of
the exorbitant privilege (e.g., Gourinchas and Rey, 2007a; Maggiori, 2017), convenience yield (e.g., Krishna-
murthy and Vissing-Jorgensen, 2012; Jiang, Krishnamurthy, and Lustig, 2021; Acharya and Laarits, 2025),
and global safe assets (e.g., Caballero, Farhi, and Gourinchas, 2008; He, Krishnamurthy, and Milbradt, 2019).
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exposure by acquiring a call option or writing a put option. In contrast, when receiving bad

news about the foreign currency (or good news about the dollar), informed investors will

take advantage of their private information and short the foreign currency by going long a

put option or short a call option. This means that option volume reflects more negative

than positive news about the foreign currency (or more positive than negative news about

the dollar), which translates into a negative relationship between option volume and future

exchange rate returns. Importantly, the concentration of informed investors, dollar benefits,

and option embedded leverage should all enhance the predictive power of option volume. We

formulate three hypotheses around these theoretical predictions.3

To test our model’s predictions, we use a regulatory database on trade-level option data, as

described in Section 3. The dataset contains detailed information on counterparty identi-

ties and contract characteristics, and consists of trades submitted to the Depository Trust

& Clearing Corporation (DTCC) Derivatives Repository between November 2014 and De-

cember 2023 under the European Market Infrastructure Regulation (EMIR). We begin by

selecting option trades in a large cross-section of dollar currency pairs, and document that

liquidity is largely concentrated in major pairs in our sample. Next, we distinguish inter-

dealer transactions, in which both counterparties are dealers, from client transactions, in

which only one counterparty is a dealer. We show that a substantial share of client trading

activity is driven by hedge funds, with smaller contributions from other client types. Finally,

for each currency pair, we aggregate trade-level volume into daily volume measured at 4pm

London time and construct a measure of abnormal volume following the approach in Cespa,

Gargano, Riddiough, and Sarno (2022).

We document that option volume predicts future exchange rate returns in Section 4. First, we

show that buying currencies with low abnormal option volume while selling currencies with

high abnormal option volume delivers statistically significant and economically meaningful

returns, especially when conditioning on client option volume. While dealers are primarily

concerned about inventory management, clients trade for information or liquidity-related

reasons. Given that the majority of our clients are hedge funds, widely considered as in-

3While the model is intentionally simple to highlight the core mechanism, Appendix B introduces non-
zero interest rates, endogenous liquidity traders, search frictions, and inventory costs faced by option market
makers, showing that these extensions do not affect the model predictions.
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formed players, our findings seem to corroborate our first prediction that the exchange rate

predictive ability of option volume improves with the concentration of informed investors.

Consistent with this interpretation, predictability is stronger for major currency pairs, where

liquidity facilitates informed trading with minimal price impact. Moreover, the return pre-

dictability we document is driven entirely by exchange rate movements rather than interest

rate differentials, and remains robust after controlling for liquidity and volatility.

Second, dollar benefits increase during flight-to-safety episodes, which are characterized

by an increased demand for safe assets and spikes in market volatility (e.g., Du, Im, and

Schreger, 2018; Jiang, Krishnamurthy, and Lustig, 2021; Acharya and Laarits, 2025). On

these grounds, we identify episodes of high and low dollar benefits using the US Treasury

convenience yield, JP Morgan VXY index, and FX risk-reversal. We show that the predictive

power of option volume is primarily concentrated in periods of higher dollar benefits. We

thus lend support to our second prediction that the return predictability of option volume

is stronger when dollar benefits are high. Finally, in line with our third prediction, we show

that return predictability arises from options with higher embedded leverage, such as out-of-

the-money or short-maturity options. Intuitively, these instruments offer greater exposure

per unit of capital, providing more ‘bang for the buck’ to informed traders (e.g., Easley,

O’Hara, and Srinivas, 1998; Pan and Poteshman, 2006). Taken together, these findings pro-

vide strong empirical support for our model’s central mechanism linking option volume to

future exchange rate returns.

Our analysis suggests that informed trading drives the predictive power of option volume.

We conduct additional exercises in Section 5 to strengthen the information story. First,

we disaggregate client volume by investor type and uncover that focusing on hedge funds

produces stronger results compared to other types of investors, including nondealer banks,

pensions & insurers, and non-financial corporates. Second, we examine additional investor

characteristics and show that the option volume of clients who are connected to more dealers,

trade a larger set of currencies and higher volumes, and exhibit better past performance has

stronger predictive ability. Third, we find that the predictive power of client volume is

particularly pronounced on macro-announcement days, which are typically informationally

intensive and associated with informed trading. Finally, we distinguish between directional

and volatility trades, and show that only the option volume of directional trades contributes
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to return predictability.

We extend our analysis in several directions to address alternative explanations and test the

robustness of our findings in Section 6. First, we show that the predictive power of option

volume is not driven by temporary price pressure in the spot market, as returns persist over

longer horizons without signs of reversal. Second, we examine alternative measures of trading

activity in FX markets, such as forward volume, forward net demand, and option net de-

mand, and find that these variables do not subsume the predictive content of option volume.

Third, we demonstrate that our results are robust to controlling for traditional currency risk

factors, and that option volume contains information orthogonal to these sources. Fourth,

we adjust for transaction costs and show that the return predictability remains economically

meaningful after accounting for effective spreads. Fifth, we show that the predictive power

of option volume is specific to dollar currency pairs and does not extend to euro-based pairs,

highlighting the special role of the dollar. Finally, a range of additional robustness checks,

including variations in methodology, portfolio construction, and data sources, reinforce the

validity of our main findings.

Our paper is closely related to three strands of the literature. First, we contribute to a

vast body of research on exchange rate predictability that began with Meese and Rogoff

(1983). This literature shows that theoretically motivated predictors fail to outperform a

näıve random model, especially at short horizons (Mark, 1995; Engel and West, 2005). While

the failure of traditional macro-based theories remains puzzling, alternative approaches have

been used to predict exchange rate returns. Della Corte, Ramadorai, and Sarno (2016), for

example, find that currency volatility risk premia cross-sectionally predict future exchange

rate returns. Londono and Zhou (2017), moreover, argue that exposure to global inflation

uncertainty drives the appreciation of the dollar when implied variance exceeds realized

variance. While these papers rely on quoted prices, making it difficult to fully identify the

source of predictability, the richness of our dataset allows us to unpack the mechanisms

through which options predict future exchange rate returns.

Second, we contribute to the recent literature that studies trading activity in the FX market.

For example, Menkhoff, Sarno, Schmeling, and Schrimpf (2016) show that dealers can acquire

private information through spot trades with clients, while Ranaldo and Somogyi (2021)
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document heterogeneous price impacts of order flow across agents and currencies. Cespa,

Gargano, Riddiough, and Sarno (2022), moreover, find that spot and forward volume only

becomes informative when interacted with lagged returns, thus revealing a high degree of

asymmetric information in currency markets. Recently, Ranaldo and Santucci de Magistris

(2022) examine the price impact of trading volume in the spot market and find that dollar-

based currencies offer a lower trading impact, in line with price efficiency. Relative to this

literature, we are among the first to study the information content of option volume using

granular data. In theory, informed investors have an incentive to migrate towards options due

to their higher embedded leverage. We provide direct empirical evidence for this mechanism.

Third, our study contributes to the literature on informed trading in option markets, which

has predominantly focused on equities. Prior work finds evidence of informed trading ahead

of corporate events (e.g., Roll, Schwartz, and Subrahmanyam, 2010; Acharya and John-

son, 2010; Augustin and Subrahmanyam, 2020; Collin-Dufresne, Fos, and Muravyev, 2021).

Researchers have also identified several option-based predictors of stock returns, including

option volume (Easley, O’Hara, and Srinivas, 1998; Ge, Lin, and Pearson, 2016), put-call ra-

tios (Pan and Poteshman, 2006), implied volatility (Bali and Hovakimian, 2009; Xing, Zhang,

and Zhao, 2010), put-call parity deviations (Cremers and Weinbaum, 2010), option-to-stock

volume ratios (Johnson and So, 2012), and hedging activity by market makers (Hu, 2014).

First, we demonstrate that some results found in equity markets extend to currency markets,

which are highly liquid and not subject to short-selling constraints. Second, while informed

trading in equities often involves firm-specific news, our findings suggest that some investors

are also informed about broader macroeconomic news. Third, our regulatory dataset pro-

vides richer information than most equity-based studies, including counterparty identities

and trade characteristics.

The remainder of this paper is organized as follows. Section 2 presents a simple model to

show the relation between option volume and exchange rate returns. Section 3 presents

a detailed description of our regulatory dataset. Section 4 verifies the predictive power of

option volume for exchange rate returns, while Section 5 explores the role of informed trading

in the option market. Section 6 provides refinements of our main findings before we conclude

in Section 7. A separate Internet Appendix, referred to as the Appendix, contains proofs

and additional supporting analyses.
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2 A Model of Informed Trading in FX Option Markets

This section builds on Easley, O’Hara, and Srinivas (1998) and presents a suggestive model in

which informed investors can trade spot and option contracts in FX markets. Two ingredients

play a central role in our framework. First, informed investors derive benefits from receiving

payoffs in dollars. Following Acharya and Laarits (2025), this assumption reflects the dollar’s

safe-haven status. As the dollar tends to appreciate in bad times, investors value dollar

exposure as a hedge against adverse states, making them reluctant to take short dollar

positions.4 Second, options can provide greater exposure than spot transactions for a given

amount of capital. Building on Frazzini and Pedersen (2022), we assume that option leverage

can affect informed investors’ choice between option and spot markets by amplifying the

gains from private information. Ultimately, our model shows that high option volume today

predicts a future depreciation of the foreign currency, i.e., a negative relationship between

volume and future exchange rate returns, provided that both option leverage and dollar

benefits are sufficiently large.

2.1 Model Setup

We consider a static model with time periods indexed with t = {0, 1}. There is a unit of

foreign currency that trades against the dollar in the spot market. The exchange rate at

time t is denoted as et and indicates the amount of dollars that is required to purchase a unit

of foreign currency, such that an increase (decrease) implies a foreign currency appreciation

(depreciation). Investors trade the currency at time t = 0 and realize their payoffs in the

future at time t = 1. When they trade, all market participants observe the ex-ante value of

the exchange rate denoted as e. However, the future exchange rate e1 is uncertain, and it can

take on the high value of e+ V when a positive information event occurs or the low value of

e−V when a negative information event happens; both events are equally likely and V > 0.

4Appendix B.4 provides a microfoundation for these dollar benefits in a setting where an informed
investor has a stochastic endowment and faces a variance-based capital constraint. The dollar is modeled
as a safe-haven asset that appreciates in bad times, when endowment payoffs are low, and therefore hedges
adverse endowment shocks. Acquiring dollar exposure through spot or option positions reduces the investor’s
portfolio variance and eases the cost imposed by the capital constraint. Positions that increase dollar
exposure therefore generate endogenous benefits, whereas positions that reduce dollar exposure carry a
hedging penalty.
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Interest rates are set equal to zero to simplify the notation, implying that exchange rate

returns and currency excess returns are identical. We relax this assumption in Appendix B.1

and show that our predictions remain unaltered.

In addition to the spot market, investors can also trade options on the foreign currency.

Consistent with the predominance of European-style options in the FX market, call and

put options can only be exercised at maturity in our model. Similar to Easley, O’Hara,

and Srinivas (1998) and Johnson and So (2012), we assume that trading takes place in a

single round, in which an investor uses one dollar to take a position in either γ units of the

underlying in the spot market or θ contracts in the option market. Since each option contract

is written on one unit of the underlying, trading θ option contracts is equivalent to taking

exposure to θ units of the underlying through the option market. The value of θ depends

on the strike price, reflecting differences in option premia across contracts. With each call

traded on the inception date t = 0, the holder acquires the right to buy a unit of the foreign

currency in exchange for Kc units of dollars on the maturity date t = 1. Thus, the holder’s

total payoff at maturity from θ option contracts (or, equivalently from a one-dollar position)

is θmax{e1 − Kc, 0}, where the strike price Kc satisfies e − V ≤ Kc < e + V . Similarly,

a put option traded at time t = 0 gives the holder the right to sell a unit of the foreign

currency in exchange for Kp units of dollars on the maturity date t = 1. The holder’s total

payoff at maturity from θ option contracts (or, equivalently from a one dollar position) is

θmax{Kp − e1, 0}, with the strike price Kp satisfying e− V < Kp ≤ e+ V .

An important aspect of an option contract is its embedded leverage, which allows an investor

to increase her currency exposure per unit of committed capital, thus affecting her investment

decision between the option and the underlying asset. Leverage is commonly defined as the

elasticity of the option price with respect to the price of its underlying asset, with one

component capturing option delta and the other reflecting the exposure to the underlying

asset per unit of option premium paid (e.g., Johnson and So, 2012; Frazzini and Pedersen,

2022). Importantly, leverage varies with moneyness and maturity through its inverse relation

with the option premium, and is typically higher for out-of-the-money than for in-the-money

options, and higher for short-dated than for long-dated options. A detailed discussion is

provided in Appendix C.2.
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In our model, option leverage is given by Lc =
e+V−Kc

2V
θ
γ
for calls and Lp = −Kp+V−e

2V
θ
γ
for

put options. For simplicity, we assume that call and put options are symmetric in their

embedded leverage, so that |Lc| = |Lp| = L. This formulation is closely related to the

conventional definition of option leverage. In particular, the term (e + V − Kc)/2V is

the discrete analogue of call delta, with the numerator capturing the change in the option

payoff and the denominator reflecting the change in the value of the underlying. Similarly,

the term −(Kp + V − e)/2V is the discrete analogue of put delta. Moreover, γ and θ

denote the amount of foreign currency an investor can trade with one dollar in the spot

and option markets, respectively. Since they correspond to the inverse of the exchange rate

and option premium, θ/γ measures the exposure to the underlying asset per unit of option

premium paid. Abstracting from margin requirements and assuming fully collateralized spot

transactions, this term isolates the leverage advantage of out-of-the-money options relative

to in-the-money options. In our model, all options have the same maturity, so θ depends

only on moneyness through its inverse relation with the option premium. Outside the model,

however, θ also varies with maturity, implying that θ/γ is also larger for short-dated options

than for long-dated options. We provide a detailed discussion in Appendix C.3.

Investors can trade in the spot market with a competitive risk-neutral market maker and/or

in the option market with another competitive risk-neutral market maker. Each market

maker sets bid and ask prices that yield zero expected profits and that are endogenously

determined in our model. In line with Easley, O’Hara, and Srinivas (1998), in the spot

market, we use bs and as to denote bid and ask prices per unit of foreign currency, respectively.

In the option market, however, we define bc and ac as the bid and ask premia on the investor’s

total call option position, and bp and ap as the equivalent premia for the investor’s total put

option position. Since each option contract is written on one unit of foreign currency and

the investor allocates one dollar to the option market, these premia correspond to the total

dollar amounts paid or received for a position of θ option contracts. Also, market makers

share the same information set and have the same expected value for the asset, thus implying

that there is no role for arbitrageurs in our setting. In this sense, the spot exchange rate e0

is endogenous at t = 0, and it can be either as or bs

In our economy, trades arise between market makers and two types of traders. The first

group consists of liquidity traders, who trade only for liquidity reasons that are exogenous to
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our model. In the option market, for example, many trades are likely to be driven by hedging

motives. Liquidity traders have a mass of 1 − µ and their trading activity is described by

the probabilities q1 (buying spot), q2 (selling spot), q3 (buying puts), q4 (selling puts), q5

(buying calls), and q6 (selling calls), which add up to one. We further ensure that liquidity

trading is symmetric by making the following assumption:

Assumption 1. q1 = q2, q3 = q4 = q5 = q6.

The second group consists of informed traders, who privately know the true value of the

asset and trade only for information reasons. They have a mass of µ, are risk neutral, and

competitive so that they are not allocated to a specific market, but decide where and what

to trade. We assume that informed investors enjoy a utility gain that amounts to m (with

m > 0) from each dollar received in the payoff whether by selling γ units of the foreign

currency in the spot market, buying θ put options, or writing θ call options. In contrast,

informed investors face a utility loss that corresponds to −m for each dollar worth of foreign

currency in the payoff whether by buying γ units of the foreign currency in the spot market,

buying θ call options, or writing θ put options. This implies that both option leverage

and dollar benefits are measured relative to a one dollar investment.5 We characterize the

decision problem of an informed investor below. Recall that bc, ac, bp, and ap denote the

total premia paid or received for a position of θ option contracts, whereas bs and as denote

bid and ask spot prices per unit of foreign currency. Then, with bad news about the foreign

currency, an informed investor knows that e1 = e − V and her utility from trading can be

quantified as follows:

U =


γ(bs + V − e)(1 +m) if selling spot

[−ap + θ(Kp + V − e)](1 +m) if buying puts

bc(1 +m) if selling calls.

In the case of good news, the investor knows that e1 = e+ V and her utility from trading is

5Dollar benefits apply only to informed traders for tractability. This assumption should be viewed as
a reduced-form device that parsimoniously captures how dollar benefits affect informed trading incentives
rather than as a direct claim about investor heterogeneity. Appendix B.3 shows that the main result continues
to hold when liquidity traders also value dollar payoffs.
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given by:

U =


γ(−as + e+ V )(1−m) if buying spot

bp(1−m) if selling puts

[−ac + θ(e+ V −Kc)](1−m) if buying calls.

Given the opportunity to trade, an informed trader selects the trade that maximizes her

profit given her information set. When there is a positive signal about the foreign currency,

we denote the fraction of informed traders active in the market by q, the fraction of informed

traders who choose to trade in the spot market by α, and the fraction of informed traders

who choose to trade calls in the option market by β (or 1−β for puts). They can also decide

not to engage in trading, and the fraction of informed traders who choose not to trade is

1− q. When there is a negative signal about the foreign currency, in contrast, we label the

fraction of informed traders active in the market by q, the fraction of informed traders who

choose to trade in the spot market by α, and the fraction of informed traders who choose to

trade calls in the option market by β. They can also decide not to engage in trading, and

the fraction of informed traders who choose not to trade is 1− q.

The decision problem of an informed trader can be thus described as:

Informed Trading =



Good News =


1− q̄ not active

q̄ α buying spot

q̄(1− α)β buying calls

q̄(1− α)(1− β) selling puts

Bad News =


1− q not active

qα selling spot

q(1− α)β selling calls

q(1− α)(1− β) buying puts,

where (q, α, β, q, α, β) are determined in equilibrium with q ≤ 1 and q, α, α, β, β ≥ 0.

We summarize the probabilistic structure of trading in the Appendix Figure A.1, where the

game starts with an information event affecting the future value of the foreign currency, then

proceeds with the allocation of informed traders to different markets or non-participation
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status, and terminates with a trade outcome, i.e., buying or selling spot, buying or selling

calls, and buying or selling puts. Differently from Easley, O’Hara, and Srinivas (1998),

we assume that an informed trader faces a participation cost to trade in a market. This

cost, denoted as c, can be viewed as an opportunity cost for missing alternative investment

decisions. We further assume c < πmin, where πmin denotes the minimum trading profit

enjoyed by informed traders when they only trade in the spot market, in which case the

bid-ask spread is the largest. This condition ensures that informed traders are always active

either in the spot or the option market.6 We summarize this condition with the following

assumption:

Assumption 2. πmin > c.

Next, we characterize the equilibrium prices in the spot and option market before deriving

the key predictions on the link between option volume and expected exchange rate returns.

2.2 Equilibrium Prices

To determine the equilibrium prices in the spot and option market, we require that market

makers set prices so that their expected profits are zero given their beliefs about the behavior

of informed traders. We now derive the optimal bid and ask prices set by market makers given

the probabilities of informed trading. Additional details are provided in the Appendix A.1.

In the spot market, the bid (ask) price is the conditional expected value of the asset given

that a trader wishes to sell (buy) the asset to the market maker. Using Bayes’ rule, the bid

and ask prices in the spot market are given by:

bs = E[Value Asset | Sell Spot] = e−
qαµV

qαµ+ 2(1− µ)q2

as = E[Value Asset | Buy Spot] = e+
µq̄αV

µq̄α + 2(1− µ)q1
,

where the volume-weighted average defines e0, the equilibrium spot exchange rate at time 0.

Similarly, the bid (ask) premium of the call position is the conditional expected value of the

6The minimum trading profit depends on the bid and ask prices described in Section 2.2.
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call position given that a trader wishes to write (buy) calls to the market maker, such that:

bc = E[Value Call Position | Sell Calls] = 2(1− µ)q6 × LγV

µq(1− α)β + 2(1− µ)q6

ac = E[Value Call Position | Buy Calls] =
2
[
µq̄(1− α)β + (1− µ)q5

]
× LγV

µq̄(1− α)β + 2(1− µ)q5
,

whereas the bid (ask) premium of the put position corresponds to:

bp = E[Value Put Position | Sell Puts] = 2(1− µ)q4 × LγV

µq̄(1− α)(1− β) + 2(1− µ)q4

ap = E[Value Put Position | Buy Puts] =
2
[
µq(1− α)(1− β) + (1− µ)q3

]
× LγV

µq(1− α)(1− β) + 2(1− µ)q3
.

These bid and ask prices depend on the expected presence of informed traders in each

market, namely, the probability of informed trading captured by µ, and the fraction of

informed traders active in each market captured by q, α, β, q, α, and β. Also, when

informed investors only trade in the spot market, their minimum trading profit is given by

πmin = 2(1−µ)q1γV
µ+2(1−µ)q1

. When some informed investors migrate to the option market, we have a

pooling equilibrium, where bid-ask spreads start decreasing in the spot market and increasing

in the option market. Ultimately, the minimum trading profit of informed investors equals

π∗
min = 2(1−µ)q1γV

µα∗+2(1−µ)q1
. Finally, when informed investors only trade in the option market, their

minimum trading profit is described by π∗∗
min = 2(1−µ)q5×LγV

0.5µ+2(1−µ)q5
.

2.3 Where Does Informed Trading Take Place?

We now characterize the trading decision of an informed trader and the corresponding asset

pricing implications. In particular, we focus on the association between current option

volume V0 and future exchange rate changes e1 − e0.

Proposition 1. A negative correlation exists between current option volume and future

exchange rate changes when option leverage and dollar benefits are sufficiently high.

Proof. See the Appendix A.1
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Proposition 1 revolves around three potential scenarios that depend on the option leverage

L and the dollar benefits m. Ultimately, it suggests that high option volume today predicts

a depreciation of the foreign currency (or an appreciation of the dollar) tomorrow when

the option leverage and the dollar benefits are large enough. For the sake of clarity, we

summarize these scenarios in Figure 1, with L = 2(1−µ)q1
µ+2(1−µ)q1

< 1 and L = 0.5µ+2(1−µ)q5
2(1−µ)q5

> 1

denoting lower and upper cutoffs of option leverage, respectively. Also, π∗
minm

∗ = π∗
min − c

captures the difference between the minimum trading profit and the participation cost when

some informed investors trade in the spot market and other informed investors trade in the

option market (pooling equilibrium). Similarly, π∗∗
minm

∗∗ = π∗∗
min − c reflects the difference

between the minimum trading profit and the participation cost when informed investors only

trade in the option market.

Figure 1 about here

In the first scenario, when the option leverage is low, informed investors only trade in the

spot market irrespective of the dollar benefits, and option volume is uninformative about

future exchange rates as:

Cov(e1 − e0, V0) = 0 when L < L .

In the second scenario, when the option leverage increases and ranges between its lower

and upper bounds, a positive fraction of informed investors moves to the option market.

However, option volume becomes informative about future exchange rates only when the

dollar benefits are sufficiently large. Intuitively, with high dollar benefits, informed investors

are reluctant to buy the foreign currency in the option market (i.e., buying calls or writing

puts) in response to positive news about the foreign currency (or negative news about the

dollar). With bad news about the foreign currency (or good news about the dollar), in

contrast, informed investors will exploit their informational advantage and sell the foreign

currency in the option market (i.e., buying puts or writing calls). This mechanism implies

that option volume reflects more negative than positive news about the foreign currency

(or more positive than negative news about the dollar), thus predicting the existence of

a negative relation between option volume and future exchange rates. When the dollar

benefits are low, instead, option volume carries no predictive power for future exchange
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rates as informed investors will always buy (sell) the foreign currency through options when

the signal about the foreign currency is good (bad). We can summarize this mechanism by

stating that:

Cov(e1 − e0, V0) < 0 when L ≤ L ≤ L and m > m∗.

In the third scenario, option leverage is high and informed investors only trade in the option

market. As in the previous case, the negative correlation between option volume and future

exchange rates only emerges when the dollar benefits are sufficiently large. This happens as

informed investors are dissuaded (incentivized) to trade on positive (negative) news about the

foreign currency in the option market when dollar benefits are large. When the dollar benefits

are low, instead, informed investors will always buy (sell) the foreign currency through

options when news about the foreign currency is positive (negative), and option volume

loses its predictive power for future exchange rates. We can summarize this mechanism by

stating that

Cov(e1 − e0, V0) < 0 when L > L and m > m∗∗.

The direct implication is that dollar benefits matter for the return predictability of the option

volume, which is summarized as follows:

Corollary 1. When option leverage and dollar benefits are sufficiently high, the negative

correlation between current option volume and future exchange rate changes becomes stronger

when dollar benefits are larger.

Proof. See the Appendix A.2

Overall, Proposition 1 and Corollary 1 suggest that high option volume today signals a fall

in the future value of the foreign currency if the conditions regarding option leverage and

dollar benefits are satisfied.

2.4 Empirical Predictions

Our model indicates that option volume predicts a depreciation of the foreign currency

against the dollar. Given our exchange rate definition, this implies that option volume

is negatively correlated with future exchange rate returns. Building on this insight, we

formulate the following empirical predictions:

15



1. The negative relation between option volume and future exchange rate changes is larger

in magnitude when the concentration of informed investors is higher.

2. The negative relation between option volume and future exchange rate changes is larger

in magnitude when dollar benefits are higher.

3. The negative relation between option volume and future exchange rate changes is larger

in magnitude when option leverage is higher.

We empirically test these predictions in Section 4, using granular option data described in

Section 3. While our baseline model is stylized to highlight the core mechanism linking

option volume and future exchange rate movements, we acknowledge that it abstracts from

several institutional features commonly observed in OTC markets. In Appendix B, we

relax several simplifying assumptions and incorporate non-zero interest rates, endogenous

participation by liquidity traders, liquidity traders having dollar benefits, search frictions,

and inventory costs faced by option market makers. We show that these extensions do

not alter the key predictions of our model. Importantly, the extension incorporating search

frictions yields another prediction, i.e., the predictive power of option volume for exchange

rate returns is stronger among investors who are connected to multiple dealers. Intuitively,

informed traders seek to hide their informational advantage by splitting orders across multiple

dealers. However, engaging with an additional dealer is costly in decentralized markets and

only investors with sufficiently precise information have an incentive to incur search costs,

as gains from order splitting outweigh search costs, in line with Kondor and Pinter (2022).7

3 Data Description and Summary Statistics

This section presents the data sources employed in our empirical investigation. We begin by

introducing our confidential dataset on OTC options traded in the FX market, sourced from

the Bank of England. After detailing the structure and classifications of the trade-level data,

we present summary statistics categorized by currency pairs, counterparty groups, option

types, and trading directions. Finally, we summarize spot and forward exchange rates.

7 We test this prediction using our trade-level data with identified counterparties and find supporting
evidence, as detailed in Section 5.2.
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3.1 Trade Repository Data

Understanding the nature of OTC markets is generally challenging, as the terms of a trans-

action are negotiated privately and only observable to the involved counterparties. Not

surprisingly, regulators and policymakers have often struggled to access key information

such as volume, maturity, outstanding transactions, and counterparty identities. However,

regulatory efforts to enhance the transparency of OTC derivatives markets intensified af-

ter the Great Financial Crisis. During the G20 summit in September 2009, it was agreed

that OTC derivatives should be reported to trade repositories, thus granting regulators and

policymakers access to high-quality and high-frequency data.

In Europe, the commitment to increase the transparency of OTC derivative markets has been

implemented with the European Market Infrastructure Regulation (EMIR), which makes it

mandatory for European legal entities to report derivative transactions to trade repositories

authorized by the European Securities and Markets Authority (ESMA) in the EU and by the

Financial Conduct Authority (FCA) in the UK by the next business day. Trade repositories

keep track of all derivative contracts and provide data to European regulators. We rely

on the EMIR Trade Repository data and concentrate on FX options, which are commonly

traded in the OTC market and typically have European-style expirations. Our sample spans

the period from November 2014 to December 2023 and consists of all transactions submitted

to the DTCC Derivatives Repository, the largest trade repository in terms of market share,

in which at least one of the counterparties is a UK legal entity.

While the reporting obligation was introduced in February 2014, a large number of obser-

vations were initially either missing or incorrectly reported. For example, Abad, Aldasoro,

Aymanns, D’Errico, Rousova, Hoffmann, Langfield, Neychev, and Roukny (2016) show that

the percentage of missing variables dropped substantially after the end of October 2014,

ahead of the first validation process introduced by the ESMA to improve the reliability

of trade data. This explains why our sample starts in November 2014. Also, in January

2017, ESMA published revisions to the Regulatory Technical Standards and Implementing

Technical Standards, which entered into force in February 2017 and became mandatory on

November 1, 2017. These major updates introduced standardized reporting formats, com-

mon validation rules, and alignment with global standards, requiring market participants to
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update their reporting systems. To mitigate the impact of potential reporting errors due to

the complexity of the new rules (e.g., FSB, 2018), we exclude two months of data before and

after the rule implementation date. Additionally, we remove the COVID-19 market crash

period between February 21 and March 20, 2020, to ensure that our sample is not influenced

by extreme market turbulence.

We begin our analysis by selecting option data on 20 currencies, i.e., the Australian dollar

(AUD), Brazilian real (BRL), Canadian dollar (CAD), Swiss franc (CHF), euro (EUR),

British pound (GBP), Hong Kong dollar (HKD), Indian rupee (INR), Japanese yen (JPY),

South Korean won (KRW), Mexican peso (MXN), Norwegian krone (NOK), New Zealand

dollar (NZD), Russian ruble (RUB), Swedish krona (SEK), Singapore dollar (SGD), Turkish

lira (TRY), New Taiwan dollar (TWD), and South African rand (ZAR) relative to the US

dollar. We refer to this group as all currencies. However, we also focus on a set of developed

currencies for which we observe sizeable option volumes in our dataset. This group, labeled

as major currencies, comprises AUD, CAD, CHF, EUR, GBP, JPY, and NZD.8

3.2 Data Structure and Classification

Our dataset provides, for each derivative transaction, both counterparty information (i.e.,

legal entity identifiers) and contract characteristics (e.g., unique trade identifier, notional

amount, strike, maturity date, execution date, execution time). Since the reporting require-

ment may be applicable to both counterparties, we use the unique trade identifier to remove

duplicate records of the same transaction. For instance, a transaction between a UK-based

bank and a UK-based pension fund would be reported twice as both counterparties have a

reporting obligation. In contrast, a transaction between a UK-based bank and a US-based

hedge fund would only be reported once since there is no reporting obligation for the US-

based hedge fund. In a few cases, we have also discarded duplicates due to modifications,

corrections, and valuation updates. This cleaning process results in more than nine million

unique option transactions.

The currency market consists of two main segments. In the interdealer segment (or dealer-

dealer segment), typically large international banks trade among themselves. In the client

8The Polish Zloty, Czech Koruna, and Hungarian Forint exhibit little trading activity against the dollar
in our sample and are thus excluded from our sample.
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segment (or dealer-client segment), financial and non-financial players trade with dealers.

Direct transactions between clients (or client-client transactions) account for a negligible

share of overall trading activity. Using the legal entity identifiers, we identify up to 17 dealers

as described in Cenedese, Della Corte, and Wang (2021), and group their corresponding

transactions with clients. These clients, moreover, are grouped into hedge funds, asset

managers (mutual funds, sovereign wealth funds, and investment advisors), insurance &

pensions (pension funds and insurance firms), nondealer banks (commercial banks, prime-

brokerage firms, and non-bank firms offering trading services), and other clients (corporates,

central banks, and unclassified clients). Finally, we calculate daily volume by aggregating

transaction volumes between 6am and 4pm London time. This time window captures trading

activity across major global financial hubs, from Sydney to New York, and aligns with periods

of higher liquidity and major economic announcements in FX markets.

3.3 Breakdown by Counterparty Sector and Currency Pair

We employ a subset of the entire EMIR Trade Repository universe, and a potential concern

is that our dataset does not offer an accurate representation of the trading activity in the FX

option market. To shed light on this aspect, the Appendix Figure A.2 compares the average

trading volume in our dataset with summary statistics reported by publicly available sources

like the triennial survey of the Bank for International Settlements on the global FX market

(BIS, 2016) and the semi-annual survey of the London Foreign Exchange Joint Standing

Committee on the domestic FX market (FXJSC, 2016), both conducted in April 2016. For

example, the average option volume in all currency pairs in April 2016 amounts to more than

$254 billion per day worldwide (BIS Survey) and is close to $110 billion per day in London

(FXJSC survey). When restricting the analysis to options written on dollar currency pairs,

the average volume is larger than $218 billion per day on a global scale (BIS Survey) and

close to $91 billion per day in London (FXJSC survey). We compare the coverage of our

dataset to these publicly available statistics by calculating the daily average volume in our

dataset for April 2016 and find an average volume of about $91 billion per day for dollar

currency pairs. Over the full sample period from 2014 to 2023, the average daily volume

is close to $124 billion per day for dollar currency pairs. Our calculations suggest that

our sample captures approximately 42% of the global daily turnover in dollar currency pairs,

consistent with London’s role as the largest trading hub for FX instruments (e.g., BIS, 2016).
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We therefore conclude that our sample covers a substantial amount of the overall trading

activity in the option market.

Figure 2 about here

In Figure 2, we present the average daily trading volume segmented by counterparty sector.

Additional details are reported in the Appendix Tables A.1 and A.2. Our analysis shows

that 75.2% of trading activity occurs between dealers, 24.7% takes place between dealers and

clients, and only a small fraction happens directly between clients. Within the client segment,

43.7% of trading activity can be attributed to hedge funds, 15.4% to asset managers, 6.2%

to insurance & pensions, 20.9% to nondealer banks, and 13.8% to other clients.9

Figure 3 about here

Lastly, Figure 3 displays the average daily volume by currency pair and counterparty. The

figure reveals that approximately 64% of the average daily volume is concentrated in the EUR

(34.4%), JPY (21.2%), and GBP (8.5%) against the USD. An additional 14% of the average

daily volume is clustered in other major currency pairs like the AUD (5.7%), CAD (4.7%),

CHF (2.2%), and NZD (1.4%) relative to the USD. Finally, the most traded emerging markets

currency pairs are BRL (3.6%), KRW (3.9%), and INR (2.5%). To sum up, options on certain

currency pairs have lower trading volumes. A plausible explanation is that these options are

not predominantly traded in London and thus not entirely covered by our dataset.10

3.4 Breakdown by Option Type and Trading Direction

In our dataset, we can also identify the direction of a client transaction following additional

reporting guidelines introduced by ESMA in November 2015. In particular, we define options

9The Appendix Figure A.3 presents the same breakdown for forwards and shows that hedge funds and
asset managers account for 12.4% and 13.5% of trading activity within the client segment. These figures
indicate that hedge funds play a more dominant role in the options market, whereas asset managers maintain
a more balanced presence across both options and forwards. Put differently, while informed traders are
more likely to trade options, some may still engage in forward trading, possibly due to different regulatory
requirements, portfolio mandates, and risk management frameworks.

10The Appendix Table A.3 reports average effective and quoted bid-ask spreads for one-year at-the-money
implied volatilities. On average, quoted spreads are approximately four times wider than effective spreads,
suggesting a substantial difference between posted and tradable liquidity in FX option markets. Despite
this, research on FX option market liquidity remains limited, highlighting the need for further investigation
into the liquidity dynamics of this market segment.
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such that the buyer of a call (put) has the right to buy (sell) a unit of foreign currency

against a strike price denominated in dollars. Put differently, the buyer of a call option bets

on the appreciation of the foreign currency, whereas the buyer of a put option expects an

appreciation of the dollar. The seller of a call (put), moreover, has an obligation to sell (buy)

one unit of the foreign currency at a given strike price in dollars if the option is exercised. In

the Appendix Figure A.4, we split trading volume by option type, currency pair, and trading

direction. Our analysis reveals that put option volumes exceed call option volumes for most

currency pairs, and clients are net buyers of both call and put options.

3.5 Spot and Forward Exchange Rates

We complement our EMIR data with WMR spot and forward exchange rates, calculated at

4pm London time. Daily exchange rates are sourced from Datastream and expressed in units

of dollars per unit of foreign currency, so that a positive exchange rate return corresponds to

an appreciation of the foreign currency. We denote the exchange rate return on currency i

between days t and t+1 as exi,t+1 and compute it as the log difference in exchange rates. The

corresponding currency excess return, moreover, is given by rxi,t+1 = exi,t+1 − fpi,t, where

fpi,t is the forward premium or interest rate differential between the dollar and the foreign

currency on day t. Our analysis is at the daily frequency and requires overnight forward

exchange rates that are not directly observable for all countries in our sample. We thus

synthesize overnight forward rates from one-month forward rates using the covered interest

parity condition.11

4 Baseline Empirical Results

This section empirically tests the model’s predictions described in Section 2. First, we

evaluate the cross-sectional predictive ability of option volume for exchange rate returns

using a conventional portfolio-sorting approach. Second, we account for volatility, liquidity,

and other unobserved time-invariant currency and time factors. Third, we analyze the pre-

dictability of exchange rate returns during periods of high and low dollar benefits. Finally,

11Essentially, we assume that overnight forward premia are proportional to one-month forward premia,
similar to Cespa, Gargano, Riddiough, and Sarno (2022). As shown later in the paper, however, our results
are entirely driven by changes in spot exchange rates, with interest rate differentials playing a negligible role.
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we present evidence on how the option-embedded leverage affects the return predictability.

4.1 Option Volume and Return Predictability

We start by evaluating the cross-sectional predictive power of option volume for exchange

rate returns, before moving to currency excess returns as a robustness check. This distinc-

tion is critical as excess returns combine exchange rate returns and interest rate differentials,

and our objective is to determine whether option volume specifically predicts exchange rate

returns, rather than simply capturing correlations with interest rate differentials. We em-

ploy a conventional portfolio-sorting approach similar to Lustig, Roussanov, and Verdelhan

(2011). Our aim is to assess the economic value of the information contained in option vol-

ume, rather than offering a measure of profitability given that our regulatory dataset is not

publicly available. For this exercise, we first measure the daily option volume for every cur-

rency pair by aggregating intraday transaction volumes of call and put options as described

in Section 3.2. To mitigate the impact of heteroscedasticity and linear trends, moreover, we

follow Cespa, Gargano, Riddiough, and Sarno (2022) and construct a measure of abnormal

option volume as

vi,t = ln(Vi,t)− ln(V i), (1)

where Vi,t is the option volume for currency i on day t and V i = M−1
∑M

s=1 Vi,t−s denotes

the average option volume computed on day t − 1 using data over the past month, i.e.,

M = 21 trading days. The Appendix F.4 shows that our results are robust to different

rolling windows. We then assign currency pairs to four baskets on day t using vi,t, so that

the first basket comprises currencies with low option volume, and the last basket consists of

currencies with high option volume. On the next trading day t+ 1, finally, we compute the

equally-weighted average of individual exchange rate returns within each basket. We present

evidence using total, interdealer, and client volume.

Table 1 about here

Table 1 summarizes the performance of our daily-rebalanced portfolios, with t-stats (reported

in brackets) based on Newey and West (1987) standard errors with the lag adjustment

procedure of Andrews (1991). Panel A focuses on major currencies and Panel B on all

currencies. We find statistically significant and economically meaningful evidence that option
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volume negatively predicts future exchange rate returns, meaning that higher option volume

today is associated with foreign currency depreciation tomorrow. Moreover, this predictive

relation tends to strengthen when focusing on the client segment of the option market, in

line with Prediction 1. We also report the turnover of each portfolio, averaging close to 70%,

which indicates that no single currency pair disproportionately dominates any portfolio.

These figures are similar, though slightly more conservative, than those reported in Cespa,

Gargano, Riddiough, and Sarno (2022) for spot and forward volume.12

Specifically, Panel A of Table 1 starts with the portfolios of major currencies sorted by

total volume and reports nearly monotonically decreasing average exchange rate returns,

with the first portfolio PL (currencies with low option volume) significantly outperforming

the last portfolio PH (currencies with high option volume). It follows that buying PL while

selling PH – a low-minus-high strategy dubbed LMH – generates an average exchange rate

return that exceeds 10% per annum. This figure is not only statistically significant with a

t-stat of about 4, but also economically large with a Sharpe ratio of 1.33 per annum. We

then consider interdealer and client option volume separately, as they are likely to reflect

different trading motives. While dealers build up inventories by dealing with their clients

and then trade with one another to balance out their accounts, clients tend to trade for

informational or liquidity-related reasons. Empirically, the LMH strategy yields statistically

significant and economically important average exchange rate returns, irrespective of whether

we use interdealer (9.74% per annum) or client (11.69% per annum) option volume. This

may suggest that both segments of the option market contain similar predictive information

about future exchange rate returns. To better evaluate their relative predictive power, we will

examine how interdealer and client volumes jointly contribute to explaining return variation

through panel regressions in Section 4.2.

Panel B of Table 1 presents the portfolio analysis for all currencies, and shows that cross-

sectional predictability is also strong for this sample. Specifically, grouping currencies on the

basis of client volume delivers an average exchange rate return that exceeds 7% per annum.

12To assess signal persistence, we compute the transition matrix of sorted portfolios in the Appendix
Table A.4, which reports the probability that a currency in a given bucket on day t moves to another bucket
on day t+1. For example, the top-left entry shows that a currency in the lowest-volume portfolio has a 38%
chance of staying in the same portfolio the next day. Overall, the probability mass is not overly concentrated,
indicating that portfolio positions evolve dynamically over time, thus supporting a daily rebalancing exercise.
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This figure is not only statistically significant with a t-stat close to 2.6, but also economically

large with a Sharpe ratio of 0.81 per annum. Compared to major currencies, however, our

evidence for all currencies is somewhat weaker. A possible explanation is that informed

investors prefer to trade liquid options to better exploit their information advantage. Alter-

natively, while our dataset captures a significant portion of the global trading activity, it has

limited coverage of options beyond major currencies. Option volumes of non-major curren-

cies are highly unbalanced on a daily basis, which may introduce significant variability and

noise into portfolio compositions. This may dilute the signal from option volumes, making

it more difficult to establish a relationship between option volume and future exchange rate

returns. In the Appendix Table A.5, we conduct the same exercise specifically for non-major

currencies. While the results are similar in economic terms, showing that option volume

negatively predicts future exchange rate returns, they are statistically weaker. This suggests

that the predictive power of option volumes is more robust for major currencies, likely due to

higher liquidity, more comprehensive data coverage, and reduced noise in trading patterns.

In addition to exchange rate returns, we also present evidence for currency excess returns

in the Appendix Table A.6, where the results are virtually identical. This indicates that

the observed predictability is primarily driven by the negative relationship between option

volume and exchange rate returns, as suggested by our model. For example, when sorting

by client option volume, the LMH strategy for major currencies delivers an average excess

return of 11.70% per annum, which is virtually indistinguishable from the corresponding

average exchange rate return of 11.69% per annum in Table 1. To sum up, this section

documents that option volume negatively predicts future exchange rate returns, and results

are stronger when focusing on client volume and more liquid currency pairs.

4.2 Controlling for Liquidity and Volatility

Option volume may be associated with trading costs and price volatility (e.g., Stoll, 1978)

that could potentially drive our currency predictability. To examine whether this is the case,

we run predictive regressions based on the following specification:

exi,t+1 = α + βṽi,t + γ′zi,t + fe+ εi,t+1, (2)
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where exi,t+1 denotes the log return on the exchange rate of currency i between days t and

t+1, ṽi,t is the quartile rank for the option volume vi,t for currency i on day t, and zi,t includes

currency-specific daily control variables such as the forward premium, realized volatility, and

bid-ask spread. The forward premium is derived from the log difference between forward

and spot exchange rates, as outlined in Section 3.5. Realized volatility is calculated using

daily exchange rate returns over the previous month, while the bid-ask spread is determined

from WMR closing bid and ask prices. We include time (calendar date) and currency fixed

effects (fe), and cluster standard errors at the time dimension.

Table 2 about here

Table 2 reports results for major currency pairs in specifications (1) to (6). In particular,

specifications (1) to (3) use total, interdealer, and client option volume, respectively, while

controlling for time fixed effects. In all cases, we uncover negative and highly statistically sig-

nificant estimates of β, consistent with our previous findings that option volume is negatively

correlated with future exchange rate returns. Specifications (4)–(6) jointly include both in-

terdealer and client volume, while progressively adding time fixed effects, currency-specific

controls, and currency fixed effects. Client volume remains highly significant, whereas in-

terdealer volume becomes insignificant, indicating that only client volume contains valuable

information for future exchange rate returns. Since client volume is largely driven by asset

managers and hedge funds – who account for nearly 60% of the sample and are typically

viewed as informed market participants – our findings suggest that exchange rate predictabil-

ity arises primarily from the option trading activity of informed investors, consistent with

Prediction 1. We will further explore this hypothesis in Section 5.

Specifications (7) and (8) split currencies into safe haven (CHF and JPY) and non-safe

haven (AUD, CAD, EUR, GBP, and NZD), respectively. Client volume is insignificant for

safe haven but negative and highly significant for non-safe haven currencies. These results

support Prediction 2, suggesting that option volume is a stronger exchange rate predictor

when dollar benefits are high. Such conditions are likely to coincide with flight-to-safety

episodes, when the cost of being short the dollar is less pronounced for investors holding

safe-haven currencies compared to those holding non-safe haven assets. The next exercise

further investigates this mechanism. For the remainder of this section, we focus on client

25



option volume and major currency pairs.

4.3 Option Volume and Dollar Benefits

There is mounting evidence that exposure to the dollar (or dollar-denominated assets) is

especially valuable during periods of flight-to-safety or heightened tail risk, given the dollar’s

historically more stable nominal payoffs and greater liquidity. Using Bloomberg data, we

employ three different proxies to identify periods in which exposure to the dollar delivers

higher benefits. The first is the US Treasury premium, the yield difference between US

Treasury bonds and currency-hedged foreign government bonds with a five-year maturity,

commonly used as a measure of convenience yield (e.g., Du, Im, and Schreger, 2018; Jiang,

Krishnamurthy, and Lustig, 2021). The second is the JP Morgan VXY index, the three-

month aggregate expected volatility of major exchange rates, typically spiking during periods

of financial disruption (e.g., Della Corte, Riddiough, and Sarno, 2016). The last is the

aggregate FX risk reversal, the cross-sectional average of 10-delta risk reversals with a one-

year maturity for major currency pairs. A negative value indicates that put options on the

foreign currency are more expensive than comparable calls, reflecting higher costs of insuring

against large depreciations relative to the dollar (e.g., Della Corte, Ramadorai, and Sarno,

2016).

Table 3 about here

For our analysis, we first construct portfolios of major currencies sorted by client option

volume, following the approach in Table 1. We then split the resulting portfolio exchange

rate returns into periods of high and low dollar benefits based on the value of the proxy on

the portfolio formation day. The results are reported in Table 3, with Panel A (Panel B)

showing periods of high (low) dollar benefits. We find strong evidence that client option

volume negatively predicts future exchange rate returns when dollar benefits are high. For

example, the LMH strategy produces a significant average exchange rate return of about

18.2% per annum (with a t-stat of 4.29) when the US Treasury premium is high, and about

19.45% per annum (with a t-stat of 4.57) when the VXY index is above the median. Similarly,

when periods of high dollar benefits are identified using the aggregate risk reversal, the LMH

strategy yields an average return of about 18.9% per annum (with a t-stat of 4.49). In
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contrast, the LMH strategy yields an insignificant average exchange rate return when dollar

benefits are low. This is further supported by the fact that the return difference for the

LMH strategy between periods of high and low dollar benefits is both economically large

and statistically significant.13 In summary, consistent with Prediction 2, we empirically find

that client option volume serves as a strong cross-sectional predictor of future exchange rate

returns only during periods of flight-to-safety or heightened tail-risk.

4.4 Option Volume and Leverage

Compared to the spot market, a major appeal of the option market is that it can provide

leverage opportunities or ‘bang for the buck’ to an investor. Hence, informed traders may

prefer to trade options – rather than the underlying asset – to exploit their superior infor-

mation set. On these grounds, our Prediction 3 suggests that the volume of options with

higher embedded leverage provides stronger predictive power for exchange rate returns. We

again focus on client volume and exchange rate returns of major currency pairs.

To test this prediction, we follow Pan and Poteshman (2006) and classify client option vol-

umes in terms of their moneyness (Π) using the percentage ratio between strike and spot

prices. A high Π indicates options with high embedded leverage, while a low Π corresponds

to options with low embedded leverage. We provide a detailed description on the relation-

ship between leverage and moneyness in the Appendix C.5. Given that currencies exhibit

different moneyness distributions, we allocate option volumes into five groups based on dif-

ferent moneyness levels, using cut-off points at the 85%, 70%, 30%, and 15% percentiles for

each currency. The first group consists of deep out-of-the-money (DOTM) options, followed

by the second group, which includes out-of-the-money (OTM) options. The third group

comprises near at-the-money (ATM) options, while the fourth and fifth groups include in-

the-money (ITM) and deep in-the-money (DITM) options, respectively. Finally, we rerun

the portfolio sorting exercise for client option volumes with different levels of moneyness,

and report the results in Table 4.

13 Within our sample, periods of high dollar benefits, as identified by the Treasury premium, VXY index,
and risk-reversal, exhibit substantial overlap, ranging approximately between half and two-thirds of the time.
Moreover, days characterized by high dollar benefits are disproportionately concentrated in the years 2015,
2016, 2020, and 2022, reflecting clustered episodes of heightened demand for dollars.
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Table 4 about here

We find strong evidence that exchange rate predictability increases with embedded leverage,

consistent with Prediction 3. For example, for DOTM options (highest level of leverage), the

LMH strategy delivers a significant average exchange rate return close to 15% per annum

(with a t-stat larger than 5). In contrast, for DITM options (lowest level of leverage), the

LMH strategy delivers an insignificant average exchange rate return of 1.7% per annum (with

a t-stat of about 0.6). The return difference between DOTM and DITM exceeds 13% per

annum (with a t-stat larger than 3), indicating that options with higher levels of leverage

provide greater predictive power for future exchange rate fluctuations. As an additional

exercise, we also examine exchange rate return predictability based on options’ maturity.

This is based on the notion that for a given level of moneyness, short-dated options offer

considerably higher leverage than long-dated options as shown in the Appendix Table A.7.

To this end, we first group options on the basis of their maturity: up to one month (short),

between one month and three months (medium), between three months and six months

(medium long), and longer than six months (long). We then repeat the portfolio sorting

exercise and report our results in Table 5.

Table 5 about here

Our evidence highlights how the average exchange rate return associated with the LMH

portfolio decreases monotonically with option maturity, consistent with our previous findings

on moneyness. In particular, the LMH strategy delivers a significant average exchange rate

return of about 13% per annum for short-maturity options, and about 8% per annum for

medium-maturity options. For longer-dated options, the average exchange rate return is both

statistically insignificant and economically small. For example, for long-maturity options, we

record an average exchange rate return of −2.26% per annum (with a t-stat of −0.8). The

return difference between short-maturity and long-maturity options exceeds 15% per annum

(with a t-stat about 3.9). To sum up, the predictive power of client option volume is stronger

for options with higher embedded leverage, i.e., out-of-the money and short-maturity options,

consistent with our model’s Prediction 3.
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5 Informed Trading in the Option Market

In this section, we provide additional insights into the role of informed trading in FX op-

tions. First, we group clients into five different sectors and show that the predictability is

concentrated in the option volume of informed clients like hedge funds and asset managers.

Second, we explore trading characteristics and unveil that the option volume of more active

yet high skilled clients is a more powerful predictor of future exchange rate returns. Third,

exchange rate return predictability is more pronounced around days with macroeconomic

announcements, especially for hedge funds. Finally, we show that the option volume linked

to directional bets is more informative than the option volume associated with volatility

trades for future exchange rate returns.

5.1 Client Sectors

To enhance the interpretation of our findings on exchange rate predictability, it is critical

to identify traders that are more likely to possess value-relevant information compared to

other market participants (e.g., Easley, O’Hara, and Srinivas, 1998). For example, Menkhoff,

Sarno, Schmeling, and Schrimpf (2016) show that market participants like hedge funds and

asset managers possess superior information processing skills compared to other investors in

the FX spot market. In our model, this distinction is particularly important given that the

predictive power of option volume increases with the concentration of informed traders, as

suggested by Prediction 1. Although identifying informed traders is generally difficult, the

granularity of our dataset allows us to overcome this challenge because we directly observe

the identities of investors. We classify clients as hedge funds, asset managers, insurance &

pensions, nondealer banks, and other clients (e.g., corporates). We then construct sorted

portfolios using group-specific volumes, so that we can directly test our model’s prediction.

Table 6 about here

As shown in Table 6, the option volume of informed investors significantly predicts future ex-

change rate returns, whereas the results for uninformed clients are statistically insignificant.

For example, the LMH strategy delivers an average return close to 12% per annum (with a

t-stat close to 4) for hedge funds, which account for approximately 44% of the client volume
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in our sample. Our evidence is thus consistent with the argument that informed traders

such as the hedge funds are more likely to place their bets in the option market, given that

leverage amplifies their potential gains. We also find evidence that the option volume of

asset managers is a valuable predictor of future spot prices. The LMH strategy in this case

produces an average return of about 6.5% per annum (with a t-stat above 2). Unlike hedge

funds, however, asset managers are less active in options, accounting for only 15% of the

client volume in our sample. This lower activity may stem from the inherent risks of trading

options, which not all asset managers are equipped to undertake, likely due to risk-averse

mandates or institutional constraints. For nondealer banks, we find a positive but statisti-

cally insignificant average exchange rate return of 3.6% per year. This outcome may reflect

the fact that nondealer banks execute trades on behalf of both informed and uninformed

market participants, making their option volume a noisy signal of predictability. Addition-

ally, for pension funds, insurance companies, and other clients, option volume exhibits no

significant predictive power for future returns, suggesting that these participants can largely

be regarded as uninformed. The return difference between hedge funds (the most informed

group) and this group of uninformed clients is both economically meaningful and statisti-

cally significant (12.81% per annum), highlighting the distinct informational advantage of

hedge funds. Overall, these results further support an information-based interpretation of

our findings, indicating that the predictive power in the option market is primarily driven

by informed traders.14

5.2 Trading Characteristics

The granularity of our data allows us to explore a broader range of trading characteristics,

thus providing deeper insights to support our information-based explanation. Specifically,

each month and for every client, we quantify the following characteristics, i.e., the number of

dealers a client trades with (Connection), number of currency pairs traded (Multi-currency),

number of trades (Trades Number), and size of trades (Trades Size). Using trade-level data

14Beyond portfolio sorting, we employ panel regressions to compare the predictive power of hedge fund
option volume and option leverage measures. The results in Appendix Table A.25 reveal that the predictive
power of DOTM option volume is distinct from that of short-maturity option volume. Moreover, once these
two components are accounted for, the predictive power of hedge fund option volume becomes statistically
insignificant. This evidence suggests that hedge funds exploit the embedded leverage of DOTM and short-
maturity options to enhance their informational advantage.

30



on forwards, i.e., outright forwards and forward legs of FX swaps, which cannot be separately

identified as described in the Appendix D, from the DTCC Derivatives Repository, we also

classify clients based on their use of different derivative instruments, namely forwards and

options (Derivatives Access). Finally, we assess each client’s exchange rate predictive ability

(Forecasting Skill ) by regressing daily exchange rate returns on lagged daily option volume

over the previous quarter. We then use the volume-weighted sum of the daily predictions as

a measure of their informational advantage and forecasting skill, similarly to Czech, Huang,

Lou, and Wang (2021). For each characteristic, we then categorize clients into ‘high and

low‘ groups based on whether their measures are above or below the median each month.

Within each group, we finally construct portfolios sorted by abnormal volume and present

our results in Table 7.

Table 7 about here

First, the option volume of clients with a high number of connections predicts future ex-

change rate returns far better than the option volume of clients with a low number of con-

nections. The LMH strategy delivers a significant average return of 12.95% per annum for

high-connection clients, compared to an insignificant −1.36% per annum for low-connection

clients. The return difference of 14.31% per annum is both economically meaningful and

statistically significant. This result aligns with Kondor and Pinter (2022) and our model

extension in the Appendix B.5, which shows that informed traders strategically distribute

their orders across multiple dealers to conceal private information in decentralized mar-

kets. Second, the option volume of more active clients – those trading across more currency

pairs, conducting a higher number of trades, or executing larger volumes – exhibits stronger

predictive power compared to less active clients. For example, the LMH strategy yields a

significant annualized average exchange rate return of 11.36% for clients that trade a high

number of currencies, compared to an insignificant 0.43% for clients that trade a low number

of currencies. Similarly, it delivers 12.09% for clients with a high number of trades versus

an insignificant 1.47% for those with fewer trades, and 10.87% for clients with large trade

sizes compared to an insignificant −2.04% for those with smaller trade sizes. The return

differences between LMH strategies across ‘high and low’ characteristics are both economi-

cally substantial and statistically significant, averaging around 11%. These findings support

an information-based explanation, suggesting that more active clients likely possess better
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information or superior processing abilities.

Third, the option volume of clients with broad derivatives access (trading both forward/swaps

and options) is more informative than that of clients with narrow derivatives access (trad-

ing mostly options), although the difference is not statistically significant. In particular,

the LMH strategy generates significant annualized average exchange rate returns for both

groups: 9.88% per annum for broad derivatives access clients and 5.45% per annum for nar-

row derivatives access clients. The return difference of 4.42% per annum, while economically

meaningful, is statistically insignificant. A possible explanation is that clients with broad

derivatives access are sophisticated option traders who utilize forward contracts to dynami-

cally adjust their option positions. Finally, the option volume of clients with high forecasting

skill is substantially more informative than that of clients with low forecasting skill based on

their historical performance. For instance, the LMH strategy generates a significant annual-

ized average exchange rate return of 12.7% for high forecasting skill clients, compared to an

insignificant 2.87% for low forecasting skill clients. The return difference of 9.83% per annum

is both economically meaningful and statistically significant. These findings strengthens our

interpretation that the return predictability of option volume is driven by informed investors

trading on information relevant for future exchange rate movements.

5.3 Macro Announcements

To further support our information-based interpretation, we now exploit the time-series

variation in information intensity by studying trading days with macroeconomic releases.

Intuitively, announcement days are usually associated with high levels of trading activity

and should therefore offer ideal trading opportunities for informed investors. For example,

prior studies on the equity market document a spike in informed trading prior to earnings

announcements (e.g., Brennan, Huh, and Subrahmanyam, 2018), while studies on the cur-

rency market report similar results around macroeconomic announcements (e.g., Andersen,

Bollerslev, Diebold, and Vega, 2003). In the equity option market, moreover, there is evi-

dence that trading volume increases prior to earnings announcements (e.g., Roll, Schwartz,

and Subrahmanyam, 2010).

Table 8 about here
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We examine the predictive ability of client volumes on announcement days (e.g., FOMC, non-

farm payrolls, PMI, PPI, CPI, GDP) versus non-announcement days and present our results

in Table 8. For hedge funds, the LMH strategy delivers statistically significant average ex-

change rate returns on both announcement (23.7% per annum) and non-announcement (9.4%

per annum) days, although the magnitude is substantially higher on announcement days.

For asset managers, moreover, the LMH strategy yields similar average returns on announce-

ment (4.98% per annum) and non-announcement days (6.83% per annum), with statistical

significance observed only on non-announcement days, likely reflecting a larger sample size.

For other groups (i.e., nondealer banks, pension & insurance, and other clients), finally, the

results are statistically insignificant on both announcement and non-announcement days. A

plausible explanation is that financial markets are typically more volatile on announcement

days. Hedge funds can quickly process new information and build more aggressive positions

due to their higher risk tolerance. In contrast, asset managers tend to be more conservative

in their risk exposure and thus less likely to significantly adjust their positions around news

release dates. Moreover, the option volume of asset managers may also reflect information

that goes beyond fundamentals, including anticipated large trades linked to portfolio rebal-

ancing that could affect exchange rates. These findings are similar to Czech, Huang, Lou, and

Wang (2021), who show that hedge funds are effective at predicting short-term movements

in government bond returns, whereas mutual funds exhibit stronger predictive power over

longer horizons. Finally, unlike Pan and Poteshman (2006), we find that informed traders

in the FX option market primarily act on market-wide information rather than firm-specific

information like in the equity option market.

5.4 Volatility versus Directional Trades

Investors can use options to bet on volatility or express a directional view on the underlying

asset. Since our findings seem to align with an information-based explanation, it is crucial to

distinguish between volatility trades and directional trades. We classify as volatility trades

those client transactions that involve both call and put options sharing the same execution

time, maturity, client, and strike price. This pattern typically reflects a straddle strategy,

capturing trades where investors are likely positioning themselves to profit from changes

in volatility rather than directional price movements. All remaining client transactions are
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classified as directional trades.15

Table 9 about here

We aggregate option volumes across both sets of trades and construct abnormal option vol-

umes as described in Section 4.1. We present our results in Table 9, showing that option

volume linked to directional trades predicts future exchange rate returns significantly better

than option volume associated with volatility trades. Specifically, the LMH strategy deliv-

ers a significant annualized average exchange rate return of 12.76% for directional trades,

compared to an insignificant 4.4% for volatility trades. The return difference of 8.36% per

annum is both economically meaningful and statistically significant. These findings sug-

gest that only the volume of directional trades carries information about future directional

movements in exchange rates.

6 Additional Analyses

In this section, we extend our analysis by examining price pressure effects, alternative mea-

sures of FX trading activity from the same data, the relationship with currency factors, the

impact of transaction costs, and option volume of euro-based currency pairs.

6.1 Price Pressure

Our evidence on the return predictability may be the result of price pressures. For instance,

currencies in the high-volume basket may initially appreciate before facing a depreciation in

response to transitory excess demand in the spot market. Such dynamics could be driven,

for example, by option dealers who implement delta-hedging strategies in the spot market.

In this scenario, the observed return predictability may be driven by temporary hedging

demand effects rather than price discovery in the option market.

Figure 4 about here

15Identifying all volatility trades is challenging as clients may combine an option contract with spot
contract not included in our dataset. As a result, our directional trades may capture some volatility trades.
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To address this concern, we calculate the post-formation exchange rate returns of our LMH

strategy across holding periods varying between one and thirty days. Focusing on client di-

rectional option volume for major currencies, Figure 4 presents the cumulative daily average

exchange rate returns in basis points (bps), along with 95% and 90% confidence intervals

derived from a block bootstrap procedure. Our results indicate that our LMH strategy con-

tinues to generate positive and significant exchange rate returns over longer horizons, while

exhibiting no sign of a reversal. For example, the strategy delivers a statistically significant

cumulative average exchange rate return of about 10bps when the portfolio composition is

held constant for a week, and about 12bps when the portfolio composition is held constant

for a month. Overall, the return predictability is unlikely to reflect temporary price pressures

in the spot market.

6.2 Other Measures of FX Trading Activity from EMIR

Option volume can predict future exchange rate returns. However, this finding raises the

question of whether alternative measures of FX trading activity derived from the EMIR data

yield results that mirror our previous findings. To address this concern, we first examine

the performance of portfolios sorted on lagged forward volume, forward net demand, and

option net demand, and then relate them to our baseline findings. We thus assess whether

the predictive power of option volume is robust to controlling for other granular measures of

FX trading activity.

Table 10 about here

Forward Volume. First, we examine the predictive power of forward volume, based on

outright forwards and forward legs of FX swaps (which cannot be disentangled), for exchange

rate returns. We use client transactions on major currency pairs sourced from the EMIR data

from November 2014 to December 2023. A detailed description of this dataset is provided

in the Appendix D. We first calculate daily abnormal forward volume as defined in Equa-

tion (1). Next, we rank currencies into four portfolios based on this measure and construct

an LMH strategy that buys currencies with low abnormal volume (first portfolio) and sells

those with high abnormal volume (last portfolio). Our findings, reported in the top panel of

Table 10, indicate that forward volume shows no exchange rate predictability, neither statis-

35



tically nor economically. Our results remain qualitatively similar when inspecting forward

volume across different groups of clients, as presented in the Appendix Table A.8. Overall,

this evidence aligns with the findings of Cespa, Gargano, Riddiough, and Sarno (2022), who

show that volume based on spot, forward, and swap transactions in the FX market lacks pre-

dictive power for FX returns (unless interacted with past exchange rate movements).16 Our

results also support the view that forwards offer lower leverage than options, as emphasized

by Frazzini and Pedersen (2022), suggesting that informed investors have an incentive to use

options over forwards to better exploit their informational advantage. Additional details on

the leverage comparison between options and forwards are provided in the Appendix C.5.

Forward Net Demand. Second, in addition to forward volume, we also study whether

forward net demand (or order imbalance) based on outright forwards and forward legs of

swaps predicts exchange rate returns. This exercise makes use of the client buy/sell indicator

available in the EMIR data from November 2015 to December 2023. We employ client

transactions in major currency pairs, and construct daily net demand following the existing

literature (e.g., Cespa, Gargano, Riddiough, and Sarno, 2022; Ranaldo and Somogyi, 2021)

as total buy volume minus total sell volume, normalized by their sum. This normalization

ensures comparability across currencies. We then sort currencies into four portfolios based on

their forward net demand and form a high-minus-low (HML) strategy, which buys currencies

with the highest net demand (first portfolio) and sells currencies with the lowest net demand

(last portfolio). Intuitively, if clients possess superior information, high (low) net buying

pressure should positively (negatively) predict future exchange rate returns. We report

our results in the middle panel of Table 10 and show that the HML strategy generates a

meaningful exchange rate return close to 3.88% per annum (with a t-stat of about 1.68). In

the Appendix Table A.9, we repeat the exercise across different groups of clients and uncover

that exchange rate predictability is primarily driven by the net demand of asset managers,

which are more active than hedge funds in our forward sample. These findings align with the

conclusions of Menkhoff, Sarno, Schmeling, and Schrimpf (2016), who show that the order

16We extend our model in the Appendix B.7 to explain why option volume, but not spot volume, predicts
exchange rate returns. In this extension, we distinguish between two types of informed investors, one that
trades both spot and option contracts and enjoys dollar benefits, and another that trades only in the spot
market and does not value dollar exposure. The model also shows that spot order flow can retain predictive
power, helping reconcile the existing empirical evidence.
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imbalance of real money investors, whose composition closely resembles our asset manager

group, contains more valuable information than that of other types of funds.

Option Net Demand. Third, our main analysis focuses on option volume as a predictor

of future returns, naturally leading us to question whether net demand in options also aligns

with our previous findings. To explore this possibility, we again utilize the client buy/sell

indicator available from November 2015 to December 2023, and compute net demand follow-

ing Pan and Poteshman (2006) as the sum of buy volume in call options and sell volume in

put options, normalized by total volume on calls and puts. We then sort currencies into four

portfolios based on their option net demand and construct the HML strategy that is long

currencies with high net demand (first portfolio) and short currencies with low net demand

(last portfolio). Similar to forward net demand, if clients trading in the option market have

superior information, high (low) net buying pressure should positively (negatively) predict

future exchange rate returns. We report our evidence in the third panel of Table 10 and find

that option net demand is a strong predictor of future exchange rate returns since the HML

strategy produces a significant average exchange rate return of 8.10% per annum (with a

t-stat of about 3.03). In the Appendix Table A.10, we repeat the exercise across different

groups of clients and show that exchange rate predictability is primarily driven by the net

demand of hedge funds and asset managers.

Table 11 about here

Relation with Option Volume. We now examine whether the exchange rate predictabil-

ity of option volume is robust to controlling for alternative measures of trading activity de-

rived from the EMIR data. To do so, we run contemporaneous regressions focusing on the

client segment for major currency pairs over the period from November 2015 to December

2023, ensuring balanced data across all strategies. The dependent variable is the exchange

rate return on the option volume strategy described in Panel A of Table 1, while the explana-

tory variables are the exchange rate returns on the alternative strategies shown in Table 10.

The regression results are presented in Table 11. In specification (1), the option volume

LMH strategy delivers a statistically significant alpha estimate of 11.7% per annum. This

estimate remains qualitatively similar when controlling for the forward volume LMH strategy

in specification (2) or the forward net demand HML strategy in specification (3), as the slope
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coefficients on these controls are economically small and statistically insignificant. In specifi-

cation (4), we include the option net demand HML strategy as an additional control. While

the slope coefficient is statistically significant, the option volume LMH strategy continues

to generate a statistically significant alpha estimate of about 11% per annum. To further

support our findings, Appendix Table A.11 shows that the strategies used as explanatory

variables do not display statistically significant differences in average exchange rate returns

between periods of high and low dollar benefits. In contrast, the predictive power of option

volume is largely concentrated in periods of high dollar benefits and is stronger for non-safe-

haven currencies. This evidence suggests that flight-to-safety considerations help explain

when option volume has predictive power and why its predictive content may differ from

that of net option demand.17

6.3 Correlation with Currency Factors

We also investigate the relationship between our option volume strategy and various currency

factors like the dollar, carry, momentum, value, option risk reversal, and volatility risk

premium (described in the Appendix E) by running contemporaneous regressions. More

recently, Ranaldo and Somogyi (2021) have shown that asymmetric information risk from

spot order flow is also priced in currency returns. To account for this dimension of risk,

we also include their asymmetric information risk factor, kindly provided by the authors, as

an additional control in our analysis. We present our results in the Appendix Table A.12

and report that the average exchange rate return associated with our strategy remains both

economically and statistically significant, even after controlling for these currency factors.

Moreover, as illustrated in the Appendix Table A.13, we find no statistically significant

difference in the exposure of the LMH strategy to these currency factors across periods of

high and low dollar benefits. This lack of differential sensitivity further strengthens the

idea that option volume contains distinct information not embedded in traditional currency

17We also estimate regressions to assess the predictive power of trading activity measures in option and
forward markets for future exchange rate returns. The results, reported in Appendix Table A.26, show that
option volume remains a strong and statistically significant predictor of future exchange rate returns, even
after controlling for forward volume, forward and option net demand, forward premium, realized volatility,
the bid–ask spread, and time and currency fixed effects. In contrast, forward volume and forward net
demand are not significant, while option net demand is confirmed to capture a distinct source of exchange
rate predictability.
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factors.

6.4 The Impact of Transaction Costs

Our core analysis relies on daily rebalanced strategies, and transaction costs in the spot

market may affect our results. Researchers have generally relied on the average of quoted

spreads, which are significantly higher than the effective spreads actually paid in the FX

market. For example, Cespa, Gargano, Riddiough, and Sarno (2022) document that the

median bid-ask spread in spot exchange rates, expressed as a percentage of the mid price, is

up to five times larger when comparing WMR data to Olsen or Dukascopy data. Motivated

by this evidence, we first use 20% of the WMR bid-ask spread in spot exchange rates as a

proxy for effective spreads, and then adjust the return of the LMH strategy to account for

estimated transaction costs. We illustrate the impact of transaction costs on the performance

of our LMH strategy in the Appendix Table A.14. We show that, after accounting for

transaction costs, the mean exchange rate return across different versions of our strategy

declines between 22% and 30%. Despite this reduction, the strategies continue to generate

economically and statistically significant returns.

6.5 Euro-based Currency Pairs

Our empirical evidence indicates that option volume provides valuable information about

future exchange rate returns when dollar benefits are high. To assess the specialness of

the dollar, we repeat our analysis using option volume derived from euro-based currency

pairs. Using the same repository dataset, we first extract option transactions related to

euro-based exchange rates. This analysis employs the same sample of 20 currencies and

the same time period as our core study as summarized in the Appendix Table A.15. We

then replicate the methodology described in Section 4.1, analyzing total, interdealer, and

client volumes, with the results shown in the Appendix Table A.16. Our findings reveal that

option volume for euro-based exchange rates does not predict future exchange rate returns.

This holds true regardless of whether we focus on major currencies or include all currencies

since the LMH strategy produces a performance that is both statistically insignificant and

economically negligible. We thus conclude that the predictive power of option volume is

primarily concentrated in dollar currency pairs.
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6.6 Additional Robustness Checks and Extensions

The Appendix F presents a series of additional exercises to assess the robustness and gener-

ality of our findings. These results show that our main conclusions remain unchanged. First,

we examine the relationship between our strategy based on client option volume and the

reversal strategies of Cespa, Gargano, Riddiough, and Sarno (2022), which are constructed

using spot, forward, and swap volumes. The results, reported in the Appendix Tables A.17–

A.18, show that the strategies are largely unrelated. Second, we investigate whether dealer

balance sheet constraints, such as quarter-end and year-end regulatory pressures, drive the

observed return predictability in the Appendix Table A.19. We confirm that our results do

not arise from dealer balance sheet constraints, consistent with the model extension in the

Appendix B.6. Third, we test whether differences in dollar betas across portfolios could

account for our results in the Appendix Figure A.5. The evidence suggests that variations

in sensitivity to the dollar index are unlikely to explain our findings. Fourth, we test the

robustness of our findings to alternative rolling windows and formation periods for option

volume construction in the Appendix Table A.20, including implementing ranked portfolios

following Asness, Moskowitz, and Pedersen (2013) in the Appendix Table A.21. Finally, we

extend our analysis by incorporating an alternative source of FX option data from Bloomberg

to validate our findings using a different dataset in the Appendix Tables A.22–A.23.

6.7 A Volume-Weighted Proxy of Option Leverage

We find that the predictive power of option volume gets stronger as options move further out-

of-the-money and toward shorter maturities. These options offer greater embedded leverage,

making them attractive to informed investors. As a robustness exercise, we move beyond in-

vestor type or option characteristics and construct a comprehensive volume-weighted proxy

of option leverage, detailed in Appendix C.6. We assign each transaction a score based on its

moneyness and maturity, with higher values for deep OTM and short-dated options, captur-

ing the convex increase in leverage. Aggregating these scores using option volume as weights

yields a volume-weighted leverage measure. We then estimate panel regressions of exchange

rate returns on this lagged measure and report our estimates in Appendix Table A.27. Our

evidence suggests that our volume-weighted measure of option leverage significantly predicts

future exchange rate returns, after controlling for the forward premium, realized volatility,
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and bid-ask spread, currency, and time fixed effects. These findings confirm that option

embedded leverage is key for exchange rate predictability.

7 Conclusion

This paper examines whether trading activity in the FX option market, one of the largest

over-the-counter derivative markets, contains information relevant for exchange rate pre-

dictability. Guided by a simple model, and armed with a highly representative dataset

on options, we report strong evidence that option volume negatively predicts future ex-

change rate returns. In other words, when volume is abnormally high today, we observe a

foreign currency depreciation tomorrow. Three factors play a key role in our model: the

concentration of informed traders, dollar benefits, and the degree of leverage from options.

Empirically, we first document that client volume is more informative than interdealer vol-

ume. Within the client segment, moreover, the volume generated by hedge funds and asset

managers is substantially more informative relative to the volume of other client groups.

We then show that the predictive power of option volume is larger during periods of high

dollar benefits. Finally, using moneyness and maturity as a proxy for leverage, we find that

the volumes of deep out-of-the-money options and short-dated options are associated with

stronger predictive power. Overall, this paper presents novel evidence on informed trading

in the FX market, a market that closely reflects macroeconomic news. This stands in sharp

contrast to previous findings in the equity market literature, which suggests that informed

traders tend to possess firm-specific rather than market-wide information. Theoretical work

on how informed investors process macroeconomic news in the option market appears to be

a particularly promising avenue for future research.
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Figure 1. Model’s Predictions

This diagram summarizes the key implications of Proposition 1, which depend on the option leverage L and dollar benefits
m. When option leverage is sufficiently low (L < L ), informed investors only trade in the spot market, and option volume
is uninformative about future exchange rate returns, irrespective of dollar benefits. When option leverage is sufficiently
high (L > L ), informed investors only trade in the option market, but option volume is informative about future exchange
rate returns when dollar benefits are sufficiently large (m > m∗∗). For intermediate levels of option leverage (L ≤ L ≤ L ),
there is a pooling equilibrium where a positive fraction of informed traders is active in the option market. In this case,
option volume is informative about future exchange rate returns when dollar benefits are sufficiently large (m > m∗). We
denote current option volume as V0, future exchange rate returns as e1 − e0, and lower (upper) bound on option leverage
as L (L ). Also, m∗ captures the difference between minimum trading profits and participation costs for informed investor
in a pooling equilibrium, whereas m∗∗ reflects the difference between minimum trading profits and participation costs
when informed investors only trade in the option market.
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Figure 2. Daily Volume by Counterparty Sector

This figure shows the daily average volume of foreign exchange options traded over the counter, expressed in billions of US dollars.
Volume is constructed by aggregating dealer-dealer, dealer-client, and client-client trades reported to the DTCC Derivatives Repository
under the EMIR regulation. Dealer-client trades are further categorized into hedge funds, asset managers (including asset management
firms, sovereign institutions, and other financials), nondealer banks (commercial banks, prime-brokerage firms, and non-bank firms
offering trading services), insurance & pensions (insurance firms and pension funds), and other clients (corporates, central banks,
monetary authorities, and unclassified clients). The sample runs at a daily frequency from November 2014 to December 2023.
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Figure 3. Daily Volume by Currency Pair

This figure displays the daily average volume of foreign exchange options traded over the counter, expressed in billions of US dollars,
for dollar currency pairs. Volume is constructed by aggregating trades reported to the DTCC Derivatives Repository under the EMIR
regulation. We report total volumes as well as dealer-dealer and dealer-client volumes. The sample runs at a daily frequency from
November 2014 to December 2023.
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Figure 4. Post-Formation Exchange Rate Returns

This figure displays the post-formation cumulative daily average exchange rate return of a long-short strategy sorted by lagged
abnormal foreign exchange directional option volume. Daily abnormal volume is constructed as in Cespa, Gargano, Riddiough, and
Sarno (2022) using a rolling window of 21 trading days. The strategy buys currencies with the low option volume and sells currencies
with the high option volume, and the holding periods vary between 1 and 30 days. The shaded areas denote the 90% and 95%
confidence intervals, respectively, based on a block bootstrap procedure with a block length of 21 days. Daily volume, expressed
in US dollars, is based on intraday dealer-client trades reported to the DTCC Derivatives Repository under the EMIR regulation.
Spot exchange rates are WMR closing prices from Datastream. The sample covers major currency pairs at a daily frequency from
November 2014 to December 2023.
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Table 1. Portfolios sorted by Option Volume: Exchange Rate Returns

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange option volume. The
portfolios are rebalanced daily with abnormal volume constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling
window of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume, while the last portfolio (PH)
contains currencies with high abnormal volume. LMH is a low-minus-high strategy that buys PL and sells PH . We report means
and standard deviations (SD) in percentage per annum, and Sharpe ratios (SR) per annum as well as daily turnover (TO). Numbers
in brackets are t-statistics based on Newey and West (1987) standard errors. Spot exchange rates are WMR closing prices from
Datastream. Option volume, expressed in US dollars, is based on intraday trades reported to the DTCC Derivatives Repository
under the EMIR regulation. The sample runs at a daily frequency from November 2014 to December 2023.

PL P2 P3 PH LMH PL P2 P3 PH LMH

Panel A: Major Currencies Panel B: All Currencies

Total Volume Mean 3.79 =2.73 =2.60 =6.97 10.76 =2.03 =1.29 =3.63 =7.93 5.90

t-stat [1.45] [=1.05] [=0.92] [=2.33] [3.94] [=0.77] [=0.54] [=1.42] [=2.59] [2.16]

SD 7.78 7.68 8.33 9.13 8.07 7.75 6.92 7.29 8.38 8.36

SR 0.49 =0.36 =0.31 =0.76 1.33 =0.26 =0.19 =0.50 =0.95 0.71

TO 0.61 0.69 0.73 0.71 0.65 0.67 0.75 0.65

Dealer-Dealer Mean 3.06 =0.42 =3.61 =6.68 9.74 =0.98 =2.73 =4.89 =5.30 4.32

t-stat [1.17] [=0.16] [=1.31] [=2.21] [3.50] [=0.37] [=1.15] [=1.94] [=1.91] [1.92]

SD 7.99 7.83 8.27 9.19 8.10 7.74 6.91 7.52 7.50 7.05

SR 0.38 =0.05 =0.44 =0.73 1.20 =0.13 =0.40 =0.65 =0.71 0.61

TO 0.62 0.68 0.74 0.71 0.66 0.67 0.75 0.66

Dealer-Client Mean 4.20 =1.46 =2.67 =7.50 11.69 =0.45 =1.99 =5.73 =7.54 7.10

t-stat [1.56] [=0.53] [=0.92] [=2.41] [4.33] [=0.17] [=0.79] [=2.20] [=2.35] [2.59]

SD 8.00 7.93 8.48 8.96 7.61 7.79 7.14 7.25 8.74 8.72

SR 0.52 =0.18 =0.32 =0.84 1.54 =0.06 =0.28 =0.79 =0.86 0.81

TO 0.61 0.70 0.74 0.72 0.65 0.67 0.75 0.66
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Table 2. Option Volume and Exchange Rate Returns

This table presents panel regression estimates of exchange rate returns on the quartile rank of the lagged abnormal foreign exchange
option volume. Daily abnormal volume is constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling window
of 21 trading days. The set of control variables includes the forward premium (measured as the log difference between forward
and spot exchange rates), realized volatility (computed from daily exchange rate returns over the previous month), and the bid–ask
spread (based on closing bid and ask spot prices). We include time (calendar date) and currency fixed effects. Standard errors (in
parentheses) are clustered by time. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% level, respectively. Spot
and forward exchange rates are WMR closing prices from Datastream. Option volume, expressed in US dollars, is based on intraday
trades reported to the DTCC Derivatives Repository under the EMIR regulation. Columns (1)–(6) report results for major currency
pairs. Columns (7) and (8) split the currencies into safe haven (CHF and JPY) and non–safe haven (AUD, CAD, EUR, GBP, and
NZD), respectively. The sample runs at a daily frequency from November 2014 to December 2023.

Major Currencies
Safe Non-Safe
Haven Haven

(1) (2) (3) (4) (5) (6) (7) (8)

Total Volume =1.251***
(0.314)

Dealer-Dealer Volume =0.962*** =0.478 =0.471 =0.465 =0.919 =0.292
(0.277) (0.304) (0.304) (0.304) (0.679) (0.344)

Dealer-Client Volume =1.374*** =1.143*** =1.137*** =1.144*** =0.432 =1.213***
(0.313) (0.344) (0.345) (0.346) (0.749) (0.408)

Forward Premium =0.088 =0.321 1.316 =0.475
(0.004) (0.615) (1.569) (0.863)

Realized Volatility 0.166 0.193 =0.031 0.375
(0.218) (0.258) (0.522) (0.285)

Bid-Ask Spread 0.080 =0.425 =3.037** =0.012
(0.188) (0.590) (1.193) (0.794)

R2 (%) 56.6 56.6 56.7 56.7 56.7 56.7 75.5 67.0

N 14,525 14,525 14,525 14,525 14,525 14,525 4,150 10,375

Time fe ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Currency fe ✓ ✓ ✓
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Table 3. Portfolios sorted by Option Volume: Dollar Benefits

This table presents average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange option volume for periods
of high (Panel A) and low (Panel B) dollar benefits. The portfolios are rebalanced daily with abnormal volume constructed as in
Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling window of 21 trading days. The first portfolio (PL) includes currencies
with low abnormal volume, while the last portfolio (PH) contains currencies with high abnormal volume. LMH is a low-minus-high
strategy that buys PL and sells PH . Periods of high and low dollar benefits are based on the value of the proxy on the portfolio
formation day. Periods of high dollar benefits are those in which the US Treasury premium or the JP Morgan VXY index is above
its sample median, or the FX option risk reversal is below its sample median, and vice versa for periods of low dollar benefits. Diff
indicates the difference in LMH between Panels A and B. We report means and standard deviations (SD) in percentage per annum,
and Sharpe ratios (SR) per annum as well as the daily turnover (TO). Numbers in brackets are t-statistics based on Newey and West
(1987) standard errors. Spot exchange rates are WMR closing prices from Datastream. Option volume, expressed in US dollars,
is based on intraday dealer-client trades reported to the DTCC Derivatives Repository under the EMIR regulation. The Treasury
premium is the yield difference between US Treasury bonds and currency-hedged foreign government bonds with a five-year maturity.
The VXY index tracks the three-month aggregate implied volatility of major exchange rates. The risk reversal is the average difference
between the implied volatilities of 10-delta call and 10-delta put options with a one-year maturity on major currency pairs. These
data are from Bloomberg. The sample covers major currency pairs at a daily frequency from November 2014 to December 2023.

PL P2 P3 PH LMH PL P2 P3 PH LMH Diff

Panel A: High Dollar Benefits Panel B: Low Dollar Benefits

Treasury Premium Mean 7.31 1.73 =4.99 =10.88 18.19 0.98 =4.15 =1.05 =4.19 5.17 13.02

t-stat [1.68] [0.39] [=1.06] [=2.26] [4.29] [0.31] [=1.28] [=0.31] [=1.10] [1.55] [2.40]

SD 8.69 8.84 9.26 9.47 8.16 7.26 6.91 7.55 8.44 7.02

SR 0.84 0.20 =0.54 =1.15 2.23 0.13 =0.60 =0.14 =0.50 0.74

TO 0.61 0.71 0.73 0.69 0.63 0.7 0.69 0.78

VXY Index Mean 5.46 =2.19 =4.65 =13.99 19.45 2.94 =0.73 =0.68 =0.98 3.92 15.53

t-stat [1.19] [=0.48] [=0.93] [=2.83] [4.57] [1.00] [=0.23] [=0.23] [=0.27] [1.20] [2.84]

SD 9.51 9.37 10.20 10.22 8.39 6.13 6.17 6.29 7.47 6.71

SR 0.57 =0.23 =0.46 =1.37 2.32 0.48 =0.12 =0.11 =0.13 0.58

TO 0.62 0.71 0.76 0.68 0.62 0.7 0.67 0.77

Risk Reversal Mean 6.88 =2.53 =3.08 =11.99 18.87 2.16 0.93 =1.24 =1.51 3.68 15.19

t-stat [1.48] [=0.54] [=0.61] [=2.37] [4.49] [0.72] [0.3] [=0.41] [=0.43] [1.09] [2.88]

SD 9.53 9.40 10.26 10.41 8.31 6.10 6.18 6.25 7.23 6.90

SR 0.72 =0.27 =0.30 =1.15 2.27 0.35 0.15 =0.20 =0.21 0.53

TO 0.62 0.70 0.76 0.69 0.61 0.70 0.67 0.77
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Table 4. Portfolios sorted by Option Volume: Moneyness

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange
option volume for different levels of moneyness (Π) using the percentage ratio between strike and spot prices.
A high Π indicates options with high embedded leverage, while a low Π corresponds to options with low
embedded leverage. We allocate options into five groups based on different moneyness levels, using cut-off
points at the 85%, 70%, 30%, and 15% percentiles for each currency. The first group consists of deep out-
of-the-money (DOTM) options, whereas the last group includes deep in-the-money (DITM) options. The
portfolios are rebalanced daily with abnormal volume constructed as in Cespa, Gargano, Riddiough, and
Sarno (2022) using a rolling window of 21 trading days. The first portfolio (PL) includes currencies with
low abnormal volume, while the last portfolio (PH) contains currencies with high abnormal volume. LMH
is a low-minus-high strategy that buys PL and sells PH . We report means and standard deviations (SD) in
percentage per annum, and Sharpe ratios (SR) per annum. Numbers in brackets are t-statistics based on
Newey and West (1987) standard errors. Spot exchange rates are WMR closing prices from Datastream.
Option volume, expressed in US dollars, is based on intraday dealer-client trades reported to the DTCC
Derivatives Repository under the EMIR regulation. The sample covers major currency pairs at a daily
frequency from November 2014 to December 2023.

PL P2 P3 PH LMH

DOTM Mean 5.91 =0.50 =3.57 =8.96 14.88

t-stat [2.21] [=0.17] [=1.3] [=3.01] [5.04]

SD 8.22 8.58 8.49 9.01 8.47

SR 0.72 =0.06 =0.42 =1.00 1.76

OTM Mean 4.72 0.37 =2.37 =5.41 10.13

t-stat [1.76] [0.13] [=0.88] [=1.88] [3.82]

SD 8.20 8.52 8.21 8.91 8.10

SR 0.58 0.04 =0.29 =0.61 1.25

ATM Mean 1.90 =0.14 =3.06 =3.15 5.05

t-stat [0.70] [=0.05] [=1.13] [=1.06] [1.81]

SD 8.23 7.83 7.97 8.89 7.96

SR 0.23 =0.02 =0.38 =0.35 0.63

ITM Mean 1.11 =2.36 0.09 0.70 0.41

t-stat [0.41] [=0.83] [0.03] [0.24] [0.15]

SD 8.24 8.34 7.71 8.74 8.05

SR 0.13 =0.28 0.01 0.08 0.05

DITM Mean 1.91 =0.95 =2.65 0.22 1.69

t-stat [0.73] [=0.33] [=0.95] [0.07] [0.58]

SD 7.89 8.68 8.00 9.22 8.25

SR 0.24 =0.11 =0.33 0.02 0.20

DOTM – DITM Mean 13.19

t-stat [3.20]
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Table 5. Portfolios sorted by Option Volume: Maturity

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange
option volume, categorized by different maturities, i.e., options up to one month (short), options between
one and three months (medium), options between three and six months (medium-long), and options longer
than six months (long). The portfolios are rebalanced daily with abnormal volume constructed as in Cespa,
Gargano, Riddiough, and Sarno (2022) using a rolling window of 21 trading days. The first portfolio (PL)
includes currencies with low abnormal volume, while the last portfolio (PH) contains currencies with high
abnormal volume. LMH is a low-minus-high strategy that buys PL and sells PH . We report means and
standard deviations (SD) in percentage per annum, and Sharpe ratios (SR) per annum. Numbers in brackets
are t-statistics based on Newey and West (1987) standard errors. Spot exchange rates are WMR closing prices
from Datastream. Option volume, expressed in US dollars, is based on intraday dealer-client trades reported
to the DTCC Derivatives Repository under the EMIR regulation. The sample covers major currency pairs
at a daily frequency from November 2014 to December 2023.

PL P2 P3 PH LMH

Short Mean 5.83 =0.40 =3.42 =7.27 13.10

t-stat [2.08] [=0.15] [=1.23] [=2.51] [4.80]

SD 8.14 7.61 8.34 8.88 7.78

SR 0.72 =0.05 =0.41 =0.82 1.68

Medium Mean 1.95 1.69 =1.50 =5.97 7.92

t-stat [0.75] [0.64] [=0.49] [=1.97] [3.04]

SD 7.87 8.03 9.40 8.49 7.41

SR 0.25 0.21 =0.16 =0.70 1.07

Medium Long Mean 0.34 =1.01 =0.11 =3.32 3.65

t-stat [0.12] [=0.38] [=0.04] [=1.06] [1.34]

SD 8.37 7.91 8.33 8.95 8.43

SR 0.04 =0.13 =0.01 =0.37 0.43

Long Mean =3.55 2.38 1.39 =1.29 =2.26

t-stat [=1.25] [0.86] [0.48] [=0.45] [=0.78]

SD 8.50 8.58 8.06 8.51 8.27

SR =0.42 0.28 0.17 =0.15 =0.27

Short – Long Mean 15.37

t-stat [3.88]
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Table 6. Portfolios sorted by Option Volume: Client Sectors

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange
option volume across different client sectors as defined in Section 3.2. The portfolios are rebalanced daily
with abnormal volume constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling
window of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume, while
the last portfolio (PH) contains currencies with high abnormal volume. LMH is a low-minus-high strategy
that buys PL and sells PH . The most informed category comprises hedge funds, whereas the uninformed
group includes insurance & pensions and other clients. We report means and standard deviations (SD) in
percentage per annum, and Sharpe ratios (SR) per annum. Numbers in brackets are t-statistics based on
Newey and West (1987) standard errors. Spot exchange rates are WMR closing prices from Datastream.
Option volume, expressed in US dollars, is based on intraday dealer-client trades reported to the DTCC
Derivatives Repository under the EMIR regulation. The sample covers major currency pairs at a daily
frequency from November 2014 to December 2023.

PL P2 P3 PH LMH

Hedge Funds Mean 4.73 0.28 1.49 =6.88 11.60

t-stat [1.67] [0.10] [0.53] [=2.35] [4.00]

SD 8.26 8.00 8.68 8.63 8.16

SR 0.57 0.04 0.17 =0.80 1.42

Asset Managers Mean 1.73 =0.48 =2.20 =4.81 6.54

t-stat [0.61] [=0.17] [=0.79] [=1.66] [2.27]

SD 8.39 8.51 8.12 8.73 8.04

SR 0.21 =0.06 =0.27 =0.55 0.81

Nondealer Banks Mean 1.06 =2.62 1.87 =2.51 3.57

t-stat [0.38] [=1.04] [0.71] [=0.83] [1.33]

SD 8.24 7.58 8.19 8.79 7.69

SR 0.13 =0.35 0.23 =0.29 0.46

Insurance & Pensions Mean =2.84 =6.80 =2.37 =0.30 =2.54

t-stat [=0.82] [=2.39] [=0.93] [0.13] [=0.93]

SD 8.93 8.55 8.98 8.92 9.26

SR =0.32 =0.80 =0.26 =0.03 =0.27

Other Clients Mean =0.80 =3.06 0.09 =1.19 0.39

t-stat [=0.27] [=0.95] [0.03] [=0.43] [0.14]

SD 8.26 8.69 8.54 8.34 8.16

SR =0.10 =0.35 0.01 =0.14 0.05

Most Informed – Uninformed Mean 12.81

t-stat [3.46]
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Table 7. Portfolios sorted by Option Volume: Trading Characteristics

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange option volume for
clients with high and low trading characteristics. For each client in each month, we measure the number of dealers traded with
(Connection), currency pairs traded (Multi-currency), trades conducted (Trades Number), traded volume (Trades Size), participation
in FX derivatives markets such as forwards/swaps and options (Derivatives Access), and exchange rate predictive ability (Forecasting
Skill), as described in Section 5.2. We then categorize clients into high and low groups based on whether their characteristics are
above or below the median each month. Within each group, we finally construct rebalanced portfolios daily with abnormal volume
constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling window of 21 trading days. The first portfolio (PL)
includes currencies with low abnormal volume, while the last portfolio (PH) contains currencies with high abnormal volume. LMH
is a low-minus-high strategy that buys PL and sells PH , while Diff indicates the difference in LMH between Panels A and B. We
report means in percentage per annum, and Sharpe ratios (SR) per annum. Numbers in brackets are t-statistics based on Newey and
West (1987) standard errors. Spot exchange rates are WMR closing prices from Datastream. Option volume, expressed in US dollars,
is based on intraday dealer-client trades reported to the DTCC Derivatives Repository under the EMIR regulation. Dealer-client
trades on FX forwards/swaps are also from the DTCC Derivatives Repository. The sample covers major currency pairs at a daily
frequency from November 2014 to December 2023.

PL P2 P3 PH LMH PL P2 P3 PH LMH Diff

Panel A: High Trading Characteristic Panel B: Low Trading Characteristic

Connection Mean 4.18 0.62 =2.65 =8.77 12.95 =0.63 =2.78 =2.55 0.73 =1.36 14.31
t-stat [1.59] [0.23] [=0.86] [=2.81] [4.98] [=0.24] [=1.03] [=0.87] [0.25] [=0.54] [3.87]
SR 0.53 0.08 =0.30 =0.96 1.72 =0.08 =0.34 =0.29 0.08 =0.18

Multi-Currency Mean 4.36 0.44 =4.85 =7.00 11.36 =1.62 =1.39 =2.10 =2.05 0.43 10.93
t-stat [1.67] [0.17] [=1.69] [=2.31] [4.15] [=0.56] [=0.49] [=0.70] [=0.73] [0.14] [2.79]
SR 0.54 0.06 =0.57 =0.78 1.44 =0.20 =0.16 =0.24 =0.24 0.05

Trades Number Mean 4.68 =0.51 =2.78 =7.41 12.09 =0.76 =0.68 =0.31 =2.23 1.47 10.62
t-stat [1.81] [=0.20] [=0.97] [=2.44] [4.41] [=0.27] [=0.23] [=0.11] [=0.76] [0.49] [2.74]
SR 0.58 =0.07 =0.33 =0.81 1.50 =0.09 =0.08 =0.04 =0.25 0.18

Trades Size Mean 3.92 =0.28 =3.18 =6.95 10.87 =1.51 =0.90 =1.29 0.53 =2.04 12.91
t-stat [1.48] [=0.11] [=1.12] [=2.30] [3.94] [=0.55] [=0.32] [=0.49] [0.18] [=0.78] [3.41]
SR 0.49 =0.04 =0.38 =0.78 1.39 =0.19 =0.11 =0.16 0.06 =0.26

Derivatives Access Mean 1.32 =1.24 =3.54 =8.56 9.88 0.42 =0.59 =5.31 =5.03 5.45 4.42
t-stat [0.84] [=1.08] [=1.27] [=2.17] [3.36] [=0.33] [=0.71] [=1.14] [=1.81] [1.54] [1.25]
SR 0.16 =0.16 =0.42 =0.93 1.23 0.05 =0.07 =0.60 =0.60 0.73

Forecasting Skill Mean 6.03 0.14 =2.52 =6.67 12.70 1.23 0.99 =2.66 =1.64 2.87 9.83
t-stat [2.29] [0.05] [=0.92] [=2.24] [4.79] [0.49] [0.37] [=0.88] [=0.55] [1.08] [2.59]
SR 0.77 0.02 =0.30 =0.75 1.67 0.16 0.13 =0.32 =0.18 0.36
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Table 8. Portfolios sorted by Option Volume: Macro Announcements

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange option volume, split
between announcement days (i.e., FOMC, non-farm payrolls, PMI, PPI, CPI, GDP) and non-announcement days. The portfolios
are rebalanced daily with abnormal volume constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling window
of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume, while the last portfolio (PH) contains
currencies with high abnormal volume. LMH is a low-minus-high strategy that buys PL and sells PH , while Diff indicates the
difference in LMH between Panels A and B. We report means and standard deviations (SD) in percentage per annum, and Sharpe
ratios (SR) per annum. Numbers in brackets are t-statistics based on Newey and West (1987) standard errors. Spot exchange rates
are WMR closing prices from Datastream. Option volume, expressed in US dollars, is based on intraday dealer-client trades reported
to the DTCC Derivatives Repository under the EMIR regulation. The sample covers major currency pairs at a daily frequency from
November 2014 to December 2023.

PL P2 P3 PH LMH PL P2 P3 PH LMH Diff

Panel A: Announcement Days Panel B: Non-Announcement Days

Hedge Funds Mean 18.06 8.33 8.00 =5.62 23.68 2.25 =1.21 0.29 =7.11 9.36 14.32
t-stat [2.29] [1.11] [1.13] [=0.71] [3.05] [0.80] [=0.42] [0.10] [=2.27] [3.06] [1.71]
SD 9.82 9.78 10.75 9.13 8.87 7.93 7.62 8.24 8.53 8.02
SR 1.84 0.85 0.74 =0.62 2.67 0.28 =0.16 0.04 =0.83 1.17

Asset Managers Mean 6.67 0.73 2.31 1.70 4.98 0.81 =0.70 =3.04 =6.02 6.83 =1.85
t-stat [0.86] [0.09] [0.34] [0.21] [0.61] [0.27] [=0.25] [=1.07] [=1.87] [2.21] [=0.23]
SD 9.80 9.43 8.90 9.90 8.65 8.11 8.33 7.97 8.50 7.92
SR 0.68 0.08 0.26 0.17 0.58 0.10 =0.08 =0.38 =0.71 0.86

Nondealer Banks Mean 9.36 3.52 4.59 8.49 0.87 =0.48 =3.77 1.37 =4.55 4.07 =3.20
t-stat [1.14] [0.55] [0.65] [1.05] [0.09] [=0.17] [=1.42] [0.49] [=1.40] [1.47] [=0.34]
SD 11.05 8.40 8.72 10.42 10.24 7.61 7.41 8.09 8.45 7.12
SR 0.85 0.42 0.53 0.81 0.08 =0.06 =0.51 0.17 =0.54 0.57

Insurance & Pensions Mean 0.35 =7.38 =8.34 =2.69 3.04 =3.22 =7.40 =1.75 0.96 =4.18 7.22
t-stat [0.04] [=0.82] [=1.06] [=0.32] [0.32] [=0.97] [=2.25] [=0.55] [0.30] [=1.24] [0.72]
SD 10.66 9.75 9.81 9.93 10.19 8.56 8.36 8.77 8.84 9.25
SR 0.03 =0.76 =0.85 =0.27 0.30 =0.38 =0.89 =0.20 0.11 =0.45

Other Cients Mean 8.17 =9.47 6.50 1.43 6.74 =2.46 =1.87 =1.11 =1.68 =0.79 7.53
t-stat [1.07] [=1.08] [0.8] [0.20] [0.97] [=0.8] [=0.54] [=0.35] [=0.57] [=0.26] [0.94]
SD 9.11 10.07 9.37 9.18 8.24 8.09 8.41 8.37 8.18 8.15
SR 0.90 =0.94 0.69 0.16 0.82 =0.30 =0.22 =0.13 =0.21 =0.10
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Table 9. Portfolios sorted by Option Volume: Volatility vs Directional Trades

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange option volume,
categorized into directional and volatility trades. We identify volatility trades by selecting dealer-client call and put options with
identical execution time, maturity, client, and strike price. Directional trades are the remaining dealer-client trades. The portfolios
are rebalanced daily with daily abnormal volume constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling
window of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume, while the last portfolio (PH)
contains currencies with high abnormal volume. LMH is a low-minus-high strategy that buys PL and sells PH . We report means and
standard deviations (SD) in percentage per annum, and Sharpe ratios (SR) per annum. Numbers in brackets are t-statistics based on
Newey and West (1987) standard errors. Spot exchange rates are WMR closing prices from Datastream. Option volume, expressed
in US dollars, is based on intraday dealer-client trades reported to the DTCC Derivatives Repository under the EMIR regulation.
The sample covers major currency pairs at a daily frequency from November 2014 to December 2023.

PL P2 P3 PH LMH

Directional Mean 5.14 =3.04 =0.08 =7.62 12.76

t-stat [1.96] [=1.14] [=0.03] [=2.61] [4.96]

SD 7.80 7.81 9.50 8.87 7.46

SR 0.66 =0.39 =0.01 =0.86 1.71

Volatility Mean 0.90 1.11 =2.64 =3.49 4.40

t-stat [0.36] [0.38] [=0.90] [=1.14] [1.62]

SD 7.76 8.53 8.49 8.86 7.84

SR 0.12 0.13 =0.31 =0.39 0.56

Directional – Volatility Mean 8.36

t-stat [2.24]
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Table 10. Other Segments of the FX Market

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange
forward volume, lagged forward net demand, and lagged option net demand. The portfolios are rebalanced
daily with abnormal forward volume constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using
a rolling window of 21 trading days, forward net demand constructed as the ratio of buy volume minus sell
volume relative to total volume (e.g., Cespa, Gargano, Riddiough, and Sarno, 2022; Ranaldo and Somogyi,
2021), and option net demand calculated as the ratio of buy volume on calls and sell volume on puts relative
to total volume as in Pan and Poteshman (2006). For forward volume, the first portfolio (PL) includes
currencies with low abnormal volume, while the last portfolio (PH) contains currencies with high abnormal
volume. LMH is a low-minus-high strategy that buys PL and sells PH . For forward and option net demand,
the first portfolio (PH) includes currencies with high net demand, while the last portfolio (PL) contains
currencies with low net demand. HML is a high-minus-low strategy that buys PH and sells PL. We report
means and standard deviations (SD) in percentage per annum, and Sharpe ratios (SR) per annum. Numbers
in brackets are t-statistics based on Newey and West (1987) standard errors. Spot exchange rates are WMR
closing prices from Datastream. Volume and net demand, expressed in US dollars, are based on intraday
dealer-client trades reported to the DTCC Derivatives Repository under the EMIR regulation. The sample
covers major currency pairs at a daily frequency from November 2014 to December 2023 for forward volume,
and from December 2015 to December 2023 for both forward and option net demands.

PL P2 P3 PH LMH

Forward Volume Mean 0.29 =3.34 =1.73 =1.19 1.48

t-stat [0.12] [=1.36] [=0.61] [=0.48] [0.73]

SD 7.21 7.44 8.39 7.42 5.89

SR 0.04 =0.45 =0.21 =0.16 0.25

PH P2 P3 PL HML

Forward Net Demand Mean 2.27 =3.48 2.90 =1.61 3.88

t-stat [0.83] [=1.25] [0.94] [=0.58] [1.68]

SD 7.84 7.77 9.02 7.97 6.29

SR 0.29 =0.45 0.32 =0.20 0.62

PH P2 P3 PL HML

Option Net Demand Mean 2.74 =0.90 =0.30 =5.37 8.10

t-stat [1.01] [=0.33] [=0.11] [=1.68] [3.03]

SD 8.12 7.61 7.74 8.34 7.61

SR 0.34 =0.12 =0.04 =0.64 1.06
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Table 11. Option Volume and Other Segments of the FX Market

This table presents least squares estimates of time-series regressions. The dependent variable is the exchange
rate return on the low-minus-high strategy based on dealer-client option volume as described in Panel A of
Table 1. The set of explanatory variables includes the exchange rate return on the low-minus-high strategy
based on dealer-client forward volume, high-minus-low strategy based on dealer-client forward net demand,
and the high-minus-low strategy based on dealer-client option net demand as described in Table 10. α denotes
the unexplained average exchange rate return in percentage per annum. Numbers in brackets are Newey and
West (1987) standard errors. ***, **, and * indicate significance at the 1%, 5%, and 10% level, respectively.
Spot exchange rates are WMR closing prices from Datastream. Volume and net demand, expressed in US
dollars, are based on intraday dealer-client trades reported to the DTCC Derivatives Repository under the
EMIR regulation. The sample covers major currency pairs at a daily frequency from November 2015 to
December 2023.

(1) (2) (3) (4)

α 11.738*** 11.843*** 11.903*** 11.053***
(2.934) (2.965) (2.924) (2.902)

Forward Volume =0.003
(0.041)

Forward Net Demand 0.025
(0.068)

Option Net Demand 0.083**
(0.042)

R2 (%) 0.00 0.00 0.04 0.71

N 1,828 1,828 1,810 1,828
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(not for publication)

Abstract

This Internet Appendix presents proofs, extensions, and additional results that are not

included in the main body of the paper.



A Baseline Model

This appendix provides the proofs of Proposition 1 and Corollary 1, which are associated

with the baseline model presented in Section 2.

A.1 Proof of Proposition 1

In this economy, the equilibrium is characterized by the following cases:

1. There are no dollar benefits (m = 0):

(a) If L < L , informed investors only trade in the spot market and there is no

association between option volume and future exchange rate changes, meaning

that, Cov(e1 − e0, V0) = 0.

(b) If L ≤ L ≤ L , there is a pooling equilibrium in which a positive fraction of

informed investors is active in the option market. However, there is no association

between option volume and future exchange rate returns.

(c) If L > L , informed investors only trade in the option market and there is no

association between option volume and future exchange rate changes.

2. There are dollar benefits (m > 0):

(a) If L < L , no informed investors trade options and there is no association between

option volume and future exchange rate changes.

(b) If L ≤ L ≤ L , there is a pooling equilibrium in which a positive fraction of

informed investors is active in the option market. However, there is no association

between option volume and future exchange rate returns when m ≤ m∗, whereas

there is a negative relationship between option volume and future exchange rate

changes when m > m∗, meaning that Cov(e1 − e0, V0) < 0.

(c) L > L , informed investors only trade options. However, there is no association

between option volume and future exchange rate returns when m ≤ m∗∗, whereas

there is a negative relationship between option volume and future exchange rate

changes when m > m∗∗.
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With m = 0, we show that the participation in the option market of informed traders

depends on L. When L < L , informed traders only participate in the spot market. When

L ≤ L ≤ L , there is a pooling equilibrium where some informed traders participate in the

spot market and others participate in the option market. When L > L , informed traders

only participate in the option market. With m > 0, moreover, we show that the magnitude

of m affects the market participation of informed investors when they know e1 = e+ V , but

it does not affect informed investors’ market participation when they know e1 = e − V . In

line with Easley, O’Hara, and Srinivas (1998), we use bs and as to denote bid and ask prices

per unit of foreign currency in the spot market, bc and ac to define bid and ask premia on

the investor’s total call option position, and bp and ap as the equivalent bid and ask premia

for the investor’s total put option position. Since each option contract is written on one unit

of foreign currency and the investor allocates one dollar to the option market, these premia

correspond to the total dollar amounts paid or received for a position of θ option contracts.

Proof. We proceed with the proof of each case.

Proof of Case (1a). In this case, m = 0 and Assumption 2 ensure that all informed

investors will participate in the option market (e.g., q = q = 1). Thus, we only need

to analyze informed investors’ participation decision in the spot and option markets. In

this part, we first characterize the condition under which informed investors will not trade

options. In the second step, we show that Cov(e1 − e0, V0) = 0. Here, we focus on the case

in which informed investors know e1 = e + V . If informed investors know e1 = e − V , the

proof follows similar steps.

In the first step, we pin down L which satisfies the condition that informed traders do not

trade options when L < L . When α = 1 and e1 = e+V , trading profit of selling puts is bp =

LγV , and trading profit of buying calls is −ac+θ(e+V −Kc) = 2LγV −ac = LγV . Trading

profit of buying spot is γ(e+V −as) = γ(V − µq̄αV
µq̄+2(1−µ)q1

) = V 2(1−µ)q1γ
µq̄+2(1−µ)q1

. Let L = 2(1−µ)q1
µ+2(1−µ)q1

.

It is clear that when L < L , LV < V 2(1−µ)q1
µq̄+2(1−µ)q1

(as q̄ ≤ 1). Thus, we conclude that when

L < L , informed investors will not trade options when they know e1 = e + V . In the case

when informed investors know e1 = e−V , the proof results in the same condition. We move

to pin down L which satisfies that informed traders do not trade in the spot market when
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L > L . When α = 0 and e1 = e + V , trading profit of selling puts is bp = 2(1−µ)q4×LγV

µ(1−β)+2(1−µ)q4
,

and trading profit of buying calls is −ac + θ(e + V − Kc) = 2LγV − ac = 2(1−µ)q5×LγV

µβ+2(1−µ)q5
.

Meanwhile, in equilibrium, as q4 = q5, the equilibrium β
∗
= 1

2
. Trading profit of buying spot

is γ(e+ V − as) = γV . Let L = µβ
∗
+2(1−µ)q5

2(1−µ)q5
(> L ). It is clear that when L > L , the profit

in trading options is larger than the profit in trading spots. Thus, we conclude that when

L > L , informed investors will not trade in the spot market when they know e1 = e+ V . In

the case when informed investors know e1 = e− V , the proof results in the same condition.

In the second step, since no informed investors trade options (when L < L ), option volume

V0 = (
∑i=6

i=3 qi)(1 − µ), and it is uncorrelated with e1. Meanwhile, the equilibrium spot

exchange rate is the volume weighted bid and ask prices. When e1 = e + V , the total buy

volume is (1− µ)q1 + µ, and the total sell volume is (1− µ)q2. Similarly, When e1 = e− V ,

the total buy volume is (1− µ)q2, and the total sell volume is (1− µ)q1 + µ. Thus, we have:

e0 =

e+ µV
µ+2(1−µ)q1

µ
2(1−µ)q1+µ

when e1 = e+ V

e− µV
µ+2(1−µ)q1

µ
2(1−µ)q1+µ

when e1 = e− V .

We can directly obtain that Cov(e1 − e0, V0) = 0.

Proof of Case (1b). We proceed to analyze the pooling equilibrium (when L ≤ L ≤ L ).

We focus on the case when informed investors know e1 = e− V ; the proof for the case when

informed investors know e1 = e+V follows similar steps. For the pooling equilibrium where

e1 = e − V , we have: γ(bs + V − e) = bc = −ap + θ(Kp + V − e). We first solve β. In the

pooling equilibrium, the trading profit for selling call options equals the trading profit for

buying put options. Thus, β is the solution to the following equation:

bc =
2(1− µ)q6 · LγV

µ(1− α)β + 2(1− µ)q6
= 2LγV −

2
[
µ(1− α)(1− β) + (1− µ)q3

]
· LγV

µ(1− α)(1− β) + 2(1− µ)q3
.

We can solve the equation to show that β = q6
q3+q6

= 1
2
. Next, we proceed to solve α. In

the pooling equilibrium, the trading profit for selling in the spot market equals the trading
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profit for buying put options. Thus, α is the solution to the following equation:

γ(V − αµV

αµ+ 2(1− µ)q2
) =

2(1− µ)q6 · LγV
µ(1− α)β + 2(1− µ)q6

,

so that

α∗ =
q2[µ+ 4(1− µ)q6(1− L)]

µ [q2 + 2Lq6]
.

We can get the same solution when informed investors know that e1 = e+ V . That is,

α∗ = α∗. After we characterize the equilibrium, we can characterize the association between

e1 − e0 and option trading volume. We denote the option trading volume as V0. The option

trading volume takes the following form:

V0 =

(
∑i=6

i=3 qi)(1− µ) + (1− α∗)µ when e1 = e+ V

(
∑i=6

i=3 qi)(1− µ) + (1− α∗)µ when e1 = e− V .

Meanwhile, the equilibrium spot exchange rate is the volume weighted bid and ask prices.

When e1 = e + V , the total buy volume is (1 − µ)q1 + µα∗, and the total sell volume is

(1− µ)q2. Similarly, when e1 = e− V , the total buy volume is (1− µ)q2, and the total sell

volume is (1− µ)q1 + µα∗. Thus, we have:

e0 =

e+ α∗µV
α∗µ+2(1−µ)q1

α∗µ
2(1−µ)q1+α∗µ

when e1 = e+ V

e− α∗µV
α∗µ+2(1−µ)q1

α∗µ
2(1−µ)q1+α∗µ

when e1 = e− V .

Thus, we can easily get that Cov(e1 − e0, V0) = 0.

Proof of Case (1c). When L > L , informed investors only trade options, and thus option

volume V0 = (
∑i=6

i=3 qi)(1−µ)+µ, and e0 = e. We can directly obtain that Cov(e1−e0, V0) = 0.

Proof of Case (2a). We take two steps to prove this case. In the first step, we show that

when L < L , informed investors will still not trade options even if there are dollar benefits.
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In the second step, we show that Cov(e1 − e0, V0) = 0. Here, we focus on the case in which

informed investors know e1 = e+V ; the proof for the case in which informed investors know

e1 = e− V follows similar steps.

In the first step, when α = 1, the utility of selling puts is bp(1−m), and the utility of buying

calls is [−ac + θ(e+ V −Kc)](1−m). Here, bp = −ac + θ(e+ V −Kc) = LγV . The utility

of buying spot is γ(e+ V − as)(1−m), where

e+ V − as = V − µq̄V

µq̄ + 2(1− µ)q1

= V
2(1− µ)q1

µq̄ + 2(1− µ)q1
.

It is clear that when L < L , LγV < V 2(1−µ)q1γ
µq̄+2(1−µ)q1

(as q̄ ≤ 1). Thus, we conclude that when

L < L , informed investors receiving good news will still not trade options even if there are

dollar benefits. The proof for the case when informed investors know e1 = e − V results in

the same condition.

In the second step, since no informed investors trade options, the option volume is V0 =

(
∑i=6

i=3 qi)(1− µ). We can directly obtain that Cov(e1 − e0, V0) = 0.

Proof of Case (2b). . We take two steps to prove this case. In the first step, we pin

down m∗, where m∗ satisfies the condition that all informed investors participate in the

option market when m ≤ m∗ (e.g., m = 0). As dollar benefits (m) lead to a utility loss for

informed investors when they want to buy the foreign currency, we focus on the case when

informed investors know e1 = e + V . When all informed investors participate in the option

market, since L ≤ L ≤ L , the equilibrium is a pooling one where ᾱ∗ = q1[µ+4(1−µ)q5(1−L)]
µ[q1+2Lq5]

and β̄ = β = 1
2
. In this case, we denote the trading profit from participating in the market

as π∗, and we calculate π∗ as follows:

π∗ =
2(1− µ)q1γV

µα∗ + 2(1− µ)q1
.
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Let m∗ = 1 − c/[ 2(1−µ)q1γV
µα∗+2(1−µ)q1

]. When m ≤ m∗, the utility of market participation is higher

than the cost (e.g., 2(1−µ)q1γV
µα∗+2(1−µ)q1

(1 −m) > c), and thus all informed investors participate in

the option market when they know e1 = e+ V (e.g., q̄ = 1).

Meanwhile, when informed investors know e1 = e−V , Assumption 2 ensures that all informed

investors will participate in the option market (e.g., q = 1 and α∗ is solved in the proof for

Case (1b). Then we can directly show that ᾱ∗ = α∗, and we have the same option trading

volumes in the cases with e1 = e+ V and e1 = e− V . Following the Case (1b), we have:

e0 =

e+ α∗µV
α∗µ+2(1−µ)q1

α∗µ
2(1−µ)q1+α∗µ

when e1 = e+ V

e− α∗µV
α∗µ+2(1−µ)q1

α∗µ
2(1−µ)q1+α∗µ

when e1 = e− V .

Thus, we can easily get that Cov(e1 − e0, V0) = 0. In the second step, we show that when

m > m∗, V0(e1 = e+ V ) < V0(e1 = e− V ).

When m > m∗, we show that not all informed investors participate in the option market

when they receive the signal that e1 = e + V and thus q̄ < 1. However, Assumption 2

ensures that all informed investors will participate in the option market when they know

e1 = e − V and thus q = 1. Meanwhile, α∗ is solved in the proof of Case (1b), and it is

smaller than one as L ≥ L in this case. We have two scenarios to consider here. In the

first one, no informed investors trade options when they know e1 = e + V . In this case, we

have 2γ(1−µ)q1V
µq̄+2(1−µ)q1

(1 −m) = c (which pins down the equilibrium q̄) and 2(1−µ)q1γV
µq̄+2(1−µ)q1

(1 −m) >

LγV (1 − m) (which ensures no participation of informed investors in options). These two

conditions suggest that c > LγV (1−m). In this case, α∗ = 1, and the option trading volume

takes the following form:

V0 =

(
∑i=6

i=3 qi)(1− µ) When e1 = e+ V

(
∑i=6

i=3 qi)(1− µ) + (1− α∗)µ when e1 = e− V .

where 0 < α∗ < 1 in this case. Now the equilibrium spot exchange rate is:

e0 =

e+ µqα∗V
µqα∗+2(1−µ)q1

(1−µ)q1+µqα∗

2(1−µ)q1+µqα∗ − µqα∗V

µqα∗+2(1−µ)q2

(1−µ)q1
2(1−µ)q1+µqα∗ When e1 = e+ V

e− µqα∗V

µqα∗+2(1−µ)q2

(1−µ)q1+µqα∗

2(1−µ)q1+µqα∗ +
µqα∗V

µqα∗+2(1−µ)q1

(1−µ)q1
2(1−µ)q1+µqα∗ When e1 = e− V .
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We then have Cov(e1 − e0, V0) < 0.

In the second scenario, some informed investors trade options when they know e1 = e + V .

Since L < L , there is always a positive fraction of informed investors in the spot market.

In this scenario, the condition is 2(1−µ)q1γV
µq̄α+2(1−µ)q1

(1 −m) = c (which pins down the equilibrium

participation decisions) and α∗∗, β̄ are pinned down by equalities of trading profits in different

markets:

(V − µq̄αV

µq̄α + 2(1− µ)q1
)γ =

2(1− µ)q4 · LγV
µq̄(1− α)(1− β) + 2(1− µ)q4

2LV − 2
[
µq̄(1− α)β + (1− µ)q5

]
· LV

µq̄(1− α)β + 2(1− µ)q5
=

2(1− µ)q4 · LV
µq̄(1− α)(1− β) + 2(1− µ)q4

.

We have β̄ = q5
q5+q4

= 1
2
and α∗ = q1[q̄µ+2(1−µ)(q4+q5)(1−L)]

q̄µ[q1+L(q4+q5)]
. Importantly, since m > m∗, we

have q̄ < 1. Thus, when informed investors receive good news, option trading volume of

informed investors is q̄(1− α∗∗), which is

q̄(1− α∗) = q̄(1− q1[q̄µ+ 2(1− µ)(q4 + q5)(1− L)]

q̄µ [q1 + L(q4 + q5)]
)

= q̄
q̄µL(q4 + q5)− 2(1− µ)(q4 + q5)(1− L)q1

q̄µ [q1 + L(q4 + q5)]

=
q̄µL(q4 + q5)− 2(1− µ)(q4 + q5)(1− L)q1

µ [q1 + L(q4 + q5)]

<
µL(q4 + q5)− 2(1− µ)(q4 + q5)(1− L)q1

µ [q1 + L(q4 + q5)]

= 1− α∗.

This suggests that V0(e1 = e + V ) < V0(e1 = e − V ). Like the previous analysis, the

equilibrium spot exchange rate is:

e0 =

e+ µqα∗V
µqα∗+2(1−µ)q1

(1−µ)q1+µqα∗

2(1−µ)q1+µqα∗ − µqα∗V

µqα∗+2(1−µ)q2

(1−µ)q1
2(1−µ)q1+µqα∗ when e1 = e+ V

e− µqα∗V

µqα∗+2(1−µ)q2

(1−µ)q1+µqα∗

2(1−µ)q1+µqα∗ +
µqα∗V

µqα∗+2(1−µ)q1

(1−µ)q1
2(1−µ)q1+µqα∗ When e1 = e− V .

We can have Cov(e1 − e0, V0) < 0.
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Proof of Case (2c). We take two steps to prove this case. In the first step, we show that

when L > L , informed investors will still not trade the spot market even if there are dollar

benefits. In the second step, we pin down m∗∗, where m∗∗ satisfies the condition that all

informed investors participate in the option market when m ≤ m∗∗ (e.g., m = 0).

In the first step, when α = 0 and e1 = e + V , the utility of selling puts is bp(1 − m), and

the utility of buying calls is [−ac + θ(e + V −Kc)](1−m). Here, bp =
2(1−µ)q4×LγV

µq̄(1−β)+2(1−µ)q4
, and

−ac + θ(e + V −Kc) = 2LγV − ac =
2(1−µ)q5×LγV

µq̄β+2(1−µ)q5
. Meanwhile, in equilibrium, as q4 = q5,

the equilibrium β
∗
= 1

2
. The utility of buying spot is γ(e+ V − as)(1−m) = γV (1−m). It

is clear that when L > L , 2(1−µ)q4×LγV
0.5µq̄+2(1−µ)q4

> 2(1−µ)q4×LγV
0.5µ+2(1−µ)q4

> γV (as q̄ ≤ 1). Thus, we conclude

that when L > L , informed investors receiving good news will still not trade in the spot

market even if there are dollar benefits. The proof for the case when informed investors

know e1 = e− V results in the same condition.

In the second step, Assumption 2 ensures that all informed investors will participate in the

option market when they know e1 = e−V and thus q = 1. Meanwhile, as L > L , all informed

traders trade options when they know e1 = e − V , which suggests that α∗ = 0. Now, as

α∗ = 0 in this case, we only need to pin down m∗∗, where m∗∗ satisfies the condition that

all informed investors only participate in the market when m ≤ m∗∗. In other words, when

m > m∗∗, not all informed investors trade options and q < 1. When all informed investors

trade options, α = 0 and e1 = e+V , the utility of selling puts is bp =
2(1−µ)q4×LγV

µ(1−β)+2(1−µ)q4
(1−m),

and the utility of buying calls is [−ac + θ(e + V − Kc)](1 − m) = 2(1−µ)q5×LγV

µβ+2(1−µ)q5
(1 − m). In

equilibrium, as q4 = q5, the equilibrium β
∗
= 1

2
. Thus, the utility of selling puts or buying

calls is 2(1−µ)q5×LγV
0.5µ+2(1−µ)q5

(1−m). When m < m∗∗ (where, 2(1−µ)q5×LγV
0.5µ+2(1−µ)q5

(1−m∗∗) = c), all informed

investors participate in the option market (q = 1). Otherwise, not all informed investors

participate in the option market (q < 1).

As the option trading volume takes the form (when all informed traders trade options) as

follows:

V0 =

(
∑i=6

i=3 qi)(1− µ) + qµ when e1 = e+ V

(
∑i=6

i=3 qi)(1− µ) + µ when e1 = e− V .

Thus, we can conclude that when m ≤ m∗∗, V0(e1 = e + V ) = V0(e1 = e − V ). Meanwhile,
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as no informed investors trade in the spot market, e0 = e, and thus we have Cov(e1 −
e0, V0) = 0. But when m > m∗∗, V0(e1 = e + V ) < V0(e1 = e − V ), and thus we have

Cov(e1 − e0, V0) < 0.

A.2 Proof of Corollary 1

Proof. When option leverage is sufficiently high (i.e., L > L ) and m > m∗∗, informed

investors only participate in the option market. Since the utility of selling puts or buying

calls is decreasing with m and decreasing with q̄, the equilibrium q̄ is decreasing with m

given that 2(1−µ)q4×LγV
0.5µq̄+2(1−µ)q4

(1 −m) = c. Meanwhile, the return predictability of option volume

is characterized as:

Cov(e1 − e0, V0) = −0.5µ(1− q̄)V .

Since Cov(e1 − e0, V0) is decreasing with m, the return predictability of option volume be-

comes stronger when m is larger.
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B Model Extensions

This appendix explores several model extensions to assess the robustness and generality of

our theoretical results. We begin by summarizing these extensions and then provide detailed

derivations.

First, in Appendix B.1, we relax the assumption of zero interest rates and express investors’

payoffs in terms of excess returns. Competitive market makers continue to earn zero expected

excess returns, implying that bid and ask prices incorporate interest rate differentials. These

price adjustments offset the impact of interest rate differentials on investors’ payoffs, leaving

the return predictability of option volume unchanged.

Second, in Appendix B.2, we endogenize liquidity traders’ participation by introducing a par-

ticipation cost for entering the market. While this extension changes the relative composition

of informed and liquidity traders, it does not materially affect our results. In Appendix B.3,

we further allow liquidity traders to have dollar benefits. We show that when liquidity traders

have dollar benefits, there is a negative association between option volume and future ex-

change rate returns even if informed traders do not have dollar benefits. Intuitively, when

liquidity traders value dollar payoffs, liquidity traders are more willing to acquire dollar ex-

posure, which lower adverse selection in acquiring dollar and thus further increases informed

investors’ incentive to acquire dollar exposure. Meanwhile, the negative association between

option volume and future exchange rate returns is robust when both liquidity traders and

informed traders have dollar benefits.

Third, in Appendix B.4, we provide a microfoundation for the benefit of acquiring dollars

(i.e., via selling the spot, selling the call, and buying the put). This microfoundation is based

on the hedging role of the dollar.

Fourth, in Appendix B.5, we extend our baseline model to incorporate search frictions in the

option market, a realistic feature of over-the-counter trading. While this extension builds

on the framework of Kondor and Pinter (2022), a key difference is that we consider the

co-existence of both spot and option markets, whereas their analysis focuses on a single

asset. In our setting, search frictions are present only in the option market, where each
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informed investor can potentially approach up to two market makers. Contacting the first

is costless, while obtaining a second quote requires paying a cost, which serves as a reduced-

form representation of search frictions. We show that the predictive relationship between

option volume and future exchange rate returns also holds under search frictions in the option

market.

Fifth, in Appendix B.5, we also examine how information precision affects investors’ connec-

tions to market makers. Consistent with Kondor and Pinter (2022), we find that investors’

willingness to contact multiple dealers depends on the precision of their private information.

When information precision is low, informed investors typically contact only one market

maker. In contrast, when precision is high, they are more likely to approach two dealers to

obtain competing quotes. The underlying trade-off is between the benefit of better pricing

through dealer competition and the cost of searching for an additional quote. High informa-

tion precision increases the potential rent from informed trading, making it worthwhile to

incur the extra cost of contacting a second dealer. This result yields an empirically testable

prediction, i.e., the return predictability of option volume should be stronger when option

volume comes from investors with greater dealer connectivity. This prediction aligns with

Kondor and Pinter (2022) and is supported by our empirical analysis presented in Table 7,

thereby strengthening our main findings.

Sixth, in Appendix B.6, we examine the role of inventory costs, modeled in reduced form

as dealer balance sheet constraints, in shaping the return predictability of option volume.

Specifically, we assume that market makers face quadratic inventory costs, reflecting the

increasing marginal cost of holding positions. We show that inventory costs raise transaction

costs (e.g., by widening bid-ask spreads) but do not alter our main findings on the predictive

power of option volume for future exchange rate returns.

Finally, we extend our model in Appendix B.7 to explain why option volume, but not spot

volume, predicts exchange rate returns. In this extension, we distinguish between two types

of informed investors, one that trades both spot and option contracts and enjoys dollar

benefits, and another that trades only in the spot market and does not value dollar exposure.

The model also shows that spot order flow can retain predictive power, helping reconcile the

existing empirical evidence.
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B.1 The Role of Non-Zero Interest Rates

We now relax the assumption of zero interest rates. Let ius denote the US interest rate

and ifc the foreign interest rate. The presence of interest rates affects the excess returns in

trading the spot and options on foreign currency. With bad news about the foreign currency,

an informed investor knows that e1 = e− V and her utility is given by

U =


γ(bs + V − e+ ius − ifc)(1 +m) if selling spot

[−ap + θ(Kp + V − e) + θ(ius − ifc)](1 +m) if buying puts

[bc + θ(ius − ifc)](1 +m) if selling calls.

In the case of good news, the investor knows that e1 = e+ V and her utility is given by:

U =


γ(−as + e+ V + ifc − ius)(1−m) if buying spot

[bp + θ(ifc − ius)](1−m) if selling puts

[−ac + θ(e+ V −Kc) + θ(ifc − ius)](1−m) if buying calls.

To determine the equilibrium prices in the spot and option markets, we require that market

makers set prices so that their expected profits, after accounting for interest rates, are zero

given their beliefs about the behavior of informed traders. For example, the expected trading

profit of market makers, considering the interest rates in the spot market when receiving a

sell order, is E[Value Asset | Sell Spot] − bs + ifc − ius. In the competitive market, the

expected trading profit is zero, and thus bs = E[Value Asset | Sell Spot]+ ifc− ius. Similarly,

the expected trading profit of market makers, considering the interest rates in the spot

market when receiving a buy order, is as − E[Value Asset | Buy Spot] + ius − ifc. In the

competitive market, the expected trading profit is zero, and thus as = E[Value Asset |
Buy Spot] + ifc − ius.

We now derive the optimal bid and ask prices set by market makers given the probabilities

of informed trading. In the spot market, the bid (ask) price is the conditional expected value

of the asset given that a trader wishes to sell (buy) the asset to the market maker. Using
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Bayes’ rule, we obtain that the bid and ask prices are given by:

bs = e−
qαµV

qαµ+ 2(1− µ)q2
+ ifc − ius

as = e+
µq̄αV

µq̄α + 2(1− µ)q1
+ ifc − ius,

Similarly, the bid (ask) price of the call option position is the conditional expected value of

the call option position given that a trader wishes to sell (buy) calls to the market maker,

such that:

bc =
2(1− µ)q6 × LγV

µq(1− α)β + 2(1− µ)q6
+ θ(ifc − ius)

ac =
2
[
µq̄(1− α)β + (1− µ)q5

]
× LγV

µq̄(1− α)β + 2(1− µ)q5
+ θ(ifc − ius),

whereas the bid (ask) price of the put option position corresponds to:

bp =
2(1− µ)q4 × LγV

µq̄(1− α)(1− β) + 2(1− µ)q4
+ θ(ius − ifc)

ap =
2
[
µq(1− α)(1− β) + (1− µ)q3

]
× LγV

µq(1− α)(1− β) + 2(1− µ)q3
+ θ(ius − ifc).

Recall that bc, ac, bp, and ap denote the total premia paid or received for a position of θ option

contracts, whereas bs and as denote bid and ask spot prices per unit of foreign currency. As

we can see, market makers consider the interest rate differential in all bid and ask prices.

When putting the interest rate differential into the payoffs of informed investors, we find

that the net payoffs are the same as the main model. In this sense, the main results are

unchanged.
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B.2 Endogenous Participation of Liquidity Traders

We now consider the endogenous participation of liquidity traders. Their trading activity

depends on the trade-off between trading needs and the participation cost, which can be

described as follows:

Liquidity Trading =



q∗1 = Prob {Buy Spot}
q∗2 = Prob {Sell Spot}
q∗3 = Prob {Buy Puts}
q∗4 = Prob {Sell Puts}
q∗5 = Prob {Buy Calls}
q∗6 = Prob {Sell Calls},

where q∗i ≤ qi.

Like informed traders, liquidity traders face a participation cost to trade in a market. Fol-

lowing Zhu (2014), we assume that liquidity traders face delay costs if they do not complete

their trading immediately. The cost per unit of asset per capita is given by ci,j = γiV , where

j denotes buy spot, sell spot, buy call, sell call, buy put, or sell put. Moreover, γi represents

the “type” of liquidity traders and has a twice-differentiable cumulative distribution function

G, where G(∞) = 1. In equilibrium, we have γ∗
i V = c and q∗i = qi(1−G(γ∗

i )).

When both informed and liquidity traders endogenously choose to participate in the market,

market makers set optimal bid and ask prices based on the inferred probability of trading

against an informed investor. In the spot market, the bid (ask) price corresponds to the

conditional expected value of the asset, given that the trader is selling (buying) to the

market maker. Using Bayes’ rule, we obtain that the bid and ask prices are given by

bs = E[Value Asset | Sell Spot] = e−
qαµV

qαµ+ 2(1− µ)q∗2

as = E[Value Asset | Buy Spot] = e+
µq̄αV

µq̄α + 2(1− µ)q∗1
.
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Similarly, the bid (ask) price of the call option is set as the conditional expected value of the

option payoff, given that a trader is selling (buying) the call to the market maker. Formally,

we have that the bid and ask prices are given by

bc = E[Value of Call Position | Sell Calls] = 2(1− µ)q∗6 × LγV

µq(1− α)β + 2(1− µ)q∗6

ac = E[Value of Call Position | Buy Calls] =
2
[
µq̄(1− α)β + (1− µ)q∗5

]
× LγV

µq̄(1− α)β + 2(1− µ)q∗5
,

Similarly, for the put option, the bid and ask prices correspond to

bp = E[Value of Put Position | Sell Puts] = 2(1− µ)q∗4 × LγV

µq̄(1− α)(1− β) + 2(1− µ)q∗4

ap = E[Value of Put Position | Buy Puts] =
2
[
µq(1− α)(1− β) + (1− µ)q∗3

]
× LγV

µq(1− α)(1− β) + 2(1− µ)q∗3
.

Recall that bc, ac, bp, and ap denote the total premia paid or received for a position of

θ option contracts, whereas bs and as denote bid and ask spot prices per unit of foreign

currency. These bid and ask prices depend on the expected presence of informed traders in

each market, namely, the probability of informed trading captured by µ, and the fraction

of informed traders active in each market captured by q, α, β, q, α, and β. We thus

conclude that endogenizing the participation of liquidity traders alters only the relative share

of informed versus liquidity traders without materially affecting the model’s predictions.

B.3 When Liquidity Traders Have Dollar Benefits

In this section, we endogenize the participation of liquidity traders. The trading activity of

liquidity traders depends on the trade-off between their trading needs and the participation
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cost, and can be described as follows:

Liquidity Trading =



q∗∗1 = Prob (Buy Spot)

q∗∗2 = Prob (Sell Spot)

q∗∗3 = Prob (Buy Puts)

q∗∗4 = Prob (Sell Puts)

q∗∗5 = Prob (Buy Calls)

q∗∗6 = Prob (Sell Calls)


where q∗∗i ≤ qi.

Like informed traders, liquidity traders face a cost to participate in a market. The cost per

unit of asset per capita is given by ci,j = γi,jV , where j indexes investor j within type i

(where i = buy spot, sell spot, buy calls, sell calls, buy puts, or sell puts). γi,j captures

the type of liquidity trader and is distributed according to a twice-differentiable cumulative

distribution function G. Investors with a higher γi,j have stronger incentives to participate

in the market. Meanwhile, we also assume that liquidity traders face a disutility, −mLV

(mL > 0), from buying spot, buying calls, and selling puts, but they enjoy a utility gain,

mLV , from selling spot, selling calls, and buying puts. Note that mL can be the same as, or

different from, informed traders’ m.

In equilibrium, we have:

γ∗∗
i V −mLV = c and q∗∗i = qi[1−G(γ∗∗

i )],

where type i corresponds to buying spot, buying calls, or selling puts.

γ∗∗
i V +mLV = c and q∗∗i = qi[1−G(γ∗∗

i )],

where type i corresponds to selling spot, selling calls, or buying puts.

We have:

q∗∗1 < q∗∗2 , q∗∗4 = q∗∗5 < q∗∗3 = q∗∗6 .
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When informed traders and liquidity traders endogenously choose to participate in the mar-

ket, market makers set the optimal bid and ask prices given the probabilities of informed

trading.

Comparing q∗∗i and q∗i (see Appendix B.2), we can find that q∗∗1 < q∗1 = q∗2 < q∗∗2 , q∗∗4 = q∗∗5 <

q∗3 = q∗4 = q∗5 = q∗6 < q∗∗3 = q∗∗6

In the spot market, the bid (ask) price is the conditional expected value of the asset given

that a trader wishes to sell (buy) the asset to the market maker. Using Bayes’ rule, we

obtain that the bid and ask prices are given by:

bs = E[Value Asset | Sell Spot] = e−
qαµV

qαµ+ 2(1− µ)q∗∗2

as = E[Value Asset | Buy Spot] = e+
µq̄αV

µq̄α + 2(1− µ)q∗∗1
,

Similarly, the bid (ask) premium on the call position is the conditional expected value of the

call position given that a trader wishes to sell (buy) calls to the market maker, such that:

bc = E[Value of Call Position | Sell Calls] = 2(1− µ)q∗∗6 × LγV

µq(1− α)β + 2(1− µ)q∗∗6

ac = E[Value of Call Position | Buy Calls] =
2
[
µq̄(1− α)β + (1− µ)q∗∗5

]
× LγV

µq̄(1− α)β + 2(1− µ)q∗∗5
,

whereas the bid (ask) premium on the put position corresponds to:

bp = E[Value of Put Position | Sell Puts] = 2(1− µ)q∗∗4 × LγV

µq̄(1− α)(1− β) + 2(1− µ)q∗∗4

ap = E[Value of Put Position | Buy Puts] =
2
[
µq(1− α)(1− β) + (1− µ)q∗∗3

]
× LγV

µq(1− α)(1− β) + 2(1− µ)q∗∗3
.

Recall that bc, ac, bp, and ap denote the total premia paid or received for a position of

θ option contracts, whereas bs and as denote bid and ask spot prices per unit of foreign
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currency. These bid and ask prices depend on the expected presence of informed traders in

each market, namely, the probability of informed trading captured by µ, and the fraction of

informed traders active in each market captured by q, α, β, q, α, and β.

Assumption 3.

πmin,n =
2γ(1− µ)q∗1V

µ+ 2(1− µ)q∗1
and π∗∗

min,n =
2γ(1− µ)q∗5LV

0.5µ+ 2(1− µ)q∗5
> c.

Proposition 2. In this economy, we focus on the case mL > 0 and characterize the equilib-

rium in the following cases:

1. When informed traders do not have benefits from holding US dollars (m = 0):

(a) If the leverage is sufficiently low, there is no association between option volume

and future exchange rate changes, meaning that Cov(e1 − e0, V0) = 0.

(b) If the leverage is sufficiently high, there is no association between option volume

and future exchange rate changes when mL ≤ m∗
L, whereas there is a negative

relationship between option volume and future exchange rate changes when mL >

m∗
L, meaning that Cov(e1 − e0, V0) < 0.

2. When informed traders have benefits from holding dollars (m > 0):

(a) If the leverage is sufficiently low, there is no association between option volume

and future exchange rate changes.

(b) If the leverage is sufficiently high, there is no association between option volume

and future exchange rate changes when m ≤ m∗∗∗, whereas there is a negative

relationship between option volume and future exchange rate changes when m >

m∗∗∗, meaning that Cov(e1 − e0, V0) < 0.

Proof. In this case, m = 0 and Assumption 3 ensures that all informed investors will par-

ticipate in the market (e.g., q = q = 1). Thus, we only need to analyze informed investors’

participation decision in the spot and option markets. In this part, we first characterize

the condition under which informed investors will not trade options. Then we show that
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Cov(e1 − e0, V0) = 0. Here, we focus on the case in which informed investors know that

e1 = e+ V ; if informed investors know that e1 = e− V , the proof follows analogous steps.

Step 1: We first pin down Leg such that informed traders do not trade options when L < Leg

and they know that e1 = e + V , and pin down Leb such that informed traders do not

trade options when L < Leb and they know that e1 = e − V . When α = 1 and e1 =

e + V , the trading profit of selling puts is bp = LγV , and the trading profit of buying

calls is −ac + θ(e + V − Kc) = 2LγV − ac = LγV . The trading profit of buying spot is

γ(e + V − as) = γ
(
V − µq̄αV

µq̄+2(1−µ)q∗∗1

)
= γV

2(1−µ)q∗∗1
µq̄+2(1−µ)q∗∗1

. Let Leg =
2(1−µ)q∗∗1

µ+2(1−µ)q∗∗1
. It is clear

that when L < Leg, LV < V
2(1−µ)q∗∗1

µq̄+2(1−µ)q∗∗1
(as q̄ ≤ 1). Thus, we conclude that when L < Leg,

informed investors will not trade options when they know that e1 = e + V . In the case

when informed investors know that e1 = e − V , we can use a similar proof and get that

Leb =
2(1−µ)q∗∗2

µ+2(1−µ)q∗∗2
. Note that because q∗∗1 < q∗∗2 , we know that Leg < Leb.

We next pin down Leg such that informed traders do not trade in the spot market when

L > Leg and they know that e1 = e + V , and pin down Leb such that informed traders do

not trade in the spot market when L > Leb and they know that e1 = e − V . When α = 0

and e1 = e + V , the trading profit of selling puts is bp =
2(1−µ)q∗∗4 ×LγV

µq̄(1−β)+2(1−µ)q∗∗4
, and the trading

profit of buying calls is −ac + θ(e + V − Kc) = 2LγV − ac =
2(1−µ)q∗∗5 ×LγV

µq̄β+2(1−µ)q∗∗5
. Meanwhile,

in equilibrium, as q∗∗4 = q∗∗5 , the equilibrium β
∗
= 1

2
. The trading profit of buying spot is

γ(e + V − as) = γV . Let Leg =
µβ

∗
+2(1−µ)q∗∗5

2(1−µ)q∗∗5
. It is clear that when L > Leg, the profit

from trading options is larger than the profit from trading spot. Thus, we conclude that

when L > Leg, informed investors will not trade in the spot market when they know that

e1 = e+ V . In the case when informed investors know that e1 = e− V , we can use a similar

proof and get that Leb =
µβ∗+2(1−µ)q∗∗3

2(1−µ)q∗∗3
. Note that because q∗∗5 < q∗∗3 , we know that Leg > Leb.

Step 2: Let Le = Leg. When L < Le, no informed investors trade options and option

volume V0 = (
∑i=6

i=3 q
∗∗
i )(1− µ), and it is uncorrelated with e1. We can directly obtain that

Cov(e1 − e0, V0) = 0.

Proof of Case (1b). Let Le = Leg. When L > Le, informed investors only trade options,

but whether all informed investors participate in the market depends on the mass of liquidity
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traders in the market. We conduct the following analysis.

Case 1: When informed investors receive e1 = e − V , their trading profit in options is
2(1−µ)q∗∗3 ×LγV

0.5µ+2(1−µ)q∗∗3
> π∗∗

min,n > c (as q∗∗3 > q∗5). Thus, all informed traders not only participate in

the market but also only trade options. The option volume is V0 = (
∑i=6

i=3 q
∗∗
i )(1− µ) + µ.

Case 2: When informed investors receive e1 = e + V , their trading profit in options is
2(1−µ)q∗∗5 ×LγV

0.5µ+2(1−µ)q∗∗5
< π∗∗

min,n (here q∗∗5 < q∗5). This suggests that q does not always equal 1. We pin

down the equilibrium q as follows:

2(1− µ)q∗∗5 × LγV

0.5µq + 2(1− µ)q∗∗5
− c = 0.

Note that q∗∗5 is decreasing withmL. Correspondingly, q is decreasing withmL in equilibrium.

Meanwhile, when mL is sufficiently large, q∗∗5 is zero, and thus q∗ = 0. It means there exists

an m∗
L such that, when mL ≤ m∗

L (mL > m∗
L), q

∗ = 1 ( q∗ < 1).

In sum, when mL ≤ m∗
L, all informed traders not only participate in the market but also

only trade options. The option volume is V0 = (
∑i=6

i=3 q
∗
i )(1 − µ) + µ whenever informed

investors receive e1 = e − V or e1 = e + V . It suggests that the option trading volume is

uncorrelated with e1: Cov(e1 − e0, V0) = 0.

But when mL > m∗
L, the option volume is V0 = (

∑i=6
i=3 q

∗
i )(1− µ) + µ when e1 = e− V ; the

option volume is V0 = (
∑i=6

i=3 q
∗
i )(1 − µ) + µq∗ (where q∗ < 1) when e1 = e + V . We can

obtain Cov(e1 − e0, V0) < 0.

Proof of Case (2a). Step 1: Similar to Case 1, we first pin down Leg, which satisfies that

informed traders do not trade options when L < Leg and they know that e1 = e + V , and

pin down Leb, which satisfies that informed traders do not trade options when L < Leb and

they know that e1 = e − V . When α = 1 and e1 = e + V , the utility of selling puts is

bp(1−m) = LγV (1−m), and the utility of buying calls is [−ac + θ(e+ V −Kc)](1−m) =

[2LγV − ac](1 −m) = LγV (1 −m). The utility of buying spot is γ(e + V − as)(1 −m) =

γ
(
V − µq̄αV

µq̄+2(1−µ)q∗∗1

)
(1−m) = γV

2(1−µ)q∗∗1
µq̄+2(1−µ)q∗∗1

(1−m). Let Leg =
2(1−µ)q∗∗1

µ+2(1−µ)q∗∗1
. It is clear that
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when L < Leg, LV < V
2(1−µ)q∗∗1

µq̄+2(1−µ)q∗∗1
(as q̄ ≤ 1). Thus, we conclude that when L < Leg,

informed investors will not trade options when they know that e1 = e+ V . Similarly, when

informed investors know that e1 = e − V , we can get that Leb =
2(1−µ)q∗∗2

µ+2(1−µ)q∗∗2
. As q∗∗1 < q∗∗2 ,

we know that Leg < Leb.

We move to pin down Leg, which satisfies that informed traders do not trade in the spot

market when L > Leg and they know that e1 = e + V , and pin down Leb, which satisfies

that informed traders do not trade in the spot market when L > Leb when they know

that e1 = e − V . When α = 0 and e1 = e + V , the utility of selling puts is bp(1 − m) =
2(1−µ)q∗∗4 ×LγV

µq̄(1−β)+2(1−µ)q∗∗4
(1 −m), and the utility of buying calls is [−ac + θ(e + V −Kc)](1 −m) =

[2LγV − ac](1−m) =
2(1−µ)q∗∗5 ×LγV

µq̄β+2(1−µ)q∗∗5
(1−m). Meanwhile, because q∗∗4 = q∗∗5 , the equilibrium

β
∗
= 1

2
. The utility of buying spot is γ(e + V − as)(1 − m) = γV (1 − m). Let Leg =

0.5µ+2(1−µ)q∗∗5
2(1−µ)q∗∗5

. It is clear that when L > Leg, the utility from trading options is larger than

the utility from trading spot, and thus, informed investors will not trade in the spot market

when they know that e1 = e + V . When informed investors know that e1 = e − V , we can

use a similar proof and get that Leb =
0.5µ+2(1−µ)q∗∗3

2(1−µ)q∗∗3
. Note that because q∗∗4 < q∗∗3 , we know

that Leg > Leb.

Step 2: Let Le = Leg. Since no informed investors trade options when L < Le, option

volume V0 = (
∑i=6

i=3 q
∗
i )(1 − µ), and it is uncorrelated with e1. We can directly obtain that

Cov(e1 − e0, V0) = 0.

Proof of Case (2b). We take two steps to prove this case. In the first step, we show that

when L > Le, informed investors will still not trade in the spot market even if there are

benefits from holding dollars. In the second step, we pin down m∗∗∗, where m∗∗∗ satisfies

the condition that all informed investors participate in the market when m ≤ m∗∗∗ (e.g.,

m = 0).

Step 1: First, Assumption 3 ensures that all informed investors will participate in the market

when they know e1 = e − V and thus q = 1. Meanwhile, as L > Le, all informed traders

trade options when they know e1 = e − V , which suggests that α∗ = 0. Now, as α∗ = 0 in

this case, we only need to pin down m∗∗∗, where m∗∗∗ satisfies the condition that all informed
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investors participate in the market when m ≤ m∗∗∗. In other words, when m > m∗∗∗, not all

informed investors trade options when they receive e1 = e+ V and q < 1.

When all informed investors trade options, α = 0 and e1 = e+ V , the utility of selling puts

is given by bp =
2(1−µ)q∗∗4 ×LγV

µq(1−β)+2(1−µ)q∗∗4
(1 − m), while the utility of buying calls corresponds to

[−ac + θ(e+ V −Kc)](1−m) =
2(1−µ)q∗∗5 ×LγV

µqβ+2(1−µ)q∗∗5
(1−m). In equilibrium, because q∗∗4 = q∗∗5 , the

equilibrium β
∗
= 1

2
. Thus, the utility of selling puts or buying calls is

2(1−µ)q∗∗5 ×LγV

0.5qµ+2(1−µ)q∗∗5
(1−m).

When m < m∗∗∗ (where
2(1−µ)q∗∗5 ×LγV

0.5µ+2(1−µ)q∗∗5
(1−m∗∗∗) = c), all informed investors participate in

the option market (i.e., q∗ = 1). Otherwise, not all informed investors participate in the

option market (q∗ < 1).

As the option trading volume takes the form

V0 =

(
∑i=6

i=3 qi)(1− µ) + q∗µ when e1 = e+ V ,

(
∑i=6

i=3 qi)(1− µ) + µ when e1 = e− V ,

we can conclude that when m ≤ m∗∗∗, V0(e1 = e+ V ) = V0(e1 = e− V ), and thus, we have

Cov(e1 − e0, V0) = 0. But when m > m∗∗∗, V0(e1 = e + V ) < V0(e1 = e − V ), and thus

Cov(e1 − e0, V0) < 0.

B.4 Microfounding Dollar Benefits

This appendix provides a microfoundation for the benefits informed investors derive from

acquiring the dollar via selling the spot, selling the call, or buying the put. Building on

Acharya and Laarits (2025), the ‘specialness’ of the dollar arises from its unique capacity

to act as a hedge against endowment shocks during global downturns, i.e., periods when

endowment payoffs are low and the dollar tends to appreciate. Suppose each informed

investor holds an endowment with a stochastic payoff Y , which takes the high value Y or

the low value −Y with equal probability. We assume that the endowment is negatively

correlated with the future value of the dollar, meaning that the dollar acts as a hedge that

appreciates in bad times when the endowment payoff is low. Since the exchange rate is

defined in units of dollars per unit of foreign currency and its future value depends on V , it

follows that Y and V are positively correlated, i.e., corr(Y, V ) = ρ and ρ > 0. In addition,
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each informed investor is subject to a variance constraint, which serves as a reduced-form

representation of a capital constraint (e.g., a risk limit or a regulatory capital requirement).

For a risky portfolio with return R, the investor incurs a utility cost of χV ar(R), where

χ > 0 can be viewed as the shadow cost of the investor’s risk-bearing capacity. A higher χ,

for example, implies tighter capital constraints and any asset that reduces the total variance

of the portfolio (such as a dollar hedge) effectively lowers the utility cost, thereby providing

benefits to the investor.

To simplify the analysis, we focus exclusively on the call option, since call and put options

generate identical payoffs in the equilibrium presented in the main model. A call option

traded at the inception date grants the holder the right to purchase one unit of the foreign

currency for Kc units of dollars at maturity. Given the strike Kc, the payoff of a call option is

CK = max{e1−Kc, 0}. If a positive event occurs, so that e1 = e+V , the option is exercised;

if a negative event occurs, so that e1 = e− V , the option is worthless. This payoff structure

ensures that a long (short) call option provides positive exposure to foreign currency (dollar)

appreciation. As a result, an informed investor can obtain dollar exposure as a hedge by

selling the call, thereby offsetting the risk associated with the stochastic endowment payoff.

It follows that the correlation between Y and CK is positive, i.e., corr(Y,CK) = ρ.

We now characterize the decision-making process of an informed investor. Recall that she

can either trade γ units of the underlying asset in the spot market or θ option contracts

(since each option is a contract on a single unit of the foreign currency), so that the effective

leverage of the call option is given by L = (θ/γ)(e+ V −Kc)/2V . The investor’s utility

depends on the realization of private information regarding the future exchange rate.

With bad news about the foreign currency, that is, V = −V , the investor seeks to acquire

dollar exposure and her utility depends on whether she sells the spot or sells calls as follows

U =


γ(bs + V − e) + 2χργV Y − χ

[
γ2V

2
+ Y

2
]

if selling spot,

bc + 2LχργV Y − χ
[
L2γ2V

2
+ Y

2
]

if selling calls,

where the first term denotes the trading profits, the second term 2LχργV Y represents the

hedging benefits, and the last term denotes the variance penalty. Selling the foreign cur-
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rency (acquiring the dollar) correlates negatively with the endowment Y , thus reducing the

investor’s total portfolio variance and the associated utility cost.

Recall that bc and ac denote the total premia paid or received for a position of θ option

contracts, whereas bs and as denote bid and ask spot prices per unit of foreign currency.

With good news about the foreign currency, that is, V = V , she seeks to acquire foreign

currency exposure and her utility depends on whether she buys the spot or buys calls as

follows

U =

γ(−as + V + e)− 2χργV Y − χ[γ2V
2
+ Y

2
] if buying spot

−ac + 2LγV − 2LχργV Y − χ[L2γ2V
2
+ Y

2
] if buying calls,

where the term −2LχργV Y acts as a hedging penalty. Buying the foreign currency correlates

positively with the endowment Y , thus increasing the investor’s total portfolio variance and

the associated utility cost. In sum, the informed investor enjoys a utility gain when acquiring

dollars, since trading profits and hedging benefits move in the same direction. In contrast,

when she sells dollars to profit from good news about the foreign currency, the hedging

penalty works against the trading profit and may outweigh it. Put differently, the dollar

hedge acts like a trading subsidy in bad states and a trading tax in good states.

Assumption 4. The minimum trading profit in the spot market

πmin =
2γ(1− µ)q1V

µ+ 2(1− µ)q1

must satisfy the following condition

πmin + 2χργV Y − χ[γ2V
2
+ Y

2
] > c,

where c represents the fixed participation cost of an informed investor.

According to this assumption, πmin must be sufficiently large so that after accounting for the

hedging benefits and the variance penalty, it exceeds the fixed participation cost.
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Assumption 5. In the case of idiosyncratic risk (ρ = 0), there exists a maximum leverage

Lmax =
(1− µ)q6

µ+ 2(1− µ)q6
· 1

χγV
> 1.

The resulting maximum utility in the call option market

Umax
call =

2(1− µ)q6γLV

µ+ 2(1− µ)q6
− χ[L2γ2V

2
+ Y

2
],

must exceed the utility of trading in the spot market

Umax
call > γV − χ[γ2V

2
+ Y

2
].

We assume that leverage L is strictly bounded. If L is too low, options do not provide suffi-

cient utility gains over spot trading. In contrast, because the variance penalty is quadratic

in leverage (L2), infinite leverage would result in an explosive utility cost that eventually

turns utility negative. To maintain a stable equilibrium, L must remain below the following

threshold

L <

2(1−µ)q5γV
µq+2(1−µ)q5

+ 2χργV Y

2χγ2V
2 .

Finally, we assume there exist leverage values such that option trading remains strictly

preferable to spot trading across both good and bad news about the foreign currency.

Specifically, with good news U
max

Buy Calls > γV − 2χργV Y − χ[γ2V
2
+ Y

2
] and bad news

Umax
Sell Calls > γV + 2χργV Y − χ[γ2V

2
+ Y

2
].

Proposition 3. In this economy, when L is sufficiently low, Cov(e1− e0, V0) = 0. However,

when L and ρ are sufficiently high, Cov(e1 − e0, V0) < 0.

We first consider the low option leverage case, i.e., we identify the threshold L below which

informed traders choose not to trade options. We then focus on the high option leverage

case. In particular, when the dollar goes up in value (i.e., bad news about the foreign

currency), the hedging benefits makes them trade more options. When the dollar goes down

(i.e., good news about the foreign currency), the hedging penalty makes them trade fewer
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options. Since option volume is high when the dollar goes up and low when it goes down,

this results in a negative covariance.

Proof of Case (a): Low Leverage. When α = 1 and e1 = e + V (i.e., good news), the

trading profit from buying calls is−ac+θ(e+V−Kc) = 2LγV−ac = LγV and the correspond-

ing trading profit from buying the spot is γ(e+ V − as) = γ
(
V − µq̄1αV

µq̄+2(1−µ)q1

)
= V 2(1−µ)q1γ

µq̄+2(1−µ)q1
.

When α = 1 and e1 = e−V (i.e., bad news), the trading profit from selling calls is bc = LγV

and the corresponding profit from selling the spot is γ(bs − e+ V ) = V 2(1−µ)q2γ
µq̄+2(1−µ)q2

. Consider

now the cost associated with the variance penalty.

With good news, we have that

UBuy Calls = LγV − 2LχργV Y − χ[L2γ2V
2
+ Y

2
]

UBuy Spot = V
2(1− µ)q1γ

µq̄ + 2(1− µ)q1
− 2χργV Y − χ[γ2V

2
+ Y

2
].

With bad news, we have that

USell Calls = LγV + 2LχργV Y − χ[L2γ2V
2
+ Y

2
]

USell Spot = V
2(1− µ)q2γ

µq + 2(1− µ)q2
+ 2χργV Y − χ[γ2V

2
+ Y

2
].

When L = 0, it is clear that UBuy Calls < UBuy Spot and USell Calls < USell Spot. There must be a

threshold L such that for L < L, the investor strictly prefers the spot market over the option

market in both states. In this case, option volume V0 is determined solely by noise traders

as V0 =
∑6

i=3 qi(1− µ) + µ. This volume is uncorrelated with e1, regardless of whether the

news about the foreign currency is positive or negative, i.e., Cov(e1 − e0, V0) = 0.

Proof of Case (b): High Leverage. When α = 0 and e1 = e+V , the profit from buying

calls is −ac+ θ(e+V −Kc) = 2LγV −ac =
2(1−µ)q5×LγV
µq+2(1−µ)q5

, whereas the profit from buying the

spot is γ(e + V − as) = γV . Similarly, when α = 0 and e1 = e − V , the profit from selling

calls is bc =
2(1−µ)q6×LγV
µq+2(1−µ)q6

, while the profit from selling the spot is γ(bs − e + V ) = γV . We
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now consider the utility cost associated with the variance penalty.

With good news, we have that

UBuy Calls =
2(1− µ)q5 × LγV

µq + 2(1− µ)q5
− 2LχργV Y − χ[L2γ2V

2
+ Y

2
]

UBuy Spot = γV − 2χργV Y − χ[γ2V
2
+ Y

2
].

With bad news, we have that

USell Calls =
2(1− µ)q6 × LγV

µq + 2(1− µ)q6
+ 2LχργV Y − χ[L2γ2V

2
+ Y

2
]

USell Spot = γV + 2χργV Y − χ[γ2V
2
+ Y

2
].

Proof of Case (b1): Informed investors receive bad news. In this state, an informed

investor shorts the foreign currency. We compare the utility of selling calls to the utility of

selling the spot by calculating their difference as

∆U = USell Calls − USell Spot

=
2(1− µ)q6 × LγV

µ+ 2(1− µ)q6
− χ[L2γ2V

2
+ Y

2
]−

{
γV − χ[γ2V

2
+ Y

2
]
}
+ (L− 1)2LχργV Y .

Under Assumption 5, there exists a threshold Lc such that Lc < L < (1−µ)q6
µ+2(1−µ)q6

1
χγV

, and

2(1−µ)q6×LγV
µ+2(1−µ)q6

− χ[L2γ2V
2
+ Y

2
] −

{
γV − χ[γ2V

2
+ Y

2
]
}

> 0. Since (1−µ)q6
µ+2(1−µ)q6

1
χγV

> 1,

when L > L
c
(= max(1, Lc)), we have that 2(1−µ)q6×LγV

µ+2(1−µ)q6
+ 2LχργV Y − χ[L2γ2V

2
+ Y

2
] −{

γV + 2χργV Y − χ[γ2V
2
+ Y

2
]
}
> 0. This ensures that in the bad news state, the informed

investor’s utility from trading options strictly exceeds that of the spot market. It follows that

the participation constraint is satisfied and the total option volume reaches its maximum,

i.e., V0 =
(∑6

i=3 qi
)
(1− µ) + µ.
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Proof of Case (b2): Informed investors receive good news. In this state, an in-

formed investor takes a long position in the foreign currency, incurring a hedging penalty.

We define g1(ρ) as the utility net of participation costs and g2(ρ) as the informed investors’

choice between options and the spot:

g1(ρ) =
2(1− µ)q5LγV

µ(1− ᾱ)q + 2(1− µ)q5
− 2LχργV Y − χ[L2γ2V

2
+ Y

2
]− c,

g2(ρ) =
2(1− µ)q5 × LγV

µ(1− ᾱ)q + 2(1− µ)q5
− 2LχργV Y − χ[L2γ2V

2
+ Y

2
]

−
{

2(1− µ)q1 × γV

µᾱq + 2(1− µ)q1
− 2χργV Y − χ[γ2V

2
+ Y

2
]

}
.

Both g1(ρ) and g2(ρ) are strictly decreasing in the correlation ρ when L > L
c
. This implies

that the equilibrium participation q must decrease as the hedging penalty grows. Let ρ∗

be the solution to g1(ρ) = 0 (assuming full participation). When ρ > ρ∗, the participation

term (1 − ᾱ∗)q∗ < 1. In this regime, the option volume is maximized during bad news

(e1 = e − V ) but suppressed during good news (e1 = e + V ). Because higher volume

is systematically associated with negative exchange rate returns (dollar appreciation), it

follows that Cov(e1 − e0, V0) < 0.

B.5 Search Frictions in the FX Options Market

Following Kondor and Pinter (2022), we consider two potential market makers in the option

market, Ri andNi, each serving client i. We assume that client i receives a signal si ∈ {H,L},
with H and L denoting high and low signals, so that

Pr(e1 = e+ V | si = H) =
1

2
+ ∆,

Pr(e1 = e− V | si = L) =
1

2
+ ∆,

where 0 < ∆ ≤ 1
2
captures heterogeneity in information precision.

We focus on the simplest possible case in which the option market contains only call options.

Each client can trade a position of θ call option contracts, with each contract written on one
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unit of foreign currency, so that the total payoff from the option position is θmax{e1−Kc, 0}.
This simplification is without loss of generality, since in the main model the net payoff from

buying calls is equivalent to that from selling puts. Market makers also receive orders

from liquidity traders. Specifically, q3 (q4) denotes a buy (sell) order for the client’s call

option position submitted to market maker R, whereas q5 (q6) denotes a buy (sell) order

submitted to market maker N . Each client i can request quotes from one or both dealers.

Requesting a single quote is costless, whereas requesting quotes from both dealers entails a

cost co, which captures search frictions in reduced fo We characterize the link between option

volume predictability and clients’ connections using the following proposition:

Proposition 4. When option leverage is sufficiently high, informed traders only trade in the

option market. We have the following results.

1. Dollar benefits are sufficiently low.

(a) There is no association between current option volume and future exchange rate

changes, meaning that, Cov(e1 − e0, V0) = 0.

(b) Meanwhile, when ∆ is sufficiently high, the informed trader seeks quotes from two

market makers and trades with each other with equal probability. Otherwise, the

informed trader only trades with one market maker.

2. Dollar benefits are sufficiently high.

(a) When dollar benefits are sufficiently high, there is a negative association between

current option volume and future exchange rate changes, meaning that, Cov(e1 −
e0, V0) < 0.

(b) Meanwhile, regarding the client-dealer connection, we have two cases:

i. When the informed trader receives a bad signal, she seeks quotes from two

market makers and trades with each other with equal probability when ∆ is

sufficiently high. When ∆ is sufficiently low, the informed trader only trades

with one market maker.

ii. When the informed trader receives a good signal, she seeks quotes from two

market makers and trades with each other with equal probability when ∆ is
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sufficiently high. When ∆ is sufficiently low, the informed trader only trades

with one market maker.

Proof. We proceed with the proof in three steps. First, we show that when option leverage

is sufficiently high, i.e., when L > LO, informed traders exclusively trade in the option

market. Second, we characterize the equilibrium participation of informed traders in the

option market, denoted by q̄ and q, which represent the participation rates when receiving

good and bad signals, respectively. Finally, we analyze the relationship between current

option volume and future exchange rate changes as captured by Cov(e1 − e0, V0).

Step 1. Let the option leverage cut-off be LO, so that informed traders exclusively trade

in the option market when L > LO. When informed traders only trade options, the bid

and ask prices in the spot market are equal, i.e., as = bs = e. Therefore, if an informed

trader were to trade in the spot market, the expected profit upon receiving a good signal is

2γ∆V . Similarly, the expected profit upon receiving a bad signal is also 2γ∆V . Then, let

αH = µq̄
µq̄+2(1−µ)q3

and αL =
µq

µq+2(1−µ)q4
, and then consider two cases.

Proof of Case (1a). Consider the scenario in which ∆ is sufficiently low (the precise

condition will be derived later). Following Kondor and Pinter (2022), when ∆ is sufficiently

low, an informed trader only trades with the market maker Ri, and the equilibrium ask and

bid prices are given by

ac = E(Value of Call Position | Buy Calls)

= 2LγV
1
2
[µq̄(1

2
+∆) + (1− µ)q3]

1
2
[µq̄(1

2
+∆) + (1− µ)q3] +

1
2
[µq̄(1

2
−∆) + (1− µ)q3]

= 2LγV
µq̄(1

2
+∆) + (1− µ)q3

µq̄ + 2(1− µ)q3

= 2LγV (
1

2
+ ∆αH)

and

bc = E(Value of Call Position | Sell Calls)
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= 2LγV
1
2
[µq(1

2
−∆) + (1− µ)q4]

1
2
[µq(1

2
−∆) + (1− µ)q4] +

1
2
[µq(1

2
+∆) + (1− µ)q4]

= 2LγV
µq(1

2
−∆) + (1− µ)q4

µq + 2(1− µ)q4

= 2LγV (
1

2
−∆αL).

Recall that bc, ac, bp, and ap denote the total premia paid or received for a position of

θ option contracts, whereas bs and as denote bid and ask spot prices per unit of foreign

currency. Given these prices, the expected profit for an informed investor receiving a good

signal is

U = E(Value of Call Position | si = H)− ac

= (
1

2
+ ∆)θ(e+ V −Kc)− 2LγV (

1

2
+ ∆αH)

= (
1

2
+ ∆)2LγV − 2LγV (

1

2
+ ∆αH)

= 2LγV∆(1− αH).

Similarly, the expected profit for an informed investor receiving a bad signal is

U = bc − E(Value of Call Position | si = L)

= 2LγV∆(1− αL).

While U is decreasing in q̄, U is decreasing in q. This implies that when L > γ/(1 −
µ

µ+2(1−µ)q3
), we have that U > 2γ∆V and U > 2γ∆V . Thus, we conclude that when

L > γ/(1− µ
µ+2(1−µ)q3

), informed traders only trade in the option market.

Proof of Case (1b). Consider the scenario in which ∆ is sufficiently high (the precise

condition will be derived later). Following Kondor and Pinter (2022), when ∆ is sufficiently

high, an informed trader requests quotes from both market makers, Ri and Ni. In equilib-

rium, both market makers must submit the same quotes due to the trader’s mixed strategy.
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At the same time, the informed trader must randomize with equal probability when choosing

which market maker to trade with. In this case, the ask and bid prices are given by

ac = E(Value of Call Position | Buy Calls)

= 2LγV
1
2
[1
2
µq̄(1

2
+∆) + (1− µ)q3]

1
2
[1
2
µq̄(1

2
+∆) + (1− µ)q3] +

1
2
[1
2
µq̄(1

2
−∆) + (1− µ)q3]

= 2LγV
1
2
µq̄(1

2
+∆) + (1− µ)q3

1
2
µq̄ + 2(1− µ)q3

= 2LγV (
1

2
+ ∆

αH

2− αH

)

and

bc = E(Value of Call Position | Sell Calls)

= 2LγV
1
2
[1
2
µq(1

2
−∆) + (1− µ)q3]

1
2
[1
2
µq(1

2
−∆) + (1− µ)q3] +

1
2
[1
2
µq(1

2
+∆) + (1− µ)q3]

= 2LγV
1
2
µq(1

2
−∆) + (1− µ)q3

1
2
µq + 2(1− µ)q3

= 2LγV (
1

2
−∆

αL

2− αL

)

When market makers provide identical quotes, the informed trader indeed plays a mixed

strategy, submitting orders to each market maker with equal probability. We now proceed

to calculate the expected profit. When the informed trader receives a good signal, the

expected profit is

U = E(Value of Call Position | si = H)− ac

= (
1

2
+ ∆)θ(e+ V −Kc)− 2LγV (

1

2
+ ∆

αH

2− αH

)

= (
1

2
+ ∆)2LγV − 2LγV (

1

2
+ ∆

αH

2− αH

)

= 2LγV∆
2− 2αH

2− αH

.
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Similarly, when an informed investor receives a bad signal, the expected profit is

U = bc − E(Value of Call Position | si = L)

= 2LγV∆
2− 2αL

2− αL

.

It is clear that 2LγV∆2−2αH

2−αH
> 2LγV∆(1 − αH) and 2LγV∆2−2αL

2−αL
> 2LγV∆(1 − αL),

which implies that an informed trader always prefers to request quotes from both market

makers. However, doing so entails a cost. These calculations directly show that when

L > γ/(1− µ
µ+2(1−µ)q3

), informed traders still choose to trade only in the option market, even

when they request quotes from both market makers.

Step 2. In this step, we characterize informed traders’ participation and their connection

decisions with market makers. Note that all of the following analysis is conducted under the

condition that L > γ/(1− µ
µ+2(1−µ)q3

). We then consider different cases.

Proof of Case (2a). Consider the scenario in which informed traders receive a bad signal.

When the informed trader receives a bad signal, the expected profit is 2LγV∆(1 − αL) or

2LγV∆2−2αL

2−αL
. Considering dollar benefits, the expected utility is 2LγV∆(1 − αL)(1 + m)

or [2LγV∆2−2αL

2−αL
− co](1 +m). Under Assumption 2, all informed traders will participate in

the option market, and q = 1. We now turn to characterizing informed traders’ connection

decisions with dealers. Based on Kondor and Pinter (2022), an informed trader seeks quotes

from both market makers only when 2LγV∆2−2αL

2−αL
> 2LγV∆(1 − αL) + 2LV co, where

co = 2LγV co This inequality implies that informed traders request quotes from both dealers

when ∆ > ∆̄L, with ∆̄L = 2−αL

αL(1−αL)
co and αL = µ

µ+2(1−µ)q4
. Otherwise, informed traders

request quotes from only one market maker.

Proof of Case (2b). Consider the scenario in which informed traders receive a good

signal. The presence of dollar benefits will affect the equilibrium participation of informed

traders in seeking one quote and two quotes.
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Proof of Case (2b.i). All informed traders trade in the option market and request ask

quotes from only one market maker. In this case, the expected trading profit is πH =

2LγV∆(1− αH). When m < m∗
O1, where m∗

O1 is defined implicitly by the condition

2LγV∆

(
1− µ

µ+ 2(1− µ)q3

)
(1−m∗

O1) = c,

all informed traders choose to participate in the option market. However, when m > m∗
O1,

only those informed traders who receive a good signal participate. Specifically, q̄1 is deter-

mined by

2LγV∆(1− µq̄1
µq̄1 + 2(1− µ)q3

)(1−m) = c.

Note that in equilibrium, we have q̄1 < 1 when m > m∗
O1.

Proof of Case (2b.ii). All informed traders trade options and request quotes from two

market makers. In this case, the expected trading profit is πH = 2LγV∆2−2αH

2−αH
. In this

case, when m < m∗
O2 ((2LγV∆2−2αH

2−αH
− co)(1−m∗

O2) = c and αH = µ
µ+2(1−µ)q3

), all informed

traders participate in the option market. Specifically, q̄2 is determined by

(2LγV∆
4(1− µ)q3

µq̄2 + 4(1− µ)q3
− co)(1−m) = c.

Note that q̄2 < 1 in the equilibrium when m > m∗
O2. As we can see, m∗

O1 differs from m∗
O2,

and q̄1 differs from q̄2. Their comparisons matter for the equilibrium. For ∆ > ∆H (∆H is

defined simiarly to ∆L), since 2LγV∆2−2αH

2−αH
−co > 2LγV∆(1− µ

µ+2(1−µ)q3
), we can obtain that

m∗
O2 > m∗

O1. Meanwhile, with the same m, as both 2LγV∆2−2αH

2−αH
and 2LγV∆(1− µ

µ+2(1−µ)q3
)

are decreasing with q, we have that q̄2 > q̄1.

Let ∆̄H = max( 2−αH

αH(1−αH)
co,

2−αL

αL(1−αL)
co) and ∆̄L = min( 2−αH

αH(1−αH)
co,

2−αL

αL(1−αL)
co), where

αH = µq̄1
µq̄1+2(1−µ)q3

and αL = µq̄2
µq̄2+2(1−µ)q4

. When ∆ > ∆̄H , informed traders will seek

quotes from two market makers. We prove it by contradiction. If informed traders seek

quotes from only one market maker, the expected profit (before considering dollar benefits) is

2LγV∆(1− µq̄1
µq̄1+2(1−µ)q3

), which is lower than 2LγV∆ 4(1−µ)q3
µq̄2+4(1−µ)q3

−co (since ∆ > 2−αH

αH(1−αH)
co).

Following similar steps, we can show that when ∆ < ∆̄L, informed traders will seek quotes
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from only one market maker. We prove it by contradiction. If informed traders seek

quotes from two market makers, the expected profit (before considering dollar benefits) is

2LγV∆ 4(1−µ)q3
µq̄2+4(1−µ)q3

−co, which is lower than 2LγV∆(1− µq̄1
µq̄1+2(1−µ)q3

) (since ∆ < 2−αL

αL(1−αL)
co).

In conclusion, when ∆ > ∆̄H , informed traders request quotes from two market makers.

Step 3. We now study Cov(e1 − e0, V0). Building on the proof in Step 2, we already know

that when m < m∗
O1(< m∗

O2), all informed traders participate in the option market. The

option volume is then

V0 = µ+ 2(1− µ)q3 when e1 = e+ V ,

V0 = µ+ 2(1− µ)q4 when e1 = e− V .

In this sense, the volume is the same regardless of the signals, and Cov(e1 − e0, Vo) = 0,

where e0 = e. When m > m∗
O2, the option volume is

V0 = µq̄ + 2(1− µ)q3 when e1 = e+ V ,

V0 = µ+ 2(1− µ)q4 when e1 = e− V .

As proved in Step 2, q̄ is always lower than 1 regardless of whether traders seek quotes from

one or two market makers. As a result, Cov(e1 − e0, V0) < 0.

B.6 Role of Inventory Costs

We assume that market makers face inventory costs, such as those arising from balance sheet

constraints, and examine their impact in equilibrium. Assuming that market makers receive

an order size of X (which is positive when investors buy and negative when investors sell),

market makers have an expected profit given by

Umm = E[X(p− v)− λX2],
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where v is the fundamental value of the asset (e.g., a spot or option contract) and p is the

price at which the contract is traded. To determine the equilibrium prices in both the spot

and option markets, we require that market makers set prices so that their expected profits

are zero, conditional on their beliefs about the likelihood of trading with informed traders.

Formally, this requires that

p = E(v) + λX,

where λ acts as a proxy for balance sheet constraints affecting bid and ask prices in both spot

and option markets. We now derive the optimal bid and ask prices set by market makers

given the probabilities of informed trading. Using Bayes’ rule, we obtain that the bid and

ask prices are given by

bs = E[Value Asset | Sell Spot] = e−
qαµV

qαµ+ 2(1− µ)q2
− λ(µqα + (1− µ)q2),

as = E[Value Asset | Buy Spot] = e+
µq̄αV

µq̄α + 2(1− µ)q1
+ λ(µq̄α + (1− µ)q1).

Similarly, the bid (ask) price of the call option is the conditional expected value of the call

given that a trader wishes to sell (buy) the call to the market maker. Using Bayes’ rule, we

obtain that the bid and ask prices are given by

bc = E[Value of Call Position | Sell Calls] = 2(1− µ)q6 × LγV

µq(1− α)β + 2(1− µ)q6

− λ[µq(1− α)β + (1− µ)q6],

ac = E[Value of Call Position | Buy Calls] =
2
[
µq̄(1− α)β + (1− µ)q5

]
× LγV

µq̄(1− α)β + 2(1− µ)q5

+ λ[µq̄(1− α)β + (1− µ)q5].
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For the put option, the bid and ask prices correspond to

bp = E[Value of Put Position | Sell Puts] = 2(1− µ)q4 × LγV

µq̄(1− α)(1− β) + 2(1− µ)q4

− λ[µq̄(1− α)(1− β) + (1− µ)q4],

ap = E[Value of Put Position | Buy Puts] =
2
[
µq(1− α)(1− β) + (1− µ)q3

]
× LγV

µq(1− α)(1− β) + 2(1− µ)q3

+ λ[µq(1− α)(1− β) + (1− µ)q3].

These bid and ask prices depend on the expected presence of informed traders in each market,

namely, the probability of informed trading captured by µ, and the fraction of informed

traders active in each market captured by q, α, β, q, α, and β.

Proposition 5. In this economy, the equilibrium is characterized by the following cases:

1. There are no dollar benefits (m = 0):

(a) If L < L I , informed investors only trade in the spot market and there is no

association between option volume and future exchange rate changes, meaning

that, Cov(e1 − e0, V0) = 0.

(b) If L I ≤ L ≤ L I , there is a pooling equilibrium in which a positive fraction of

informed investors is active in the option market. However, there is no association

between option volume and future exchange rate returns.

(c) If L > L I , informed investors only trade in the option market, and there is no

association between option volume and future exchange rate changes.

2. There are dollar benefits (m > 0):

(a) If L < L I , no informed investors trade options and there is no association between

option volume and future exchange rate changes.

(b) If L I ≤ L ≤ L I , there is a pooling equilibrium in which a positive fraction of

informed investors is active in the option market. However, there is no association

between option volume and future exchange rate returns when m ≤ m∗
I , whereas
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there is a negative relationship between option volume and future exchange rate

changes when m > m∗
I , meaning that Cov(e1 − e0, V0) < 0.

(c) If L > L I , informed investors only trade options. However, there is no association

between option volume and future exchange rate returns when m ≤ m∗∗
I , whereas

there is a negative relationship between option volume and future exchange rate

changes when m > m∗∗
I .

With m = 0, we show that the participation in the option market of informed traders

depends on L. When L < L I , informed traders only participate in the spot market. When

L I ≤ L ≤ L I , there is a pooling equilibrium where some informed traders participate in the

spot market and others participate in the option market. When L > L I , informed traders

only participate in the option market. With m > 0, moreover, we show that the magnitude

of m affects the market participation of informed investors when they know e1 = e+ V , but

it does not affect informed investors’ market participation when they know e1 = e− V .

Proof. We proceed with the proof of each case.

Case (1.a). In this case, m = 0 and Assumption 2 ensure that all informed investors will

participate in the market (e.g., q = q = 1). Thus, we only need to analyze informed investors’

participation decisions in the spot and option markets. In this part, we first characterize

the condition under which informed investors will not trade options. In the second step, we

show that Cov(e1−e0, V0) = 0. Here, we focus on the case in which informed investors know

e1 = e+ V ; if informed investors know e1 = e− V , the proof follows similar steps.

In the first step, we pin down L I , which satisfies that informed traders do not trade options

when L < L I . When α = 1 and e1 = e+V , trading profit of selling a put is bp = LγV −λ(1−
µ)q4, and trading profit of buying a call is−ac+θ(e+V −Kc) = 2LγV −ac = LγV −λ(1−µ)q5.

Trading profit of buying the spot is γ(e+V − as) = γ(V − µq̄αV
µq̄+2(1−µ)q1

−λ[µq̄+(1−µ)q1]) =

V 2(1−µ)q1γ
µq̄+2(1−µ)q1

−γλ[µq̄+(1−µ)q1]. Let L I =
2(1−µ)q1

µ+2(1−µ)q1
+ λ(1−µ)q5−γλ[µ+(1−µ)q1]

γV
. It is clear that

when L < L I , LγV − λ(1 − µ)q4 < V 2(1−µ)q1γ
µq̄+2(1−µ)q1

− γλ[µq̄ + (1 − µ)q1]. Thus, we conclude

that when L < L I , informed investors will not trade options when they know e1 = e+V . In

the case when informed investors know e1 = e− V , the proof results in the same condition.
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Next, we pin down the value of L I so that informed traders do not trade the spot when

L > L I . When α = 0 and e1 = e+ V , trading profit of selling a put is bp =
2(1−µ)q4×LγV

µ(1−β)+2(1−µ)q4
−

λ[µ(1 − β) + (1 − µ)q4], and trading profit of buying a call is −ac + θ(e + V − Kc) =

2LγV − ac =
2(1−µ)q5×LγV

µβ+2(1−µ)q5
− λ[µβ + (1 − µ)q5]. Meanwhile, in equilibrium, as q4 = q5, the

equilibrium β
∗
= 1

2
. Trading profit of buying the spot is γ(e+ V − as) = γV − γλ(1− µ)q1.

Let L I = µβ+2(1−µ)q5
2(1−µ)q5

(1 + λ[0.5µ+(1−µ)q5]−λγ(1−µ)q1
γV

)(> L I). It is clear that when L > L I ,

the profit in trading options is larger than the profit in trading spots. Thus, we conclude

that when L > L I , informed investors will not trade in the spot market when they know

e1 = e + V . In the case when informed investors know e1 = e − V , the proof results in the

same condition.

In the second step, since no informed investors trade options (when L < L I), option volume

V0 = (
∑i=6

i=3 qi)(1 − µ), and it is uncorrelated with e1. Meanwhile, the equilibrium spot

exchange rate is the volume–weighted bid and ask prices. When e1 = e + V , the total buy

volume is (1− µ)q1 + µ, and the total sell volume is (1− µ)q2. Similarly, when e1 = e− V ,

the total buy volume is (1− µ)q2, and the total sell volume is (1− µ)q1 + µ. Thus, we can

directly obtain that Cov(e1 − e0, V0) = 0.

Case (1.b). We proceed to analyze the pooling equilibrium (when L I ≤ L ≤ L I). We

focus on the case when informed investors know e1 = e − V ; the proof for the case when

informed investors know e1 = e+V follows similar steps. For the pooling equilibrium where

e1 = e − V , we have: γ(bs + V − e) = bc = −ap + θ(Kp + V − e). We first solve β. In the

pooling equilibrium, the trading profit for selling call options equals the trading profit for

buying put options. Thus, β is the solution to the following equation:

bc = −ap + θ(Kp + V − e).

We can solve the equation to show that β = q6
q3+q6

= 1
2
. Next, we proceed to solve α. In

the pooling equilibrium, the trading profit for selling on the spot market equals the trading

profit for buying put options. Thus, α is the solution to the following equation:

γ(V − αµV

αµ+ 2(1− µ)q2
− λ[αµ+ (1− µ)q2]) =

2(1− µ)q6 · LγV
µ(1− α)β + 2(1− µ)q6
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− λ[µ(1− α)β + (1− µ)q6].

It is clear that the LHS of the above equation is decreasing with α, and the RHS of the above

equation is increasing with α. Thus, there is one unique solution α∗ to the above equation.

We can get the same solution when informed investors know that e1 = e+ V . After we

characterize the equilibrium, we can characterize the association between e1 − e0 and option

trading volume. We denote the option trading volume as V0. The option trading volume

takes the following form:

V0 =

(
∑i=6

i=3 qi)(1− µ) + (1− α∗)µ When e1 = e+ V

(
∑i=6

i=3 qi)(1− µ) + (1− α∗)µ When e1 = e− V .

As we can see, α∗ = α∗, suggesting that the option volume is uncorrelated with future

exchange rate changes. Thus, we can easily get that Cov(e1 − e0, V0) = 0.

Case (1.c). When L > L I , informed investors only trade options, and thus option volume

V0 = (
∑i=6

i=3 qi)(1− µ) + µ, and e0 = e. We can directly obtain that Cov(e1 − e0, V0) = 0.

Case (2.a). We take two steps to prove this case. In the first step, we show that when

L < L I , informed investors will still not trade options even if there are dollar benefits. In

the second step, we show that Cov(e1 − e0, V0) = 0. Here, we focus on the case in which

informed investors know e1 = e+V ; the proof for the case in which informed investors know

e1 = e− V follows similar steps.

In the first step, when α = 1, the utility of selling a put is bp(1−m), and the utility of buying

a call is [−ac + θ(e+ V −Kc)](1−m). Here, bp = −ac + θ(e+ V −Kc) = LγV − λ(1−µ)q4.

The utility of buying in the spot market is γ(e+ V − as)(1−m), where

e+ V − as = V − µq̄V

µq̄ + 2(1− µ)q1
− λ[µq̄ + (1− µ)q1]

= V
2(1− µ)q1

µq̄ + 2(1− µ)q1
− λ[µq̄ + (1− µ)q1].
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It is clear that when L < L I , LγV − λ(1 − µ)q4 < V 2(1−µ)q1γ
µq̄+2(1−µ)q1

− γλ[µq̄ + (1 − µ)q1] (as

q̄ ≤ 1). Thus, we conclude that when L < L I , informed investors receiving good news will

still not trade options even if there are dollar benefits. The proof for the case when informed

investors know e1 = e− V results in the same condition.

In the second step, since no informed investors trade options, the option volume is V0 =

(
∑i=6

i=3 qi)(1− µ). We can directly obtain that Cov(e1 − e0, V0) = 0.

Case (2.b). We take two steps to prove this case. In the first step, we pin down m∗
I ,

where m∗
I satisfies the condition that all informed investors participate in the market when

m ≤ m∗
I (e.g., m = 0). As dollar benefits (m) lead to a utility loss for informed investors

when they want to buy the foreign currency, we focus on the case when informed investors

know e1 = e+V . When all informed investors participate in the market, since L I ≤ L ≤ L I ,

the equilibrium is a pooling one where ᾱ∗ is the solution in Case 1(b) and β̄ = β = 1
2
. In this

case, we denote the trading profit from participating in the market as π∗, and we calculate

π∗ as follows:
2(1− µ)q1γV

µα∗ + 2(1− µ)q1
− γλ[α∗µ+ (1− µ)q1].

Let m∗
I = 1 − c/[ 2(1−µ)q1γV

µα∗+2(1−µ)q1
− γλ[α∗µ + (1 − µ)q1]]. When m ≤ m∗

I , the utility of market

participation is higher than the cost, and thus all informed investors participate in the market

when they know e1 = e+ V (e.g., q̄ = 1).

Meanwhile, when informed investors know e1 = e−V , Assumption 2 ensures that all informed

investors will participate in the market (e.g., q = 1) and α∗ is solved in the proof for Case

(1b). Then we can directly show that ᾱ∗ = α∗, and we have the same option trading volumes

in the cases with e1 = e+ V and e1 = e− V . Following Case (1b), we have:

e0 =

e+ α∗µV
α∗µ+2(1−µ)q1

+ λ[α∗µ+ (1− µ)q1] When e1 = e+ V

e− α∗µV
α∗µ+2(1−µ)q1

− λ[α∗µ+ (1− µ)q1] When e1 = e− V .

Thus, we can easily get that Cov(e1 − e0, V0) = 0.
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In the second step, we show that when m > m∗
I , V0(e1 = e+ V ) < V0(e1 = e− V ).

When m > m∗
I , we show that not all informed investors participate in the market when

they receive the signal that e1 = e + V and thus q̄ < 1. However, Assumption 2 ensures

that all informed investors will participate in the market when they know e1 = e − V and

thus q = 1. Meanwhile, α∗ is solved in the proof of Case (1b), and it is smaller than

one as L ≥ L I in this case. We have two scenarios to consider here. In the first one,

no informed investors trade options when they know e1 = e + V . In this case, we have

[ 2γ(1−µ)q1V
µq̄+2(1−µ)q1

− γλ[µq̄ + (1 − µ)q1]](1 − m) = c (which pins down the equilibrium q̄) and

[ 2(1−µ)q1γV
µq̄+2(1−µ)q1

− γλ[µq̄ + (1 − µ)q1]](1 − m) > [LγV − λ(1 − µ)q3](1 − m) (which ensures no

participation of informed investors in options). In this case, αI
∗ = 1, and the option trading

volume takes the following form:

V0 =

(
∑i=6

i=3 qi)(1− µ) When e1 = e+ V

(
∑i=6

i=3 qi)(1− µ) + (1− α∗)µ When e1 = e− V .

where 0 < α∗ < 1 in this case. It is clear that V0 is negatively correlated with e1, and we

have that Cov(e1 − e0, V0) < 0.

In the second scenario, some informed investors trade options when they know e1 = e + V .

Since L < L I , there is always a positive fraction of informed investors in the spot market.

In this scenario, the condition is [ 2(1−µ)q1γV
µq̄α+2(1−µ)q1

− γλ[µq̄α+ (1− µ)q1]](1−m) = c (which pins

down the equilibrium participation decisions) and α∗∗, β̄ are pinned down by equalities of

trading profits in different markets:

(V − µq̄αV

µq̄α + 2(1− µ)q1
)γ − γλ[µq̄α + (1− µ)q1] =

2(1− µ)q4 · LγV
µq̄(1− α)(1− β) + 2(1− µ)q4

− λ[µq̄(1− α)(1− β) + (1− µ)q4]

2LV − 2
[
µq̄(1− α)β + (1− µ)q5

]
· LV

µq̄(1− α)β + 2(1− µ)q5
=

2(1− µ)q4 · LV
µq̄(1− α)(1− β) + 2(1− µ)q4

.

We have β̄ = q5
q5+q4

= 1/2. Importantly, since m > m∗
I , we have q̄ < 1. Thus, when informed
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investors receive good news, option trading volume of informed investors is q̄(1−α∗∗), which

is

q̄(1− α∗∗) < 1− α∗.

This suggests that V0(e1 = e+V ) < V0(e1 = e−V ). Like the previous analysis, we can have

Cov(e1 − e0, V0) < 0.

Case (2.c). We take two steps to prove this case. In the first step, we show that when

L > L I , informed investors will still not trade the spot even if there are dollar benefits.

In the second step, we pin down m∗∗
I , where m∗∗

I satisfies the condition that all informed

investors participate in the market when m ≤ m∗∗
I (e.g., m = 0).

In the first step, when α = 0 and e1 = e+V , the utility of selling a put is bp(1−m), and the

utility of buying a call is [−ac+θ(e+V−Kc)](1−m). Here, bp =
2(1−µ)q4×LγV

µq̄(1−β)+2(1−µ)q4
−λ[µq̄(1−β)+

(1−µ)q4], and−ac+θ(e+V −Kc) = 2LγV −ac =
2(1−µ)q5×LγV

µq̄β+2(1−µ)q5
−λ[µq̄β+(1−µ)q5]. Meanwhile,

in equilibrium, as q4 = q5, the equilibrium β
∗
= 1

2
. The utility of buying in the spot market

is γ(e+V −as)(1−m) = γ(V −λq1)(1−m). It is clear that 2(1−µ)q4×LγV
0.5µq̄+2(1−µ)q4

> 2(1−µ)q4×LγV
0.5µ+2(1−µ)q4

(as

q̄ ≤ 1). Based on the proof of Case 1, we conclude that when L > L I , informed investors

receiving good news will still not trade the spot even if there are dollar benefits. The proof

for the case when informed investors know e1 = e− V results in the same condition.

In the second step, Assumption 2 ensures that all informed investors will participate in

the market when they know e1 = e − V and thus q = 1. Meanwhile, as L > L I , all

informed traders trade options when they know e1 = e − V , which suggests that α∗ =

0. Now, as α∗ = 0 in this case, we only need to pin down m∗∗, where m∗∗ satisfies the

condition that all informed investors only participate in the market when m ≤ m∗∗. In

other words, when m > m∗∗, not all informed investors trade options and q < 1. When

all informed investors trade options, α = 0 and e1 = e + V , the utility of selling a put is

bp = [ 2(1−µ)q4×LγV

µ(1−β)+2(1−µ)q4
− γ(µ(1 − β) + (1 − µ)q4)](1 − m), and the utility of buying a call is

[−ac+θ(e+V −Kc)](1−m) = 2(1−µ)q5×LγV

µβ+2(1−µ)q5
(1−m). In equilibrium, as q4 = q5, the equilibrium

β
∗
= 1

2
. Thus, the utility of selling a put or buying a call is [2(1−µ)q5×LγV

0.5µ+2(1−µ)q5
− γ(0.5µ + (1 −
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µ)q5)](1−m). When m < m∗∗
I (where[ 2(1−µ)q4×LγV

µ(1−β)+2(1−µ)q4
−γ(µ(1−β)+(1−µ)q4)](1−m∗∗

I ) = c),

all informed investors participate in the option market (q = 1). Otherwise, not all informed

investors participate in the option market (q < 1).

Option volume takes the following form (when all informed traders trade options):

V0 =

(
∑i=6

i=3 qi)(1− µ) + qµ when e1 = e+ V

(
∑i=6

i=3 qi)(1− µ) + µ when e1 = e− V .

Thus, we can conclude that when m ≤ m∗∗
I , V0(e1 = e + V ) = V0(e1 = e − V ). Meanwhile,

as no informed investors trade the spot, e0 = e, and thus we have Cov(e1 − e0, V0) = 0. But

when m > m∗∗
I , V0(e1 = e+V ) < V0(e1 = e−V ), and thus we have Cov(e1−e0, V0) < 0.

B.7 Option Volume vs. Spot Volume

In this section, we extend our main model and show how spot volume cannot predict exchange

rates, but option volume can. This extension is stylized and provides economic insights

without any loss of generality. We introduce two types of informed investors, i.e., one

that enjoys dollar benefits who trades in both spot and option markets (as in the main

model), and another without such benefits who trades only in the spot market (e.g., mutual

funds with constraints on the use of derivatives). The mass of these informed investors is

µs. When option leverage is high, the first type shifts toward options but avoids buying

calls (or selling puts) despite positive signals on foreign currencies. This behavior creates a

negative relationship between option volume and future exchange rate changes. The spot

market becomes dominated by the second type. Although their trades are informed, their

volume does not predict future exchange rate returns (similar to m = 0 in the main model).

Nonetheless, their trades are still informed, so their order flows remain predictive of currency

returns. In this section, we only characterize the sufficient condition under which spot volume

cannot predict exchange rates, but option volume can. Specifically, we have the following

proposition.

Proposition 6. A negative correlation exists between current option volume and future ex-

change rate changes when option leverage and dollar benefits are sufficiently high. Meanwhile,

the correlation between current spot volume and future exchange rate changes is zero.
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In this economy, the equilibrium with dollar benefits is characterized as follows. When

L > L s, informed investors only trade options. However, there is no association between

option volume and future exchange rate returns when m ≤ m∗∗
s , whereas there is a nega-

tive relationship between option volume and future exchange rate changes when m > m∗∗
s .

Meanwhile, there is no association between spot volume and future exchange rate returns.

Proof. We now proceed with two separate proofs, distinguishing between the case where

dollar benefits are zero and the case where they are non-zero.

Case 1. We start by considering the case wherem = 0. We first pin down L s, which satisfies

that informed traders do not trade the spot when L > L s and there are no benefits. When

α = 0 and e1 = e + V , trading profit of selling a put is bp = 2(1−µ)q4×LγV

µ(1−β)+2(1−µ)q4
, and trading

profit of buying a call is −ac + θ(e + V − Kc) = 2LγV − ac = 2(1−µ)q5×LγV

µβ+2(1−µ)q5
. Meanwhile,

in equilibrium, as q4 = q5, the equilibrium β
∗
= 1

2
. Trading profit of buying the spot is

γ(e + V − as) = γ 2(1−µ)q1V
µs+2(1−µ)q1

. Let L s = µβ+2(1−µ)q5
2(1−µ)q5

× 2(1−µ)q1
µs+2(1−µ)q1

. It is clear that when

L > L s, the profit in trading options is larger than the profit in trading spots. Thus, we

conclude that when L > L s, informed investors will not trade spot contracts when they

know e1 = e + V . In the case when informed investors know e1 = e − V , the proof results

in the same condition. When L > L s, informed investors only trade options, and thus

option volume V0 = (
∑i=6

i=3 qi)(1 − µ) + µ regardless of e1. We can directly obtain that

Cov(e1 − e0, V0) = 0.

Case 2. We move to assessing the case where m > 0. We take two steps to prove this case.

In the first step, we show that when L > L s, informed investors will still not trade the spot

even if there are dollar benefits. In the second step, we pin down m∗∗
s , where m∗∗

s satisfies the

condition that all informed investors participate in the market when m ≤ m∗∗
s (e.g., m = 0).

In the first step, when α = 0 and e1 = e + V , the utility of selling a put is bp(1 −m), and

the utility of buying a call is [−ac + θ(e+ V −Kc)](1−m). Here, bp =
2(1−µ)q4×LγV

µq̄(1−β)+2(1−µ)q4
, and

−ac + θ(e + V −Kc) = 2LγV − ac =
2(1−µ)q5×LγV

µq̄β+2(1−µ)q5
. Meanwhile, in equilibrium, as q4 = q5,

the equilibrium β
∗
= 1

2
. The utility of buying in the spot market is γ(e+ V − as)(1−m) =

γ 2(1−µ)q1V
µs+2(1−µ)q1

(1−m). It is clear that when L > L s,
2(1−µ)q4×LγV
0.5µq̄+2(1−µ)q4

> 2(1−µ)q4×LγV
0.5µ+2(1−µ)q4

> γ 2(1−µ)q1V
µs+2(1−µ)q1
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(as q̄ ≤ 1). Thus, we conclude that when L > L s, informed investors receiving good news

will still not trade the spot even if there are dollar benefits. The proof for the case when

informed investors know e1 = e− V results in the same condition.

In the second step, Assumption 2 ensures that all type-1 informed investors will participate

in the market when they know e1 = e − V and thus q = 1. Meanwhile, as L > L s,

type-1 informed traders trade options when they know e1 = e − V , which suggests that

α∗ = 0. Now, as α∗ = 0 in this case, we only need to pin down m∗∗, where m∗∗ satisfies

the condition that type-1 informed investors only participate in the market when m ≤
m∗∗. In other words, when m > m∗∗, not all type-1 informed investors trade options and

q < 1. When all type-1 informed investors trade options, α = 0 and e1 = e + V , the

utility of selling a put is bp = 2(1−µ)q4×LγV

µ(1−β)+2(1−µ)q4
(1 − m), and the utility of buying a call is

[−ac + θ(e + V − Kc)](1 − m) = 2(1−µ)q5×LγV

µβ+2(1−µ)q5
(1 − m). In equilibrium, as q4 = q5, the

equilibrium β
∗
= 1

2
. Thus, the utility of selling a put or buying a call is 2(1−µ)q5×LγV

0.5µ+2(1−µ)q5
(1−m).

When m < m∗∗, where 2(1−µ)q5×LγV
0.5µ+2(1−µ)q5

(1−m∗∗) = c), all type-1 informed investors participate

in the option market (q = 1). Otherwise, not all type-1 informed investors participate in the

option market (q < 1).

Option volume takes the following form (when all type-1 informed traders trade options):

V0 =

(
∑i=6

i=3 qi)(1− µ) + qµ when e1 = e+ V

(
∑i=6

i=3 qi)(1− µ) + µ when e1 = e− V .

Thus, we can conclude that when m ≤ m∗∗, V0(e1 = e + V ) = V0(e1 = e− V ), and thus we

have Cov(e1 − e0, V0) = 0. But when m > m∗∗, V0(e1 = e + V ) < V0(e1 = e− V ), and thus

we have Cov(e1 − e0, V0) < 0.

To sum up, this extension model helps reconcile why option volume, but not spot volume,

forecasts exchange rate returns, even though spot order flow itself can carry predictive infor-

mation. The key mechanism lies in the behavior of two types of informed investors. When

option leverage is sufficiently high, the first type, who trades both spot and option contracts

and derives dollar benefits, shifts their activity toward the option market. Moreover, their
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incentive to retain dollar exposure discourages them from buying call options (or selling

puts) on foreign currencies when they receive positive signals, generating a negative rela-

tionship between FX option volume and future foreign currency returns. In contrast, the

spot market becomes dominated by the second type of informed investors, who do not value

dollar exposure and only trade in the spot market. Since these investors do not have dollar

benefits, their trading volume alone does not predict returns (as in the m = 0 case of the

main model). However, because they are still informed, their order flow, unlike their volume,

can predict exchange rate changes.
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C Option Leverage and Moneyness

C.1 Extracting Strikes

This appendix shows how to calculate the embedded leverage of options. We focus on one-

month, three-month, six-month, and one-year options on the euro-dollar exchange rate as

an example. In this case, the option premium is denominated in dollars and the underlying

exchange rate is defined as units of dollars per unit of euro. Over-the-counter options in

the FX market are quoted in terms of implied volatility (σ) on option strategies in delta (δ)

space, i.e., delta-neutral (or 0δ) straddle (DNS), 10δ risk reversals (10RR), 10δ butterfly

spreads (10BF ), 25δ risk reversals (25RR), and 25δ butterfly spreads (25BF ). We source

data from Bloomberg and Datastream on July 13, 2015. Throughout this appendix, we

refer to deep out-of-the-money (DOTM), out-of-the-money (OTM), at-the-money (ATM),

in-the-money (ITM), and deep in-the-money (DITM) options.

Appendix Table A.7 about here

First, we recover the annualized implied volatility of plain-vanilla options using a standard

mapping procedure. Specifically, for a given maturity τ , the implied volatility of an ATM

option corresponds to the implied volatility of the DNS, so that σATM = σDNS, where the

subscripts refer to the corresponding instruments. The implied volatility of OTM options

combines the implied volatility of DNS, 25RR, and 25BF , so that the implied volatility of

a 25δ call (25C) is given by σ25C = σDNS + σ25BF + 0.5σ25RR and the implied volatility of a

25δ put (25P ) is given by σ25P = σDNS + σ25BF − 0.5σ25RR. Similarly, the implied volatility

of DOTM options combines the implied volatility of DNS, 10RR, and 10BF , so that the

implied volatility of a 10δ call (10C) is given by σ10C = σDNS + σ10BF + 0.5σ10RR and the

implied volatility of a 10δ put (10P ) is given by σ10P = σDNS + σ10BF − 0.5σ10RR. The

market practice is to multiply call deltas by 100 and put deltas by −100. This means that

a 10δ call is an option with delta equal to 0.10 whereas a 25δ put is an option with delta

equal to −0.25. We report the implied volatilities in percentage per annum in Panel A of

the Appendix Table A.7.

Second, for each maturity, we convert deltas into Garman and Kohlhagen (1983) strike prices

by carefully relying on market conventions. For the euro-dollar exchange rate, options with
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maturities up to one year are quoted in terms of spot delta without premium adjustment.

The strike price (K) of each plain-vanilla option on day t can be then recovered as follows:

K10P = f · exp
{τ

2
σ2
10P +N−1(0.10 · exp{τi⋆}) · √τ σ10P

}
K25P = f · exp

{τ

2
σ2
25P +N−1(0.25 · exp{τi⋆}) · √τ σ25P

}
KATM = f · exp

{τ

2
σ2
ATM

}
K25C = f · exp

{τ

2
σ2
25C −N−1(0.25 · exp{τi⋆}) · √τ σ25C

}
K10C = f · exp

{τ

2
σ2
10C −N−1(0.10 · exp{τi⋆}) · √τ σ10C

}
.

where e denotes the spot exchange rate expressed in units of dollars per unit of foreign

currency, f is the corresponding forward exchange rate with maturity τ linked to the spot

rate through covered interest parity in continuous time as f = e·exp{τ(i−i⋆)}, i is the dollar
interest rate with maturity τ in annual terms, i⋆ is the foreign interest rate with maturity

τ in annual terms, and N−1(·) denotes the inverse cumulative distribution function of the

standard normal distribution. We suppress the time subscript t on e, f , σ, K, i, and i⋆,

as well as the maturity subscript τ on f , σ, i, and i⋆, for notational convenience. In what

follows, t denotes the inception date, T the maturity date, and τ the time to maturity, defined

as the number of calendar days between t and T , divided by 365. We report the strike prices

in Panel B of the Appendix Table A.7. For euro–dollar options with maturities longer than

one year, quotes are expressed in terms of forward delta without premium adjustment. The

corresponding strikes can be recovered by setting i⋆ = 0 in the above equations.18

Finally, for each K, σ, and τ , we compute Garman and Kohlhagen (1983) option prices on

day t as

ν = ϕ · exp{−τi} [f · N (ϕd+)−K · N (ϕd−)] ,

18More in general, options on major currency pairs up to one year maturity are quoted in terms of spot
delta, whereas other maturities and currency pairs are quoted in terms of forward delta. Also, when the
dollar is the premium currency for the option and the quote currency for the underlying exchange rate, delta
is quoted without premium adjustment, while otherwise delta comes with a premium adjustment (see, for
more details, Reiswich and Wystup, 2010).
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where

d± =
ln (f/K)

σ
√
τ

± 1

2
σ
√
τ ,

ϕ = 1 for call options, ϕ = −1 for put options, and N (·) denotes the cumulative distribution

function of the standard normal distribution. We suppress the time t, strike K, and maturity

τ subscripts on ν for notational convenience.

C.2 Measuring Option Leverage

Following Frazzini and Pedersen (2022), the option leverage, L, is measured as

L =

∣∣∣∣∂ν∂e · e
ν

∣∣∣∣ , (C.1)

where the absolute value reflects the magnitude of return amplification per unit of capital

invested, irrespective of the direction of the position. We suppress the time t, strike K, and

maturity τ subscripts on L for notational convenience.

The first term, ∂ν/∂e, on the right-hand side of Equation (C.1), measures the sensitivity

of the option premium to the exchange rate. It is known as δ, which is positive for calls

and negative for puts. For example, for options quoted in terms of spot delta without

premium adjustment (e.g., euro–dollar options with maturities up to one year), call delta

ranges from 0 for DOTM options to approximately 1 for DITM options, while put delta

ranges from approximately −1 for DITM options to 0 for DOTM options. Moreover, for

options quoted in terms of forward delta without premium adjustment (e.g., euro–dollar

options with maturities longer than one year), the corresponding ranges are exactly 0 to 1

for calls and −1 to 0 for puts. Overall, |δ| is higher for ITM options than for OTM options.19

The second term, e/ν, on the right-hand side of Equation (C.1) is the ratio of the spot

exchange rate to the option premium. It captures how much exposure to the underlying

exchange rate an investor obtains per unit of option premium paid, under the assumption

that the corresponding spot position is fully collateralized. Put differently, it measures how

many dollars of the underlying currency are controlled for each dollar spent on the option.

19For options quoted in terms of spot delta without premium adjustment, δ = ϕ exp{−τi⋆}N (ϕd+),
whereas for options quoted in terms of forward delta without premium adjustment, δ = ϕN (ϕd+).
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A lower option premium implies a larger value of e/ν and therefore greater exposure per

unit of option premium. This typically happens for OTM relative to ITM options, and

for short-dated relative to long-dated options. Shorter maturities reduce the time available

for the option to expire in the money, while OTM options require larger underlying price

movements for the option to be exercised.

Appendix Figures A.6 and A.7 about here

The option leverage in Equation (C.1) reflects the interaction of two opposing effects. As

moneyness rises, |δ| increases, but the exposure obtained per unit of option premium, e/ν,

decreases because the option becomes more expensive. The latter effect dominates in mag-

nitude, so leverage declines with moneyness. Similarly, leverage also declines with maturity,

since longer-dated options have higher premia and therefore embed less exposure per unit of

invested capital.20 Panel C of Appendix Table A.7 confirms these patterns for euro–dollar

options. DOTM options (10δ calls and 10δ puts) exhibit higher leverage than OTM options

(25δ calls and 25δ puts) and ATM options, consistent with the fact that the lower premium of

more OTM contracts more than offsets their lower absolute delta. The table also shows that,

for a given delta level, short-dated options have higher leverage than long-dated options.

To further illustrate this mechanism, we next consider two stylized examples. We first focus

on moneyness and consider a setting with e = 1, τ = 1/12, i = 1% per annum, and

i⋆ = 5% per annum. For a given maturity τ , implied volatility is modeled across strikes

K using a quadratic smile around an ATM level of σ = 10%, given by σK = σATM,τ +

a (K/e− 1) + b (K/e− 1)2, with a = −0.05 and b = 3. The parameter a governs the

slope of the implied-volatility smile, while b determines its curvature. We consider strikes

corresponding approximately to put deltas from −0.10 to −0.90 and call deltas from 0.10 to

0.90. We display the outcome of this exercise in Appendix Figure A.6. Panel A shows that

20The fact that e/ν is quantitatively larger than |δ| can be further understood by examining how the
option premium varies with strike and maturity. The derivative ∂ν/∂K, commonly known as dual delta,
implies that OTM options have lower premia than ITM options, holding everything else constant. Likewise,
the derivative ∂ν/∂τ , which is the negative of theta, implies that option premia typically increase with
maturity, so short-dated options are generally cheaper than long-dated contracts. Together, these patterns
imply that OTM and short-dated options embed greater exposure to the underlying per unit of premium
paid.
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both put and call leverage decline as options move from out-of-the-money to in-the-money.

Panel B plots the two underlying components and shows that the decline in e/ν more than

offsets the increase in |δ|. In Appendix Figure A.7, we consider the same setup, except that

τ = 3/12. The overall pattern is similar: Both put and call leverage decline as options move

from OTM to ITM, because the decline in e/ν continues to dominate the increase in |δ|. At
the same time, leverage is uniformly lower than in the 1-month example, reflecting the fact

that longer-dated options have higher premia and therefore provide less underlying exposure

per unit of capital invested.

C.3 Option Leverage in Our Model

We now clarify how the standard definition of option leverage described in Appendix C.2

relates to the notion of option leverage used in our model in Section 2.1. In particular,

we show that the leverage term in our model admits a natural interpretation in terms of

the conventional elasticity-based measure of option leverage, with the first component cor-

responding to the option delta and the second one reflecting the exposure to the underlying

asset per unit of option premium paid.

As discussed in Section 2.1, we define the leverage of a call option as

Lc =
e+ V −Kc

2V

θ

γ
, (C.2)

where V is the size of the information event (with V > 0), e is the exchange rate in units of

dollars per unit of foreign currency, Kc is the corresponding strike price in the same units

satisfying the restriction e − V ≤ Kc < e + V , γ is the amount of foreign currency an

investor can buy in the spot market with one dollar, and θ is the number of option contracts

an investor can purchase with one dollar. Since each option contract is written on one unit of

foreign currency, θ also corresponds to the amount of foreign currency an investor is exposed

to per dollar spent. This expression follows closely the standard definition of option leverage

in Equation (C.1).

The first term, (e + V − Kc)/2V , on the right side of Equation (C.2) can be interpreted

as the discrete analogue of the call delta, say δc. Its numerator captures the change in the
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option payoff across states, while its denominator captures the corresponding change in the

value of the underlying. In particular, we have that

δc =
max(e+ V −Kc, 0)−max(e− V −Kc, 0)

(e+ V )− (e− V )
=

e+ V −Kc

2V
,

where the final equality follows from the assumption that the call expires in the money only

in the high state. Because the model is single period, all options share the same maturity,

so δc depends only on the strike price. Differentiating with respect to Kc, we obtain

∂δc
∂Kc

= − 1

2V
< 0,

implying that call delta decreases with the strike price, all else equal. Thus, OTM calls have

lower delta than ITM calls. For strike prices in the interval [e − V , e + V ], we can further

show that δc ranges from 0 for DOTM calls to 1 for DITM call.21 Specifically, we have that

δc =
e+ V −Kc

2V
=


0, if Kc = e+ V (DOTM call),

1/2, if Kc = e (ATM call),

1, if Kc = e− V (DITM call).

The second term, θ/γ, on the right side of Equation (C.2) maps naturally into the second

component of the conventional leverage definition. Since θ denotes the number of option

contracts an investor can purchase with one dollar (θ = 1/ν) and γ refers to the amount of

foreign currency an investor can obtain with one dollar in the spot market (γ = 1/e), we

21In our model, we set interest rates to zero and adopt the conventional notion of an ATM option,
under which the strike is equal to the spot exchange rate. Under this definition, δc ranges from 0 to 1,
and equals 0.5 for ATM options. In FX option markets, however, as described in Appendix C.1, options
are quoted according to different market conventions. For example, for options quoted in terms of simple
delta without premium adjustment (e.g., euro–dollar options with maturities up to one year), δc ranges from
0 to approximately 1, and is not exactly 0.5 for ATM options, which are defined using the delta-neutral
convention. By contrast, under the forward-delta convention without premium adjustment (e.g., euro–dollar
options with maturities longer than one year), δc ranges from 0 to 1, and equals 0.5 for ATM options. For
simplicity, we abstract from this distinction in the model, as it is not central to our analysis.
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have that
θ

γ
=

e

ν
,

which corresponds to the exposure to the underlying exchange rate obtained per unit of

option premium paid in the conventional definition of leverage. Under this interpretation,

and abstracting from margin requirements by assuming that spot positions are fully collat-

eralized, θ/γ captures the leverage advantage of cheaper options relative to more expensive

ones. In our model, since all options share the same maturity, θ depends only on moneyness

through its inverse relation with the option premium. Outside the model, however, θ also

varies with maturity, implying that θ/γ is typically greater for out-of-the-money than for

in-the-money options, and for short-dated than for long-dated options.

An analogous mapping applies to put options. As discussed in Section 2.1, we define the

leverage of a put option as

Lp = −Kp + V − e

2V

θ

γ
, (C.3)

where Kp is the corresponding strike price satisfying e − V < Kp ≤ e + V . The first term,

−(Kp + V − e)/2V , can be interpreted as the discrete analogue of put delta, say δp, since

δp =
max(Kp − (e+ V ), 0)−max(Kp − (e− V ), 0)

(e+ V )− (e− V )
= −Kp + V − e

2V
,

where the final equality follows from the assumption that the put expires in the money only

in the low state. Because the model is single period, all options share the same maturity, so

δp depends only on the strike price. Differentiating with respect to Kp, we obtain

∂δp
∂Kp

= − 1

2V
< 0,

implying that put delta becomes more negative as the strike price rises. Equivalently, |δp| is
lower for OTM puts than for ITM puts. For strike prices in the interval [e− V , e + V ], we
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have that δp ranges between 0 for DOTM and −1 for DITM puts as

δp = −Kp + V − e

2V
=


0, if Kp = e− V (DOTM put),

−1/2, if Kp = e (ATM put),

−1, if Kp = e+ V (DITM put).

The second term, θ/γ = e/ν, has the same interpretation as in the call case. It measures the

exposure to the underlying exchange rate obtained per unit of option premium paid. Hence,

the same logic applies to the leverage component θ/γ for put options as for call options.

C.4 Forward and Option Leverage

In our model, informed investors have an incentive to trade in the option market to better

exploit their informational advantage because of option embedded leverage. A natural ques-

tion, then, is whether options offer higher leverage than other derivatives, such as forward

contracts. These contracts have a delta of one and are constructed to have zero initial market

value. Using Equation (C.1), a forward contract would in principle exhibit infinite embed-

ded leverage, since the initial price is zero. While there is no mandatory requirement for

physically-settled forwards in most jurisdictions, in practice dealers routinely require an ini-

tial margin. Following Frazzini and Pedersen (2022), the embedded leverage for a derivative

contract when margin is posted is given by

L =
∣∣∣δ × e

κ

∣∣∣ , (C.4)

where κ reflects the capital amount that must be committed to maintain the position. Using

a snapshot of margin requirements from a London-based capital markets firm that provides

advisory and transactional services across multiple asset classes, we observe that the initial

margin required for reputable counterparties on forwards in major currency pairs averages

approximately 5%. Applying Equation (C.4), a one-month forward contract on the euro-

dollar would have a leverage of approximately 20 times the posted capital. Although this

degree of leverage is sizeable, it is lower than those reported in Panel C of Appendix Table A.7

for deep OTM one-month options. As noted by Frazzini and Pedersen (2022), moreover, if
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an option position is further leveraged using a margin loan, the resulting embedded leverage

may exceed the values implied by Equation (C.1).22

Finally, beyond embedded leverage, another potential advantage of buying options is their

limited downside risk (Pan and Poteshman, 2006). When purchasing an option, the maxi-

mum possible loss is the premium paid, while the upside can be substantial if the investor’s

private signal proves correct. In contrast, trading a forward contract entails symmetric ex-

posure, i.e., losses can be large and are not capped, which may deter investors with limited

risk tolerance or capital constraints.

C.5 Measuring Option Moneyness

Akin to Pan and Poteshman (2006), we can measure the percentage option moneyness as

Π = ϕ

(
K

e
− 1

)
× 100

so that a high Π denotes OTM options and a low Π indicates ITM options. For example,

a 5% OTM (ITM) call has a Π of 5% (−5%), while setting ϕ = 1. Similarly, a 5% OTM

(ITM) put has Π equal to 5% (−5%), with ϕ = −1. A near ATM option has Π close to zero.

We report Π in Panel D of the Appendix Table A.7 and show that Π is correlated with |1/δ|,
meaning that, sorting on Π is equivalent to sorting on |1/δ|. This is further corroborated by

the Appendix Figure A.8, where we calculate Π between November 2014 and December 2023

for one-month options, and plot its sample average against |1/δ|. While FX options traded

22While our main analysis does not focus on regulatory requirements, we recognize that EMIR (both in
the EU and UK) requires an initial margin for counterparties whose average daily outstanding amount of
uncleared OTC derivatives exceeds a regulatory threshold during a prescribed observation window in each
year. For most of our sample period, this requirement was rarely binding on hedge funds, as it applied only
to large institutions. In addition, for long options (particularly short-dated out-of-the-money contracts), the
regulatory initial margin is generally lower than the option premium. By contrast, short options (typically
near-the-money contracts) may require a regulatory initial margin that exceeds the option premium received,
reflecting the risk of large directional price movements and volatility shifts. Since we show that predictability
largely arises from the volume of OTM options traded by hedge funds, these institutional features, while
relevant, should not materially affect our results. As a robustness check, we exclude data from March to
May in each year from 2016 to 2023, which corresponds to the regulatory observation period for the initial
margin thresholds, to mitigate potential distortions from notional window dressing. The resulting portfolio
returns across different client groups, reported in the Appendix Table A.24, reveal no qualitative differences
relative to our core analysis in Table 6.
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over-the-counter (OTC) are typically quoted in δ space, the options in our EMIR data are

reported in terms of K rather than δ. Inferring δ would require matching intraday strikes

with intraday interest rates, exchange rates, and implied volatilities. Instead, we follow Pan

and Poteshman (2006) and use Π to rank options based on their leverage, as it provides a

less data-intensive alternative.

Appendix Figure A.8 about here

C.6 A Volume-Weighted Proxy of Option Leverage

We construct a volume-weighted proxy of option leverage using a three-step procedure. First,

we categorize each option transaction j for currency pair i on day t into five moneyness and

four maturity buckets, following the classification described in Section 4.4. Second, we assign

scores to these buckets to capture the convex increase in leverage as options move further

out-of-the-money and toward shorter maturities. Specifically, we assign moneyness scores

(κ) of 4, 2, 1, 0.75, and 0.5 (ranging from deep out-of-the-money to deep in-the-money) and

maturity scores (ℓ) of 4, 2, 1, and 0.5 (ranging from short to long maturity). Finally, the

aggregate volume-weighted option leverage for currency pair i on day t is constructed as

Proxy Option Leveragei,t =

∑
j Vij,t × κij,t × ℓij,t∑

j Vij,t

,

where κij,t and ℓij,t denote the moneyness and maturity scores for transaction j on day t for

currency pair i, respectively, and Vij,t denotes the corresponding option volume. Importantly,

the results are not sensitive to the exact numerical values assigned to these scores. Any

monotonic mapping that assigns higher leverage to deeper out-of-the-money and shorter-

maturity options produces qualitatively similar results. The empirical results are presented

in Appendix Table A.27 and discussed in Section 6.7.
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D EMIR Data on Forwards

In addition to option transactions in the FX market, we also collect all forward transactions

submitted to the DTCC Derivatives Repository between November 2014 and December 2023.

These transactions involve at least one UK legal entity and include both outright forwards

and forward legs of FX swaps. However, a limitation of the EMIR data prevents us from

distinguishing between outright forwards and forward legs of FX swaps. Our analysis focuses

on the same dollar currency pairs used in the core analysis for options. After discarding

duplicates due to modifications, corrections, and valuation updates, our sample includes

more than 29 million transactions.

Appendix Figure A.9 about here

The Appendix Figure A.9 presents a comparison of the average trading volume in our dataset

with publicly available statistics, including the triennial survey by the Bank for International

Settlements (BIS, 2016) and the semi-annual survey by the London Foreign Exchange Joint

Standing Committee (FXJSC, 2016), both conducted in April 2016. According to the BIS

survey, the global forward volume in April 2016 exceeded $3 trillion per day, with over

$1.3 trillion per day traded in London (FXJSC survey). When considering only forwards

involving dollar currency pairs, the average daily volume was above $2.7 trillion globally and

$1.2 trillion in London. To evaluate the representativeness of our dataset, we compute the

daily average volume for April 2016 and find that it records approximately $1 trillion per

day for dollar currency pairs. Over the full sample period from 2014 to 2023, the average

daily volume is around $1.6 trillion per day for dollar currency pairs.

Appendix Figure A.3 about here

Similar to options, the forwards market consists of two tiers: an interbank market where

dealers trade among themselves and a retail segment where financial and nonfinancial clients

trade with either dealers or other clients. We first identify up to 17 dealers and then group

their corresponding transactions with clients into hedge funds, asset managers (mutual funds,

sovereign wealth funds), insurance & pensions (pension funds, insurance firms), nondealer

banks (commercial banks, prime-brokerage firms, and non-bank firms offering trading ser-

vices), and other clients (corporates, central banks, and unclassified clients). In the Appendix
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Figure A.3, we present the average daily volume broken down by counterparty sectors. We

show that 59.9% of trading activity occurs between dealers, 39.7% between dealers and

clients, and only a tiny fraction directly between clients. In the dealer-client segment, the

nondealer banks sector is the largest group that accounts for 54.9% of total trading activity,

12.4% of trading activity can be attributed to hedge funds, 13.5% to asset managers, 5.2%

to insurance & pensions, and 14% to other clients.
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E Currency Factors: A Description

We consider several portfolio-based strategies proposed in the recent FX literature, using the

same major currency pairs as in our core analysis. The sample runs between November 2014

and December 2023 at daily frequency. We first group currencies into four baskets using a

pre-defined sorting criterion on each day t, then record the daily average exchange rate return

in each basket between days t and t + 1, and finally combine baskets into a single strategy

as outlined below. Also, since the time-series variation of these factors largely depends on

exchange rate returns, we ignore the daily forward premium adjustment and focus purely on

the daily exchange rate return component.

Carry and Dollar Factors. Using one-month forward premia (or interest rate differen-

tials), we assign currencies with low forward premia (or high interest rate differentials) to

the last basket and currencies with high forward premia (or low interest rate differentials)

to the first basket. While the carry factor takes a long position in the last basket and short

position in the first basket, the dollar factor is constructed as the simple average across all

four currency baskets akin to Lustig, Roussanov, and Verdelhan (2011).

Momentum Factor. Using the past one-month spot exchange rate returns, we assign

currencies exhibiting high past exchange rate returns to the last basket and currencies with

low past exchange rate returns to the first basket. The momentum factor buys the last

basket and sells the first basket as in Menkhoff, Sarno, Schmeling, and Schrimpf (2012).

Value Factor. Using the past five-year real exchange rate returns, we group undervalued

currencies to the last basket and overvalued currencies to the first basket. The value factor

goes long the last basket and short the first basket. The past five-year real exchange rate

returns are constructed following Asness, Moskowitz, and Pedersen (2013) using the log

difference between the current spot exchange rate and the average spot exchange rate from 4.5

to 5.5 years ago, adjusted by adding the log change in the foreign CPI index and subtracting

the log change in the US CPI index over the past five years. CPI indices are sourced from

Datastream.
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Global Volatility Factor. We first estimate three-year rolling betas by regressing ex-

change rate returns on innovations in global FX volatility, measured using daily average

absolute exchange rate returns as in Menkhoff, Sarno, Schmeling, and Schrimpf (2012).

Hence, we assign low beta currencies to the last basket and high beta currencies to the

first basket. The traded global volatility factor goes long the last basket and short the first

basket.

Global Liquidity Factor. We first estimate three-year rolling betas by regressing ex-

change rate returns on innovations in global FX liquidity, measured using daily average

percentage bid-ask spreads as in Menkhoff, Sarno, Schmeling, and Schrimpf (2012), and

then assign low (high) beta currencies to the last (first) basket. We use quotes on WMR

closing bid and ask prices from Datastream. The traded global liquidity factor goes long the

last basket and short the first basket.

Option Risk Reversal. We first measure the option risk reversal as the implied volatility

of the 25-delta call minus that of the 25-delta put. We use one-year FX option implied

volatilities from Bloomberg. Hence, we assign currencies with low risk reversals to the last

basket and currencies with high to the first basket. The option risk reversal factor takes

a long position in the last basket and short position in the first, following Della Corte,

Ramadorai, and Sarno (2016).

Volatility Risk Premium. We first measure the volatility risk premium as difference

between realized volatility and model-free implied volatility. The model-free implied volatil-

ity is calculated following Britten-Jones and Neuberger (2000) using one-year FX options.

Realized volatility is based on daily squared exchange rate returns measured over the past

year. We then sort currencies into baskets based on the size of their volatility risk premia.

Currencies with high volatility risk premia (i.e., relatively cheap insurance) are assigned to

the last basket, while those with low volatility risk premia (i.e., relatively expensive insur-

ance) are assigned to the first basket. The volatility risk premium factor is constructed by

taking a long position in the last basket and short position in the first basket, as in Della

Corte, Ramadorai, and Sarno (2016).
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F Additional Robustness Checks and Extensions

This section presents a series of additional exercises to assess the robustness and generality

of our findings.

F.1 Measures of FX Trading Activity from Other Datasets

We also explore the relationship between our currency strategy based on client option vol-

ume and the currency reversal strategies studied by Cespa, Gargano, Riddiough, and Sarno

(2022), which exploit the interaction between past exchange rate returns with spot, forward,

and swap volume. We run contemporaneous regressions, where the dependent variable is

the option volume LMH strategy derived from client transactions on major currency pairs in

Panel A of Table 1 and the explanatory variables are the currency reversal strategies kindly

shared by Cespa, Gargano, Riddiough, and Sarno (2022).

Appendix Table A.17 about here

We report the results in the Appendix Table A.17 but find that currency reversal strategies

are unable to explain the average exchange rate returns of our LMH strategy. We also

consider the order flow of FX funds in Cespa, Gargano, Riddiough, and Sarno (2022) but

find non relationship with our option strategy.

Appendix Table A.18 about here

In the Appendix Table A.18, we further show that the strategies studied by Cespa, Gargano,

Riddiough, and Sarno (2022) exhibit no statistically significant difference in performance

between periods of high and low dollar benefits. These findings align with our evidence in

Section 6.2, where we link option volume to alternative measures of FX trading activity

derived from the EMIR data.

F.2 The Role of Dealer Constraints

Recent studies have shown that dealers’ balance sheet constraints can significantly impact

FX trading and covered interest rate parity deviation (e.g., Du, Tepper, and Verdelhan,
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2018; Cenedese, Della Corte, and Wang, 2021). This raises the question of whether these

constraints also influence option volume and its predictive power for exchange rate returns.

To explore this, we compare the return predictability in reporting and non-reporting win-

dows. This approach is motivated by the fact that dealer banks faced tighter regulatory

constraints during quarter-end or year-end periods when they need to report balance sheet

ratios (e.g., Du, Tepper, and Verdelhan, 2018; Cenedese, Della Corte, and Wang, 2021). We

regress the exchange rate returns of the LMH strategy based on client volume on quarter-end

or year-end dummy variables.

Appendix Table A.19 about here

We present our results in the Appendix Table A.19, where the quarter-end (year-end) dummy

accounts for the last three business days at the end of each quarter (year) as well as the first

three business days at the beginning of each quarter (year). This exercise reveals that the

dummy variables are statistically insignificant across all specifications.

F.3 Dollar Sensitivity

Currencies in the high-volume basket might have depreciated more than those in the low-

volume basket due to higher dollar exposure. To address this concern, we first construct a

simple dollar index by averaging the daily exchange rate returns of major currencies, where

a positive value represents broad dollar depreciation. Next, we compute dollar betas by

regressing each major currency’s exchange rate return on the dollar index using a rolling

21-day window. A positive beta indicates that the foreign currency appreciates during a

broad dollar depreciation. Finally, we calculate the equally-weighted average of dollar betas

within the four baskets sorted by client option volume.

Appendix Figure A.5 about here

In the Appendix Figure A.5, we plot the average betas along with their 90% confidence inter-

vals and find no significant differences between high and low client option volume portfolios.

This evidence suggests that differences in sensitivity to fluctuations in the dollar index are

unlikely to explain our results.
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F.4 Different Scaling Methods and Portfolio Construction

In our main analysis, we measure option volume using a rolling window of one month (M =

21) coupled with a formation period of one day (N = 1). For robustness, the Appendix

Table A.20 shows that our key results remain qualitatively similar when using a rolling

window of one week (M = 5) or three months (M = 63) while keeping the identical formation

period of one day.

Appendix Table A.20 about here

For example, with a shorter window of one week, the LMH strategy based on the client

volume of major currencies produces an average exchange rate return of about 9.89% per

annum (with a t-stat of 3.57), which is close to the baseline return. In a longer window of

three months, the LMH strategy produces an average exchange rate return of 11.74% per

annum (with a t-stat of 4.08).

Appendix Table A.21 about here

Given the relatively small cross-section of currency pairs, one may be concerned about the

use of sorted portfolios. To address this, we also construct ranked portfolios following the

methodology of Asness, Moskowitz, and Pedersen (2013). Specifically, within each portfolio,

currencies are weighted in proportion to their cross-sectional rank based on the signal, minus

the cross-sectional average rank of that signal. The portfolios are rebalanced on a daily basis,

using abnormal client option volume as the signal. The abnormal volume is constructed

following the methodology of Cespa, Gargano, Riddiough, and Sarno (2022), employing a

rolling window of 21 trading days. Unlike the sorted portfolios, this approach utilizes all

available currency pairs, not just those entering the corner portfolios. The long portfolio

consists of currencies with positive weights, while the short portfolio includes those with

negative weights, with all weights summing up to zero. The performance of the strategy

remains qualitatively similar since the resulting LMS strategy (long-minus-short) delivers

an average exchange rate return of 8.76% per annum and an annualized Sharpe ratio close

to 1.50. This evidence suggests that the limited cross-section of currency pairs does not

materially affect our main results.
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F.5 Bloomberg Anonymized Transactions

Our main analysis is based on regulatory data obtained from the Bank of England. As

an alternative source of data, we also employ anonymized FX option transactions from

Bloomberg between March 2013 and December 2023. Compared to our regulatory dataset,

Bloomberg data are less granular (we do not observe the identity of the counterparties) and

cover a narrower set of currency pairs (those traded in the US market). For example, for

options written on dollar currency pairs, we uncover a daily average volume of about $56bn

in April 2022, approximately 21% of the global trading activity (BIS, 2022).

Appendix Table A.22 about here

We replicate the analysis detailed in Section 4.1 using only total option volume and present

the results in the Appendix Table A.22. Our findings reveal that option volume negatively

predicts future exchange rate returns, especially for major currencies. For instance, the LMH

strategy yields an average exchange rate return of approximately 8.41% per annum (with

a t-stat of 3.50) for major currencies. When extending the analysis to all currencies, our

findings are weaker since the LMH strategy generates an average exchange rate return of

about 4.7% per annum (with a t-stat of 2.02) for all currencies.

Appendix Table A.23 about here

Moreover, the Appendix Table A.23 further shows that the predictability is more pronounced

during periods of high dollar benefits in line with one of our model prediction. While this

exercise seeks to broaden the validity of our results, it is important to emphasize that these

findings may not be fully comparable to our core analysis for several reasons. The core

analysis specifically examines the role of informed trading, whereas this analysis includes

all transactions, without differentiating between informed and uninformed trading activity.

Furthermore, Bloomberg data are less representative of global trading activity, which may

account for the observed predictability being largely confined to options on the most liquid

currency pairs.

A-65



Event

Good News

Bad News

1/2

1/2

Informed

Uninformed

µ

1− µ

Uninformed

Informed

1−
µ

µ

Not Active

Buy the Asset

Buy the Call

Sell the Put

1− q̄

q̄ α

q̄(1− α)β

q̄(1− α)(1− β)

Not Active

Sell the Asset

Sell the Call

Buy the Put

1− q

q α

q(1− α)β
q(1− α)(1− β)

Buy the Asset

Sell the Asset

Buy the Put

Sell the Put

Buy the Call

Sell the Call

q1

q2

q3

q4

q5

q6

Figure A.1. Structure of Trading

This diagram displays the probabilistic structure of trading, which starts with an information event and then proceeds
with the trader’s selection probabilities. When an information event occurs, the news about the foreign currency is either
good or bad with equal probabilities. µ (1−µ) denotes the fraction of informed (uninformed) traders, q (q) is the fraction
of informed traders active when the news is good (bad), 1− q (1− q) is the fraction of informed traders not active when
the news is good (bad), α (α) is the fraction of informed traders who choose to trade in the spot market when the news
is good (bad), and β (β) is the fraction of informed traders who choose to use calls given that they trade in the options
markets when the news is good (bad). q1 = q2, q3 = q4, and q5 = q6 quantify the propensity of uninformed investors to
trade in the spot or option market.
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Figure A.2. Daily Option Volumes

This figure displays the daily average volume of foreign exchange (FX) options traded over the counter, expressed in billions of US
dollars. BIS refers to the 2016 Triennial Central Bank Survey of foreign exchange and over-the-counter derivatives markets (BIS,
2016), while FXJSC denotes the 2016 semi-annual survey of the London Foreign Exchange Joint Standing Committee for the domestic
FX market (FXJSC, 2016), both collected in April 2016. DTCC indicates the option volume aggregated from trades reported to the
DTCC Derivatives Repository under the EMIR regulation. DTCC volume is calculated for April 2016 (for comparison) as well as for
the entire sample, spanning November 2014 to December 2023.
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Figure A.3. Daily Volume by Counterparty Sector: Forward Market

This figure shows the daily average volume of foreign exchange forwards (outright forwards and forward legs of FX swaps) traded
over the counter, expressed in billions of US dollars. Volume is constructed by aggregating Dealer-Dealer, Dealer-Client, and Client-
Client trades reported to the DTCC Derivatives Repository under the EMIR regulation. Dealer-Client trades are further categorized
into hedge funds, asset managers (including asset management firms, sovereign institutions, and other financials), nondealer banks
(commercial banks, prime-brokerage firms, and non-bank firms offering trading services), insurance & pensions (insurance firms and
pension funds), and other clients (corporates, central banks, monetary authorities, and unclassified clients). The sample runs at a
daily frequency from November 2014 to December 2023.
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Figure A.4. Trading Direction of Dealer-Client Options

This figure displays the daily average volume of foreign exchange options traded over the counter, expressed in billions of US dollars,
by trading direction. The buyer of a call (put) has the right to buy (sell) a unit of foreign currency against a strike price denominated
in dollars. The seller of a call (put), moreover, has an obligation to sell (buy) one unit of the foreign currency at a given strike price
denominated in US dollars if the option is exercised. Daily volume is based on dealer-client trades reported to the DTCC Derivatives
Repository under the EMIR regulation. The sample runs at a daily frequency from November 2015 to December 2023.
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Figure A.5. Dollar Betas

This figure displays the average dollar betas of portfolios sorted by lagged abnormal foreign exchange option volume. The portfolios
are rebalanced daily with abnormal volume constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling window
of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume, while the last portfolio (PH) contains
currencies with high abnormal volume. The average dollar betas are calculated by first regressing individual exchange rate returns
on a dollar index over a 21-day rolling window, then averaging these betas within each portfolio, and finally computing the average
across the entire sample. The dollar index is based on the average daily exchange rate returns of major currency pairs, similar to
Lustig, Roussanov, and Verdelhan (2011), where a negative value indicates broad dollar appreciation. A currency with a higher dollar
beta depreciates more when the dollar strengthens. The 90% confidence intervals are based on Newey and West (1987) standard
errors. Daily volume, expressed in US dollars, is based on intraday dealer-client trades reported to the DTCC Derivatives Repository
under the EMIR regulation. Spot exchange rates are WMR closing prices from Datastream. The sample covers major currency pairs
at a daily frequency from November 2014 to December 2023.
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Figure A.6. Leverage and 1-month Options

This figure provides an illustrative example of option leverage, defined as L =
∣∣∂ν
∂e · e

ν

∣∣, where K denotes the
strike price and τ the maturity. The first term, ∂ν/∂e, measures the sensitivity of the option premium ν
to changes in the underlying exchange rate e and corresponds to the option delta, i.e., δ. The second term,
e/ν, measures the amount of underlying exchange rate exposure obtained per unit of option premium paid.
We set e = 1, τ = 1/12 and i = 1% (i⋆ = 5%) per annum. Implied volatility is modeled using a stylized
quadratic smile around an ATM level of σ = 10%. We consider strikes corresponding approximately to put
deltas from −0.10 to −0.90 and call deltas from 0.10 to 0.90.
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Figure A.7. Leverage and 3-month Options

This figure provides an illustrative example of option leverage, defined as L =
∣∣∂ν
∂e · e

ν

∣∣, where K denotes the
strike price and τ the maturity. The first term, ∂ν/∂e, measures the sensitivity of the option premium ν
to changes in the underlying exchange rate e and corresponds to the option delta, i.e., δ. The second term,
e/ν, measures the amount of underlying exchange rate exposure obtained per unit of option premium paid.
We set e = 1, τ = 3/12 and i = 1% (i⋆ = 5%) per annum. Implied volatility is modeled using a stylized
quadratic smile around an ATM level of σ = 10%. We consider strikes corresponding approximately to put
deltas from −0.10 to −0.90 and call deltas from 0.10 to 0.90.
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Figure A.8. Option Moneyness

This figure displays the sample average of |1/δ| and Π for one-month options written on the euro-dollar exchange rate as described
in the Appendix C. δ denotes the option delta (red line) whereas Π is the option moneyness (blue line). Both |1/δ| and Π increase
with the option leverage. Data are sourced from Bloomberg and Datastream at the daily frequency between November 2014 and
December 2023.
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Figure A.9. Daily Forward Volumes

This figure displays the daily average volume of foreign exchange (FX) forwards (i.e., outright forwards and forward legs of FX swaps)
traded over the counter, expressed in billions of US dollars. BIS refers to the 2016 Triennial Central Bank Survey of foreign exchange
and over-the-counter derivatives markets (BIS, 2016), while FXJSC denotes the 2016 semi-annual survey of the London Foreign
Exchange Joint Standing Committee for the domestic FX market (FXJSC, 2016), both collected in April 2016. DTCC indicates the
forward volume aggregated from trades reported to the DTCC Derivatives Repository under the EMIR regulation. DTCC volume is
calculated for April 2016 (for comparison) as well as for the entire sample, spanning November 2014 to December 2023.
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Table A.1. Option Volume: Currency Pairs

This table displays the daily average foreign exchange option volume, expressed in billions of US dollars, by
currency pair. Volume is constructed by aggregating Dealer-Dealer, Dealer-Client, and Client-Client trades
reported to the DTCC Derivatives Repository under the EMIR regulation. The sample runs at a daily
frequency from November 2014 to December 2023.

Total Dealer-Dealer Dealer-Client Client-Client

AUD 7.031 5.318 1.704 0.008

CAD 5.770 4.165 1.602 0.003

CHF 2.743 1.919 0.824 0.000

EUR 42.435 31.278 11.127 0.030

GBP 10.470 7.602 2.845 0.023

JPY 26.071 20.459 5.609 0.003

NZD 1.669 1.225 0.444 0.000

BRL 4.454 3.686 0.765 0.002

HKD 2.074 1.398 0.675 0.000

INR 2.474 1.691 0.771 0.013

KRW 3.387 2.617 0.770 0.000

MXN 4.810 3.965 0.844 0.000

NOK 0.353 0.254 0.099 0.001

RUB 1.443 1.054 0.385 0.004

SEK 0.320 0.212 0.109 0.000

SGD 1.789 1.322 0.467 0.001

TRY 1.976 1.554 0.423 0.000

TWD 1.846 1.375 0.472 0.000

ZAR 2.142 1.653 0.486 0.002

ALL 123.257 92.745 30.421 0.091
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Table A.2. Option Volume: Client Sectors

This table displays the daily average foreign exchange option volume, expressed in billions of US dollars,
by currency pair and client sector. Volume is constructed by aggregating Dealer-Client trades reported to
the DTCC Derivatives Repository under the EMIR regulation. Dealer-Client trades are further categorized
into hedge funds, asset managers (including asset management firms, sovereign institutions), nondealer
banks (commercial banks, prime-brokerage firms, and non-bank firms offering trading services), insurance
& pensions (insurance firms and pension funds), and other clients (corporates, central banks, monetary
authorities, and unclassified clients). The sample runs at a daily frequency from November 2014 to December
2023.

Hedge
Funds

Asset
Managers

Nondealer
Banks

Insurance
& Pensions

Other
Clients

AUD 0.747 0.266 0.416 0.078 0.245

CAD 0.723 0.246 0.387 0.080 0.170

CHF 0.340 0.051 0.141 0.188 0.132

EUR 4.701 1.484 2.027 0.906 1.973

GBP 1.223 0.392 0.470 0.132 0.676

JPY 2.580 0.957 1.142 0.297 0.661

NZD 0.255 0.057 0.092 0.027 0.012

BRL 0.204 0.269 0.213 0.028 0.028

HKD 0.401 0.043 0.198 0.002 0.017

INR 0.344 0.091 0.200 0.011 0.156

KRW 0.377 0.123 0.210 0.021 0.024

MXN 0.356 0.275 0.114 0.038 0.020

NOK 0.042 0.019 0.025 0.007 0.005

RUB 0.120 0.081 0.122 0.012 0.009

SEK 0.033 0.016 0.031 0.013 0.007

SGD 0.232 0.056 0.147 0.014 0.020

TRY 0.150 0.069 0.150 0.013 0.014

TWD 0.274 0.090 0.094 0.009 0.017

ZAR 0.194 0.109 0.163 0.010 0.015

ALL 13.297 4.693 6.343 1.885 4.202
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Table A.3. Options and Bid-Ask Spreads

This table reports average effective and quoted bid-ask spreads for one-year at-the-money implied volatilities on selected FX options.
The percentage quoted spread is computed as Quoted Spread = 200× (Quoted Ask−Quoted Bid)/(Quoted Ask+Quoted Bid) using
quoted bid and ask implied volatilities sourced from Bloomberg (Bloomberg Generic Price – London) or Refinitiv (Refinitiv Composite
– London). The percentage effective spread is calculated as Effective Spread = 200 × (Best Ask − Best Bid)/(Best Ask + Best Bid)
using tradable best (or highest) bid and best (or lowest) ask implied volatilities obtained through request-for-quote processes from
six major dealer banks operating in London. The sample of tradable bid and ask implied volatilities were manually collected from
the historical archive of a hedge fund based in London. MEAN refers to the simple average across all currency pairs. The sample
runs at a daily frequency from November 2014 to December 2023.

Confidential
Effective Spread

(%)

Bloomberg
Quoted Spread

(%)

Ratio
Quoted/Effective
(Bloomberg)

Refinitiv
Quoted Spread

(%)

Ratio
Quoted/Effective

(Refinitiv)

AUD 0.68 3.54 5.19 3.50 5.13

CAD 1.34 4.71 3.52 4.27 3.19

CHF 1.01 5.79 5.75 4.92 4.89

EUR 0.68 3.23 4.73 2.86 4.19

GBP 1.52 5.48 3.60 4.22 2.78

JPY 1.11 3.70 3.33 3.88 3.50

NOK 1.89 7.25 3.84 7.20 3.82

NZD 1.14 4.67 4.10 4.75 4.17

SEK 1.67 6.56 3.92 8.74 5.22

MEAN 1.23 4.99 4.22 4.93 4.10
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Table A.4. Transition Matrix

This table presents the transition matrix of portfolios sorted by lagged abnormal foreign exchange option
volume. The portfolios are rebalanced daily with abnormal volume constructed as in Cespa, Gargano,
Riddiough, and Sarno (2022) using a rolling window of 21 trading days. The first portfolio (PL) includes
currencies with low abnormal volume, while the last portfolio (PH) contains currencies with high abnormal
volume. High US Treasury premium and/or VXY index (i.e., above their sample median) denote periods
of high dollar benefits, and vice versa. The sample covers major currency pairs at a daily frequency from
November 2014 to December 2023.

PL P2 P3 PH

Dealer-Client PL 0.38 0.28 0.20 0.13

P2 0.28 0.30 0.27 0.15

P3 0.23 0.29 0.29 0.19

PH 0.21 0.26 0.25 0.28

VXY Index (High) PL 0.38 0.28 0.19 0.16

P2 0.28 0.29 0.25 0.18

P3 0.24 0.31 0.24 0.21

PH 0.20 0.27 0.21 0.32

VXY Index (Low) PL 0.38 0.29 0.22 0.11

P2 0.29 0.30 0.30 0.11

P3 0.23 0.28 0.33 0.17

PH 0.21 0.27 0.29 0.23

Treasury Premium (High) PL 0.39 0.28 0.19 0.15

P2 0.28 0.29 0.25 0.18

P3 0.23 0.29 0.27 0.21

PH 0.21 0.28 0.20 0.31

Treasury Premium (Low) PL 0.37 0.29 0.23 0.11

P2 0.29 0.30 0.30 0.12

P3 0.23 0.29 0.31 0.17

PH 0.21 0.26 0.31 0.22
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Table A.5. Portfolios sorted by Option Volume: Non-Major Currencies

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange option volume for
non-major currencies. The portfolios are rebalanced daily with abnormal volume constructed as in Cespa, Gargano, Riddiough, and
Sarno (2022) using a rolling window of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume, while
the last portfolio (PH) contains currencies with high abnormal volume. LMH is a low-minus-high strategy that buys PL and sells
PH . We report means and standard deviations (SD) in percentage per annum, and Sharpe ratios (SR) per annum, as well as daily
turnover (TO). Numbers in brackets are t-statistics based on Newey and West (1987) standard errors. Daily volume, expressed in
US dollars, is based on intraday trades reported to the DTCC Derivatives Repository under the EMIR regulation. Spot and forward
exchange rates are WMR closing prices from Datastream. The sample runs at a daily frequency from November 2014 to December
2023.

PL P2 P3 PH LMH

Total Volume Mean =3.72 =2.46 =6.10 =7.47 3.75

t-stat [=1.13] [=0.85] [=2.05] [=2.29] [1.08]

SD 8.90 8.32 8.61 9.15 10.25

SR =0.42 =0.30 =0.71 =0.82 0.37

Dealer-Client Mean =5.60 =1.59 =4.52 =8.13 2.53

t-stat [=1.74] [=0.57] [=1.47] [=2.53] [0.76]

SD 8.84 8.36 8.77 9.21 10.16

SR =0.63 =0.19 =0.51 =0.88 0.25

Dealer-Dealer Mean =3.54 =0.89 =7.74 =8.59 5.04

t-stat [=1.13] [=0.31] [=2.4] [=2.55] [1.52]

SD 9.17 8.21 8.95 9.39 10.50

SR =0.39 =0.11 =0.86 =0.91 0.48
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Table A.6. Portfolios sorted by Option Volume: Currency Excess Returns

This table presents the average currency excess returns of portfolios sorted by lagged abnormal foreign exchange option volume. The
portfolios are rebalanced daily with abnormal volume constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling
window of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume, while the last portfolio (PH)
contains currencies with high abnormal volume. LMH is a low-minus-high strategy that buys PL and sells PH . We report means and
standard deviations (SD) in percentage per annum, and Sharpe ratios (SR) per annum, as well as daily turnover (TO). Numbers in
brackets are t-statistics based on Newey and West (1987) standard errors. Daily volume, expressed in US dollars, is based on intraday
trades reported to the DTCC Derivatives Repository under the EMIR regulation. Spot and forward exchange rates are WMR closing
prices from Datastream. The sample runs at a daily frequency from November 2014 to December 2023.

PL P2 P3 PH LMH PL P2 P3 PH LMH

Panel A: Major Currencies Panel B: All Currencies

Total Volume Mean 3.19 =3.35 =3.24 =7.59 10.78 =0.47 =0.08 =2.40 =6.53 6.06

t-stat [1.22] [=1.30] [=1.15] [=2.54] [3.95] [=0.18] [=0.03] [=0.94] [=2.13] [2.22]

SD 7.78 7.68 8.33 9.13 8.07 7.75 6.92 7.29 8.37 8.35

SR 0.41 =0.44 =0.39 =0.83 1.34 =0.06 =0.01 =0.33 =0.78 0.73

TO 0.61 0.69 0.73 0.71 0.65 0.67 0.75 0.65

Dealer-Dealer Mean 2.46 =1.05 =4.26 =7.31 9.77 0.60 =1.50 =3.78 =3.95 4.55

t-stat [0.94] [=0.39] [=1.55] [=2.42] [3.51] [0.23] [=0.63] [=1.50] [=1.43] [2.02]

SD 7.99 7.83 8.27 9.19 8.10 7.74 6.90 7.52 7.50 7.05

SR 0.31 =0.13 =0.52 =0.80 1.21 0.08 =0.22 =0.50 =0.53 0.64

TO 0.62 0.68 0.74 0.71 0.66 0.67 0.75 0.66

Dealer-Client Mean 3.57 =2.07 =3.30 =8.14 11.70 1.12 =0.75 =4.55 =6.03 7.15

t-stat [1.32] [=0.75] [=1.13] [=2.62] [4.32] [0.42] [=0.30] [=1.75] [=1.88] [2.61]

SD 8.00 7.93 8.47 8.96 7.62 7.79 7.14 7.25 8.75 8.72

SR 0.45 =0.26 =0.39 =0.91 1.54 0.14 =0.11 =0.63 =0.69 0.82

TO 0.61 0.70 0.74 0.72 0.65 0.67 0.75 0.66
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Table A.7. Measuring Option Leverage: An Example

This table, coupled with the Appendix C, describes how to measure the embedded leverage for options written
on the euro-dollar exchange rates. Panel A reports the implied volatility in percentage per annum inferred
from quoted instruments in the FX option market, namely, delta-neutral straddles, 10δ Risk Reversals and
Butterfly Spreads, and 25δ Risk Reversals and Butterfly Spreads. Panel B displays the strike prices, Panel
C reports the embedded leverage, and Panel D shows the option moneyness in percentage. Data are sourced
from Bloomberg and Datastream on July 13, 2015.

Maturity 10δ Put 25δ Put ATM 25δ Call 10δ Call

Panel A: Implied Volatility σ

1 month 13.2925 12.4075 11.6200 11.2225 11.2675

3 month 13.1475 11.9325 10.8300 10.2275 10.1725

6 month 13.0950 11.6525 10.3350 9.5975 9.4950

1 year 13.0700 11.4200 9.9600 9.1300 8.9900

Panel B: Strike Price K

1 month 1.0499 1.0767 1.1032 1.1278 1.1506

3 month 1.0162 1.0617 1.1051 1.1439 1.1797

6 month 0.9854 1.0489 1.1083 1.1601 1.2079

1 year 0.9472 1.0349 1.1161 1.1862 1.2515

Panel C: Leverage L

1 month 53.6522 45.5195 37.7896 52.0931 65.2065

3 month 31.1284 27.1466 23.8284 33.4899 42.2420

6 month 21.8483 19.4298 17.8547 25.4469 32.2171

1 year 15.2653 13.8221 13.3630 19.1754 24.3422

Panel D: Moneyness Π

1 month 4.7326 2.3054 0.0991 2.3284 4.3982

3 month 7.7967 3.6688 0.2739 3.7930 7.0393

6 month 10.5902 4.8296 0.5646 5.2606 9.5971

1 year 14.0539 6.0939 1.2745 7.6283 13.5527
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Table A.8. Portfolios sorted by Forward Volume

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange
forward volume across different client sectors as defined in Section 3.2. The portfolios are rebalanced daily
with abnormal volume constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling
window of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume, while
the last portfolio (PH) contains currencies with high abnormal volume. LMH is a low-minus-high strategy
that buys PL and sells PH . We report means and standard deviations (SD) in percentage per annum,
and Sharpe ratios (SR) per annum. Numbers in brackets are t-statistics based on Newey and West (1987)
standard errors. Daily volume, expressed in US dollars, is based on intraday dealer-client trades reported
to the DTCC Derivatives Repository under the EMIR regulation. Spot exchange rates are WMR closing
prices from Datastream. The sample covers major currency pairs at a daily frequency from November 2014
to December 2023.

PL P2 P3 PH LMH

Hedge Funds Mean 0.03 =2.43 =3.77 =1.10 1.12

t-stat [0.01] [=1.01] [=1.38] [=0.46] [0.55]

SD 7.57 7.15 8.14 7.40 5.84

SR 0.00 =0.34 =0.46 =0.15 0.19

Asset Managers Mean =0.82 =0.49 =2.50 =2.53 1.71

t-stat [=0.36] [=0.19] [=0.95] [=1.03] [0.89]

SD 7.23 7.24 8.01 7.72 6.14

SR =0.11 =0.07 =0.31 =0.33 0.28

Nondealer Banks Mean =0.44 =1.51 =2.08 =2.42 1.99

t-stat [=0.18] [=0.66] [=0.77] [=0.95] [1.03]

SD 7.32 7.27 7.98 7.60 5.84

SR =0.06 =0.21 =0.26 =0.32 0.34

Insurance & Pensions Mean 0.16 =2.39 =4.16 =0.03 0.19

t-stat [0.06] [=1.01] [=1.51] [=0.01] [0.09]

SD 7.35 7.17 8.13 7.53 6.06

SR 0.02 =0.33 =0.51 0.00 0.03

Other Clients Mean =2.64 0.69 =2.34 =2.34 =0.30

t-stat [=1.07] [0.29] [=0.87] [=0.95] [=0.15]

SD 7.27 7.45 8.21 7.39 6.05

SR =0.36 0.09 =0.28 =0.32 =0.05
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Table A.9. Portfolios sorted by Forward Net Demand

This table presents the average exchange rate returns of portfolios sorted by lagged net demand for foreign
exchange forwards. Portfolios are rebalanced daily with net demand constructed as the difference between
buy volume and sell volume, divided by total volume. The first portfolio (PH) includes currencies with high
net demand, while the last portfolio (PL) contains currencies with low net demand. HML is a high-minus-
low strategy that buys PH and sells PL. We report means and standard deviations (SD) in percentage per
annum, and Sharpe ratios (SR) per annum. Numbers in brackets are t-statistics based on Newey and West
(1987) standard errors. Daily net demand, expressed in US dollars, is based on intraday dealer-client trades
reported to the DTCC Derivatives Repository under the EMIR regulation. Spot exchange rates are WMR
closing prices from Datastream. The sample covers major currency pairs at a daily frequency from November
2015 to December 2023.

PH P2 P3 PL HML

Hedge Funds Mean 0.08 =0.47 =2.61 0.35 =0.27
t-stat [0.03] [=0.17] [=0.82] [0.13] [=0.11]
SD 7.67 7.86 8.96 7.88 6.49
SR 0.01 =0.06 =0.29 0.04 =0.04

Asset Managers Mean 1.19 0.31 =0.12 =2.79 3.98
t-stat [0.40] [0.12] [=0.04] [=1.02] [1.54]
SD 8.11 7.57 9.08 7.78 6.72
SR 0.15 0.04 =0.01 =0.36 0.59

Nondealer Banks Mean 1.16 =1.36 =0.21 =1.12 2.29
t-stat [0.42] [=0.48] [=0.07] [=0.41] [1.01]
SD 7.89 7.87 8.58 7.87 6.15
SR 0.15 =0.17 =0.03 =0.14 0.37

Insurance & Pensions Mean =2.93 3.04 =1.93 =0.14 =2.78
t-stat [=1.01] [1.15] [=0.61] [=0.05] [=1.22]
SD 7.95 7.67 9.48 7.78 6.40
SR =0.37 0.40 =0.20 =0.02 =0.43

Other Clients Mean =0.31 1.40 =0.68 =2.02 1.71
t-stat [=0.11] [0.52] [=0.20] [=0.72] [0.74]
SD 7.61 7.80 9.18 8.05 6.10
SR =0.04 0.18 =0.07 =0.25 0.28
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Table A.10. Portfolios sorted by Option Net Demand

This table presents the average exchange rate returns of portfolios sorted by lagged net option demand.
The portfolios are rebalanced daily with net demand calculated as the ratio of buy volume on calls and
sell volume on puts relative to total volume on calls and puts. The first portfolio (PH) includes currencies
with high net demand, while the last portfolio (PL) contains currencies with low net demand. HML is
a high-minus-low strategy that buys PH and sells PL. We report means and standard deviations (SD) in
percentage per annum, and Sharpe ratios (SR) per annum. Numbers in brackets are t-statistics based on
Newey and West (1987) standard errors. Net demand is based on intraday dealer-client trades reported to
the DTCC Derivatives Repository under the EMIR regulation. Spot exchange rates are WMR closing prices
from Datastream. The sample covers major currency pairs at a daily frequency from November 2015 to
December 2023.

PH P2 P3 PL HML

Hedge Funds Mean 3.30 =1.32 =0.28 =4.68 7.98

t-stat [1.16] [=0.47] [=0.09] [=1.57] [2.95]

SD 8.02 8.09 7.84 8.22 7.39

SR 0.41 =0.16 =0.04 =0.57 1.08

Asset Managers Mean 2.15 =4.47 =1.79 =5.93 8.08

t-stat [0.66] [=1.25] [=0.54] [=1.64] [2.26]

SD 8.38 8.61 8.28 9.11 9.06

SR 0.26 =0.52 =0.22 =0.65 0.89

Nondealer Banks Mean 1.43 =0.15 1.15 0.44 1.00

t-stat [0.53] [=0.05] [0.43] [0.14] [0.36]

SD 7.76 8.10 7.70 8.64 7.46

SR 0.18 =0.02 0.15 0.05 0.13

Insurance & Pensions Mean =3.05 =1.14 =4.34 =5.81 2.75

t-stat [=0.84] [=0.3] [=1.21] [=1.58] [0.73]

SD 8.58 8.49 8.66 8.82 8.61

SR =0.36 =0.13 =0.50 =0.66 0.32

Other Clients Mean 0.29 1.30 3.13 1.56 =1.27

t-stat [0.09] [0.41] [0.89] [0.43] [=0.37]

SD 8.18 8.11 8.64 8.84 8.42

SR 0.04 0.16 0.36 0.18 =0.15
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Table A.11. Other Segments of the FX Market: Dollar Benefits

This table presents average exchange rate returns, in percentage per annum, of long-short strategies sorted
by lagged abnormal foreign exchange forward volume, lagged forward net demand, and lagged option net
demand for periods of high and low dollar benefits. The portfolios are rebalanced daily with abnormal forward
volume constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling window of 21 trading
days, forward net demand constructed as the ratio of buy volume minus sell volume relative to total volume
(e.g., Cespa, Gargano, Riddiough, and Sarno, 2022; Ranaldo and Somogyi, 2021), and option net demand
calculated as the ratio of buy volume on calls and sell volume on puts relative to total volume as in Pan and
Poteshman (2006). Forward volume is a low-minus-high strategy that buys currencies with low abnormal
volume and sells currencies with high abnormal volume, whereas forward (option) net demand refers to a
high-minus-low strategy that buys currencies with high net forward (option) demand and sells currencies
with low net forward (option) demand. High (Low) denotes periods of high (low) dollar benefits, i.e., when
the US Treasury premium and the VXY index are above (or below) their respective sample medians. Diff
indicates the difference between High and Low periods of dollar benefits, and the corresponding t-statistics
in brackets are based on Newey and West (1987) standard errors. Daily volume and net demand, expressed
in US dollars, are based on intraday dealer-client trades reported to the DTCC Derivatives Repository under
the EMIR regulation. Spot exchange rates are WMR closing prices from Datastream. The sample covers
major currency pairs at a daily frequency from November 2015 to December 2023.

High Low Diff t-stat

Forward Volume 1.93 1.03 0.91 [0.21]

Forward Net Demand 1.50 5.90 =4.40 [=0.98]

Option Net Demand 7.24 9.87 =2.63 [=0.48]
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Table A.12. Exposure to Currency Factors

This table presents least squares estimates of time-series regressions. The dependent variable is the exchange
rate return on the LMH strategy for major currency pairs based on dealer-client option volume as described
in Table 1. The set of explanatory variables includes the exchange rate return on currency factors like dollar,
carry, momentum, value, global volatility, global liquidity, option risk reversal, and volatility risk premium
(e.g., Lustig, Roussanov, and Verdelhan, 2011; Menkhoff, Sarno, Schmeling, and Schrimpf, 2012; Della Corte,
Ramadorai, and Sarno, 2016) described in the Appendix E. We also add the asymmetric information risk
factor provided by Ranaldo and Somogyi (2021). α denotes the unexplained excess return in percentage
per annum. Numbers in brackets are Newey and West (1987) standard errors. ***, **, and * indicate
significance at the 1%, 5%, and 10% level, respectively. Spot exchange rates are WMR closing prices from
Datastream. The asymmetric information risk factor is from Ranaldo and Somogyi (2021). Other data are
from Bloomberg. The sample runs at a daily frequency from November 2014 to December 2023 (November
2014 to December 2019 for the asymmetric information risk factor).

(1) (2) (3) (4) (5)

α 11.722*** 11.796*** 11.785*** 11.780*** 13.739***
(2.793) (2.781) (2.773) (2.750) (4.108)

Dollar =0.017 =0.013 0.002 =0.007 =0.021
(0.024) (0.025) (0.027) (0.027) (0.037)

Carry =0.009 0.030 0.009 0.004
(0.023) (0.036) (0.042) (0.056)

Momentum 0.021 0.019 0.016 0.000
(0.023) (0.023) (0.023) (0.030)

Value 0.001 0.010 0.020 0.029
(0.025) (0.025) (0.024) (0.031)

Global Volatility =0.033 =0.074* =0.093*
(0.043) (0.048) (0.056)

Global Liquidity =0.041 =0.049 =0.070*
(0.035) (0.035) (0.042)

Option Risk Reversal 0.073 0.089
(0.046) (0.060)

Volatility Risk Premium 0.051* 0.053
(0.026) (0.037)

Asymmetric Information =0.078
(0.080)

R2 (%) 0.02 0.09 0.32 0.67 1.32

N 2,027 2,027 2,027 2,027 1,081
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Table A.13. Exposure to Currency Factors and Dollar Benefits

This table presents least squares estimates of time-series regressions for periods of high and low dollar
benefits. The dependent variable is the exchange rate return on the LMH strategy for major currency pairs
based on dealer-client option volume as described in Table 1. Periods of high (low) dollar benefits are those
with either a US Treasury premium or VXY index above (below) its sample median. The set of explanatory
variables includes the exchange rate return on currency factors like dollar, carry, momentum, value, global
volatility, global liquidity, option risk reversal, and volatility risk premium (e.g., Lustig, Roussanov, and
Verdelhan, 2011; Menkhoff, Sarno, Schmeling, and Schrimpf, 2012; Della Corte, Ramadorai, and Sarno, 2016)
described in the Appendix E. We also add the asymmetric information risk factor provided by Ranaldo and
Somogyi (2021). α denotes the unexplained excess return in percentage per annum. Numbers in brackets
are Newey and West (1987) standard errors. ***, **, and * indicate significance at the 1%, 5%, and 10%
level, respectively. Spot exchange rates are WMR closing prices from Datastream. Other data are from
Bloomberg. The sample runs at a daily frequency from November 2014 to December 2023 (November 2014
to December 2019 for the asymmetric information risk factor).

High Low High Low

α 17.174*** 0.541 21.946*** =6.951
(3.617) (4.125) (5.121) (5.801)

Dollar =0.005 =0.011 =0.028 0.007
(0.030) (0.063) (0.038) (0.110)

Carry 0.000 0.060 =0.015 0.107
(0.050) (0.074) (0.069) (0.104)

Momentum 0.006 0.045 =0.013 0.078
(0.027) (0.038) (0.033) (0.068)

Value 0.029 =0.027 0.018 0.154
(0.029) (0.046) (0.036) (0.153)

Global Volatility =0.052 =0.138* =0.068 =0.198**
(0.060) (0.072) (0.070) (0.078)

Global Liquidity =0.066* =0.044 =0.089* 0.064
(0.040) (0.098) (0.047) (0.156)

Option Risk Reversal 0.057 0.131 0.085 =0.105
(0.055) (0.110) (0.077) (0.213)

Volatility Risk Premia 0.043 0.068 0.055 0.003
(0.031) (0.052) (0.044) (0.079)

Asymmetric Information =0.080 =0.042
(0.101) (0.100)

R2 (%) 0.72 1.20 1.62 2.38

N 1,349 678 756 325
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Table A.14. Portfolios sorted by Option Volume: Bid-Ask Spreads

This table presents the average exchange rate returns of the LMH strategy before (reported in various tables in the main text) and
after accounting for bid-ask spreads. LMH is a low-minus-high strategy that buys PL (currencies with low abnormal volume) and
sells PH (currencies with high abnormal volume). The portfolios are rebalanced daily with abnormal volume constructed as in Cespa,
Gargano, Riddiough, and Sarno (2022) using a rolling window of 21 trading days. We report means and standard deviations (SD)
in percentage per annum, and Sharpe ratios (SR) per annum. Numbers in brackets are t-statistics based on Newey and West (1987)
standard errors. Daily volume, expressed in US dollars, is based on intraday trades reported to the DTCC Derivatives Repository
under the EMIR regulation. Spot exchange rates are WMR closing prices from Datastream. The bid-ask spread uses a 20% scaling
of the WMR spread. The sample covers major currency pairs at a daily frequency from November 2014 to December 2023.

Dealer–Client

(Table 1)

High
Treasury
Premium
(Table 3)

High
VXY
Index

(Table 3)

Deep
OTM

Options
(Table 4)

Short
Maturity
Options
(Table 5)

Hedge
Funds

(Table 6)

Panel A: Before Transaction Costs

Mean 11.69 18.19 19.45 14.88 13.10 11.60

t-stat [4.33] [4.29] [4.57] [5.04] [4.8] [4.00]

SD 7.61 8.16 8.39 8.47 7.78 8.16

SR 1.54 2.23 2.32 1.76 1.68 1.42

Panel B: After Transaction Costs

Mean 8.69 13.81 14.52 11.56 9.26 8.16

t-stat [3.19] [3.41] [3.20] [3.84] [3.39] [2.99]

SD 7.70 8.21 8.38 8.62 7.84 7.84

SR 1.13 1.68 1.73 1.34 1.18 1.04
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Table A.15. EUR Option Volume: Currency Pairs

This table displays the daily average foreign exchange option volume of euro-related currency pair in billions
of euros. Volume is constructed by aggregating dealer-dealer, dealer-client, and client-client trades reported
to the DTCC Derivatives Repository under the EMIR regulation. The sample runs at a daily frequency
from November 2014 to December 2023.

Total Dealer-Dealer Dealer-Client Client-Client

AUD 0.500 0.345 0.154 0.001

BRL 0.281 0.214 0.067 0.000

CAD 0.366 0.257 0.109 0.000

CHF 1.251 0.834 0.417 0.000

GBP 4.349 2.783 1.557 0.009

HKD 0.012 0.004 0.007 0.000

INR 0.138 0.096 0.042 0.000

JPY 1.790 1.215 0.575 0.001

KRW 0.155 0.099 0.056 0.000

MXN 0.470 0.350 0.120 0.000

NOK 1.103 0.738 0.364 0.000

NZD 0.078 0.055 0.023 0.000

RUB 0.208 0.136 0.072 0.000

SEK 0.872 0.517 0.355 0.000

SGD 0.081 0.051 0.030 0.000

TRY 0.184 0.118 0.066 0.000

TWD 0.083 0.050 0.033 0.000

USD 37.755 27.828 9.900 0.027

ZAR 0.126 0.076 0.048 0.002

ALL 49.803 35.767 13.995 0.040
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Table A.16. Option Volume on Euro Pairs: Exchange Rate Returns

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange option volume of euro
currency pairs. The portfolios are rebalanced daily with abnormal volume constructed as in Cespa, Gargano, Riddiough, and Sarno
(2022) using a rolling window of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume, while the last
portfolio (PH) contains currencies with high abnormal volume. LMH is a low-minus-high strategy that buys PL and sells PH . We
report means and standard deviations (SD) in percentage per annum, and Sharpe ratios (SR) per annum. Numbers in brackets are
t-statistics based on Newey and West (1987) standard errors. Spot exchange rates are WMR closing prices from Datastream. Option
volume, expressed in euros, is based on intraday trades reported to the DTCC Derivatives Repository under the EMIR regulation.
The sample runs at a daily frequency from November 2014 to December 2023.

PL P2 P3 PH LMH PL P2 P3 PH LMH

Panel A: Major Currencies Panel B: All Currencies

Total Mean =1.02 =4.28 2.23 0.48 =1.50 2.19 =2.66 =0.04 1.75 0.44

t-stat [=0.43] [=1.61] [0.81] [0.21] [=0.55] [0.81] [=1.13] [=0.01] [0.73] [0.15]

SD 6.19 6.98 6.75 6.15 6.64 7.18 6.74 7.83 6.42 7.39

SR =0.16 =0.61 0.33 0.08 =0.23 0.30 =0.40 0.00 0.27 0.06

Dealer-Dealer Mean 0.00 =0.45 =3.19 =1.19 1.20 2.91 =0.91 0.66 =1.44 4.36

t-stat [0.00] [=0.17] [=1.27] [=0.53] [0.47] [1.08] [=0.38] [0.26] [=0.52] [1.26]

SD 6.21 6.94 6.77 6.13 6.55 7.08 6.46 7.09 6.87 7.72

SR 0.00 =0.06 =0.47 =0.19 0.18 0.41 =0.14 0.09 =0.21 0.56

Dealer-Client Mean =1.21 =3.10 2.56 =1.75 0.53 =0.87 1.24 3.08 =1.41 0.54

t-stat [=0.50] [=1.14] [1.02] [=0.84] [0.20] [=0.34] [0.47] [1.12] [=0.61] [0.19]

SD 6.15 7.35 6.63 5.85 6.49 7.50 7.02 7.08 6.25 7.39

SR =0.20 =0.42 0.39 =0.30 0.08 =0.12 0.18 0.44 =0.23 0.07
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Table A.17. Option Volume and Reversal Strategies

This table presents least squares estimates of time-series regressions. The dependent variable is the exchange
rate return on the low-minus-high strategy based on dealer-client option volume as described in Panel A
of Table 1. The set of explanatory variables includes the cross-sectional FX reversal strategies based on
spot, forward, and swap volume as described in Panel A of Table 5 in Cespa, Gargano, Riddiough, and
Sarno (2022). We also include the strategy based on FX funds order flow as displayed in Figure 5 in Cespa,
Gargano, Riddiough, and Sarno (2022). α denotes the unexplained excess return in percentage per annum.
Numbers in brackets are Newey and West (1987) standard errors. ***, **, and * indicate significance at the
1%, 5%, and 10% level, respectively. The dependent variable makes use of WMR closing spot exchange rates
from Datastream and daily option volume in US dollars based on intraday dealer-client trades reported to
the DTCC Derivatives Repository under the EMIR regulation. The explanatory variables are from Cespa,
Gargano, Riddiough, and Sarno (2022). The sample runs at a daily frequency from November 2014 to
December 2017.

(1) (2) (3) (4) (5)

α 18.628*** 18.621*** 18.469*** 18.767*** 18.523***
(5.764) (5.847) (5.735) (5.808) (5.809)

Spot Volume 0.001
(0.025)

Forward Volume 0.008
(0.031)

Swap Volume =0.011
(0.034)

Funds Order Flow 0.008
(0.037)

R2 (%) 0.00 0.00 0.01 0.02 0.01

N 670 670 670 670 670
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Table A.18. Reversal Strategies: Dollar Benefits

This table presents average excess returns of currency strategies, in percentages per annum, for periods of
high and low dollar benefits. The set of strategies includes the cross-sectional FX reversal strategies based
on spot, forward, and swap volume as described in Panel A of Table 5 in Cespa, Gargano, Riddiough, and
Sarno (2022). We also include the strategy based on FX funds order flow as displayed in Figure 5 in Cespa,
Gargano, Riddiough, and Sarno (2022). High (Low) denotes periods of high (low) dollar benefits, i.e., when
the US Treasury premium and the VXY index are above (or below) their respective sample medians. Diff
indicates the difference between High and Low periods of dollar benefits, and the corresponding t-statistics
in brackets are based on Newey and West (1987) standard errors. The explanatory variables are from Cespa,
Gargano, Riddiough, and Sarno (2022). The sample runs at a daily frequency from November 2014 to
December 2017.

High Low Diff t-stat

Spot Volume 16.23 25.05 =8.82 [=0.52]

Forward Volume 20.90 13.93 6.97 [0.47]

Swap Volume 11.02 19.21 =8.19 [=0.57]

Funds Order Flow 13.14 14.36 =1.22 [=0.11]
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Table A.19. The Role of Dealer Constraints

This table presents least squares estimates of time-series regressions. The dependent variable is the exchange
rate return on the LMH strategy for major currency pairs based on dealer-client option volume as described
in Table 1. The explanatory variables include quarter-end and year-end dummy variables. The quarter-
end or year-end periods cover the last (first) 3 days at the end (beginning) of each quarter or year. α
denotes the unexplained excess return in percentage per annum. Numbers in brackets are Newey and West
(1987) standard errors. ***, **, and * indicate significance at the 1%, 5%, and 10% level, respectively.
Spot exchange rates are WMR closing prices from Datastream. The sample runs at a daily frequency from
November 2014 to December 2023.

(1) (2)

Quarter-End =2.006

(10.558)

Year-End =2.540

(25.201)

α 11.996*** 11.903*

(2.881) (2.778)

R2 (%) 0.00 0.00

N 2075 2075
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Table A.20. Portfolios sorted by Option Volume: Alternative Scaling Methods

This table presents the average exchange rate returns (in Panel A) and currency excess returns (in Panel B) of portfolios sorted
by lagged abnormal foreign exchange option volume. The portfolios are rebalanced daily with abnormal volume constructed as in
Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling window of M trading days and a formation period of N trading days.
The first portfolio (PL) includes currencies with low abnormal volume, while the last portfolio (PH) contains currencies with high
abnormal volume. LMH is a low-minus-high strategy that buys PL and sells PH . We report means and standard deviations (SD)
in percentage per annum, and Sharpe ratios (SR) per annum. Numbers in brackets are t-statistics based on Newey and West (1987)
standard errors. Daily volume, expressed in US dollars, is based on intraday dealer-client trades reported to the DTCC Derivatives
Repository under the EMIR regulation. Spot and forward exchange rates are WMR closing prices from Datastream. The sample
covers major currency pairs at a daily frequency from November 2014 to December 2023.

PL P2 P3 PH LMH PL P2 P3 PH LMH

Panel A: Exchange Rate Returns Panel B: Currency Excess Returns

M = 5 and N = 1 Mean 2.42 1.49 =4.56 =7.47 9.89 1.79 0.87 =5.17 =8.12 9.90

t-stat [0.92] [0.54] [=1.53] [=2.33] [3.57] [0.68] [0.32] [=1.74] [=2.54] [3.58]

SD 7.89 7.92 8.52 8.98 7.64 7.89 7.92 8.51 8.98 7.64

SR 0.31 0.19 =0.54 =0.83 1.29 0.23 0.11 =0.61 =0.90 1.30

M = 63 and N = 1 Mean 4.94 =1.58 =1.64 =6.81 11.74 4.27 =2.22 =2.28 =7.46 11.73

t-stat [1.84] [=0.62] [=0.53] [=2.23] [4.08] [1.59] [=0.87] [=0.74] [=2.45] [4.07]

SD 7.84 7.55 8.49 9.02 7.61 7.84 7.54 8.49 9.02 7.61

SR 0.63 =0.21 =0.19 =0.75 1.54 0.54 =0.29 =0.27 =0.83 1.54

M = 21 and N = 3 Mean 4.30 =2.27 =1.48 =7.35 11.64 3.67 =2.87 =2.12 =7.99 11.65

t-stat [1.57] [=0.87] [=0.49] [=2.46] [4.10] [1.34] [=1.10] [=0.70] [=2.68] [4.10]

SD 8.19 7.60 8.66 8.97 8.06 8.19 7.60 8.66 8.97 8.06

SR 0.52 =0.30 =0.17 =0.82 1.45 0.45 =0.38 =0.24 =0.89 1.45
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Table A.21. Portfolios ranked by Option Volume

This table presents the average exchange rate returns (in Panel A) and currency excess returns (in Panel B) of portfolios ranked by
lagged abnormal foreign exchange option volume. The portfolios are rebalanced daily with abnormal volume constructed as in Cespa,
Gargano, Riddiough, and Sarno (2022) using a rolling window of 21 trading days. Within each portfolio, currencies are weighted
in proportion to their cross-sectional rank based on the signal minus the cross-sectional average rank of that signal as in Asness,
Moskowitz, and Pedersen (2013). The long portfolio includes currencies with positive weights, while the short portfolio contains
currencies with negative weights, with all weights summing up to zero. LMS is a strategy that buys the long portfolio and sells
the short portfolio. We report means and standard deviations (SD) in percentage per annum, and Sharpe ratios (SR) per annum.
Numbers in brackets are t-statistics based on Newey and West (1987) standard errors. Daily volume, expressed in US dollars, is based
on intraday dealer-client trades reported to the DTCC Derivatives Repository under the EMIR regulation. Spot and forward exchange
rates are WMR closing prices from Datastream. The sample covers major currency pairs at a daily frequency from November 2014
to December 2023.

Long Short LMS Long Short LMS

Panel A: Exchange Rate Returns Panel B: Currency Excess Returns

Mean 4.97 =3.79 8.76 5.59 =3.16 8.75

t-stat [1.66] [1.35] [4.10] [1.87] [1.12] [4.09]

SD 7.87 7.58 5.88 7.87 7.58 5.89

SR 0.63 =0.50 1.49 0.71 =0.42 1.49
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Table A.22. Portfolios sorted by Bloomberg Option Volume

This table presents the average currency excess returns and exchange rate returns of portfolios sorted by lagged abnormal foreign
exchange option volume. The portfolios are rebalanced daily with abnormal volume constructed as in Cespa, Gargano, Riddiough,
and Sarno (2022) using a rolling window of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume,
while the last portfolio (PH) contains currencies with high abnormal volume. LMH is a low-minus-high strategy that buys PL and
sells PH . We report means and standard deviations (SD) in percentage per annum, and Sharpe ratios (SR) per annum. Numbers in
brackets are t-statistics based on Newey and West (1987) standard errors. Daily volume, expressed in US dollars, is based on intraday
anonymous trades available on Bloomberg. Spot and forward exchange rates are WMR closing prices from Datastream. The sample
runs at a daily frequency from March 2013 to December 2023.

PL P2 P3 PH LMH PL P2 P3 PH LMH

Panel A: Currency Excess Returns Panel B: Exchange Rate Returns

Major Currencies Mean 2.25 =0.24 =1.71 =6.16 8.41 2.64 0.19 =1.20 =5.72 8.35

t-stat [0.80] [=0.11] [=0.70] [=2.62] [3.50] [0.94] [0.08] [=0.49] [=2.43] [3.47]

SD 9.03 7.93 7.83 7.89 7.94 9.03 7.93 7.83 7.9 7.94

SR 0.25 =0.03 =0.22 =0.78 1.06 0.29 0.02 =0.15 =0.72 1.05

All Currencies Mean 0.51 =2.23 =2.08 =4.19 4.7 =1.35 =3.78 =3.22 =5.75 4.4

t-stat [0.20] [=0.97] [=0.92] [=1.92] [2.02] [=0.52] [=1.64] [=1.42] [=2.63] [1.89]

SD 8.34 7.25 7.15 7.08 7.80 8.34 7.25 7.15 7.08 7.80

SR 0.06 =0.31 =0.29 =0.59 0.60 =0.16 =0.52 =0.45 =0.81 0.56
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Table A.23. Portfolios sorted by Bloomberg Option Volume: Dollar Benefits

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange option volume for
periods of high and low dollar benefits. The portfolios are rebalanced daily with abnormal volume constructed as in Cespa, Gargano,
Riddiough, and Sarno (2022) using a rolling window of 21 trading days. The first portfolio (PL) includes currencies with low abnormal
volume, while the last portfolio (PH) contains currencies with high abnormal volume. LMH is a low-minus-high strategy that buys
PL and sells PH . High US Treasury premium and/or VXY index (i.e., above their sample median) denote periods of high dollar
benefits, and vice versa. We report means, standard deviations (SD) in percentage per annum, and Sharpe ratios (SR) per annum.
Numbers in brackets are t-statistics based on Newey and West (1987) standard errors. Daily volume, expressed in US dollars, is based
on intraday anonymous trades available on Bloomberg. Spot and forward exchange rates are WMR closing prices from Datastream.
The sample runs at a daily frequency from March 2013 to December 2023.

PL P2 P3 PH LMH PL P2 P3 PH LMH

Panel A: High Dollar Benefits Panel B: Low Dollar Benefits

Treasury Premium Mean 2.26 2.27 0.84 =7.29 9.55 3.78 =1.12 =2.73 =2.93 6.71

t-stat [0.53] [0.63] [0.22] [=2.00] [2.60] [1.10] [=0.40] [=0.90] [=1.06] [2.37]

SD 9.70 8.81 8.40 8.58 8.73 8.28 6.94 7.17 7.10 7.04

SR 0.23 0.26 0.10 =0.85 1.09 0.46 =0.16 =0.38 =0.41 0.95

VXY Index Mean =0.74 =0.55 =4.02 =10.85 10.11 6.79 1.71 2.13 0.64 6.15

t-stat [=0.16] [=0.15] [=0.98] [=2.93] [2.67] [2.04] [0.67] [0.75] [0.23] [2.19]

SD 10.29 9.48 9.18 9.21 9.12 7.53 5.99 6.13 6.24 6.53

SR =0.07 =0.06 =0.44 =1.18 1.11 0.90 0.29 0.35 0.10 0.94

Treasury Premium

& VXY Index

Mean =0.05 0.79 =3.52 =10.85 10.81 6.63 =0.04 =1.62 0.85 5.78

t-stat [=0.01] [0.17] [=0.72] [=2.31] [2.26] [1.65] [=0.01] [=0.53] [0.28] [1.74]

SD 10.56 9.67 9.22 9.44 9.48 7.52 5.64 6.03 6.17 6.35

SR 0.00 0.08 =0.38 =1.15 1.14 0.88 =0.01 =0.27 0.14 0.91
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Table A.24. Option Volume and Margin Requirements

This table presents the average exchange rate returns of portfolios sorted by lagged abnormal foreign exchange
option volume across different client sectors as defined in Section 3.2. The portfolios are rebalanced daily with
abnormal volume constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling window
of 21 trading days. The first portfolio (PL) includes currencies with low abnormal volume, while the last
portfolio (PH) contains currencies with high abnormal volume. LMH is a low-minus-high strategy that buys
PL and sells PH . The most informed category comprises hedge funds, whereas the uninformed group includes
insurance & pensions and other clients. We report means and standard deviations (SD) in percentage per
annum, and Sharpe ratios (SR) per annum. Numbers in brackets are t-statistics based on Newey and West
(1987) standard errors. Daily volume, expressed in US dollars, is based on intraday dealer-client trades
reported to the DTCC Derivatives Repository under the EMIR regulation. Spot exchange rates are WMR
closing prices from Datastream. The sample covers major currency pairs at a daily frequency from November
2014 to December 2023. We exclude data from March to May for each year from 2016 to 2023, corresponding
to the regulatory observation period for initial margin thresholds, to address potential distortions due to
notional window dressing.

PL P2 P3 PH LMH

Hedge Funds Mean 4.68 0.25 2.62 =5.91 10.59

t-stat [1.61] [0.09] [0.91] [=1.99] [3.61]

SD 8.25 8.00 8.67 8.55 8.07

SR 0.57 0.03 0.30 =0.69 1.31

Asset Managers Mean 2.10 =0.30 =1.32 =4.23 6.33

t-stat [0.73] [=0.10] [=0.47] [=1.42] [2.12]

SD 8.38 8.53 8.07 8.71 8.06

SR 0.25 =0.04 =0.16 =0.49 0.79

Nondealer Banks Mean 1.06 =2.01 2.28 =1.02 2.08

t-stat [0.38] [=0.78] [0.85] [=0.33] [0.75]

SD 8.22 7.55 8.19 8.78 7.70

SR 0.13 =0.27 0.28 =0.12 0.27

Insurance & Pensions Mean =1.42 =6.61 =2.01 1.50 =2.91

t-stat [=0.43] [=2.09] [=0.65] [0.50] [=0.87]

SD 8.97 8.55 8.92 8.99 9.48

SR =0.16 =0.77 =0.23 0.17 =0.31

Other Clients Mean 0.31 =3.33 1.16 =0.20 0.51

t-stat [0.10] [=1.01] [0.39] [=0.07] [0.18]

SD 8.19 8.72 8.52 8.33 8.20

SR 0.04 =0.38 0.14 =0.02 0.06

Most Informed – Uninformed Mean 11.72

t-stat [3.08]
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Table A.25. Panel Regressions: Combining Option Characteristics

This table presents panel regression estimates of exchange rate returns on lagged abnormal foreign exchange option volume. Daily
abnormal volume is constructed as in Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling window of 21 trading days.
Deep out-of-the money option volume is described in Table 4, short-maturity option volume in Table 5, and hedge fund option
volume in Table 6. The set of control variables includes the forward premium (measured as the log difference between forward
and spot exchange rates), realized volatility (computed from daily exchange rate returns over the previous month), and the bid–ask
spread (based on closing bid and ask spot prices). We include time (calendar date) and currency fixed effects. Standard errors (in
parentheses) are clustered by time. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% level, respectively. Spot
and forward exchange rates are WMR closing prices from Datastream. Option volume, expressed in US dollars, is based on intraday
trades reported to the DTCC Derivatives Repository under the EMIR regulation. The sample covers major currency pairs at a daily
frequency from November 2014 to December 2023.

(1) (2) (3) (4) (5) (6)

Deep Out-of-the Money Option Volume =1.558*** =1.290*** =1.316*** =1.315***
(0.327) (0.400) (0.401) (0.405)

Short-maturity Option Volume =1.451*** =0.879** =0.864** =0.868**
(0.297) (0.400) (0.401) (0.401)

Hedge Fund Option Volume =1.283*** =0.044 =0.018 =0.021
(0.314) (0.386) (0.386) (0.387)

Forward Premium =0.381 =0.655
(0.372) (0.645)

Realized Volatility 0.189 0.235
(0.231) (0.276)

Bid-Ask Spread 0.291 =0.062
(0.229) (0.657)

R2 (%) 57.9 56.7 56.7 57.9 57.9 57.9

N 13,077 14,436 13,889 12,674 12,674 12,674

Time fe ✓ ✓ ✓ ✓ ✓ ✓
Currency fe ✓
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Table A.26. Panel Regressions: Other Segments of the FX market

This table presents panel regression estimates of exchange rate returns on lagged abnormal FX option volume, lagged abnormal FX
forward volume, forward net demand, and option net demand. Daily abnormal option and forward volume are constructed as in
Cespa, Gargano, Riddiough, and Sarno (2022) using a rolling window of 21 trading days. Forward net demand constructed as the
ratio of buy volume minus sell volume relative to total volume (e.g., Cespa, Gargano, Riddiough, and Sarno, 2022; Ranaldo and
Somogyi, 2021), whereas option net demand is calculated as the ratio of buy volume on calls and sell volume on puts relative to total
volume as in Pan and Poteshman (2006). The set of control variables includes the forward premium (measured as the log difference
between forward and spot exchange rates), realized volatility (computed from daily exchange rate returns over the previous month),
and the bid–ask spread (based on closing bid and ask spot prices). We include time (calendar date) and currency fixed effects (fe).
Standard errors (in parentheses) are clustered by time. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% level,
respectively. Spot and forward exchange rates are WMR closing prices from Datastream. Volume and net demand, expressed in US
dollars, are based on intraday dealer-client trades reported to the DTCC Derivatives Repository under the EMIR regulation. The
sample covers major currency pairs at a daily frequency from November 2014 (for option and forward volume) or December 2015 (for
option and forward net demand) to December 2023.

(1) (2) (3) (4) (5) (6) (7)

Option Volume =1.374*** =1.226*** =1.201*** =1.220***
(0.313) (0.334) (0.335) (0.335)

Forward Volume =0.059 0.075 0.079 0.073
(0.279) (0.286) (0.287) (0.287)

Forward Net Demand =0.257 =0.224 =0.245 =0.308
(0.272) (0.277) (0.276) (0.286)

Option Net Demand =0.830*** =0.808** =0.819*** =0.824***
(0.318) (0.317) (0.317) (0.319)

Forward Premium =0.117 =0.411
(0.364) (0.680)

Realized Volatility 0.096 0.196
(0.243) (0.305)

Bid-Ask Spread 0.364* 0.075
(0.202) (0.610)

R2 (%) 56.7 56.6 57.3 58.6 58.7 58.7 58.7

N 14,525 14,525 12,726 12,129 12,070 12,070 12,070

Time fe ✓ ✓ ✓ ✓ ✓ ✓ ✓
Currency fe ✓
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Table A.27. Panel Regression: Option Leverage

This table reports panel regression estimates of exchange rate returns on lagged volume-weighted option
leverage. This measure, described in Appendix C.6, assigns each transaction a score based on its moneyness
and maturity, with higher values for deep OTM and short-dated options, capturing the convex increase in
leverage. These scores are then aggregated using option volume as weights. The set of control variables
includes the forward premium (measured as the log difference between forward and spot exchange rates),
realized volatility (computed from daily exchange rate returns over the previous month), and the bid–ask
spread (based on closing bid and ask spot prices). Standard errors (in parentheses) are clustered by time.
***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Spot and forward
exchange rates are WMR closing prices from Datastream. Option volume, expressed in US dollars, is based
on intraday trades reported to the DTCC Derivatives Repository under EMIR. The sample covers major
currency pairs at a daily frequency from November 2014 to December 2023.

(1) (2) (3)

Option Leverage =3.142*** =3.095*** =3.100***
(0.929) (0.934) (0.936)

Forward Premium =0.089 =0.316
(0.372) (0.616)

Realized Volatility 0.168 0.198
(0.218) (0.258)

Bid-Ask Spread 0.083 =0.453
(0.189) (0.593)

R2 (%) 56.6 56.6 56.6

N 14,495 14,495 14,495

Time fe ✓ ✓ ✓
Currency fe ✓
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