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The goal of this paper is to develop a macroeconomic general equilibrium model in which
international financial markets are subject to intermediation frictions. In our model, intermediaries use their market power to extract rents from their customers for providing them
with access to foreign financial instruments. We show how the behavior of intermediaries,
by tilting state prices, generates an explicit, non-linear risk structure in exchange rates and
helps account for some of the major anomalies in foreign exchange (FX) and international
capital markets, including the safe haven properties of exchange rates and the breakdown of
covered interest parity (CIP).
Intermediaries are key to the functioning of international financial markets. The trading
of key financial instruments, such as sovereign and corporate bonds, spot FX rates, FX
forwards and swaps, and most other derivatives used for hedging purposes, typically occur
in over-the-counter (OTC) transactions through financial intermediaries.1 Trading in such
markets is subject to frictions, whereby a handful of global intermediaries exerts significant
market power.2 To study the effect of these market frictions on the macroeconomy and
exchange rates, we introduce an imperfectly competitive intermediation sector into a classical
cash-in-advance model à-la Lucas (1982). Our model features an economy with multiple
countries and partially integrated financial markets. Each country is populated by two
classes of agents, customers (households) and specialists (intermediaries). While customers
have free access to domestic markets for simple local securities (domestic nominal risk-free
bonds and the domestic stock market index), they must use intermediaries to gain access to
foreign assets and financial instruments in the dealer-to-customer (D2C) market segment.
1

Indeed, a large part of the trading in global securities and derivatives markets occurs via over-the-counter
transactions, with bank dealers as the major suppliers of intermediation services. For example, daily turnover
in interest rate swaps reached almost USD 2 trillion per day in April 2016, while daily trading volume in the
global FX market exceeds USD 5 trillion, according to the most recent Bank for International Settlements
(BIS) statistics on global OTC derivatives markets. See, BIS (2016). Trading in global OTC markets dwarfs
the volume on equities and futures exchanges. In OTC markets, an identical asset is typically traded at
different prices at a given point in time, depending on the identity of the trading counterparties.
2
See, e.g., Hau et al. (2017), who provide evidence for significant rent extraction in the foreign exchange
derivatives markets. According to Hau et al. (2017), “A corporate client at the 75th percentile of average
transaction costs pays a roughly 12 times larger spread than a corporate client at the 25th percentile.”
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Intermediaries charge for lending their balance sheet to customers. Upon contact, they take
into account customers’ optimal demand for foreign financial asset exposures and use their
bargaining power to extract rents and charge markups for catering to customers’ demand.
At the same time, intermediaries use the dealer-to-dealer (D2D) market to manage their
balance sheets and share risks arising from trading with customers.
The key implication of our model is an explicit characterization of the (distorted) international risk sharing in terms of a single, country-specific object, Covt (i), given by the time-t
conditional covariance of country i nominal stock market wealth with country i customers’
relative wealth. Here, relative wealth is defined as the ratio of customers’ domestic stock
market wealth to their (domestic and foreign) total wealth:

relative wealth ≡

country i stock market wealth
.
country i customers’ wealth

(1)

We show that the sign of the conditional covariance Covt (i) leads to an endogenous (and
potentially time-varying) dichotomy of countries in terms of risk sharing and the behavior of
exchange rates. The underlying mechanism is entirely determined by the nature of intermediation frictions in our model.3 Specifically, customers’ behavior in the D2C market depends
on the diversification benefits gained from the exposure to foreign shocks. In turn, the latter
depend on the domestic stock market’s ability to span customers’ desired wealth profile. This
ability is precisely captured by Covt (i). We show that when Covt (i) is positive (negative), the
benefits from international diversification are low (high), and country i customers buy (sell)
local nominal bonds from (to) intermediaries. Intermediaries, being short (long) nominal
bonds, profit (suffer) from monetary expansions, their net worth goes up (down), and their
marginal utilities drop (increase). Since intermediaries are marginal investors in international
financial markets, the exchange rate is given by the ratio of intermediary marginal utilities;
3

Absent frictions, nobody holds nominal assets, and hence monetary policy is neutral and has no impact
on international risk sharing.
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hence, a drop in the marginal utility of country i intermediaries leads to an excessive
exchange rate devaluation. Without sticky prices, the standard export channel is absent
and, as a result, exchange rate devaluation always leads to losses in a country’s international
investment position and a drop in the domestic dollar wealth.
A key implication of our results is that ex-ante expectations about future state-contingent
monetary policy are crucial for determining the nature of the transmission of monetary shocks
and their impact on domestic welfare. The underlying mechanism is as follows: Time-t
expectations about future policy determine the nature of (ex-ante) time-t contracts signed
in the local D2C market. Intermediaries share the risks from their D2C exposures in the
international D2D market. In turn, this leads to an international redistribution of wealth at
time t + 1 when contracts pay off.
One of our goals is to characterize explicitly how monetary policy expectations influence
the response of exchange rates to global macroeconomic conditions, in particular, the socalled safe haven properties of exchange rates. The term “safe haven” is commonly used for
currencies that tend to appreciate at times when the world marginal utility is high (e.g., US
dollar). However, as Maggiori (2013) argues, the large size of the US intermediation sector
is difficult to reconcile with the safe haven status of the dollar due to the natural role of the
US as global insurance provider. Indeed, this role implies that large wealth transfers from
the US to the rest of the world occur during bad times, leading to dollar appreciation during
such times. This is what Maggiori (2013) calls the “reserve currency paradox.”
We show how intermediation markups may help resolve this paradox. A larger intermediation sector can absorb more risks and, hence, in equilibrium, leads to lower markups
because customers have lower overall risk exposure. As a result, intermediaries charge lower
markups for insurance against global disaster states and customers respond by acquiring more
insurance against these states;4 ex-post, when a bad state is realized, intermediaries need
4

In particular, intermediaries end up selling too much insurance, for example, through volatility selling
strategies that are popular among real-world intermediaries.

4

to make larger transfers to customers, their wealth drops, and their marginal utility spikes,
making their domestic currency appreciate against currencies with smaller intermediation
sectors.
Markups serve as the key barrier to efficient international risk sharing in our model.
Understanding the structure of these markups allows us characterize how risk exposures
are spread across different countries. We show that markups satisfy a fundamental markup
equation akin to the fundamental equation of asset pricing. Using this equation, we show
that markups have a two-factor structure, with the factors given by the relative wealth (1)
and customers’ marginal utility of wealth. While the sign of the relative wealth premium is
usually positive, the sign of the premium on the marginal utility of wealth coincides with
that of Covt (i). Thus, while the standard frictionless consumption Euler equation implies
that securities that are better able to span the marginal utility of wealth always have higher
prices, such securities may or may not have a higher markup, depending on the sign of
Covt (i).
We illustrate the mechanisms underlying the fundamental markup equation by using it
to study one of the most surprising developments in global financial markets over the past
few years: the breakdown of covered interest rate parity.5 In our model, customers willing
to borrow or lend in a foreign currency cannot do so directly and must go through intermediaries. For example, they can borrow in the local currency and then enter an FX swap
contract with the intermediary to borrow dollars synthetically; the corresponding indirect
rate of borrowing dollars may be quite different from the rate at which the intermediaries can
borrow dollars directly. This leads to a breakdown of covered interest rate parity between
the D2C and D2D market segments and a non-zero cross-currency dollar basis, defined as
the difference between the two (indirect minus direct) US dollar rates. The above-mentioned
5

CIP states that the interest rate differentials implicit in foreign exchange swap markets coincide with the
corresponding differential in money market rates in the two countries. The breakdown of CIP even for some
of the world’s most liquid currency pairs is documented in Du et al. (2016), Avdjiev et al. (2016), Borio et
al. (2016), and Rime et al. (2017).

5

two-factor structure of the fundamental markup equation implies that the dollar basis against
country i is positive if either (i) the dollar positively co-moves with country i relative wealth
1 or (ii) the dollar co-moves with country i customers’ marginal utility of wealth and the
sign of that co-movement coincides with that of Covt (i). In particular, for countries with a
positive Covt (i), the safe haven properties of the dollar may lead to a positive basis.
Roadmap. The remainder of the paper is structured as follows. Section 1 provides an
overview of the relevant literature. Section 2 describes the model. Section 3 provides the
equilibrium characterization. Section 4 investigates the link between intermediation frictions
and various exchange rate anomalies. Section 5 concludes.

1

Literature Review

The literature on general equilibrium models of exchange rates is vast. Most papers assume
either complete markets (see, e.g., Lucas (1982); Cole and Obstfeld (1991), Dumas (1992);
Backus et al. (1992); Backus and Smith (1993); Obstfeld and Rogoff (1995); Pavlova and
Rigobon (2007); Verdelhan (2010); Colacito and Croce (2011)) or an exogenously specified
incompleteness in the form of portfolio constraints (see, e.g., Chari et al. (2002); Corsetti
et al. (2008); Pavlova and Rigobon (2008)), unspanned risk factors (Pavlova and Rigobon
(2010, 2012), Farhi and Gabaix (2016), Brunnermeier and Sannikov (2017)), or limits to
market participation (Alvarez et al. (2002, 2009), Bacchetta and Van Wincoop (2010) and
Hassan (2013)). In contrast, in our model, market incompleteness and limits to international
risk sharing are endogenous and determined by equilibrium intermediation markups.
The most closely related to ours are papers by Maggiori (2013), Gabaix and Maggiori
(2015).6 Maggiori (2013) considers a two-country model characterized by asymmetry in
financial intermediation capacity: In his model, one country (US) has a better developed
6

Several papers (see, e.g., Jeanne and Rose (2002), Evans and Lyons (2002), Hau and Rey (2006), Bruno
and Shin (2014), Camanho et al. (2017)) study the impact of frictions on exchange rates without modeling
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(i.e., less credit constrained) intermediation sector. During global crises, the US suffers
heavier losses (through wealth transfers to the rest of the world) because of its role as a
global insurer, leading to asymmetric international risk sharing7 and a “reserve currency
paradox.” In our paper, we show how intermediation markups can help in resolving this
paradox.
Gabaix and Maggiori (2015) develop a general equilibrium model of exchange rates based
on the limited risk-bearing capacity of financial intermediaries.8 In their model, intermediaries demand a risk premium for holding currency risk originating in global imbalances.
Gabaix and Maggiori (2015) show that this simple intermediation friction has a major impact
on equilibrium FX dynamics; in particular, their model can rationalize many of the important
stylized facts about exchange rates and link these stylized facts to intermediaries’ balance
sheets.9
As in Gabaix and Maggiori (2015), in our model, markets have a two-tier structure (D2C
and D2D segments), and intermediaries play the key role in absorbing global imbalances;
hence, in both Gabaix and Maggiori (2015) and our model, intermediaries’ risk-bearing
capacity is a key variable driving global risk premiums and exchange rates. However, the
nature of frictions in the D2C market is different in our model and arises from intermediary
market power and the implied endogenous market segmentation. In particular, in contrast
fundamentals such as exports and imports of multiple goods. Instead, they focus on how the behavior and
incentive structure of intermediaries shape market outcomes in FX.
7
Kindleberger (1965), Despres et al. (1966), Caballero et al. (2008), Mendoza et al. (2009), and Chien and
Naknoi (2015) also emphasize differences in financial development across countries as an important source
of global imbalances.
8
The importance of intermediation frictions for the transmission and amplification of shocks in domestic
markets has been acknowledged in many papers. See, e.g., Holmstrom and Tirole (1997), Bernanke et al.
(1999), Gertler and Kiyotaki (2010), He and Krishnamurthy (2011, 2013, 2014), Adrian and Boyarchenko
(2012), Brunnermeier and Sannikov (2014, 2016), Adrian et al. (2014), Rampini and Viswanathan (2015),
He et al. (2016), Korinek and Simsek (2016), Piazzesi and Schneider (2016), Bianchi and Bigio (2016), Bigio
and Sannikov (2016), Malamud and Schrimpf (2016), Malherbe and McMahon (2017), and Coimbra and
Rey (2017).
9
Itskhoki and Mukhin (2017) develop a dynamic model with exogenous small but persistent shocks to
international bond markets that could, for example, originate from shocks to intermediary balance sheets.
They show that a model with such shocks is quantitatively consistent with the empirically observed joint
dynamics of exchange rates and macro variables.
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to models with exogenously specified limits to market participation,10 our model shows
how barriers to international trade (intermediation markups) arise endogenously depending
on the risk structure of international shocks. Finally, in Gabaix and Maggiori (2015) the
dynamics of intermediaries’ risk-bearing capacity is specified exogenously, while in our model
it is endogenous and fully micro-founded and proportional to intermediaries’ net worth.
Negative shocks to this net worth occur whenever states against which intermediaries sell a
lot of insurance are realized, leading to an international redistribution of wealth.
In our model, intermediation markups charged for insurance against some states of the
world can become prohibitively high, making pricing kernels and exchange rates exhibit
behavior reminiscent of “rare disasters” (see, e.g., Barro (2006)). As Brunnermeier et al.
(2008), Lustig et al. (2011), Jurek and Xu (2014), Farhi et al. (2015), and Farhi and Gabaix
(2016) argue, rare disaster risk has a first-order impact on equilibrium exchange rates. Our
model implies that exchange rate disasters may arise endogenously due to intermediation
frictions, but only for countries with a negative Covt (i) : For such countries, customers
make highly risky investments, which may lead to very large wealth losses in a disaster state
or currency crash. This opens up an important role for stabilization policies, as in Hassan
et al. (2016), whereby expectations about such policies alter Covt (i) ex-ante and hence may
reduce the probability of disasters ex-post.
Our results about international risk sharing and its link to heterogeneous exposure of
different countries to global shocks links our paper to the work of Colacito et al. (2017).
Specifically, Colacito et al. (2017) show (both theoretically and empirically) how countries’
heterogeneity in exposures to global shocks affects the equilibrium risk structure of exchange
rates. We show explicitly how such heterogeneity affects the nature of contracts signed in
the D2C market and, as a result, influences international risk sharing.
Finally, our paper is also related to the recent literature on the breakdown of covered
interest parity. See, for example, Du et al. (2016), Avdjiev et al. (2016), Borio et al. (2016),
10

Such as those of Alvarez et al. (2002, 2009), and Bacchetta and Van Wincoop (2010).
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and Rime et al. (2017). Several papers derive CIP deviations using models with different
forms of limits to arbitrage. For example, Amador et al. (2017) show how CIP deviations
arise in a small open economy at the zero lower bound; Ivashina et al. (2015) and Liao
(2016) highlight the importance of global banks’ demand for dollar funding;11 Hebert (2017)
shows how the cross-section of CIP deviations can be used to recover intermediaries’ financial
constraints; Andersen et al. (2017) show how seemingly riskless arbitrage (including CIP)
may not be economically viable due to dealers’ funding value adjustment; and Jiang et
al. (2018) link CIP deviations to the special role of US Treasury securities as collateral.
To the best of our knowledge, our model is the first multi-country macroeconomic general
equilibrium model that generates a breakdown of CIP endogenously through segmentation
effects in imperfect international financial markets. In particular, we shed light on the
macroeconomic origins of CIP deviations, their signs, and differences across countries.

2
2.1

The Model
Agents, Preferences, and Consumption

We consider an international multiple goods monetary economy with intra-temporal12 cashin-advance constraints, as in Lucas (1982). Time is discrete, t = 0, 1, · · · , T, and the
information structure is characterized by a probability space (Ω, P ) equipped with a filtration
(Ft )t≥0 . There are N countries, indexed by i = 1, · · · , N. Country i produces a tradable
good, also indexed by i. Country i tradable good is produced by an endowment process
11

See, also, Aldasoro et al. (2017), who provide evidence that Japanese banks, which are known to have a
particularly high demand for US dollar funding, face significant markups when accessing dollar repo markets,
consistent with the mechanism highlighted in our model.
12
That is, agents only need to hold cash within the period for consumption needs and do not store cash
inter-temporally. For example, this can be achieved if intermediaries deposit their cash holdings overnight
with the central bank, and the bank pays interest on such cash equal to the equilibrium nominal rate. This
interest is then simply a part of the total cash rebates to domestic agents.

9

Xi,t , i = 1, · · · , N, t ≥ 0 . The government of country i controls the supply of domestic,
country i currency, Mi,t .
Each country is populated by two classes of agents, I-agents (intermediaries or dealers) and H-agents (households or customers) that have identical, time-varying, stochastic
time discount factors Ψi,t (demand shocks), i = 1, · · · , N. Such time-preference shocks are
commonly used in international economics. See, for example, Stockman and Tesar (1995),
Pavlova and Rigobon (2007), and Itskhoki and Mukhin (2017). We assume that all agents
bundle
of a country-specific bundle of tradable goods. All
derive utility from consumption Ci,t

agents are endowed with standard, inter-temporal, logarithmic preferences.
"
E

T
X

#
bundle,J
Ψi,t log Ci,t

,

t=0

where
bundle,J
Ci,t

=

N
Y

J
(Ci,k,t
)θi,k , i = 1, · · · , N, J = I, H

k=1
I,H
is the country-specific tradable goods consumption bundle and Ci,k,t
, k = 1, · · · , N is the

time-t consumption of country-k tradable good in country i by the corresponding agents’
class I, H. The log preferences assumption implies that we can normalize θi,k so that
X

θi,k = 1, i = 1, · · · , N.

k

We denote by Pi,k,t the nominal price of good k in country i, in the units of the local currency.
We also denote by Ei,t the US dollar price of the currency of country i; that is, whenever Ei,t
goes up, the local currency of country i appreciates against the US dollar. Below, we will
always use the currency of country 1 (US dollars) as the reference currency and $ to denote
the corresponding economic variables. Since our focus is on financial market frictions, we
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abstract from frictions in international goods markets and assume that purchasing power
parity always holds.13 In this case, nominal goods prices in local currencies satisfy

Ei,t Pi,k,t = Ek,t Pk,k,t , i, k = 1, · · · , N .

We assume a cash-in-advance constraint à-la Lucas (1982) at the country level: All country k goods need to be purchased with country k currency, implying that total nominal
expenditures for country k tradable goods’ endowment Xk,t always equals country k money
supply:

Pk,k,t Xk,t = Mk,t , k = 1, · · · , N , t ≥ 0 .

(2)

By direct calculation, given the total nominal expenditure in the units of currency i,

I,H
Ci,t

≡

N
X

I,H
Pi,k,t Ci,k,t
,

k=1

the optimal consumption bundle of the respective agent class is given by
I,H
I,H −1
Ci,k,t
= Ci,t
Pi,k,t θi,k , i, k = 1, · · · , N .

2.2

Financial Market Structure

We assume that all class I agents (intermediaries) from each country i = 1, · · · , N have
direct access to a frictionless, complete, centralized, international D2D market. We interpret
these agents as specialists who possess a technology that allows them to issue and trade
general state-contingent claims (a full set of Arrow securities) with other I-agents. Since
markets are complete, the prices of all financial securities traded in the inter-dealer market
13

Note that consumption bundles differ across countries and, hence, the law of one price holds at the goods
level but not at the price index level.
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I
can be encoded in a single, international US dollar nominal pricing kernel M$,t,t+1
quoted in

units of currency 1, so that the time-t US dollar price qt of a state-contingent claim with a
dollar payoff Yt+1 is given by
I
qt = Et [M$,t,t+1
Yt+1 ] .

I
I
We will refer to M$,t,t+1
as the (US dollar) D2D pricing kernel. We will also use Mi,t,t+1
to

denote the D2D kernel denominated in country i currency. By no arbitrage and D2D market
completeness, we always have

I
I
Mi,t,t+1
= M$,t,t+1
Ei,t+1 /Ei,t .

(3)

In stark contrast to class-I agents, class H agents (henceforth, customers) of a given country
i do not have direct access to the inter-dealer market. We assume, however, that each country
i has a domestic centralized exchange at which all local customers and all intermediaries can
trade two securities: the claim on country i endowment Xi,t (the stock index of country i) and
a one-period country-i nominal risk-free bond. Customers willing to trade any other financial
instrument must contact an intermediary (an intermediation firm) and bargain over the
counter in a D2C market. In particular, this means that customers can borrow or lend in their
local currency at prevailing market rates, but those that wish to borrow or lend in a foreign
currency must do so through intermediaries, domestic or foreign: Since all intermediaries use
a common D2D discount factor, markups do not depend on the intermediary’s country of
origin and, hence, it does not matter which intermediaries customers contact. For simplicity,
we assume that information is symmetric and, hence, intermediaries can observe customers’
country of origin. Importantly, customers from different countries cannot directly trade
financial securities with each other.14
14

In particular, trading foreign stocks can also be done only through intermediaries. This assumption
allows us to capture the fact that trading and owning foreign stocks often involves significant amounts
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Following He and Krishnamurthy (2013), we assume that class-I agents are specialists
who run intermediation firms. The objective of such a firm is to maximize the firm value
(i.e., the present discounted value of intermediation markups) under the D2D pricing kernel.
Since markets are complete, the risk-neutral firm’s objective coincides with that of the riskaverse specialists who run it: Indeed, both the firm’s and the specialists’ objective is to
maximize the present value of revenues under the unique D2D pricing kernel. Therefore,
in the following, we identify class-I agents with the intermediation firm they run and call
them intermediaries.15 We formalize the details of the bargaining protocol in the following
assumption (see Figure 1 for a graphical description of our model’s market structure).
Assumption 1 In the beginning of each period t, each customer of country i is matched
with one intermediary and requests quotes for prices of all one-period-ahead state-contingent
claims.16 The intermediary quotes a one-period-ahead country-specific D2C pricing kernel
H
H
Mi,t,t+1
in the local currency and has full bargaining power in choosing Mi,t,t+1
due to search

frictions: If the customer rejects the offer, he can trade country i endowment claims and
country i one-period risk-free bonds in the country i centralized exchange with other country
i customers and (a continuum of ) intermediaries but then has to wait one more period to
be matched with another intermediary. The quotes are binding: After receiving the quote,
the customer chooses an optimal bundle of state-contingent claims and the intermediary sells
this bundle to the customer at the quoted price.
of intermediation. Similarly, short selling a stock (both local and foreign) always involves intermediation,
whereby the short seller must go to an intermediary who then needs to locate a stock owner to borrow the
stock. See, e.g., Duffie et al. (2005).
15
For simplicity, we assume that specialists are the only shareholders of intermediaries and, hence, markups
are not rebated back to customers: By assumption, customers (class-H agents) can only freely trade claims
on their wealth and short-term bonds. This assumption is made for simplicity and can be relaxed. Allowing
customers to freely trade intermediary stocks would add another Lagrange multiplier to the shadow costs of
intermediation and thus complicate the analysis.
16
The assumption of trading only one-period claims with intermediaries is standard in the literature. As
Brunnermeier and Koby (2016) argue, this is without loss of generality if old contracts are indexed on
contemporaneous economic conditions.
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Dealer-to-Dealer Market

I-agents(i)

MI

I-agents(j)

Bonds, Derivatives
M H (i)
(RFQ)

M H (j)
(RFQ)

H-agents(i)

H-agents(j)

Real Goods
All(i)-to-All(i)

All(j)-to-All(j)

1-period bonds(i)
Stocks(i)

1-period bonds(j)
Stocks(j)

Figure 1: Graphical description of market structure in our model for the two-country case
(country i and country j). RFQ denotes the request-for-quote protocol commonly used in
D2C segments of OTC markets.

The key mechanisms in our model depend crucially on intermediaries’ ability to extract
rents. The assumption of monopolistic competition is made for tractability reasons and can
be relaxed; for example, our results can easily be adjusted to allow for a different bargaining
protocol with a bargaining power below one, such as the Nash protocol that is commonly used
in the literature on OTC markets. See, Duffie et al. (2005), Duffie et al. (2007)) Lagos and
Rocheteau (2009), and Atkeson et al. (2015).17 However, some papers (see, e.g., Petersen
and Rajan (1995)) argue that monopolistic competition in the intermediation sector is a
closer approximation to reality due to switching and relationship costs. See, also, Sharpe
(1997), Kim et al. (2003), Bolton et al. (2016), Brunnermeier and Koby (2016), Duffie and
Krishnamurthy (2016), and Acharya and Plantin (2016).

2.3

D2C Bargaining and Markups

Assumption 1 implies that we can formulate the bargaining problem in terms of the local
H
, quoted by the country i intermediary to a country
currency nominal D2C state prices Mi,t,t+1

i customer.18 We will use ri,t to denote the short-term country i nominal interest rate and
let Si,t denote the nominal D2D market price of the total endowment, {Xi,τ }Tτ=t , of the local,
country-i good. By (2), the nominal value of time−τ endowment equals the time−τ money
supply for any τ ≥ 0, and, hence, Si,t coincides with the present value of the stream of future
country i money supply, Mi,τ , τ ≥ t. Hereafter, we interpret this claim as the country-i
17

The new regulatory environment (based on the Dodd-Frank Act) is designed to move bilateral relationship trading to electronic platforms. For example, trading of standardized interest rate swaps in the US
has to a large extent moved to so-called swap execution facilities (SEFs). An all-to-all market such as in
equities markets remains a distant reality, though. Most D2C transactions are executed via an RFQ protocol,
which is equivalent to an electronic form of OTC trading. The original two-tier market structure thus shows
remarkable persistence, with a D2D segment at the core of the market, as in our model. The same is true
for fixed income and FX markets. See Collin-Dufresne et al. (2016), Bech et al. (2016), and Moore et al.
(2016).
18
Hebert (2017) investigates a model with a form of market segmentation that is similar to that assumed
in our paper. Specifically, Hebert (2017) considers an incomplete market model in which intermediaries
can trade a full set of state-contingent claims with each other in the D2D market, while households are
constrained in the set of assets they can trade with each other and with intermediaries, who are facing
convex portfolio constraints. As a result of this segmentation, Hebert’s model also features two pricing
kernels, as well as deviations from the law of one price.
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stock index and call it the local stock price. By assumption, local customers can freely trade
the endowment claim as well as one-period nominal risk-free bonds with other customers and
intermediaries in the centralized local exchange for domestic nominal bonds and the domestic
stock index. Since competitive intermediaries can freely trade in both the centralized local
exchange and the global D2D market, in equilibrium, they will equalize bond and stock
prices across these two markets. Hence, domestic nominal bonds and the domestic stock
index will trade at D2D prices on the domestic exchange. Thus, customers can trade these
I
] (recall (3)) and the nominal
two securities at D2D prices: The nominal bond price, Et [Mi,t,t+1
I
Si,t+1 ]. Now, since customers can conduct the arbitrage
stock price Si,t = Mi,t + Et [Mi,t,t+1

trade in between the centralized domestic exchange and the binding quotes they receive in
the D2C market, the intermediary has to quote fair prices for both instruments. Otherwise,
customers would immediately arbitrage away the differences, leading to unbounded losses for
H
the intermediary. Formally, this means that the D2C nominal pricing kernel Mi,t,t+1
quoted

by the intermediary must satisfy two constraints (fair pricing of domestic bonds and fair
H
pricing of domestic stocks) relating Mi,t,t+1
to the D2D nominal pricing kernel (3) in the

local currency:

H
I
Et [Mi,t,t+1
] = Et [Mi,t,t+1
]

(4)

H
I
Et [Mi,t,t+1
Si,t+1 ] = Et [Mi,t,t+1
Si,t+1 ] .

(5)

We will also make the following assumption.
Assumption 2 We assume that class I and class H agents in country i are endowed with
the respective shares αi and 1 − αi of the total endowment of the country i tradable good. At
time zero, intermediaries pay a cost K̄i,0 to customers to set up intermediation firms. The
monetary authority controls the money supply through direct rebates to intermediaries.19 We
19

For example, as Brunnermeier and Sannikov (2016) argue, controlling the rate on the central bank reserves is effectively equivalent to controlling the supply of central bank money, whereby interest payments on
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also use Ni,t+1 ≡ Mi,t+1 /Mi,t to denote the growth in money supply for all i = 1, · · · , N , t ≥
0.
J
, J = I, H to denote the wealth of class-J agents. By Assumption 2,
We will use Wi,t
H
customers’ time zero nominal net worth is given by Wi,0
= (1−αi )Si,0 + K̄i,0 .20 Since markets

are complete, customers can use trading in the D2C market to attain any state-contingent
H
consumption expenditures profile (Ci,t
)t≥0 in the local currency satisfying the inter-temporal

budget constraint:

H
H
H
H
H
≥ 0
] , Wi,t
Wi,t+1
+ Et [Mi,t,t+1
= Ci,t
Wi,t

for all t. That is, wealth is split between current consumption and the value of financial
investments, which in turn equals the present value of future wealth. Denote by

Di,t

" T −t
#
X Ψi,t+τ
≡ Et
,
Ψi,t
τ =0

the expected discount factor for the whole future consumption stream. Standard results
imply that the following is true.
Lemma 1 Country i customers’ and intermediaries’ nominal consumption and nominal
wealth dynamics are given by
I,H
Ci,t
I,H
Ci,t−1

I,H
= (Mi,t−1,t
)−1

Ψi,t
Ψi,t−1

(6)

reserves are equivalent to direct money rebates to intermediaries. Note, however, that market segmentation
implies that the distribution of money holdings has real effects in our model and, hence, cannot be neglected.
20
By assumption, K̄i,0 is immediately transferred to customers at time zero. The assumption that the
cost is only incurred at time zero is made for convenience and can be relaxed. These costs will play no role
in the subsequent analysis. One could potentially use them to endogenize the size of the intermediation
sector as well as to study the impact of regulations on the endogenous size of the intermediation sector and
I
markups. Importantly, making these costs sufficiently large, we can make intermediary net worth, Wi,0
,
arbitrarily small. They also allow us to make an important distinction between the size of markups and the
actual profitability of the intermediation sector: While the markups (i.e., the spread between the D2C and
the D2D pricing kernels) might be high, the actual profit margins might be quite low.
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and
I,H
Wi,t
I,H
Wi,t−1

I,H
= (Mi,t−1,t
)−1

Ψi,t Di,t
, i = 1, · · · , N .
Ψi,t−1 Di,t−1

If Di,t is stochastic, then our model features a non-constant consumption/wealth ratio.
The intuition behind Lemma 1 is straightforward: A log utility maximizing agent always
consumes inversely proportionally to state prices (Equation (6)). Furthermore, his decision
to allocate wealth across states is driven by the product of the discount factor Ψi,t+1 and the
expected discount factor Dt+1 ; the latter determines the value of the total future stream of
consumption in a given state.
Let us now consider the bargaining problem between a customer and an intermediary. At
H
time t, a country i customer with nominal wealth Wi,t
gets matched with an intermediary
H
who quotes him a one-period-ahead pricing kernel Mi,t,t+1
in the local currency. Given
H
this quote, the customer decides how to optimally finance his future wealth Wi,t+1
through

a portfolio of the risk-free bond and the stock to be traded in the domestic centralized
exchange, as well as an OTC contract acquired in the D2C market, with a potentially
complex state-contingent payoff. Due to no-arbitrage constraints (4)-(5) for the local stock
and bond markets, customers are in fact indifferent between trading the stock and bond
at the domestic exchange or in the D2C market. Hence, without loss of generality, we can
assume that they directly trade bonds and stocks with intermediaries. Thus, a customer is
H
simply buying the claim on his future wealth, Wi,t+1
.

Formula (6) implies that intermediaries are facing a downward-sloping demand curve
H
H
H
from customers, state by state: Wi,t+1
(Mi,t,t+1
) = Wi,t

Ψi,t+1 Di,t+1
Ψi,t Di,t

H
(Mi,t,t+1
)−1 . Since inter-

mediaries have access to complete D2D markets, their objective is to maximize the present
value of cash flows in the D2C market under the D2D pricing kernel. Those cash flows are
H
H
given by Et [Mi,t,t+1
Wi,t+1
] (the price paid by customers to intermediaries) at time t and by
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H
−Wi,t+1
(the contractual payments of intermediaries to customers) at time t + 1. Thus, their

present value under the D2D pricing kernel is given by the total markup

H
H
H
I
H
H
Et [Mi,t,t+1
Wi,t+1
(Mi,t,t+1
)] − Et [Mi,t,t+1
Wi,t+1
(Mi,t,t+1
)] .

(7)

H
This is the difference between the values of the claim Wi,t+1
under the D2C and the D2D

pricing kernels. The intermediary’s goal is thus to maximize (7) under the no-arbitrage
constraints (4)-(5). Denoting by µi,t and λi,t the Lagrange multipliers for constraints (4)
and (5), respectively, and writing down the first-order conditions for the intermediary’s
maximization problem state-by-state, we get

I
Mi,t,t+1

Ψi,t+1 Di,t+1
H
(Mi,t,t+1
)−2 = λi,t (Si,t+1 /Si,t ) + µi,t .
Ψi,t Di,t

(8)

The intuition behind (8) is as follows: The marginal gain of selling insurance against a state
I
(x) and the sensitivity of the customer’s
x is given by the product of the D2D price Mi,t,t+1
H
(x). Since customers have log utility, this sensitivity is
consumption to the price Mi,t,t+1
H
)−2 . At the optimum, this marginal gain is equal to the
given by −Ψi,t,t+1 Di,t,t+1 (Mi,t,t+1

state-contingent shadow cost of constraints (4)-(5), given by λi,t (Si,t+1 /Si,t ) + µi,t .
Denote

Ψi,t,t+1 ≡

H
Wi,t+1
Ψi,t+1
Di,t+1
H
, Di,t,t+1 ≡
, Si,t,t+1 ≡ Si,t+1 /Si,t , Wi,t,t+1
≡
.
H
Ψi,t
Di,t
Wi,t

The solution to (8) is given by the following proposition.
Proposition 2 The optimal pricing kernel quoted by the intermediary is given by

H
Mi,t,t+1
=

I
(Ψi,t,t+1 Di,t,t+1 )1/2 (Mi,t,t+1
)1/2
,
(λi,t Si,t,t+1 + µi,t )1/2
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(9)

where the Lagrange multipliers λi,t , µi,t ∈ R are given by
−1
H
CovH
t (−(Wi,t,t+1 ) , Si,t,t+1 )
∆i,t
H
CovH
t ((Si,t,t+1 /Wi,t,t+1 ), Si,t,t+1 )
=
∆i,t

λi,t =
µi,t

(10)

with
H
H
2
H
)−1 Si,t,t+1 ]
)−1 ] − EtH [(Wi,t,t+1
] EtH [(Wi,t,t+1
)−1 Si,t,t+1
∆i,t = EtH [(Wi,t,t+1

2

> 0,

and where EtH [·] and CovH
t (·) denote, respectively, the conditional expectation and covariance
H
H
.
]−1 Mi,t,t+1
under the conditional D2C risk-neutral measure, Et [Mi,t,t+1

Proposition 2 is key to the subsequent analysis. It shows how the bargaining friction
and intermediaries’ ability to charge state-contingent markups affects asset prices and, as
a result, distorts equilibrium allocations. Indeed, since customers and intermediaries have
identical log preferences, their consumption profiles should be proportional to each other;
however, distorted state prices (9) imply that customers’ consumption will be inefficiently
low (high) relative to that of intermediaries when D2C state prices are high (low) relative to
D2D state prices.
The signs of λi,t , µi,t will play an important role in the subsequent analysis. Since these
quantities are Lagrange multipliers of constraints (4)-(5), their signs are determined by the
“direction” in which these constraints are binding. Consider the Lagrange multiplier µi,t of
the constraint (4). One can equivalently interpret (4) as a pair of inequality constraints
H
I
]
Et [Mi,t,t+1
] ≥ (1 − ε)Et [Mi,t,t+1
H
I
],
Et [Mi,t,t+1
] ≤ (1 + ε)Et [Mi,t,t+1
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where the parameter ε (determining the corridor inside which the intermediary can quote
rates) is arbitrarily small.
The economic intuition behind these constraints is as follows. If customers want to invest
H
in risk-free assets21 , the intermediary will try to push the nominal rate eri,t = 1/Et [Mi,t,t+1
]
I
all the way down to its lower bound, determined by the D2D market rate 1/Et [Mi,t,t+1
],
H
I
and, hence, the constraint Et [Mi,t,t+1
] ≤ Et [Mi,t,t+1
] will be binding; in this case, standard

Kuhn-Tucker conditions imply that µi,t > 0. This is what we call a “risk-off” scenario or a
“flight-to-safety” episode.
In contrast, if customers find it optimal to borrow from intermediaries, the latter will try
to push the offered rate all the way up to its upper bound, determined by the D2D market
I
H
I
rate 1/Et [Mi,t,t+1
], and, hence, the constraint Et [Mi,t,t+1
] ≥ Et [Mi,t,t+1
] will be binding; in

this case, standard Kuhn-Tucker conditions imply that µi,t < 0. This is what we call a
“risk-on” scenario or a “search-for-yield” episode.
Explicit expressions (10) show that the signs and the magnitudes of the multipliers are
determined by the stock market’s ability to hedge fluctuations in customers’ wealth. Under
normal circumstances, wealth and stock prices are positively related and, hence, λi,t > 0. A
positive λi,t leads to an endogenous home bias: Since customers’ wealth growth, Wi,t,t+1 , is
H
inversely proportional to Mi,t,t+1
, it loads positively on Si,t+1 . Thus, in our model, markups

lead to an excessive exposure to the local stock market. At the same time, the sign of µi,t
coincides with that of
H
Covt (i) ≡ CovH
t ((Si,t,t+1 /Wi,t,t+1 ), Si,t,t+1 ) .

(11)

When Covt (i) is negative, stock market returns are high in the states in which stocks under21

Intermediaries can provide access to (nearly) risk-free assets through private money creation, for example,
through bank deposits and money market funds. We abstract from such private money creation in our model.
See, Brunnermeier and Sannikov (2016) for a model featuring an impact of such private money creation on
monetary policy passthrough.

21

perform relative to other asset classes composing customers’ wealth. For example, stock
returns are procyclical, but customers’ wealth has a high embedded leverage, implying that
this wealth exhibits larger swings with the business cycle. Such a risk profile precisely means
that stocks are not sufficient to satisfy customers’ search for yield. Customers respond to this
risk profile by borrowing from intermediaries and taking leveraged bets on foreign shocks.22
The opposite happens when Covt (i) is positive. In particular, time variations in Covt (i) may
lead to an endogenous customer leverage cycle (see, e.g., Geanakoplos (2010)).

2.4

The Fundamental Markup Equation

We assume that domestic stocks and domestic nominal bonds are not sufficient to span
the non-linear consumption profile desired by customers.23 As an illustration, consider a
eurozone customer who wants to buy insurance against a major depreciation of the euro
(EUR). While this might theoretically be done by buying a deep out-of-the-money (OTM)
put option on the euro, in reality such contracts are not traded on organized exchanges,
neither centralized nor inter-dealer platforms, and even receiving a quote from a major
dealer may be difficult, in particular, because it is difficult to determine the fair value of this
contract. Such a deal would have to be settled through OTC bargaining and would involve
significant markups. While the probability of a major EUR depreciation is low, the marginal
utility of European customers in this disaster state is high; thus, markups for such OTM
options may have large impacts on asset prices.
Consistent with this intuition, the key role of intermediaries in our model is to offer
customers access to securities with non-linear payoffs because linear securities spanned by
domestic stocks and bonds cannot do so. Customers’ demand for non-linear asset payoffs
22

For example, it is well known (see, e.g., Maggiori (2013)) that the United States benefits from large
yields on its foreign assets relative to foreign liabilities.
23
For this to be true, we need enough (at least three) states at each node of the event tree. In particular,
the country-specific degree to which local stocks and bonds are able to span customers’ target risk profile
determines the country-specific magnitude of the impact of intermediation markups on risk sharing.

22

determines the size and the sign of the security’s markups, defined as the spread between the
price in the D2C and D2D market segments: Formally, for an asset with a nominal payoff
Yt+1 in the local currency, the markup paid by country i customers is given by
H
I
Et [Mi,t,t+1
Yt+1 ] − Et [Mi,t,t+1
Yt+1 ] .

(12)

Using (4), we can rewrite (12) as follows:
Proposition 3 [The fundamental markup equation] Intermediation markups paid by country−i
customers on a nominal claim Yt+1 denominated in country-i currency are given by
M arkupi,t (Yt+1 ) = −e−ri,t CovH
t

I
Mi,t,t+1
, Yt+1
H
Mi,t,t+1

!
.

(13)

Equation (13) is the fundamental markup equation, akin to the fundamental equation
of asset pricing that characterizes risk premiums through the covariance with the stochastic
discount factor. It originates from the risk-based approach to markups in our model, whereby
the risk properties of an asset’s payoff are key determinants of the magnitude of markups,
in both the time series (due to the dynamics of the conditional covariance (13)) and the
cross-section. It is these markups that distort equilibrium allocations and drive all of our
main results.
Log utility and Lemma 1 together with (8) imply that the pricing kernel quotient equals
I
Mi,t,t+1
H
H
= λi,t (Si,t,t+1 /Wi,t,t+1
) + µi,t (Wi,t,t+1
)−1
H
Mi,t,t+1

Hence, using (10) and (11), we can decompose markups (13) as
H
(Si,t,t+1 /Wi,t,t+1
) , Yt+1
M arkupi,t (Yt+1 ) = − e−ri,t λi,t CovH
t

− e−ri,t




Covt (i)
H
CovH
(Wi,t,t+1
)−1 , Yt+1 .
t
∆i,t
23

(14)

Thus, markups have a two-factor structure, and a security’s markup is determined by two
H
components: its ability to hedge shocks to the ratio Si,t,t+1 /Wi,t,t+1
and to the marginal
H
utility of wealth, (Wi,t,t+1
)−1 . By (10), under normal circumstances, we have λi,t > 0, and,

hence, a security always gets a higher markup when Yt+1 can be used as a hedge against states
in which customers’ wealth drops relative to the stock market. In contrast, the security’s
ability to serve as a hedge against states with low wealth may have an ambiguous impact on
the markup, depending on the sign of

µi,t
λi,t

=

Covt (i)
H
−1 ,S
CovH
i,t,t+1 )
t (−(Wi,t,t+1 )

. When

µi,t
λi,t

< 0 (search-

for-yield episode), securities offering insurance against low-wealth states become expensive;
this provokes customers to underinsure against these states and to make excessive bets on
the upside. In contrast, when

µi,t
λi,t

> 0 (flight-to-safety episode), insurance against low-wealth

states becomes cheap, and customers overinsure against these states.

3

Equilibrium

Equilibrium prices are pinned down by imposing market clearing for all goods. By the cashin-advance constraint (2), total nominal expenditures for country k goods equal the money
supply and, hence, using (6), we get
N
X

H
I
(Ci,t
+ Ci,t
) Ei,t θi,k = Mk,t Ek,t , k = 1, · · · , N .

i=1

In general, the structure of equilibrium can be quite complex and depends in a non-trivial
way on the distribution of preference parameters θi,k across countries. To isolate the local demand/supply effects from those of global demand and supply, we will assume that
consumption demand exhibits a single-factor structure, so that

θi,k = θ̄k βi + (1 − βi ) δi,k ,
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where δi,k is the Kronecker delta and

PN

k=1 θ̄k

= 1. Here, 1 − βi measures the degree of

consumption home bias in country i, while θ̄k reflects the global demand for country k
goods. Thus, βi measures how much country i participates in global trade. In the sequel,
P
−1
we will refer to (1 − βi )−1 βi as the trade weight of country i. Let B̄ ≡
k (1 − βk ) βk θk ,
and define
Dollart ≡ −(1 + B̄)−1

X
(1 − βj )−1 βj Mj,t Ej,t ,

(15)

j

to be the global, trade-weighted dollar index. When the US dollar appreciates relative to
other currencies, Ej,t drop, and the dollar index Dollart rises in value. By direct calculation,
the simple unit-elastic preference specification implies that global consumption risk sharing
H
I
is linear, and a country k nominal consumption expenditures (in dollars), (Ck,t
+ Ck,t
)Ek,t ,

are given by a linear combination of domestic output value, Mk,t Ek,t , and Dollart , as
characterized in the following lemma.
Lemma 4 Total dollar consumption expenditures of country k agents is given by
H
I
(Ck,t
+ Ck,t
)Ek,t = (1 − βk )−1 (Mk,t Ek,t + θk Dollart ) .

(16)

Having computed country k consumption, we can now proceed to determining pricing
kernels and exchange rates. Specifically, substituting (9) into Lemma 1, we get a quadratic
equation for the D2D pricing kernel, which can be solved explicitly.
Proposition 5 Let

H
Y$,t+1 ≡ 0.5(1 − β$ )C$,t
(λ$,t S$,t,t+1 + µ$,t )1/2 (D$,t,t+1 )−1/2 .
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Then,

I
M$,t,t+1
(Dollart+1 ) = Ψ$,t,t+1 

Y$,t+1 +

q
2
I
2
+ (M$,t+1 + θ$ Dollart+1 )(1 − β$ )C$,t
Y$,t+1
 .
(M$,t+1 + θ$ Dollart+1 )
(17)

Formula (17) shows explicitly how intermediation frictions enter the equilibrium pricing
kernel and distort the nature of risk premiums. In the frictionless model, consumption
is perfectly aligned across customers and intermediaries and, hence, (16) implies that the
I,∗
frictionless pricing kernel, M$,t,t+1
, is given by

I,∗
H
I
= Ψ$,t,t+1 (C$,t
+ C$,t
)(M$,t+1 + θ$ Dollart+1 )−1 .
M$,t,t+1

It only loads on three risk factors: the time discount factor Ψ$,t,t+1 , money supply M$,t+1 ,
and Dollart+1 .24 This is intuitive: An increase in the US money supply reduces the value of
the dollar, while an increase in the dollar factor signifies a drop in the global consumption
demand. Formula (17) shows that intermediation frictions introduce a non-linear, multifactor structure into the pricing kernel. In addition to the simple effects present in the
frictionless case, the pricing kernel loads on the domestic stock market, S$,t+1 , and the
wealth-consumption ratio, D$,t+1 . The loadings on these two additional factors depend on
the size and the signs of the shadow costs λi,t , µi,t .
Substituting the country-specific pricing kernels into the equation

Ek,t,t+1

I
Mk,t,t+1
=
,
I
M$,t,t+1

we get a non-linear fixed-point equation for Ek,t+1 . As we show in the Appendix, this equation
24

Note that the dollar plays no special role in our model: The EUR pricing kernel depends on the tradeweighted euro index.
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always has a unique solution. Then, substituting this solution into the defining equation (15)
for Dollar, we can complete the determination of equilibrium exchange rates as a function
of stock returns, (Si,t,t+1 )N
i=1 . We formalize these results in the following theorem.
Theorem 6 (Non-linear Risk Structure of Exchange Rates) Define

H
Yk,t+1 ≡ 0.5(1 − βk )Ck,t
(λk,t Sk,t,t+1 + µk,t )1/2 (Dk,t,t+1 )−1/2 ,

and let gk,t+1 (z) be the unique positive solution to the implicit equation


Yk,t+1 +

gk,t+1 (z) = Ψk,t,t+1 

q
2
−1
2
I
Yk,t+1
+ (Mk,t+1 + θk Ek,t
z/gk,t+1 (z))(1 − βk )Ck,t
 .
−1
(Mk,t+1 + θk Ek,t
z/gk,t+1 (z))

Then,

Ek,t,t+1 =

I
gk,t+1 (Dollart+1 M$,t,t+1
(Dollart+1 ))
I
M$,t,t+1
(Dollart+1 )

,

(18)

while the dollar index, Dollart+1 , is a solution to the fixed-point equation
I
M$,t,t+1
(Dollart+1 )Dollart+1
−1

= −(1 + B̄)

N
X

I
(1 − βk )−1 βk Mk,t+1 Ek,t gk,t+1 (Dollart+1 M$,t,t+1
(Dollart+1 )) .

k=1

Theorem 6 shows how intermediation frictions give rise to an endogenous, non-linear
risk structure in exchange rates. Since intermediaries are marginal investors in international
markets, exchange rates’ changes are given by the ratios of their marginal utilities:

Ek,t,t+1

I
)−1
Ψk,t,t+1 (Ck,t,t+1
=
,
I
Ψ$,t,t+1 (C$,t,t+1
)−1

By (16), intermediaries’ consumption is determined by two forces: aggregate country k
27

consumption, as given by Mk,t Ek,t + θk Dollart , and the nature of sharing this consumption
risk between customers and intermediaries. In turn, the nature of this customer-intermediary
risk sharing is determined by intermediation markups.
Specifically, when a state with a low shadow cost of intermediation, λk,t Sk,t,t+1 +µk,t , is realized, customers make large transfers to intermediaries, customers’ consumption drops, and
intermediary net worth goes up, leading to a currency depreciation. Such opposite behavior
of customers’ and intermediaries’ marginal utilities is consistent with the Backus and Smith
(1993) puzzle; in fact, consumption marginal utilities are often negatively correlated with
exchange rates (see, e.g., Backus and Kehoe (1992)), in stark contrast with what frictionless
models predict. Similarly, when a state with a high wealth-consumption ratio is realized,
customers’ consumption is low relative to their future wealth and currency depreciates.
The link between exchange rates and the wealth-consumption ratio is similar to that
in models with recursive preferences (see, e.g., Colacito and Croce (2011)); however, in
our model it arises endogenously due to intermediation markups. Importantly, and in
stark contrast to most existing asset pricing models, both the wealth-consumption ratio,
Dk,t+1 , and the stock market return, Sk,t,t+1 , appear in the pricing kernel and the exchange
rates, and the pricing kernel loads positively on the latter and negatively on the former.
In particular, intermediation markups lead to endogenous and potentially time-varying
correlations between exchange rates and the stock market.
Similar to models with recursive preferences, formula (17) (as well as its counterpart (18)
for exchange rates) is merely an equilibrium relationship between the pricing kernel and the
market return. Thus, solving for an equilibrium boils down to finding the return on the
domestic stock market, Sk,t,t+1 , the dollar index Dollart+1 , and the shadow costs λi,t , µi,t .
Theorem 6 shows how Dollart+1 can be derived explicitly in terms of the world stock market
returns (Sk,t,t+1 )N
k=1 , and the latter can be used to find λi,t , µi,t from formulas (10). Thus,
finding an equilibrium reduces to finding (Sk,t,t+1 )N
k=1 . While this cannot generally be done
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in closed form, a lot can be learned about the structure of (Sk,t,t+1 )N
k=1 from just analyzing
implications of international goods’ market clearing.
$
$
=
the US dollar price of country k stock market: Sk,t
To this end, we will denote by Sk,t

Sk,t Ek,t . We will also define
S̄t$ ≡ (1 + B̄)−1

X

$
(1 − βi )−1 βi Si,t

i

to be the US dollar price of the global, trade-weighted stock market portfolio. This portfolio
will play a key role in our analysis. It is this, the trade-weighted portfolio, and not the
international (market capitalization-weighted) market portfolio that will determine the factor structure of international stock returns. Multiplying the consumption market clearing
I
condition (16) by the stochastic discount factor Mk,τ,τ
+1 , summing over τ, taking expectation,

and using the fact that an agent’s wealth equals the present value of his consumption, we
arrive at the following result:
Proposition 7 We have

$
H
I
Sk,t
= θk S̄t$ + (1 − βk )(Wk,t
− P Vt (M arkupsk ) + Wk,t
)Ek,t ,

(19)

where P Vt (M arkupsk ) is the present D2D market value of markups (12) paid by customers
to intermediaries,

P Vt (M arkupsk ) = Et

"T −1
X

#
I
H
I
H
Mk,t,τ
Et [(Mk,τ,τ
+1 − Mk,τ,τ +1 )Wk,τ +1 ] .

τ =t

$
The intuition behind (19) is as follows: Sk,t
is the dollar market value of future output

of country k. By market clearing, it also equals the market value of global expenditures for
country k goods. The latter are given by the sum of domestic and foreign consumption. By
formula (16), foreign agents spend −θk Dollart dollars on country k goods, and the present
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value of these expenditures is precisely given by θk S̄t$ . Domestic consumption can in turn
be split into intermediary and customer consumption. The present value of the former is
intermediary wealth. However, the present value of customer consumption under the D2D
pricing kernel is strictly smaller than customer wealth, and the gap is precisely given by the
present value of markups.
Substituting (19) into (10) and (11), we can decompose Covt (k) as follows:
H,$
Wk,t
θk CovH
Covt (k) =
t
Sk,t

+ CovH
t

$
S̄t+1
H,$
Wk,t+1

!
, Sk,t,t+1

I
− P Vt+1 (M arkupsk )
Wk,t+1
, Sk,t,t+1
H
Wk,t+1

(20)

!!
,

H,$
where Wk,t
is customers’ dollar wealth. As we explain above (see Section 2.4), the sign of

Covt (k) determines customers’ incentives to take on exposure to risks in international financial markets. Decomposition (20) allows us to identify the general equilibrium forces driving
these incentives. The first component is the most interesting one. It shows how customers’
risk taking depends on the correlation structure in the international stock market. When


$
S̄t+1
H
Covt
is negative, international stock markets offer attractive diversification
H,$ , Sk,t,t+1
Wk,t+1

benefits for country k customers; when this effect is strong enough, Covt (k) becomes negative,
and customers borrow from intermediaries to get international exposure. In contrast, when


$
S̄t+1
H
Covt
is positive, there are no such benefits, and customers instead sell
H,$ , Sk,t,t+1
Wk,t+1

foreign exposure to intermediaries and invest the proceeds in risk-free bonds. The intuition

 W I −P V (M arkups )
t+1
k
k,t+1
,
S
, is similar. That is,
behind the second component, CovH
k,t,t+1
H
t
Wk,t+1
 W I −P V (M arkups )

t+1
k
k,t+1
when CovH
, Sk,t,t+1 is negative, customers’ wealth under-reacts to
t
WH
k,t+1

business cycle shocks, when compared to intermediary wealth.

Customers respond by

contacting intermediaries to get levered exposure to business cycle shocks, and intermediaries
charge markups for lending their balance sheets to customers.
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4

Applications

To proceed further and derive explicit analytical results, we will follow the approach of
Itskhoki and Mukhin (2017) and study the behavior of prices and exchange rates in the limit
of a substantial home bias, corresponding to the case when βi is small for all i.25
In our model, country i customers are only willing to get exposure to foreign shocks if
there is the possibility for international trade in real goods. Indeed, if βi = 0 for all i, then
customers simply consume their endowment and there are no gains from trading, in either
goods or financial claims.26 Thus, intermediaries have nothing to charge markups for, and
intermediation frictions do not have any impact on equilibrium prices. We will use the

∗

superscript to denote equilibrium objects in the βi → 0 limit. In this limit, exchange rates
and stock prices are proportional to money supply:27
−1
∗
Nj,t+1
Ψi,t,t+1
Ej,t+1
∗
, Si,t
= Mi,t Di,t .
≡
−1
∗
Ej,t
N$,t+1 Ψ$,t,t+1

(21)

A substantial home bias economy is a small perturbation of this autarky economy. Trade
in goods and securities is approximately linear in βi , and, hence, so are all equilibrium
quantities.
Lemma 8 In the substantial home bias approximation, we have
S̄t$,∗ ≈

X

$,∗
βj Sj,t

j
25

As Itskhoki and Mukhin (2017) argue, many countries exhibit significant home bias in consumption. We
have also solved the opposite limit of vanishing home bias and most of our results qualitatively hold in this
environment. We therefore expect that our results are robust to the degree of the home bias.
26
Recall that we assume that customers and intermediaries have identical discount factors and, therefore,
there are no gains from trading between these two groups within one country.
27
See Internet Appendix for a formal derivation.
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whereas λi,t ≈ 1, while

Covt (i) =

θ̂i CovH
t

$,∗
S̄t+1
$,∗
Si,t+1

!
∗
, Si,t+1

.

(22)

with some θ̂i > 0.
The most important result in this lemma is formula (22): As we show in the Appendix, in
the substantial home bias approximation, the second component in the decomposition (20)
is proportional to the first; thus, customers’ risk taking is determined by only one factor:
∗
with the quotient
the covariance of Si,t+1

$
S̄t+1
$
Si,t+1

. That is, it is determined by the quotient

of the global, trade-weighted stock market wealth and the domestic stock market wealth.
This is intuitive: With substantial home bias, domestic wealth is dominated by domestic
stock market wealth and, hence, customers’ incentives to get exposure to foreign shocks are
determined by the diversification benefits offered by the foreign stock market.

4.1

Stabilization policies and a dichotomy of countries

To obtain further analytical results, we will assume that all variables in our model are driven
by a single common shock. Specifically, we will make the following assumption.
Assumption 3 There exists a Markov process ωt ∈ R, t ≥ 0 with the mean ω̄ and a
small variance such that Ψi,t,t+1 and Di,t+1 are smooth and monotonic functions ωt+1 .28
Furthermore, the government adjusts the money supply in response to shocks:
log Ni,t+1 = −αiN δi ωt+1 + εN
i,t+1 ,
28

See the Internet Appendix.
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where we have defined

δi ≡

∂
log Di,t |ωt =ω̄ > 0 ,
∂ωt

and where αiN is the sensitivity of the country-i monetary policy to global shocks, while εN
i,t+1
stand for idiosyncratic monetary shocks that are independent across t and i. Also let
δiN ≡

∂
|ω =ω̄ = δi (1 − αiN ) .
S∗
∂ωt+1 i,t,t+1 t+1

(23)

We say that country i pursues a stabilization policy if αiN > 0; this stabilization policy is
mild (respectively, strong) if αiN < 1 (respectively, αiN > 1).29 We also say that country j
N

N

has less policy uncertainty than country i if Vart [eεj,t+1 ] < Vart [eεi,t+1 ] .
We will also employ the following definition.
Definition 9 A country i has a high (respectively, low) sensitivity to global shocks if

δiS ≡

$
∂ Si,t,t+1
|ωt+1 =ω̄
$
∂ωt+1 S̄t,t+1

(24)

is positive (respectively, negative).
Based on the definition of the global trade-weighted stock market portfolio, we have
X
j

$
X βj
βj Sj,t
=
1
⇒
δjS = 0 .
1 − βj S̄t$
1
−
β
j
j

Thus, the average (trade-weighted) sensitivity of countries’ relative stock prices (in US
29

Note that, importantly, the fact that Ni,t+1 is monotone decreasing in shocks does not mean that the
monetary policy directly reacts to the stock market (even though this does seem to be the case; see, Cieslak
and Vissing-Jorgensen (2017)); rather, the policy simply reacts to common macroeconomic shocks. See also
Law et al. (2017) for evidence that US monetary policy does react strongly to the macroeconomic situation.
We follow Hassan et al. (2016) in using the term “stabilization policy” to describe such a state-contingent
monetary policy.
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dollars),

$
Sj,t

S̄t$

, is zero and, hence, we can classify countries according to their exposure to

global shocks, relative to that of the global trade-weighted stock market portfolio. By (23)
and (24), when the variance of ωt is sufficiently small, we have
sign(Covt (i)) = − sign(δiS ) sign(1 − αiN ) .

Thus, customers in countries that have high or low sensitivity to global shocks exhibit
opposite behavior in their demand for insurance against these shocks; similarly, aggressive
stabilization policies will also have opposite effects in such countries. As we show in the
H
I
Internet Appendix, the total country i US dollar wealth, (Wi,t+1
+ Wi,t+1
)Ei,t+1 , decreases

in country i monetary shocks, Ni,t+1 ,30 if and only if Covt (i) > 0. The reason is that the
dichotomy of Definition 9 directly transmits into an analogous dichotomy for the insurance
demand in the D2C market and the opposing reactions of countries to monetary policy. In
other words, ex-ante expectations about the state-contingent monetary policy, as captured by
αiN , affect customers’ ex-ante insurance demand; this leads to an ex-post wealth distribution
across countries when intermediaries make transfers in the global D2D market.

4.2

Safe haven currencies

A large body of literature has investigated differences in the stochastic properties of exchange
rates across countries and, in particular, the tendency of some currencies to appreciate in bad
times. Several explanations for this behavior have been proposed, including differences in
intermediaries’ risk-bearing capacity (Gourinchas et al. (2010) and Maggiori (2013)), country
size (Martin (2012), Hassan (2013)), factor endowments (Ready et al. (2017), Powers (2015)),
30

We interpret a positive shock to money supply, Ni,t+1 > 1, as monetary policy easing: Since the
frictionless exchange rates scale inversely with the money supply, this is consistent with empirical evidence
(see Ferrari et al. (2017)) indicating that monetary policy easing shocks indeed usually leads to an immediate
contemporaneous depreciation of exchange rates.
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sensitivity to disaster risk (Farhi and Gabaix (2016)), trade centrality (Richmond (2015)),
and exposure to long-run risk (Colacito et al. (2017)). We will employ the following definition:
Definition 10 We say that currency i is a safe haven relative to currency j if, conditional on time−t information and absent monetary shocks, relative exchange rate changes,
Ei,t,t+1 /Ej,t,t+1 co-move negatively with the global stock market.
Everywhere in the sequel, we will refer to
I
H
wi∗ ≡ Wi,0
/Wi,0

as the country i intermediation capacity. This quantity captures the net worth of intermediaries relative to customers and, hence, measures intermediaries’ ability to take on balance
sheet risk when trading with customers. For simplicity, throughout this subsection, we
assume that countries differ only in wi∗ and in their degree of monetary policy uncertainty
(see Assumption 3). The following is true.
Proposition 11 Suppose that Ψi,t = Ψ$,t and that countries i, $ have low sensitivity to global
shocks. Then, the US dollar is a safe haven currency relative to country i if
• Countries only differ in the degrees of policy uncertainty and there is less uncertainty
in US policy.
• Countries only differ in intermediation capacities and the US has a larger capacity.
In the frictionless economy, monetary policy uncertainty is irrelevant in the setup of
Proposition 11: Absent differences in time discount factors Ψi , Ψ$ , exchange rates (21) satisfy
Ei,t+1
Ei,t

=

N$,t+1
.
Ni,t+1

That is, when the US money supply grows (relative to that of country i),

the US dollar depreciates (relative to country i currency). Hence, exchange rate movements
are driven purely by monetary shocks and do not correlate at all with fundamental shocks
ω.
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Intermediation frictions break this neutrality result, as Proposition 11 shows. Once
again, the underlying mechanism relies on the expectations channel. Customers anticipating
higher policy uncertainty contact intermediaries to buy insurance against future shocks.
Intermediaries charge markups for providing this insurance, in turn limiting customers’
ability to efficiently allocate consumption across future states and to buy insurance against
global stock market crashes. Put differently, customers in countries with greater monetary
policy uncertainty are less able to insure against global shocks, and their consumption is more
sensitive to these shocks. When a global shock hits, intermediaries in all countries suffer and
see their balance sheets shrink, while marginal utilities go up. However, intermediaries in
countries with greater policy uncertainty suffer less that those in the US because they have
sold less insurance against those global crisis states. This means that the exchange rate –
given by the ratio of intermediaries’ marginal utilities – depreciates relative to the safer US
dollar.31
As in Gourinchas et al. (2010) and Maggiori (2013), the US dollar is special in our model
because US intermediaries act as insurance providers to the rest of the world. However,
this means that the US dollar should also suffer the most during crisis periods, leading
to what Maggiori (2013) called the “reserve currency paradox.” Proposition 11 shows how
intermediation markups may help in resolving this puzzle. The underlying mechanism is as
follows. Customers in country i suffer in the states with a high quotient

$
S̄t+1
$
Si,t+1

of the global

trade-weighted wealth to domestic wealth because their net worth drops relative to the rest
of the world. This is exploited by intermediaries who charge high prices for insurance against
these states, pushing state prices up; the size of this effect decreases in their intermediation
capacity. As a result, state prices in the country with a larger intermediation sector are less
sensitive to the quotient

$
S̄t+1
$
Si,t+1

, making their exchange rates appreciate when this quotient

drops. Note finally that the result of Proposition 11 depends on the assumption that the US
31

This result is consistent with the empirical findings in Mueller et al. (2017), who show that the US dollar
tends to depreciate when US monetary policy uncertainty is high.
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has low sensitivity to global shocks. The latter is equivalent to a US stock market having
lower than average exposure to the world (trade-weighted) stock market portfolio.

4.3

Violations of covered interest parity

In the real world, customers in a foreign country often do not have access to direct dollar
borrowing and lending. This also often applies to major foreign regional banks, which are
considered to be lower tier in international capital markets and treated as customers by
the main global dealer banks. Instead, they can obtain US dollars through intermediaries
by borrowing funds in the local currency and then swapping their position into dollars. In
a fictitious perfect market, the forces of arbitrage imply that the corresponding FX swapimplied dollar rate should be equal to the dollar rate when directly borrowing funds in US
money markets. This arbitrage relationship is known as the covered interest parity condition.
However, growing empirical literature (see, e.g., Du et al. (2016), Avdjiev et al. (2016), Borio
et al. (2016), and Rime et al. (2017)) provides strong evidence for large and persistent CIP
deviations across a multitude of currencies.
In our model, market segmentation naturally leads to a violation of the CIP relationship
because customers willing to enter the FX swap position need to do this through intermediaries in an OTC market with non-competitive prices. The FX swap rate quoted by the
intermediary will contain a markup.32 Our goal here is to study the potential macroeconomic
drivers of such markups. Recall that Ei,t is the dollar price of country i currency and, hence,
I,H
−1
Ei,t
is the currency−i price of the dollar. Denote by r$,t
the “synthetic” nominal US dollar

interest rate quoted by intermediaries to customers of country i. By definition,
I,H

e−r$,t

 H

−1
= Et Mi,t,t+1
Ei,t,t+1
.

32
The global FX swap markets are highly concentrated, with trading dominated by a handful of dealers.
See, e.g., Moore et al. (2016).
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We define the cross-currency basis against the US dollar as
I,H

Basis$i,t = e−r$,t − e−r$,t

I,H
≈ r$,t
− r$,t .

That is, the basis (as defined here) is given by the difference between the synthetic US dollar
I,H
rate r$,t
that country i customers can back out from intermediaries’ quotes in the FX swap

market and the direct dollar rate r$,t , is generally non-zero. Since the CIP relation holds
separately in the D2C and D2D markets, country i customers receive from intermediaries

 H
I,H
I,H
−1
, for the dollar rate, as well as a quote f$,t
=
a quote r$,t
= − log Et Mi,t,t+1
Ei,t,t+1
−1
H
Et [M
Ei,t+1 ]
log E i,t,t+1
for the dollar forward rate. Both are in the D2C market and satisfy the
H
M
t [ i,t,t+1 ]
I,H
I,H
no-arbitrage CIP relation: r$,t
= log $i,t − f$,t
+ ri,t . At the same time, the same relation
I,i
holds in the D2D market: r$,t = log $i,t − f$,t
+ ri,t . Thus, the basis is given approximately

by
I,H
I,H
I,i
I,i
I,H
Basis$i,t ≈ r$,t
− r$,t = (log $i,t − f$,t
+ ri,t ) − (log $i,t − f$,t
+ ri,t ) = f$,t
− f$,t
.

I,H
I,i
, and we can
− f$,t
Hence, it arises exclusively from the difference in the forward rates, f$,t
I,H
interpret r$,t
as the forward-implied rate.

The above mentioned empirical papers show that the basis is positive for a large set of
currencies. This means that borrowing in USD is more expensive in the swap market that in
direct USD money markets, which are not accessible to many customers around the world.
Our goal here is to understand the macroeconomic origins of the positive basis. By the
fundamental markup equation (14), we have
−1
H
(Si,t,t+1 /Wi,t,t+1
) , Ei,t,t+1
Basis$i,t = e−ri,t λi,t CovH
t

+ e−ri,t




Covt (i)
−1
H
−1
CovH
(W
)
,
E
t
i,t,t+1
i,t,t+1 ,
∆i,t

(25)

and, hence, a positive basis emerges in our model if the dollar is a good hedge for either the
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H
H
wealth ratio, (Si,t,t+1 /Wi,t,t+1
), or the marginal utility of wealth, (Wi,t,t+1
)−1 , multiplied by

Covt (i). As we explain above, these quantities are determined by the sensitivities of countries
i, $ to global shocks as well as by the degrees of monetary stabilization policies pursued by
the governments, αiN , α$N . The following proposition derives sufficient conditions for the
positivity of the basis in the substantial home bias limit.
Proposition 12 Suppose that the variances of all shocks are sufficiently small. If δkS (δkS −
δkN ) > 0, k = i, $, then a positive basis emerges if countries differ in only one of the following:
(1) Country i has smaller intermediation capacity than the US.
(2) The US has a higher market capitalization than country i.
Furthermore, the basis is monotone increasing α$N if and only if δ$S < 0.
The key implication of the fundamental markup equation (25) is that the basis is determined by risk properties of the dollar. In case (1) of Proposition 12, the US dollar is attractive
because high intermediation capacity makes exchange rates less sensitive to shocks (see the
Internet Appendix). A good example for case (2) is an emerging market economy with a
stock market that is highly sensitive to global demand shocks (e.g., because its exports of
commodities are not sufficiently diversified). Customers in such a country depend crucially
on the global demand for their goods; when the US market is a key component of this
demand, customers find it optimal to borrow in US dollars. Finally, our last result implies
that a positive basis may arise when the US monetary policy starts diverging from that of
the rest of the world. Empirical evidence (see Wu and Zhang (2018)) seems to suggest that
this is indeed the case.

39

5

Conclusions

We introduce an imperfectly competitive intermediation sector into a standard, international
monetary model à-la Lucas (1982). We show that one simple friction, whereby intermediaries
exploit their market power and charge endogenous markups for providing customers with
access to foreign securities, can generate the rich behavior of risk premiums and exchange
rates. We derive the risk structure of exchange rates explicitly and link it to observable
macro-economic quantities.
We show how our explicitly derived risk structure of exchange rates can help explain
several known anomalies in exchange rates, such as safe haven properties of exchange rates
and the breakdown of covered interest parity. Customers’ demand for exposure to foreign
shocks is driven by a new object: the covariance of the domestic nominal stock market wealth
and the ratio of this wealth to the global trade-weighted stock market wealth. Expectations
about the future state-contingent conduct of monetary policy influences this covariance and,
hence, affects the nature of international risk sharing.
Our model is flexible and can easily be modified to account for more complex features
of the real world. In particular, incorporating sticky prices and realistic monetary policy
and inflation dynamics is crucial for understanding the impact of intermediation frictions
on macroeconomic dynamics. In a production economy with financially constrained firms,
intermediation frictions would also play the additional role of directly affecting the real side
of the economy. Furthermore, intermediaries themselves are subject to numerous regulatory
requirements and financial frictions. We leave all these important questions for future
research.
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