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Abstract

I propose a two-country intermediary-based model with financial frictions to study
the exchange rate movement and the dynamics of the U.S. external balance sheet. In
the model, financial intermedairies are subject to time-varying leverage constraints
which limit their ability to raise funds. The key asymmetry in the model is that
U.S. Treasury bonds are considered to be safer and offering more liquidity than
government bonds issued by foreign countries. Under the symmetric global financial
shock, the model is capable to endogenously generate safe asset demand and provide
micro-foundation for convenience yield that investors derive from holding US safe
assets. In global recessions, the demand for U.S. safe assets increases, convenience
yield becomes higher, leading to an appreciation of the dollar. Under the safe asset
view, the seigniorage revenues from issuing bond that carry higher convenience yield
raise the U.S. consumption share in recessions, despite the U.S. suffering portfolio
losses from external positions. The model can also jointly explain the large and
persistent CIP deviation due to the tightening of bank regulations after the GFC.
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1 Introduction

In the international finance literature, the exchange rate disconnect puzzle is a well-known
phenomenon where exchange rates seem to move independently of traditional macroeco-
nomic fundamentals, such as interest rates, inflations, or trade balances.! Instead of
following the patterns suggested by these economic variables, exchange rates appear to
be more closely linked to financial forces. In periods of financial turmoil, it has been
shown that exchange rates are more driven by factors such as global risk appetite, finan-
cial market safety and liquidity and cross-border capital flows rather than the economic
fundamentals that once dominated exchange rate models (Lilley, Maggiori, Neiman, &
Schreger, 2022). During the global financial crisis of 2007-2009, investors’ risk-bearing
capacity sharply declines as uncertainty and financial instability escalate. This height-
ened aversion to risk triggers a widespread flight to safety, where investors seek assets
perceived as secure, such as U.S. Treasuries. As demand for these safe-haven assets in-
creases, the convenience yield on U.S. Treasury rises. This surge in convenience yield
signals a stronger preference for U.S. safe assets, which in turn drives up the demand for

U.S. dollars, leading to the appreciation of the dollar.

Dollar exchange rate movement has been associated with cross-boarder capital flows
and with the “exorbitant privilege” of the U.S. In the global financial system, the U.S.
plays a special role as the “banker of the world”, who holds risky assets of foreign countries
and supplies safe liabilities to foreign investors. Under the risk-based insurance provision
view (Gourinchas & Rey, 2022), through these cross-border asset positions, the U.S. earns
a risk premium in normal times as a compensation for taking on more risks, and bears
losses in global recessions as the insurance pays off. While this view provides important
insights, it faces a “reserve currency paradox” (Maggiori, 2017). As insurance payment
transfer from the U.S. to the rest of the world during global recessions, the foreigners
become relatively wealthier. With the home bias in consumption demand, this would

raise the price of the foreign goods and strengthen the foreign exchange rate. However, in

1See, (Meese & Rogoff, 1983); (Obstfeld & Rogoff, 1995); (Engel & West, 2005).



the data, we observe that dollar exchange rate always appreciates during global recessions.

In this paper, I propose an open economy intermediary-based model extending (Gertler
& Karadi, 2011) that can jointly explain the important features of the global financial
crisis. In each country, households consume and save by putting deposits in financial
intermediary located in their own country. Governments issue debt and make transfer to
households. The core concept of the framework is that the financial interemdairies which
facilitate the flow of funds from households to the real economy, face leverage constraints
that limit their ability to raise funds. The leverage constraint requires that the market
value of an intermedairy must be greater than or equal to a fraction of its risky assets.
My contribution to this framework is that I let the fraction in the leverage constraint to
be time-varying and depend on how much safe assets financial interemdairies have in their
portfolio. If the financial intermediary holds a larger amount of safe assets, his ability to

raise funds from the households becomes higher.

A key asymmetry in the model to generate the important asset pricing implications
is that all financial intermediaries consider U.S. Treasuries as an asset that is safer and
offering more liquidity than other governement bonds issued by foreign countries. A
substantial body of research has demonstrated that the U.S. serves as the world’s primary
supplier of safe assets, a role that has become even more pronounced since the 2008

Financial Crisis.?

When there is a global financial shock, the international financial
system breaks down. Global financial intermediaries become financially tightened and
eager to seek liquidity. This leads all financial intermedairies rush to U.S. Treasuries
and pay a premium to hold US safe asset because it relaxes their financial constraints.
Therefore, given financial intermedairies face deleverage pressure during crisis, the model
could endogenously generate safe asset demand and a high “convenience yield” for the
U.S. Treasury, causing a dollar appreciation. The model is capable to provide micro-
foundation of the convenience yield through the lens of intermedairy-based model with

financial friction and also to generate a persistent deviation from uncovered interest parity

(UIP) due to the time varying convenience yield.

2See, (Gourinchas & Rey, 2007a);(Maggiori, Neiman, & Schreger, 2020)



To study the dynamics during the Global Financial Crisis, I hit the model with a global
financial shock that simultaneously tightens the leverage constraints of all the financial
intermediaries, forcing them to de-lever as well as adjust their investment portfolio across
asset classes. As foreign intermediaries values the liquidity and safety of U.S. Treasury
more than the U.S. intermediaries, the foreign intermediaries end up holding more U.S.
safe assets and U.S. imtermediaries hold more foreign government bonds. The bond flow
is consistent with “flight to safety” during the Global Financial Crisis. The model is also
capable to reproduce the positive correlation between bond-flows and exchange rate (Lilley
et al., 2022). As more funds flow from the foreign country into the U.S. than the other way
around, we obtain a positive net bond flow to the U.S. Hence, the global financial shock
which endegenously generate safe asset demand produces a positive correlation between
the dollar exchange rate and the net bond flow. Intuitively, given the U.S. safe-haven
status, we would expect bond flows into the U.S. during global stress periods as foreign
investors seek safety and liquidity, and dollar appreciates due to high convenience yield.
During normal times, when investors have a greater capacity to bear risk, capital flows

out of the U.S., leading to a depreciation of the dollar.

The safe asset view also has the potential to shed light on understanding U.S. exor-
bitant privilege during the Global Financial Crisis. The model is capable of accounting
for the fact that while the U.S. is a net international debtor with the NFA keeps deterio-
rating, its net investment income is positive, a noted feature of the U.S. external balance
sheet during the GFC. The U.S. takes a long position on foreign risky assets and a short
position on dollar bonds. In a “flight to safety” episode, the dollar appreciates and the
valuation effects lead to the U.S. suffer a loss on its external portfolio and its NFA declines
as we observe in the data. However, the demand for U.S. safe assets allows the U.S. to
fund its liabilities at lower interest rates, which generates a seigniorage revenue to the
U.S. Higher seigniorage revenue from issuing safe assets offsets losses on holding equities,
potentially resulting in a positive net investment income for the U.S. As a result, the
countercyclical seigniorage revenue allows the U.S. to consume relatively more than the

rest of the world during financial crisis despite the loss on its external portfolio. Thus, the



goods market clearing is also consistent with a stronger dollar. On the contrary, under
the insurance-provision view, global recessions reduce the U.S. consumption shares since
the U.S. suffers portfolio loss and there is a wealth transfer from the U.S. to the rest of
the world. Given the home bias in consumption demand, U.S. dollar should depreciate
in bad times, which contradicts to what we observe in the data. Under the safe asset
view, the U.S. can continue running trade deficits despite having a negative net foreign
asset position. Therefore, while the U.S. still suffers portfolio losses from its external
asset positions due to valuation effects, it does not necessarily have exorbitant duty and

transfer wealth to the rest of the world during the GFC.

I also consider the effects of the endowment shocks in my framework. A negative en-
dowment shock reduces the output of the equity and lowers the return and the price of the
equity. Hence, it reduces the profitability of the financial intermediary, which shrinks the
net worth of the financial intermedairies. This leads to a contraction of the economy and
further impairs the intermediaries’ balance sheets. As in the literature on the “financial
accelerator” (e.g., (Gertler & Karadi, 2011)), the financial squeeze resulting from a nega-
tive endowment shock reduces investment and exacerbates the effect of the original drop
in endowment of the output. Thus, a negative endowment shock endogenously tightens
the leverage constraint. From the impluse response analysis, we can observe that it gen-
erates similar effects but with smaller magnitudes as that from the global financial shock.
Additionally, second-order moment matching shows that the model with only endowment
shock is not capable to generate large enough standard deviations and other comovements

close to the data.

Deviations from the CIP and its dynamics have attracted considerable attention in
recent years. The model can be extended to account for the large and persistent CIP
deviations during the Global Financial Crisis. The tightened bank regulations after the
global financial crisis constrain the financial intermediaries from engaging in arbitrage
in the foreign exchange swap market and produce deviations from the CIP. Before the
financial crisis, FX swap is considered to be risk-free and there is no constraint on it. After

the global financial crisis, under the new Basel III regulatory framework, intermedairies



are required to hold a certain amount of equity capital against all assets regardless of their
riskiness. By carefully calibrating the parameter that determines the relative tightness
of the constraint on FX swaps within the augmented leverage constraint, the model can

successfully replicate the CIP deviations observed in the data.

In summary, this paper provides a safe asset view for understanding exchange rate
movements, convenience yield, capital flows and the U.S. external balance sheet. The
financial intermedairy-based model with time varying leverage constraint offers a novel
way of understanding the deviation of UIP, deviation of CIP and U.S.’s special role in
the international financial system. The model is able to reproduce the important stylized
facts from the data and complements the insurance-provision that emphasizes the U.S.

role as the global insurance provider.

Related Literature

The paper contributes to the active research that uses fluctuation of “convenience yield”
of safe assets to explain exchange rate movements or deviations from uncovered interest
parity. Several recent empirical papers include (Jiang, Krishnamurthy, & Lustig, 2021),
(Koijen & Yogo, 2020) and (Engel & Wu, 2023) suggesting convenience yield drives ex-
change rate. (Jiang et al., 2021) assume an exogenous convenience yield derived by
foreign investors from holding U.S. safe assets during times of global stress that generates
a deviation from uncovered interest parity and dollar appreciation. Fluctuations on the
safe asset demand can explain the convenience yield, as in (Krishnamurthy & Vissing-
Jorgensen, 2012) and (Krishnamurthy & Lustig, 2019). On the theoretical side, (Kekre &
Lenel, 2024) present a model of convenience yield and risk premia in a general equilibrium
model of the global economy. They use a bond in utility function with a preference shock
representing an exogenous foreign safe asset demand shock to derive convenience yield and
explain exchange rate and asset prices. (Engel, 2016) investgates the forward premium
puzzle and the persistent appreciation of high-interest-rate currencies suggesting that lig-

uidity demand could jointly explain the empirical regularities. (Valchev, 2020) introduces



a consumption trade cost depending on the safe assets that provide explanation of the
uncovered interest parity puzzle across different time horizons through bond convenience
yields. These papers provide evidence that deviations from UIP may be attributable in
part to liquidity or convenience yields, and that this return to liquidity also influences the
level of the exchange rate. However, models in previous literature take deviation from
UIP due to convenience yield either as exogenous, or bonds are in utility function, or from
exogenouly given bond demand functions. In comparison, this paper contributes to the
literature by introducing an endogenous mechanism that a global financial shock which
tightening the leverage constraints of the financial intermediaries triggers a rise in the safe

asset demand and the convenience yield.

The paper closely relates to research that focuses on the role of limited risk-bearing
capacity of the financial intermediation in explaining exchange rate and capital flows.
Following the pioneering work of (Gabaix & Maggiori, 2015), many studies show that
intermediary frictions matter to exchange rates and financial stability. (Maggiori, 2017)
shows that limited risk-bearing capacity among financial intermediaries leads to exchange
rate movements in response to capital flows. More recent work by (Itskhoki & Mukhin,
2021) incorporate asset demand shocks in partially segmented financial markets to ex-
plain exchange rate puzzles. (Fang & Liu, 2021) build a quantitative model to resolve the
exchange rate puzzles by analyzing the interaction between financial intermediary lever-
age constraints and volatility. However, the limitation of their model is the simplifying
assumption that intermediaries only live for two periods. Instead, the critical feature of
the model in this paper is the presence of long-lived financial intermedairies that face
leverage constraints. The theoretical framework of this paper takes the general idea from
the classical literature of financial friction and financial accelerator of the intermediaries.
It closely follows the model framework from (Gertler & Karadi, 2011). I find out that the
framework can be extended into a two country model which can jointly explain exchange
rate movements and U.S. external balance sheet during and post global financial crisis
periods. The closest paper is (Devereux, Engel, & Wu, 2023) in which the model assumes

that U.S. government bond which receives the lowest constraint due to it’s advantage as a



superior collateral asset on intermediary’s balance sheet. A key distinction in my paper’s
model is the inclusion of the role of safe asset as the core part of the accelerator which
is time-varying. Holding more safe assets can relax the financial constraint and enhance
the ability to raise funds from households. The model is capable of generating large asset

price movements as in (He & Krishnamurthy, 2013).

The paper also relates to vast amount of research studying the special role of the U.S. in
the international financial system (Mendoza, Quadrini, & Rios-Rull, 2009), (Gourinchas,
Rey, & Truempler, 2012). A large amount of empirical work have documented that U.S.
has a special external balance sheet. (Gourinchas & Rey, 2007b) analyze the composition
of the US external positions and emphasis the importance of excess returns in the global
financial adjustment process. (Mendoza et al., 2009) and (Caballero, Farhi, & Gourinchas,
2008) build models to account for this global pattern of portfolio returns. (Maggiori,
2017) and (Gourinchas & Rey, 2022) argue that U.S. enjoys “exorbitant privilege” during
normal times and experiences “exorbitant duty” during global financial crisis periods. This
paper analyzes U.S. exorbitant privilege through the lens of safe assets and argues that
higher seigniorage revenue potentially allows the U.S. to generate positive investment
income and consume relatively more despite the loss on its external portfolio. In other
words, U.S. does not necessarily have exorbitant duty during times of global stress as
mentioned in (Jiang, 2024). The main contribution of this paper is to characterize the
U.S. balance sheet under the same general equilibrium model and provide implications for
the relationships between exchange rate and net foreign asset positions, net investment

income and bond flows.

The U.S. dollar has long served as the global reserve currency and the primary currency
for issuing global safe assets. (Ivashina, Scharfstein, & Stein, 2015) demonstrate that non-
U.S. banks are also heavily involved in dollar-denominated activities. (Maggiori et al.,
2020) confirm this finding and additionally highlight that the dollar’s dominance increased
following the financial crisis. (Du, Im, & Schreger, 2018) and (Krishnamurthy & Lustig,
2019) emphasize the role of US treasury securities as safe assets in the international

financial system. This paper complements the existing literature by proposing a general



equilibrium model and explain the dynamics of dollar exchange rate and U.S. external

balance sheet through the global safe asset’s view.

Deviations from the covered interest parity after the GFC and its dynamics have
attracted considerable attention in recent years: (Du, Tepper, & Verdelhan, 2018) and
(Avdjiev, Du, Koch, & Shin, 2019). The literature has proposed different explanations
and evidence of deviations of CIP, such as bank regulation change (Cenedese, Della Corte,
& Wang, 2021); imbalances in the demand for and supply of FX hedges (Borio, Igbal,
McCauley, McGuire, & Sushko, 2018); segmented money markets (Rime, Schrimpf, &
Syrstad, 2022); and reserve accumulations by central banks at the zero lower bound
(Amador, Bianchi, Bocola, & Perri, 2020). This paper does not provide a new explanation
for deviations of CIP. Instead, following the perspectives of (Cenedese et al., 2021) that
tightened bank regulations after the global financial crisis constrain the intermediaries
from engaging in abitrage in foreign exchange swap market that leads to deviations of
CIP. In this paper, I study deviations of CIP, the dynamics of exchange rate and US

external balance sheet within a unified quantitative model.

The remainder of this paper is structured as follows. Section 2 shows the stylized
facts that motivate my model. Section 3 describes the model framework. In section 4,
I calibrate the model to the data and study the model’s impluse responses to a global
financial shock and a global endowment shock and study the dynamics of U.S. external
balance sheet. In section 5, I extend the model to include FX swap contract and explain

the deviations from CIP. Section 6 concludes the paper.

2 Motivating Facts

In this section, I present some stylized facts around time of the global financial crisis that
helps to motivate the model.

Fact 1: The dollar exchange rate strongly comoves with global risk appetite during the
Financial Crisis.

It is well known that the dollar exchange rate is disconnect between macroeconomic fun-



damentals, such as the interest rate differential, inflation differential and trade balances.
Instead, it exhibites a stronger correlation with global risk appetite during the Financial
Crisis (Lilley et al., 2022)3. As foreign investors seek safe-haven assets such as U.S. Trea-
sury bonds, the dollar appreciates sharply. The strengthening of the dollar during GFC is
driven by global deleveraging and a surge in demand for liquid, dollar-denominated assets,
rather than improvements in U.S. macroeconomic fundamentals. The episode highlighted
the role of the dollar as the world’s primary reserve currency, where its value is often
determined more by shifts in global risk sentiment than by domestic economic conditions.
Fact 2: The dollar exchange rate appreciates when the convenience yield on U.S. Trea-
sury bonds increases.

Figure 1 shows the strong relationship between Treasury basis and the U.S. dollar ex-
change rate. The blue line represents the U.S. dollar price of the average of the G10
currencies (converted into real exchange rates by adjusting the relative consumer prices.)
The red line presents the Treasury basis measure in (Jiang et al., 2021), defined as the
difference between the yield on a 12-month U.S. Treasury bond ¢ and the synthetic dollar
yield with a 12-month foreign government bond yield r; hedged back into dollars. The
measure captures the convenience yield of the U.S. government bonds. This figure clearly
illustrates that the sharp appreciation of the U.S. dollar during crsis period is associated
with a large increase in the U.S. treasury basis, which implies an increase in U.S. Treasury
demand during global stress.

Fact 3: Flight to safety on Treasury Bills and retrenchment on equity flows during the
crisis.

The left panel of Figure 2 plots the government bond holdings of foreign countries and the
U.S. The blue line shows that there is a huge boost of rest of the world buying short-term
treasuries during the Crisis. It is consistent with “Flight to Safety” during GFC. On the

other hand, the red dashed line shows that U.S. purchases more foreign government bonds

3(Lilley et al., 2022) show exchange rate reconnect with global risk appetite in Figure 2, which plots
the R? values of rolling univariate regressions of the dollar exchange rate on a constant and the con-
temporaneous change in six global risk proxies: “S&P500”, “Treasury Premium”, “GZ Spread”, “VXO”
,“Global Factor” constructed by (Miranda-Agrippino & Rey, 2020) and “Intermediary Returns” proposed
in (He, Kelly, & Manela, 2017). They have shown that starting 2007, there is an abrupt increase in the
explanatory power of most of of the risk proxies for the dollar exchange rate.

10



due to the fact that U.S. has higher risk bearing capacity. Based on the graph, we can
see that there is a net bond inflow to the U.S. during global stress periods. The right
panel tells a different story. It shows equity retrenchment during the crisis. During the
global financial crisis, both the U.S. and the rest of the world are pulling back from foreign
riskier investments and are reducing their holdings of foreign equities. Retrenchment of
capital flow, which is a common feature of the Global Financial Crisis, is due to higher
risk aversion of investors or higher liquidity needs.

Fact 4: U.S. NFA position deteriorates and U.S. net investment income increases during
the crisis.

Figure 3 plots the U.S. net foreign asset (NFA) and the U.S. net investment income. The
left panel shows that the U.S. had an NFA position of about 10% of its GDP around
2007 right before the crisis hit, and the ratio kept decreasing all the way to over 40% at
the end of 2018. On the other hand, the right panel presents that the net investment
income follows an opposite trend. It rises from about 0.25% of the GDP to about 1.4%
toward the end of the sample. We observe that the U.S. still enjoys exorbitant privilege
during financial crisis since the net investment income never drops below zero despite a
consistently deteriorating of NFA.

Fact 5: CIP deviations has been substantial and persistent after the global financial crisis
when dollar exchange rate appreciates.

Figure 4 shows that prior to 2007, CIP deviations tended to be very small, but since
then they have been large and time-varying. On one hand, a stronger dollar is often
associated with global financial stress, as investors seek safety, driving up demand for
dollar-denominated assets. Foreign banks found it hard to raise dollar funds in the inter-
bank spot market during crisis and instead turned to the swap market to swap foreign
currencies into dollars, which increased the cost of synthetic dollar funding. On the other
hand, CIP deviations arise from limited of arbitrage due to the new bank regulations after
the global financial crisis. It develops when excess demand for dollar funding through the
FX swap market is absorbed by financial institutions that have limited arbitrage capac-

ity. With reduced arbitrage activity, the market cannot correct CIP deviations effectively,
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causing them to persist or widen.

3 Model

I study a two-country endowment economy with two goods. The baseline model is based
on (Gertler & Karadi, 2011) and is extended into a two country environment. Time is
discrete and infinite. The home country is the U.S. and the foreign country represents
ROW (G10 countries). For each country, there are one representative household, one unit

measure of financial intermediaries and one government.

Financial intermediaries are the most important agents in the model setup. Financial
intermedairies take deposits from household, and they can invest in two types of assets:
risky equities and risk-free bonds issued by the government. Financial intermediary trade
assets with each other in an incomplete financial market. The dmestic and foreign finan-
cial intermedairies face asymmetric leverage constraints since U.S. government bond is
considered to be safer and offer more liquidity. This asymmetry is the key to generate

the model mechanism.

3.1 Endowment

Aggregate risky asset in each country is exogenous and its aggregate supply is normalized
to one. It can be considered as Lucas tree that produces dividends as consumption goods.
Equity’s productivities are denoted by Y; and Y;* and follows exogenous stochastic process.
Let @); be the price of one unit of the domestic equity, then the return on the equity Rx +11
is given by

R QY
K4l = =~
@

Similarly, for the foreign country, the return on equity is

* *
[ Qi1 + Y
K7t+1 - Q%k *
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3.2 Household

There are two types of goods in the economy. The domestic households are endowed with

good H, and the foreign households are endowed with good F. The two goods aggregate

o (1—a)
into the consumption basket C; = (C;”> <%> for the domestic country, where

11—«

Cph+ and Cp; are the domestic consumption of good H and F. a € (0.5, 1] implies a

home bias in consumption preference. Similarly, the foreign consumption aggregator

* (1—a) O\ O
is symmetric C} = (C}“> (CF ’t> . Households have CRRA preference over their

l—« «

consumption basket with risk aversion 7.

The domestic household solves the following optimization problem:

00 1—y
Crp —1

max F e & E—
CH,t,CF,¢,Dt ! ; 6 1—7
s.t. Ct + Dt = RD,tletfl + Ht — ,Tt (1)

The consumption basket is the numeraire. Let Py, and Pr; be the prices of good H
and F. We must have that Py,Cy; + PriCpy = Cy. Dy is the deposit by households at
time t, Rp;_1 is the return on risk-free deposit. In this model, I assume that households
only save deposits in financial intermediaries, and they don’t have access to risky financial
assets nor government issued bonds directly. This assumption follows the literature on
intermediary asset pricing. Households rarely directly trade sophisticated assets due to
lack of investment expertise. Il; denotes the net profit from financial intermediaries. T;

is the net tax paid to the government or net transer from the government.

Given household’s optimality conditions, demand for home and foreign goods must

satisfy
OéCt
= 2
Chy Prrs (2)
. (]. - Oé)Ct

Cth - PF,t (3)

% (1 Oé)StC;k
= 4
Hit PHt ( )
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OéSt Ct*
* — 5
Fit PF’t ( )

where S; represents the real exchange rate which is defined as the relative price of the
foreign consumption basket.

Proposition 1. The real exchange rate (S; increases means U.S. dollar depreciation) in

PFt (2a—1)
S, = [ =% 6
: (PH> (6)

The proof is shown in Appendix B.1.

this economy is given by

Domestic household’s intertemporal optimality condition is

Ey[My1Rpy] =1 (7)

where M, is the household’s SDF between t and t+1 given by M, = (8 (Cth)_v.

3.3 Financial Intermediary

In each country, there is a unit measure of financial intermediaries. Each intermediary
runs a bank in the country. They obtain funds from households and also through internally
accummulated net worth. They use these funds to finance claims on both risky assets
and government issued safe bonds. At the end of one period, each banker has probability
o to continue the next period as a banker and 1 — o probability of retiring to become a
household. Exiting bankers pay out their earnings to the household and are replaced by

a set of entrant bankers with initial wealth given by the household.

A continuing banker faces the following balance sheet constraint:
QK+ SiQiKpiy+ Briy + SiBrii = Niy + Dy (8)

Here N;, is the net worth, D;, is the household’s deposit. On the asset side, the inter-
mediary holds K ;; unit of home equity priced at @), Kz, unit of foreign equity priced

at ()} in foreign currency, By ;; amount of home government bond and Bp;; amount of

14



foreign government bond.

If he continues as a banker at the end of the period, his net worth evolve as
Nitt1 = Rr11QiKpii + Sipi Ry 1 Qi Kriy + Rp ¢ Briy + Sty 1Ry Bris — RpiDiy (9)

where Ry 11 = (Qi1 + Yig1)/Qr and R, = (Qfy, + Y4,)/QF are the returns on the

doemstic and foreign equities.

The intermediary’s objective is to choose his portfolio allocation to maximize the
discounted expected lifetime profit. Assume the intermediary inherited the SDF M,
from the home representative household. The intermediary’s value function is given as

follows:

V(Niy) = max Ey [Mi1((1 = 0)Nigp1 + 0V (Niti1))] (10)

9
Kpgit,KFit,BH,it,Brit,Dit

Financial intermedairy maximizes the value function by choosing the amount of equities,
government bonds and deposits. Aside the balance sheet constraint shown in Eq. (8), I
assume the banks face an additional leverage constraint that limits the bank’s ability to

raise funds.

V(Ni,t> > et(xt)(QtKH,i,t + Q:StKF,’i,t) (11)

The last inequality states that the market value of an intermediary must be greater than
or equal to a fraction 6; of its risky positions. It characterizes the VaR financing constraint
faced by the intermediary which effectively limits its ability to raise funds. VaR is defined
as the worst-case loss such that a loss greater than the VaR is low-probability event.
0,(z;) can be interpreted as VaR per unit of asset. Compared to the financial constraint
in (Gertler & Karadi, 2011), 6;(x;) is time-varying and it is a function depending on
how many safe assets in the financial intermedairy’s portfolio instead of a constant. The

functional form of 6,(x;) is defined as follows:

By S Br;
0(z¢) = Ooxs exp (— (wg% —i—wFtN—m)) (12)
it it

)
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where 1; = wg Bﬁ‘i’t —|—CUF%,F:¢ is the weighted government bond holding scaled by bank’s

net worth. 6y captures the financing constraint caused by time-invariant frictions. y; is an
exogenous stochastic state variable governing the general financial tightness. Government
bonds are considered to be collateral assets. The more collateral assets the intermediary
have, the more faith the depositors would have on the financial intermediary, and the
VaR per unit of asset would be lower. Parameter wy reflects the elasticity of domestic
tightness to domestic safe asset holding in the portfolio, whereas wr denotes the elasticity
of domestic tightness to foreign safe asset holding in the portfolio. I assume that wy > wp,

so that the leverage constraint is more elastic to change on the domestic safe asset holding.

Foreign leverage constraint is defined in the similar way as:

V(N:t) > er@t)(QtK;Li,t/St + Q:K}zt) (13)

where 0} (x}) is similarly defined as follows

Biri/ St Bris

07 (x}) = O xi exp <— (w}"q H’l’i + whp—2= )) (14)
Ni,t Ni,t

I assume that wj; > w} such that foreign financial constraint is more elastic to domestic

safe asset holdings than their own government bond.

The home financial intermediary has the optimization problem of maximizing Eq. (10)
under the balance sheet constraint Eq. (8), the leverage constraint Eq. (11) and the law
of motion of net worth Eq. (9). Before proceeding to the solution, I first introduce some
lemmas which can simplify the derivation.

Lemma 1. The leverage constraints for both countries are binding if and only of there
exist a positive yield spread for market risk-free security and the government bond Rp; —
Rpy>0and Ry, — Ry, > 0.

Proof. See Appendix B.2.

Since we observe yield spreads in the data, I assume that the leverage constraints

always bind.
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Lemma 2. The value function for the financial intermediaries is linear in net worth. For

domestic one, we have

V(Ni,t) - thi,t

where 1); is non-bank-specific. All the policy functions are also linear in net worth. Thus,
financial intermediaries are homogeneous and behave exactly the same in equilibrium.

Proof. See Appendix B.3.

Now, we can proceed to solve for intermediary’s problem and derive key asset pricing
equations. Let Mt+1 = M;11(1 — 0 + 0141) be the distorted pricing kernal for the home

intermedairies, and k; be the Lagrange multiplier associated to the domestic financial

_ Ky +StQf Kr ¢
- .

constraint. Define the leverage, denoted by ¢; as ¢; = ~ Then, we can

solve for the UIP condition and real exchange rate from the first order conditions of the
intermedairy’s problem. I use lower case variables to represent the log of these variables.

Proposition 2. The asset pricing equations for the model are as follows:

1. From the domestic country’s perspective:

- The risk premium on the risky equity is given by
Et[Mt+1(RK,t+1 — Rpy)] = k0, (15)
- The liquidity premium for the U.S. Treasury bond is given by

Et[Mt+1 (RD,t - RB,t)] = leftet(ﬁt (16>

2. Assume that Mt+1, Mt*—f—l and S;q follow log-normal distributions. Uncovered in-

terest parity condition can be derived as follows.

1
* ~
Et [ASH.l] + TB,t — Bt = —COUt (mH7t+1, A5t+1) — §Va7’t(Ast+1)
vV
risk premium adjusted by the Jensen term (17)

+ log(,ut — wrkibdy) — log(py — wHﬁtQtﬁbt)l

-
relative convenience yield gap
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Proof. See Appendix B.4.

Eq. (15) prices the risk premium due to the leverage constraint. It depends on two
terms. k; is the Lagragian multiplier on the leverage constraint. If it is high, it represents
that the financial conditions are really tight. 6; is the per unit VaR. If it is high, then the

creditor would demand a higher risk premium.

Eq. (16) prices the liquidity premium provided by the U.S. Treasury bond. If the
U.S. Treasury bond does not offer any liquidity benefit, then the right hand side of the
equation wykif;¢; would be zero. Now the liquidity of U.S. Treasury bonds depends on
four quantities. The first term is a constant parameter wy, which is the elasticity of how
much the constraint reacts to change in U.S. Treasury holding. The second term k; is the
Lagrange multiplier on the leverage constraint, which is the marginal gain of the expected
present discounted profit in the objective function. The third term 6, evaluates the time-
varying tightness of the leverage constraint. The last term ¢ is the financial intermediary’s
leverage. During financial crisis periods, the leverage constraint is tightened more, all
three terms ky, 6, and ¢, would increase, and it implies a higher liquidity premium of the

U.S. Treasury bond.

The second part of Proposition 2 characterizes the relations among the expected cur-
rency appreciation rate Fy[Asyy 1], the risk free rate differential 75, — 75, the covariance
between the financial intermediaries’ stochastic discount factor and the real exchange rate
adjusted by Jensen term —Cov(Mmpy 41, A1) — %Vart(AstH), and the relative conve-
nience yield gap log(u; — wpkbd;) — log (s —wpkibidy). The excess return term has been
extensively studied®. The key term in Eq. (17) is the relative convenience yield gap term,
which provides micro foundation for the term (A\M® — A*%) from (Jiang et al., 2021)%. It is

the extra convenience yield earned by U.S. investors on their holdings of U.S. Treasurys

4See (Backus, Foresi, & Telmer, 2001); (Lustig, Roussanov, & Verdelhan, 2011); (Verdelhan, 2010);
(Bansal & Shaliastovich, 2013); (Ready, Roussanov, & Ward, 2017) and (Lustig, Stathopoulos, & Verdel-
han, 2019).

5(Jiang et al., 2021) assume that The U.S. investors derive a convenience yield when investing in
U.S. Treasurys: Et(Mt$+1eyf) = e’Af'ss, )\f’$ > 0. The U.S. investor’s Euler equation when investing
in the foreign bond to derive a convenience yield A;%: E, (Mt$+1sg—tleyf) =M AP > 0. Log-
linearizing the above equations, we have Ey(Asiy1) + (y7 — yf) = RPF — Jvary(Asiq1) + (x\f’$ — A%,
where RPt$ — %vam(AsHl) represent the risk premium adjusted by Jensen terms.
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in excess of the foreign government bond.

To interpret the results, first we take a look at the term log(u; — wyrii¢;) which
corresponds to the term —)\f % in (Jiang et al., 2021). It represents the convenience yield
of investing in U.S. treasurys for U.S. investors. Note that p; is the expected return from
holding risk-free market security for U.S. investors, and wgk0;¢; represents the liquidity
premium offered by U.S. Treasury bonds due to safety and liquidity of the U.S. Treasury
bonds. Consistent with (Jiang et al., 2021), convenience yield of investing in U.S. Treasury
bonds for U.S. investors is defined as the return on holding U.S. Treasury bonds, which
equals to the return from holding a risk-free market security minus the non-pecuniary
benefits investors receive or the additional benefits of safety and liquidity provided by the
U.S. Treasury bond. ¢ Similarly, wrk:0:¢; corresponds to the liquidity premium offered
by foreign government bonds. Thus, log(u; — wrkf¢;) represents the convenience yield
derived from holding foreign government bond for U.S. investors. The key asymmetry
is captured by parameter wy and wp. U.S. Treasury is considered to be safer and offers
more liquidity, wy is assumed to be larger than wp in this model since a larger value
relaxes the leverage constraint more during crisis. Therefore, this model provides micro

foundation to the theoretic model of convenience yield constructed by (Jiang et al., 2021).

If both U.S. Treasury bonds and foreign government bonds offer no additional liquidity
benefits, then the relative convenience yield gap term would be zero, which means that
wy kB¢, and wrk B¢, would be zero. It can be shown that convenience yield gap term
increases when there is a financial stress which leads all three terms x;, 6, and ¢; to
increase. Thus, UIP deviation becomes larger during global financial crisis period. The
next proposition relates the relative convenience yield gap to the real exchange rate level.

Proposition 3. Assume that the real exchange rate is stationary with the long-run value

In this paper, I follow the definition of convenience yield as in (Jiang et al., 2021). The terms
convenience yield and liquidity yield are often used interchangeably in the literature which refers to the
non-pecuniary benefits investors receive beyond its expected return.
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5. The level of the real exchange rate follows

s; =F; Z<T*B,t+k: - 7"B,t+k) + Ey Z Covgyy, (mt+k+1> Ast—i-k—l—l)
k=0 k=0 (18)
— L Z log(pte+k — wrkekOrirPrir) — 10g(Herk — WrkerkOrikdrin)] + 8
k=0

Proposition 3 can be directly derived from Proposition 2 by iterating Eq. (17) forward.
During global financial crisis periods, relative convenience yield gap increases, log(u; —
wrkBidy) — log(y — wykiBidy) becomes larger. Since the leverage constraint tightness is
persistent, the sum of future log(u; — wrkfdy) is higher than that of log(u; — wpriBidr).

Therefore, U.S. dollar appreciates during global financial crisis periods.

Aggregation

At each period, a fraction 1 — o of the financial intermediaries retire and the rest o will
continue as banker and they will carry the entire net worth they earned from previous
period. The retired intermediaries will be replaced by new entrant with initial wealth
provided by the household which equal to a fraction & of the current value of the capital
stock in the previous period. For new domestic financial intermediaries, their total start-
up fund is (Qr—1 Ky +—1+Q;_1 Kri—1). Then, we have law of motion for aggregate financial

intermediary’s net worth N; = [ N;;di

Ny =0[Ry Qi1 Kp1+ SRy ,Qf 1 Krpy1+ Rpy-1Buy1+SiRp, 1Bryi-1 — Rpy1Dy 1]

+&(Qi1 K1 + Q1 Kpi1)
(19)

For the domestic country, the aggregate net profit flowing into household is

I, =(1 — 0)[Rr Qi1 K1 + SRy, Qf 1 Kpi1+ Ry 1Bui1 + SiRp; 1 Bri (20)

—Rpi 1D 1] = E(Qe1 K1+ Q1 Kpi—1)
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3.4 Government

The government in each country issues one-period risk-free bond that can only be pur-
chased by financial intermediaries of both countries. Domestic government faces the
budget constraint

RpiBat < Bgyt1 + 1

Here B, is the total supply of domestic government bond (safe asset), and T is the
amount of tax or subsidy to the households. Foreign government has symmetric budget
constraint. In the model, I assume the supply of government bond is constant since I
want to emphasize the key mechanism of the safe asset demand. Hence, we have that

BG,t - BG V t

3.5 Market Clearing and Equilibrium

Deposit market clearing requires that the amount supplied by households in each country

equals amount demanded by financial intermediaries:

DH,t = /DHJ"tdl. and DF,t = /DF’i’tdZ'

Risky assets from both countries can be held by both domestic and foreign financial

intermediaries, so we have that
Kuiy+ K, =1 and Kpy+ Kpy =1
Government bonds market clearing condition:
By + By, = Bg and Bp; + Br, = B,
Resource constraints are

Cui+Cr, =Y, and Cry+Cp, =Y/
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The competitive equilibrium consists of a set of allocations and prices that satisfy several
conditions. First, both domestic and foreign Households solve utility maximizing prob-
lems. Second, Financial intermediaries solve profit maximization problems. Third, the
government in each country chooses the amount of tax to satisfy its budget constraint.

Fourth, all market clearing conditions must hold.

3.6 Bond Flows and U.S. External Balance Sheet

The model connects exchange rate movements to bond holdings, which allows me to
explore the relationship between net bond flows and real exchange rate under different

shocks. Let NPB,; denote the U.S. net purchase of foreign bond:

NPB; = S{(Brt — Bri-1Rp, 1) (21)

and let NPB; denote the foreign’s net purchase of U.S. bond:

NPB: = B}},t - B;I,tflRBﬂf—l (22)

Both flows are in U.S. consumption baskets. A positive N PB; means the foreign financial
intermediaries purchase more U.S. bond, and a positive N PB; means the U.S. financial
intermediaries purchase more foreign bond. Then, I define the net bond flows from the

foreign country to the U.S. as their difference:

F,= NPB; — NPB, (23)

which is positive when the foreign financial intermediaries buy more U.S. bond (NP B}

increases) or the U.S. financial intermediaries sell some foreign bond (N PB; decreases).

For further analysis of the U.S. external balance sheet, it is useful to define the following

concept within the model context.
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Trade Balance: the trade balance equals exports minus imports:

TB, = PpyChy — PriCry (24)

Net Foreign Asset: It is the foreign assets minus its total foreign liabilities. In the

model, it is defined as:

NFAt - StQ:KF,t - QtKI*i,t + StBF’t - B;—Lt (25)

Net Investment Income: The net investment income is defined as the net flow

payment in one period due to the gross asset and liability positions. In the model, it is

defined as:

NIIt :St(R}(ﬂt - ]-)KF,t—l - (RK,t - 1)K;Lt71 (26)
+ Se(Rpy—1 — 1)Bri-1 — (Rpe—1 — 1) By

3.7 Shocks

There are two sources of shocks in the model. The first one is the global financial shock.

It is assumed to follow a log AR(1) process.

log(x:) = pylog(xi—1) + oyeys (27)

The second one is the endowment shock on the output of the risky assets. It also follows

a log AR(1) process.

log(V;/Y) = py log(Yi_1/Y) + oyey, (28)
log(Y;"/Y™*) = py log(Y; 1 /Y*) + oyeyy (29)

In the model, {ey4,€,,} are exogenous independent drawn from standard normal distri-
bution with mean 0 and variance 1. ” Both of the shocks are aggregate shocks that hit

both countries symmetrically.

“The two shocks are assumed to be independent to highlight the unique mechanism through the
financial shock. In reality, those two shocks can be correlated.
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4 Quantitative Analysis

I calibrate the model to match U.S. moments, and I think of Home country as the U.S.
(Home) and Foreign country as the rest of the world (G10)®. The model frequency is
quarterly. The data period is from 2000-2017. First, I outline the data sources which are
used in the numerical analysis. A detailed summary of data construction is included in

Appendix C.

U.S. and G10 countries’ Treasury holding and equity holding data are obtained from
Treasury International Capital (TIC). Treasury bond rate and G10 countries’ government
bond rates are from Bloomberg. U.S. risk free rate is taken from Datastream. I use bank’s
ROA as proxy for the equity risk premium.

To measure convenience yield difference, I follow (Jiang et al., 2021) to construct
Treasury basis 27 using the 12-month government bond yields and forward for each

currency as follows

xS =)+ (fr — s0) — 1) (30)

Note that, s; denotes the log of the nominal exchange rate in terms of foreign currency per
dollar, and f; denotes the log of the forward exchange rate. Treasury basis x17°** measures
the difference between the yield on a 12-month U.S. Treasury bond ¥ and the synthetic
dollar yield with a 12-month foreign government bond yield r; hedged back into dollars.
A negative Treasury basis means that U.S. Treasury offers liquidity yield relative to their
foreign counterparts®. Let r® — 7 refer to the cross-sectional average of government bond
yield differences, and let 5, and f; refer to the equally weighted cross-sectional average of
log nominal spot exchange rate and forward rate against the dollar respectively. Then,

cross-sectional mean Treasury basis for G10 countries can be constructed following Eq.

(30) and denoted as zf ",

8G10 countries refers to Australia, Canada, Denmark, Euro Zone, Japan, New Zealand, Sweden,
Norway, Switzerland and United Kingdom.

9See (Jiang et al., 2021), convenience yield gap can be estimated from the Treasury basis. In their
theory, z77¢® = —(1—-3%) ()\f 8 _ Ay ’$) where 8% is a parameter that measures the fraction of convenience

gained, relative to the U.S. Treasury bond, by converting the foreign government bond into a dollar payoff.
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[ use IMF BOP database to obtain the external balance sheet of the U.S. | including
net foreign asset position (NFA) and net investment income (NII). To construct the data
moments, I normalize all quantities by U.S. GDP whenever possible. Bank’s leverage

ratio (¢;) are taken from the Federal Reserve Board.

4.1 Calibration

The parameters of the model are summarized in Table 1. Some of the parameters are
externally set to be in line with standard literature values. Model specific parameters are

jointly calibrated to be matched with long-term average in the data.

On the household side, I set the home and foreign discount factor g and 5* to be
0.978 and 0.9766 to match with the U.S. and foreign market risk-free rate. The home bias
parameter « is calibrated at 0.9, which is consistent with the literature. The CRRA risk

aversion coefficient v is set at 3.

On the financial intermediary side, the parameter (6, 05, wy, Wi, wr, Wi, & &)
are unique in this model and are key parameters to generate the distortion for the asset
prices. Parameters (0o, 65, wy, wi, wr, wp, &, £*) are jointly calibrated to match the U.S.
Treasury basis of the government bond of -0.0031 for a quarterly rate, equity premium
of 0.0102 from the bank’s quarterly ROA data, liquidity premium of 0.0028, the U.S.
financial intermediary leverage of 3.678, the relative holdings of U.S. government bond
(Br/Bj;) of 1.902, Home intermediary’s home equity share of 0.729, the ratio of U.S.
NFA position and GDP of -0.261 and the ratio of U.S. net investment income and GDP
of 0.0089. In Table 1, we can see that wy which is calibrated at 0.119, is smaller than
wy; which is 0.199. That is, foreign financial intermediary values the safety and liquidity
of U.S. Treasury bond more than U.S. financial intermedairy. A relatively higher value
of wj; to wy is crucial to generate “flight to safety” under the financial shock. wy > wp
and wj; > wj. are useful to generate convenience yield of the U.S. Treasury bond. 6 is
slightly smaller than 6 to reflect that foreign financial intermedairy is more financially

constrained in equilibrium. Finally, I set the bank survival probability (o) to be at 0.88,
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consistent with a steady state leverage of around 3.5.

Lastly, I also need to calibrate the shocks. For the endowment shock, I calibrate py,
oy from the U.S. GDP data, pj and 0§ from G10 countries” GDP data. I take out the
linear trend for the log of GDP and run an AR(1) autoregression to get the value of py
and py-, which are 0.955 and 0.955. Then I compute the regression residuals and take
standard deviation to get the value of oy and oj which are 0.005 and 0.005, implying
that the quarterly volatility of 0.5%. Since financial tightness can not be observed using
data directly, I can no longer calibrate the shock parameters independently from the data.
Therefore, I use simulated method of moments to determine the value of p, and o, to
match the volatility of a subset of variables: the exchange rate growth, the Treasury basis,

the net foreign asset and the net investment income. I set p, = 0.98 and o, = 0.0055.

4.2 Steady State Values

The model is solved by linearizing around the non-stochastic steady state. For the UIP
condition and real exchange dynamics, there is no risk premium and we can solely focus
on the mechanism via convenience yield. Table 2 presents some steady state values using
the calibrated parameters listed in Table 1. The complete set of model equations and

steady state conditions are shown in Appendix A.

The only asymmetry of the model are the parameters on sensitivity of government
bonds in the time-varying leverage constraints. As shown above, I have wj; > wyg > wp >
wp since it is assumed in the model that U.S. government bond is safer and offers more
liquidity than foreign government bond. With these calibrated parameters, we are able to
generate that U.S. has a government bond rate (1.0180) which is lower than the foreign
government bond (1.0213) rate by 0.0033. This is the steady state Treasury basis since
E;si 1 — sy = 0 at steady state. This demonstrates that there is convenience yield from
holding U.S. Treasury bond. Additionally, the model could also generate a negative NFA
position for the U.S. in steady state at -0.2492, meaning that U.S. has a net liability to

the rest of the world. However, despite the net liability, the U.S. has a steady state trade
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balance deficit and a positive steady state net investment income. Since U.S. pays lower
interest rate on its liability to the rest of the world than the rest of the world pays to the
U.S, there is a seigniorage revenue due to convenience yield for the U.S, which allows U.S.
to have a higher steady state consumption level than foreign countries as well. Moreover,
the external equity share (defined as foreign equity divided by the sum of foreign equity
and foreign bond holdings) of the U.S. is higher than the foreign country. This means that
the U.S. earns a higher return on foreign assets due to the equity premium. Combining
these features, we can see that U.S. enjoys an exorbitant privilege during normal times,
which is consistent with (Gourinchas & Rey, 2022). Lastly, on the financial side, the U.S.
intermediaries have a higher leverage than the foreign intermedairies in steady state. The
U.S. intermediaries have less tight leverage constraint, reflected by a lower « in the steady

state.

4.3 Impulse Response of Global Financial Shock
4.3.1 Exchange Rate, Convenience Yields, Safe Asset and Equity Holdings

In this section, I describe impluse responses under a global aggregate financial shock with
size of one standard deviation. This represents a negative shock to the banking system
in each country, tightening the leverage constraints for both countries. It forces all the
banks to de-lever and seek liquidity by adjusting their investment portfolio across asset

classes. Figure 6 shows the impulse responses under a global financial shock.

The shock to the leverage constraint leads to an immediate appreciation of the U.S.
real exchange rate by 0.6% and around 35 basis points increase for the convenience yields.
We also observe that the return on U.S. relative to foreign government bonds falls in
response to the global financial shock, which is consistent with the UIP equation defined
in Eq. (17). The government bond yield difference must enlarge to generate a higher
convenience yield on U.S. government bond. Additionally, liquidity yield which is defined
as the difference between market risk-free deposit rate and the U.S. government bond rate

increases upon the arrival of the financial shock. It implicates financial tightening of the
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intermediaries and a shortage of liquidity.

The response of x; and x; represent the endogenous increase in the Lagrange multipli-
ers of the intermediaries’ leverage constraints. While this increases for both countries, it
increases more for the foreign intermediary (10.37%) than the U.S. intermediary (10.28%),
implying that foreign intermediaries are more eager to de-lever and seek liquidity. Simi-
larly, the response of ¢ and ¢* which represent financial leverage of the intermediaries both
increase. Again, it increases more for the foreign intermediary than the home intermedi-
ary. We can see that x* increases more than x due to the fact that foreign intermediary

faces a tighter leverage constraint and are more eager to seek liquidity.

The asymmetric response of U.S. and foreign financial intermediaries also has a striking
implication for asset holding positions. As the foreign financial intermediary relatively
tightens more, we can see an increase in the foreign intermediaries’ holding of the U.S.
government bond (Bj;) upon the arrival of the shock. In other words, foreign financial
intermediaries buy more U.S. safe asset from the home financial intermedairies at a higher
price (convenience yield is higher), which is consistent with the “flight to safety” during
global recessions. It happens because foreign financial intermediary values the safety of
the U.S. Treasury bonds more than U.S. financial intermediaries, which is reflected as
the sensitivity parameter wj; > wy in the model. On the other hand, U.S. financial
intermediaries are buying more foreign government bond (Bp) since their risk-bearing
capacity is relatively bigger. The tightening also leads to a 4.5% drop of the equity
prices for both countries. Since the home intermediary leverages more at the steady state
and has a higher equity portfolio, resulting in a bigger fall in net worth following the
financial tightening. When financial shock hits the economy, there is an external portfolio
retrenchment on equity such that home financial intermedairy increases its demand for
home equity and decreases its holding of foreign equity. The foreign financial intermedairy
has the opposite reaction to the shock. Equity retrenchment is a common feature of
financial crises. Since equities are risky, financial intermediaries always want to increase
demand for safe assets for liquidity purposes and substitute away from equities during

crisis. Additionally, due to the information asymmetric effect which always tends to be
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amplified during global recession, intermediaries prefer home equities over foreign equities.
The uncertainty or lack of transparency in foreign markets makes their equities to be
riskier, leading to retrenchment. So far, the impluse responses to financial shocks match

with the stylized facts described in Section 2.

4.3.2 Net Bond Flows and U.S. External Balance Sheet

Motivated by the “exchange rate reconnect” observation that the correlation between
bond flow and exchange rate strengthens after the Global Financial Crisis (Lilley et al.,
2022), it is interesting to see whether this model could generate the correlation between
bond flows and real exchange rate under a global financial shock. (Lilley et al., 2022)
empirically show that U.S. net purchase of foreign bonds were highly correlated with
the risk measures as well as with dollar exchange rate. In quarters when U.S. increases
the holding of net foreign bonds, the dollar contemporaneously depreciates. When U.S.
decreases these net foreign bond holdings, the dollar appreciates. From Figure 7, we can
see that both NBP and NPB* increases upon the arrival of the financial shock, but
N PB* increases relatively more. As more funds flow from the foreign country into the
U.S. than the other way around, we obtain a positive net bond flow F; to the U.S. Hence,
the global financial shock which endogenously generate safe asset demand produces a
positive correlation between the dollar exchange rate and the net bond flow. Intuitively,
given the U.S. safe-haven status, we would expect bond flows into the U.S. during global
stress periods as foreign investors seek safety and liquidity, and dollar appreciates due to
high convenience yield. During normal times, dollar depreciates and there is a capital
outflows from the U.S. to the rest of the world when investors are willing to take on more
risks. This is consistent with a large literature that emphasizes the flow-driven mechanism

of exchange rate movement.

Figure 7 also shows that U.S. NFA falls sharply by around 4.8% after the financial
shock. The valuation effects are the dominant force. Due to the role of the U.S. as the
“world banker” such that U.S. intermediaries issue safe liabilities primarily in dollars to

foreigners but hold foreign risky assets denominated in foreign currencies, a real appreci-
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ation of the dollar will lead to the value of the U.S. foreign assets (denominated in foreign
currencies) drops in dollar terms. Thus, in the flight to safety episode, the U.S. suffer
a loss on its external portfolio, leading to a decline in U.S. NFA as shown in Figure 7.
Meanwhile, equity prices collapses when shock arrives, which makes the value of foreign
assets decreases even more. On the other hand, the value of the U.S. liabilities held by
foreigners remain relatively stable or even increase due to flight to safety. (Gourinchas
& Rey, 2007b) argues that if the U.S. runs a negative NFA today, it has to be offset by
either positive trade balances or by positive foreign investment income. We can see from
Figure 7 that the net investment income increases by 0.42% when the financial shock
hits. The impluses responses are matched to all the stylized facts presented in Section 2.
Additionally, if we separate net investment income into income from holding government
bonds and income from holding equities, we can see that net income gain from holding
bonds increases by 1.12%, which is larger than the net income loss from holding equities
(-0.70%). Thus, the loss from holding risky assets could be offset by the higher seigniorage
revenue from issuing safe government bond. Additionally, in Figure 7, panel ¢ — ¢* shows
that the U.S. households’ consumption increases relative to the foreign households’ con-
sumption while the U.S. trade balance decreases by 0.93% . The increase in U.S. relative
consumption and net investment income reflects a seigniorage revenue that the U.S. earns
from issuing bonds that have higher convenience yields. By issuing expensive safe asset
that carry high convenience yield to foreigners, the U.S. receive wealth from the rest of
the world despite the loss on equity investment. In this case, a negative NFA does not

require subsequent trade supluses since trade deficits are offset by the seigniorage revenue.

Under the insurance-provision view, U.S. experiences wealth loss and its consumption
share goes down since U.S. suffers portfolio losses from insuring the rest of the world.
(Gourinchas & Rey, 2022) refer to the wealth transfer as the exorbitant duty of the
reserve asset supplier during global recessions. In my model, we observe that the for-
eign demand for dollar safe assets increases during global recessions, and convenience
yield increases which makes the seigniorage revenue countersyclical. It allows the U.S.

to consume relatively more than foreign countries in recessions. Though the U.S. still
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suffers portfolio losses from its external positions due to valuation effects, the increase in
seigniorage revenues can offset the wealth losses and allow U.S. to run trade deficits and
consume relatively more. Due to the home bias in household’s consumption demand, the
U.S. spends more on U.S. goods, which appreciates the dollar in real terms. Combining
with the previous result that the real dollar appreciation is driven in financial markets
by the rise in the convenience yield, we can see that the goods market clearing is also
consistent with a stronger dollar. Therefore, the “reserve currency paradox” proposed
in (Maggiori, 2017) is resolved by seigniorage revenue from safe government bonds that

generate countercyclical U.S. consumption share.

4.4 Impulse Response of Global Endowment Shock

Figure 8 and Figure 9 present the impulse responses of a one standard deviation negative
shock that hits the output of the risky tree. We can see that the effects on real exchange
rate, asset prices, convenience yields and capital flows are mostly very similar to the ef-
fects of a global tightening of the financial constraint. This is because the endowment
shock lowers the return and the price of the equity, Hence, it reduces the profitability
of the financial intermediary, which shrinks the net worth of the financial intermedairies.
This leads to a contraction of the economy and further impairs the intermediaries’ balance
sheets. As in the literature on the “financial accelerator” e.g., (Gertler & Karadi, 2011),
the financial squeeze resulting from a negative endowment shock reduces investment and
exacerbates the effect of the original drop in endowment of the output. Thus, a nega-
tive endowment shock endogenously tightens the leverage constraint and generate similar
impulse responses. The response of all the impulse responses to the endowment shock
are smaller by an order of magnitude than the responses to the global financial shock.
This is because, unlike endowment shock, financial shock directly affects and tightens the

leverage constraint.
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4.5 Second Order Moments

In the previous subsections, we observe that the impulse response to an endowment shock
is significantly weaker compared to that of a financial shock. Since the 2008 financial crisis
involved both a financial crisis and a real economic recession, it is necessary to examine
whether my model can effectively explain the financial crisis. In this section, I present the
second order moments from the simulation results for the benchmark case and the case
with only the endowment shock. The first column of Table 3 lists these moments. For
the benchmark case, I target the volatility of the exchange rate growth, the bond yield
difference, the net foreign asset and the net investment income to match to the data.
All other moments are untargeted and are used to evaluate how well the model performs
quantitatively. The second column reports their values in the data, based on the time
series of the U.S. against the equal-weighted average of G10 countries from year 2000 to

2017. More detailed description of the data is shown in Appendix C.

For all the targeted moments, we can see that the benchmark model can generate
very close results to the data. However, for the alternative model with only the real
shock, the second order targeted moments are entirely inaccurate and generate much
smaller values compared to the data. The dollar exchange rate has a volatility of 4.31%
per quarter, which is very close to the volatility generated by the benchmark model
(4.65%). With only the endowment shock, we can see that it is too small to generate
the exchange rate volatility (1.22%). In the benchmark model, there are two sources of
exchange rate fluctuations: financial shock and endowment shock. Financial shock move
exchange rates through directly affecting the leverage constraint, which raises exchange
rate volatility compared to other standard models with just endowment (or productivity)
shocks. Similarly, the endowment shock fails to generate large enough volatility of the
bond yield difference at only 0.2%, much lower than what we observe in the data (0.97%).

It performs even worse on the volatility of net foreign asset and net investment income.

The benchmark model in general also performs well on all the correlations of the

exchange rate comovements. The correlation between the expected change of dollar ex-
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change rate and the bond yield difference is -0.1591 in the data. Both benchmark model
and the model with only the endowment shock predict the correct sign. In the data,
the U.S.-foreign government bond yield differential is less volatile than the exchange rate
movement, and is negatively correlated with the dollar’s expected appreciation in the next
period. Thus, the model can account for Fama’s forward premium puzzle. In addition,
the model can produce a realistic (Backus & Smith, 1993) correlation corr(As, Ac — Ac*)
of 0.1651, which is consistent with the fact that consumption growth differential is weakly
correlated with the exchange rate movement. In this model, the time-varying leverage
constraint introduces an addtional source of exchange rate variation. Proposition 3 explic-
itly highlights this new source, which operates independently of household consumption.
As a result, the model relaxes the strict connection between the exchange rate and the
consumption differential. The model also performs reasonably well in the correlation of
the change of exchange rate with the net bond flows, which, as we discussed in the previ-
ous section, should be negative. When there is a net bond inflow into the U.S., the dollar
appreciates contemporarily. The same logic applies to the correlation between the change
of exchange rate and the change of foreign purchase of U.S. Treasury bond. Both models
perform well and the correlations tend to be smaller for the model with just endowment
shocks. Finally, the model could also effectively generate the correlation between change

of exchange rate and U.S. net investment income.

5 Deviations from CIP

The benchmark framework with the asymmetric time-varying leverage constraint can gen-
erate deviations from UIP. A substantial literature has documented the CIP deviations
and the role of post-2008 regulations. After the Global Financial Crisis, regulators im-
posed stricter leverage rules on banks to improve financial stability. However, these rules
increased the cost of financial intermediation, which in turn contributed to persistent
deviations from CIP. Moreover, the deviations from CIP are also correlated with dollar

appreciation during global stress. A stronger dollar is often associated with global finan-
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cial stress, which triggers a global flight to safety, foreign investors sell risky assets and
rush into dollar denominated safe assets, leading to a severe dollar shortage. However,
during financial stress, banks became reluctant to lend dollars to each other due to lig-
uidity concerns. When foreign banks find it hard to raise dollar funds in the interbank
market, they have to turn to the swap market to get synthetic dollars, resulting higher

cost of synthetic dollar funding.

The baseline model can be extended by including FX swap contracts to explain de-
viations from CIP in post global financial crisis periods. Let FX swap be a combination
of a spot transaction and a forward transaction of foreign currency. FX swap trader can
borrow U.S. dollar and buy foreign currency in the foreign exchange market at the current
spot exchange rate S;, invest in the riak-free market security for a return at R}, and
sell the foreign currency after one quarter at the predetermined forward exchange rate F;.
Thus, the return on FX swap contract is Rg; = FtR}g’t /S;. In the absence of arbitrage,
the return from FX swap should equal to the U.S. risk-free rate, which leads to the CIP
in log terms as follows

fe+rpy—si—rpe=0 (31)

The CIP represents one of the most well-established and reliable no-arbitrage conditions
in international finance. CIP held very well before the global financial crisis in 2007.
However, deciations from CIP have been large and persistent after the financial crisis.
(Du, Tepper, & Verdelhan, 2018) document that CIP deviation was near zero precrisis
and has generally been negative for most G10 currencies since the GFC, implying that
rpe <rp;+ ft — s; which means that the cost of borrowing dollar directly is lower than
that of synthetic dollar borrowing. They show that the deviation from CIP are closely

related to frictions in financial intermediary that hamper arbitrage activities.

5.1 Model extension for CIP deviation

Assume that U.S. financial intermediaries write FX swap contracts that swap U.S. dollars

for foreign currencies. Let Spx; denotes the U.S. intermediaries’ positions on the FX
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swap. Then financial intermediary’s optimization problem becomes:

V(Ni7t) = max Et [Mt+1((1 - O')Ni7t+1 + O'V(Ni7t+1))] (32)

Kuit,KFit,BH,it,BFit,Dit,SFX it

where NV, ;11 evolves as

Nigi1 = R i11QiKp i + Sey1 Ry 1 11Qi Kryit + Rt Bt

33
+ St11Rp Brit + RsiSrx,it — RBp Dt .
subject to
QiKHit+ SiQiKrit+ Brit + StBrit + Srx,it = Niy + Diy (34)
V(Nit) > 0u(x)(QeKp e + SiQf Kpiy + vSFx it) (35)

where v is the parameter governs the tightness of the constraint on FX swap position. If
v = 0, the FX swap position is not constrained. If v = 1, the FX swap position has the
same level of constraint with other risk assets. If 0 < v < 1, the FX swap has relatively

looser constraint than other risky assets.!”

In the model, I assume that the FX swap contract is in zero net supply and that only
US intermediaries write swap contracts.!! These assumptions are made for tractability
purposes such that the existence of the FX swap contract does not alter the real and
financial allocations in both countries. The first-order condition with respect to Spx,;+

from the above optimization problem is
EtMtJrlRS,tJrl = iy + VKO, (36)
The CIP deviation 7., can be derived as:

Teipt = "Dt — Tt = log(pe) — log(pe + vriby) (37)

10T assume that the constraint is at the bank level so that the level of the constraint tightness of different
risky assets comoves.

1 This assumption can be partially motivated by the specialty of the US dollar in post financial crisis
periods. (Du, Tepper, & Verdelhan, 2018) and (Ivashina et al., 2015) point out that investors from the
rest of the world seek dollar funding for dollar asset investment and borrow synthetic dollars through
the swap market from U.S. banks when dollar funding is limited in the spot market. Foreign investors
obtain synthetic dollar funding by borrowing and converting foreign currency to U.S. dollars, and selling
U.S. dollars in the future. As the counterparty, the U.S. banks provide synthetic dollar funding. The
U.S. dollar funding needs are dominant, while foreign banks provide limited synthetic foreign currency
funding.
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From Eq. (37), whether the CIP holds depends on the constraint imposed on the swap
contract. If there is no constraint (v = 0 or x = 0), the CIP holds. Otherwise, the CIP
is violated. When x; > 0 and 0 < v < 1, we have that r.,; < 0, which shows that U.S.
dollars are cheaper in the cash market than in the swap market (Du, Tepper, & Verdelhan,
2018). This model is also capable to rationalize the empirical findings in (Avdjiev et al.,
2019) that CIP deviation is larger in absolute value when dollar is strong. When the
U.S. financial intermedairies face tighter leverage constraints (the term r.; increases),
the deviation from CIP becomes widen. The dollar exchange rate also appreciates as

shown in Proposition 3.

5.2 CIP Deviation Estimation

It is documented in the literature that large and persistent CIP deviation exist due to
the changed bank regulations after the financial crisis (Boyarchenko, Eisenbach, Gupta,
Shachar, & Van Tassel, 2020). Before the crisis, banks were subject to requirements
regarding the risk-weighted capital ratio of tier-1 capital and risk-weighted assets. FX
swaps were considered to have zero risk and were essentially unconstrained. Based on Eq.
(37), v = 0 and thus CIP holds before the financial crisis. However, after the financial
crisis, the Basel III framework imposes requirements on an additional supplementary
leverage ratio, the ratio of tier-1 capital and total on-balance-sheet, and specific off-
balance-sheet assets, including the FX swap positions. Although an FX swap is considered
to have zero risk, banks are still required to reserve a portion of capital against their FX
swap positions. Therefore, the FX swap positions become constrained (v > 0). Since
we have both x; and 6, to be positive, the CIP deviation r.;,; became negative after the

Crisis.

The relative constraint tightness of FX swap v is identified by Eq. (37). The average
CIP deviation log(p;) — log(u + vki;) is —0.25% in the data, while the banks” ROA
log(py + K¢0;) is 1.02% in the data. The estimate of the relative constraint tightness v

equals to 0.24.
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The estimate is consistent with the new banking regulations. Under the new Basel
III regulatory framework, banks are required to hold at least 3% of equity capital against
all assets regardless of their risk levels. This requirement did not exist before the global
financial crisis. For risky assets, banks face a total capital ratio of 11.5% to 15% after the
financial crisis.'> Consider the average 13.25% as the banks’ capital ratio for total risky
assets. The relative tightness of the constraint on risk-free FX swap position is equal to
3%/13.25% = 0.226, which is close to the estimate from the data of CIP deviation and
banks’ ROA.

Figure 10 shows the impluse responses of CIP deviations to a global financial shock.
We can see that there is a 0.23% widening of the CIP deviation upon the shock. Therefore,
the model could reproduce the positive correlation between dollar exchange rate and CIP

deviation.

6 Conclusion

Intermediaries are major participants in the international financial market. In this paper, I
develop an open economy intermediary-based model with time-varying leverage constraint
that can endogenously generate the liquidity demand for U.S. safe assets and provide
micro-foundation for the convenience yield. In response to a global financial shock coming
from a sudden tightening of the leverage constraints for all intermedairies, I show that
the model accurately captures the stylized facts discussed in the paper. Notably, the US
dollar experiences a sharp appreciation upon the arrival of the shock, which coincides with
a surge in the convenience yield on US Treasuries relative to foreign government bonds.
The model can qualitatively and quantitatively explain the U.S. external adjustment
during the financial crisis as well. Compared to the standard view of the U.S. exorbitant
privilege in the literature, which emphasizes the U.S.” role as the global insurance provider
such that it has exorbitant privilege by earning risk premium during normal times and

bears exorbitant duty in global downturns as insurance pays off. My model takes the

12See (Du, Tepper, & Verdelhan, 2018); (Boyarchenko et al., 2020); (Cenedese et al., 2021) for more
details about the changes in banking regulations after the crisis.
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angle from safe asset demand and highlights the seigniorage revenue the U.S. gains as the
issuer of the global safe asset, enabling it to maintain a stronger currency and relative
higher consumption shares during global downturns, even in the face of external portfolio
losses. These results from the model shed new light on exchange rate disconnect, U.S.
exorbitant privilege and the relationship between dollar exchange rate movements and
cross-border bond flows. Meanwhile, the model can also jointly explain the large and
persistent deviations from CIP due to bank regulations tightening during and after the

global financial crisis.

This paper contributes to the intermediary asset pricing literature by demonstrating
the empirical relevance of an intermediary-based model in studying exchange rate move-
ments. Since my model is an endowment economy, my analysis does not account for how
the foreign safe asset demand would affect the U.S. real economy, and what is the optimal
amount of safe assets the U.S. should issue. The model framework can be extended for

future analysis, including optimal policy consideration and implications for asset pricing.
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Figure 1: Dollar Exchange Rate and U.S. Treasury Basis
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Note: Treasury basis is defined as in (Jiang et al., 2021) to measure convenience yield of holding U.S.
Treasury bond. Cross-sectional mean Treasury basis for G10 countries is constructed as z7"¢* = r¥ +
(ft — st) — 77. The maturity is one year. Dollar real exchange rate is the U.S. dollar price of the average
of G9 currencies adjusted by price indexes.
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Figure 2: Flight to Safety and Equity Retrenchment during the Global Recessions
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Figure 3: U.S. Net Foreign Asset Position and Net Investment Income
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Figure 4: CIP Deviations (LIBOR Basis)
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following zFibor = yf’Libor — (yp=or — (f, - St)), consistent with the definition of (Du, Im, & Schreger,

2018). This figure shows the mean LIBOR basis of the U.S. dollar against the basket of G10 currencies.

46



Tax

L Government

Figure 5: Model Structure

Intermediary

Home
Gov Bond

Note: This figure shows the structure of the model in a circular flow diagram.

47

Home Country (US) Foreign Country (G10)
Goods
— Household - > Household —
Deposit Profit Deposit Profit
Financial Assets Financial

Intermediary

Foreign
Gov Bond

Government - |

Tax



%A from ss

Figure 6: Impluse Response under a Global Financial Shock
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Figure 7: Impluse Response under a Global Financial Shock
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Figure 8: Impluse Response under an Endowment Shock
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Figure 9: Impluse Response under an Endowment Shock
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Figure 10: CIP Deviations under a Global Financial Shock
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Table 1: Parameter Values

Parameter Description Value Target

15} discount factor of home country 0.978

5* discount factor of foreign country 0.9766

Q@ home bias parameter 0.9

0 CRRA risk coefficient 3

o survival rate of bankers 0.88

Bea Home total government bond 0.027 Debt/GDP = 84%

By, Foreign total government bond 0.027

Bo baseline leverage tightness of Home 0.431 jointly targeting: Treasury basis of -0.0031

05 baseline leverage tightness of Foreign 0.458 equity premium of 0.0102

13 Home start-up fund 0.0198 liquidity premium of 0.0028

& Foreign start-up fund 0.0236 U.S. intermediary leverage of 3.678
Wi Home sensitivity to hold Home safe asset 0.119 holding of U.S. Treasury bond (Bg/Bj;) of 1.902
W Home sensitivity to hold Foreign safe asset ~ 0.031 Home intermedairy’s home equity share of 0.729
Wiy Foreign sensitivity to hold Home safe asset ~ 0.199 Home NFA/GDP of -0.261

Wi Foreign sensitivity to hold Foreign safe asset  0.088 Home NII/GDP of 0.0089

Py Home persistence of real shock 0.980 U.S. GDP

oy Home standard deviation of real shock 0.002

oy Foreign persistence of real shock 0.945 average of G10 country GDP

oy Foreign standard deviation of real shock 0.0056

Py persistence of financial shock 0.98  SMM to match the volatility of: exchange rate growth
Oy standard deviation of financial shock 0.0055 Treasury basis, NFA and NII
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Table 2: Steady State Values

Variables Steady State Value Variables Steady State Value
C 0.0295 K 0.0287
C* 0.0290 K* 0.0361
Rp 1.0180 0] 3.567
Ry 1.0213 o* 3.262
Rp 1.0225 Trade balance (TB) -0.0015
Ry, 1.0239 Net investment income (NII) 0.0105

Ry = R} 1.0332 Home bank’s external equity share (KFKpr) 53.43%

NFA -0.2492 Foreign bank’s external equity share ( K;ﬁlBg) 52.98%
Table 3: Simulation Results
Moments Data  Benchmark Model Real Shock Only
Standard Deviation
std(As) 0.0431 0.0465 0.0122
std(Rp — Rp) 0.0047 0.0078 0.0032
std(Rg — R};) 0.0097 0.0108 0.0020
std(NFA/GDP)  0.1075 0.1918 0.0194
std(NII/GDP) 0.0044 0.0098 0.0019
Correlation
corr(As, Rg — Rp) -0.1591 -0.1406 -0.1726
corr(As, AB3y) -0.3416 -0.7706 -0.1225
corr(As, F) -0.3229 -0.5797 -0.1859
corr(As, ANII)  -0.2929 -0.3779 -0.1961
corr(ABy, ANII) 0.5116 0.3588 0.1830
corr(As, Ac — Ac*) -0.0479 0.1651 0.1114

Notes: Data moments are computed using either quarterly data or
annually data from 2000Q1 to 2017Q4. Model implied moments
are computed from a simulation of 10,000 quarter observations and

burning the first 100 quarters.
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A Equilibrium Conditions and Steady States

A.1 Equilibrium Conditions Characterization

In this appendix, I characterize all the equilibrium conditions of the model.
The competitive equilibrium is given by eleven price variables (S;, Py +, Prt, Qt, @, Ric 141,
Ri i1, By, Ry, Ry, R ), eighteen quantity variables (Cy, Cf, Cuy, Chr 4y Cr, Oy
But, Bri, Birg, Bry, K, Krg, Kipy, Kiy Niy NiS, Ty, TY), twelve bank variables (p, 1y,
Kiy KU, 0F, &, 07, 04,05, g, xF) and three exogenous shock process variables (Y, Y, x¢).

Domestic and foreign household Euler equations:

Pz
E, |8 - Rp.| =1 (A1)
t
e T
E, 5(—5+*1> Ry, =1 (A.2)
t

C is a Cobb-Douglas aggregate of a home-produced good, C'; and a foreign-produced

good Uy, same for foreign aggregate consumption Cj:

@ 11—«
~ (Cuy Cre \ 7
Cy =
a 11—«
.G\ (RN
C; = —
1l—« Q

Solving the optimality condition, demand for home and foreign goods satisfy the following:

OéCt
= — A.
Ch Pt (A.3)
(1 — Oé)Ct
= A4
Cry Prt (A.4)
. 1 —«)SCy
Gy, = 105G (A.5)
Hit
= O‘Iitct (A.6)
Pt



Real exchange rate can be solved as

PF . (2a—1)
= | == A.
o (P H.t ) (A7)

Domestic and foreign return on capital:

Y,
Rp 111 = % (A.8)
t
* Y
R i1 = Qi Y (A.9)

Q7

Domestic and foreign aggregate financial intermedairy’s net worth:

St o .
Ny =0[(Rrs — Rpi—1)Qe1 K1+ (S—tRK,t — Rps1)Q; 1 Kpi-15i1
t—1
S
+ (Rpt-1— Rpt—1)Bui—1 + (S—tR}ks,t_1 — Rpy—1)Bpi-15t-1 + Rp1—1N;_1]
t—1
+&(Qi1 K1+ Si-1Qf_ 1 Kpy—1)
(A.10)
* S -1 * Qt_lK}i{, - * * * *
Nt = [( - RK,t - RD,tfl)—tl + (RK,t - RD,tfl)QtflKF,tfl
S St1
St—l * B;Ltfl * * * * * A1l
+ ( Rpy1—Rp, ) —— +(Rp, 1 — Rp, 1)Br, 1+ Rp, (N, (Al

St

* ]' * * *
+ 5 (EQtflKH,t—l + Qt—lKF,t—1>

Domestic and foreign functional form of 6;:
Qt = @oxte_xt <A12)

0F = Ooxie™™ (A.13)

Domestic and foreign functional form of x;:

BHt StBFt

= : : A14

. WH<Nt)+WF( Ny ) ( )
Bi,/S B}

xf =W < fx/ t) + wh < N“) (A.15)
t t

26



Relation between Lagrangian multiplier and financial intermediary leverage:

_ QK+ SiQ; Ky
Ny

o

. QK /St + Qi Ky,
¢t = N*
t

Domestic and foreign intermediary marginal net worth v,

- i

wt a 1-— Kt + KTy
. I
7vZ)t = L

* * ek

Relation between marginal net worth 1); and intermediate leverage ¢;:

Vi = iy

b =07

Domestic and foreign financial intermediary stochastic discount factor:

Domestic and foreign Euler equations with deposits:
E; [Mt—i-lRD,t] = Mt

Ey M Ry = 1y

13Proof is shown in Appendix B.5.
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(A.16)

(A.17)

(A.18)

(A.19)

(A.20)

(A.21)

(A.22)

(A.23)



Domestic and foreign Euler equations with domestic capital:
E; [Mt-l-lRK,t-i-l] = p + kb

E, {M* S

g RKtH} = i + ;07

Domestic and foreign Euler equations with foreign capital:

S
Et |:Mt+1 :;_1 Kt+1:| = U + fitet
t

L [M +1RKt+1} = i + ki 0y

Domestic and foreign Euler equations with domestic government bond:

E, |:Mt+1RB,t} = Wt — WHF&tQt@

E, {M* S

_ * * * )k *
g RB,t} = py — wp ki 0y ¢y
t+

Domestic and foreign Euler equations with foreign government bond:

St+1
St

Ey [Mtﬂ Ry t:| = i — Wrkit oy
Ly [M 1 Rp ] = py — wpkt;d;
Domestic and foreign government budget constraint:
T, = (Rpy-1 — 1)Ba

= (R*B,tfl - 1)35

Domestic and foreign capital market clear:

KH,t + K;},t — 1
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(A.25)

(A.26)

(A.27)

(A.28)

(A.29)

(A.30)

(A.31)

(A.32)

(A.33)

(A.34)



Kri+ Kpy =1 (A.35)
Domestic and foreign government bond market clear:
By, + B}, = Bg (A.36)
Bp, + Bj,, = B, (A.37)
Domestic and foreign consumption good market clearing:
Cui+Chy =Y (A.38)
Cri+Cry =Y/ (A.39)
Domestic and foreign aggregate budget constraint for households and intermediaries:

Co+ QK+ S1Q;Kpy + Buy + SiBry = Rx Qi1 Kp—1 + StR;(,thflKF,tfl A.40)

+ Rpi1Bui1+ SitRp; Bri1 — T

Ct + EQtKH’t + Qt KF,t + EBH,t + BF,t - ERK,tQt—lKH,t—l + RK,tQt—lKF,t—l

1 * * * *

+ ERB,t—lBH,tq + Rpy 1Bpi1 — 1}
(A.41)

Exogenous shock process:

log(Y;/Y) = py log(Yi-1/Y) + ovev, (A.42)
log(¥;" /) = py log(Y/", /V*) + oyeva (A.43)
log(xt) = pxlog(xe-1) + oxes (A.44)
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A.2 Solving Steady States

Start from Euler equations of the households, in steady state, we have that:

1
M = 6 and RD = -
g
1
M*=p* and R} =—
B*
Steady state equity prices are 1: Q = Q* = 1.

Return from equity is the same for both countries, we have that

Y41 )
RK:R}(:TJF:MrY

Financial intermediary’s SDF":

~

M=M1-0c+o0y)=05(1—-0+dl¢)

~

M*=M*"1—o+0o¢)=p"(1—0+00"¢")
From Euler equations with respect to deposits, we can solve for steady state u and u* as

~

M:Mézl—a—i-aﬁgb

~ 1
u*:M*Ezl—a—l—a@*qb*

Following (Gertler & Karadi, 2011), let steady state value of 6; and 6; be 0.381.
0 =0.381 and 0" =0.381
Given parameter 6y = 0.431 and 6 = 0.458, we can solve for steady state z; and z} as:

x = log(#y/0) = log(0.431/0.381) = 0.0198
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x* = log(05/0") = log(0.458/0.381) = 0.0237
In steady state, we have that

o= 06— 1 :1—0+08¢

11— K+ kKx 1—kr+ ke

W _1—0+o00"¢"

From the above equations, we can derive

0p(1 — k+kx) =1—0+ 0b¢

0p — 0ok + Oprr =1 — 0 + 00¢

Plug in financial intermediary’s Euler equation with respect to equity

ﬁ(l — 0+ m%)(RK - RD) =0k

we can get

6l(1 - 0)0 — B(1 — o + 566) (Ric — Rp)(1 — )] = 1 — o

This is considered as a second order equation of ¢:

$*Bod(Rg — Rp)(1 —2) — ¢l — B(1 —2)(Rxk — Rp)](1 —0) +1—0=0

with

aa = Bob(Rx — Rp)(1 — )
bb=—[0— (1 —z)(Rx — Rp)|(1 — o)

cc=1—o0
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Thus, we can solve for ¢ as

_ —bb— Vbb? — 4aa * cc

2aa

¢

(The lower leverage)

Following the similar steps, we can solve for foreign leverage ¢*

¢" B 00" (Ry — Rp)(1 — ") = ¢"[0" = B°(1 —2")(Ri = Rp)l(1-0) +1 -0 =0

with
aa* = B*o0" (R — R})(1 — z¥)
bb* = —[0" = 5*(1 — ") (R — Rp)I(1 - o)
cct=1—-0

@* can be solved as

_—bb* — Vbb*? — daa* * cc*
N 2aa*

¢*

(The lower leverage)

We can solve for ¢ and ¥* when steady state leverages are solved:

From model equilibrium equation (A.10) and (A.11), we can solve for steady state N and

N*
K SK B . SB
N = o[(Ri — RD)TH + (Ri — Rp) NF +(Rp — RD)WH + (R — Rp) NF + Rp|N
0 K SK 0 B SB
N:a{ﬁ< s F)— ’f¢(wH—H+wF F)+RD}N+£(KH+SKF)

N N N

M
N = O'[(RK — RD)QZ5 — (RK — RD)¢$ + RD]N—l—f(KH + SKF>
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Steady state N can be solved as

E(Ky + SKr)

N = i Re — Bo)oli— o) + Bp)

Similarly, N* can be solved as

N §(K + SK})
= ol(Ric — Rp)or(1—a7) + By

Once N is solved, we can solve for II:

I+ N =[(Rxk — Rp)¢(1 — ) + Rp]N

I = [(RK - RD)¢(1 — .’13) + RD — 1]N

Similarly,

I = [(Ry — Rp)¢" (1 — ) + R} — 1IN

We can solve for steady state x and «* from financial intermediary’s Euler equation with

respect to equity

Bl(l—0)+o)(1+Y)=p+ kb

B((1l—=0)+0o)(1+Y)— (1 -0+ 01))
0

KR =

Similarly

L B(=0) o)1+ T = (1= +0u)
9*

Rp and R} can be solved from the Euler equation with respect to government bond

:,u—meb: (1 -0+ 0¢) —wykt

R <
? N B —o+ou)
R pr—wpr Yt (1 =0+ oY*) — wiKr Y
? M B (1 —o+oyr)
R — p—wpky*t (1 =04 oy*) — wpk*p*
b M+ B*(1—o+ay~)
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pe _ Bowpsd  (1—0+40¢) —wpry
P Bl—o+oy)

Steady state tax T" and T™ can be solved as

T = (Rp —1)Bg

T* = (R — 1) B,
Combining equation (A.14), (A.15), (A.36) and (A.37) to solve for By, Br, B};, and Bj..

. UJHBH + SCUFBF
B N

X

wy By /S + wp B
N*

*_

By + B;k-_[ = BG
Br + By = B,
Substitute out B}; and B}, plug in

BF _ N — (JJHBH
wFS

_ _ 4N —wyB
wiy(Be — By)/S + wh (Bg - w) = 2*N

CL)FS

Combining terms, we can solve for By:

BH: T*N* —

wi Ba Y wprN wpS
S F

Once, we solved for By, it’s easy to get Bp, B}, and Bj.

ZEN—WHBH
Bp = ——F—
o (.OFS
Bl = B — By
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B} = Bl — B

Steady state consumption C' and C* can be solved using equation (A.40) and (A.41)

C=RxkKy+ SR;Kr+ RgBy +SRyBr — T — Ky — SKp — By — SBr

1
O = Rk + RigK +

1
S

1

1 * *

RpBj, + RyBh —T* — S

Ky — Kp —
B Derivation and Proofs

B.1 Proof of Proposition 1

Giving Cobb-Douglas aggregate consumption, domestic household faces the following

problem:
17
() () ) -
> o 1-a
max F; Z a* =
k=0
st. PyiCpi+ PriCpi+ Dy = Rpy1Dyq + 11, = T,
FOC w.r.t. D;:
0;7 — ﬁEt[C;leD’t] (Bl)
FOC w.rt. Cyy:
a—1 l—«
o (CH,t> ( Cry > — \Pu, (B.2)
o 11—«
FOC w.rt. Cpy:
o (CH’t) ( Crs ) = N Pry (B.3)
o 1—a

Take the ratio of eqation (B.2) and (B.3):

CF,t o PHﬂgl—Oé
CH,t PF,t «
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Similarly, for the foreign country, we can get

ES
CF,t - Py, «

- B.5
O;'Lt PF,t 11—« ( )
Plug in equation (B.4) and (B.5) into the following two equations:
Py Cry + PpiCry = Cy (B.6)
PH,tC;[,t + PF,tC;‘yt — StC; (B?)
We can solve for the following:
OéCt
Cry = —= B.8
e = (B.5)
(1 - Oé)Ct
Cpy =~ 77° B.9
b= (B.9)
. (1 —a)S,Cf
’ Py
= @G (B.11)
’ Pry

«

o () (6=ims) 512

After cancelling out terms, it implies that

: : : Cra \ @ ( Cre )17
Plug in equation (B.8) and (B.9) into C; = ( ’ ) ( ’ ) :

P, Pp* =1 (B.13)

* (1—04) * [}
Similarly, plug in equation (B.10) and (B.11) into C} = (CH’t) (CF’t> :

o _ (=8 (asi0r° (B.14)
t (1 — «)Py, aPry .
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After cancelling out terms, we can get

% =1 (B.15)
Py Ppy
Combining equation (B.13) and (B.15) gives
PFt 2a—1
S, = [ =% B.16
= (72 (B.16)

B.2 Proof of Lemma 1

If there is liquidity yield Rp; — Rp: > 0, then the home financial intermediary must
bind. Suppose not. If there is one optimal home financial intermedairy’s portfolio to be
(Bust, Bri, Kpt, Kpy, Dy), then consider an alternative portfolio (By—¢, Bry, Ky, Kry,
Dy —€). We can find ¢ small enough so that the leverage constaint still does not bind.

This new portfolio would satisfy the balance sheet constraint of the intermediary

QiK1+ S1Q; Kpiv1 + (Buy —€) + S By = Ny + (D — €)

and earn a higher return such that

Nt/+1 = R 1Qi K1 + St+1R*K,t+1Q:KF,t+1 + Rp(Bus —¢) + St+1RTg,tBF,t — Rp(Dy —¢)

= Nyy1+ (Rpy — Rpy)e

Since we know that Rp, — Rp; > 0, it a constradiction that the original portfolio is
the financial interemdairy’s optimal choice. Therefore, the home intermediary’s leverage
constraint binds. Similarly, since we observe in the data that R}, — Ry, > 0, following

the same steps, we can show that foreign intermediary’s leverage constraint also binds.
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B.3 Proof of Lemma 2

Lemma 2 can be proved using the guess and verify method. First, we write out the home

individual financial intermediary’s problem as

V(N = max By [Mys1((1 = 0)Ny o1 + 0V(Nigin))] (B.17)

Kp,it,KFit,BHit,BFitDit

such that
Nitr1 = Rri11QiKpii+Si1 Ry 4 1 Qf Kriw+ R Br iy +Si1 Ry Briy—RpDiy (B.18)

QiKmit + SiQi Krit + Briy + SiBrir = Niy + Dy (B.19)

By, S;Br; *
Tt Wr b (QiKpir + Qi SeKriyt) (B.20)
Niy Niy

V(Niy) > 0oxiexp (— (WH

Take (B.18) into (B.17), we can get the problem transformed as
V(Niy) = Kercoms E%%?ft BiseiDs tE M1 (1 — 0)(Ri 1 Qe K piv + St+1R}<,t+1Q:KF,i,t

+ RpiBuit + Sty1Rp Briy — RpiDiy) + 0V (Nigy1))]
(B.21)

Let the Lagrange multiplier on (B.19) be y; and the multiplier on (B.20) be x;. Take first

order conditions, we can get

By [Mya(1 — o + UV,<Ni,t+1))RK,t+1] = 1y + KB Xt €Xp ( ( BH” Stﬁi’i’t>)
T (B22)
By | Myya(1 =0 + UV/<Ni,t+1>>S;:1RKt+1} pt+ri0o Xt €Xp ( ( BH” + wp StﬁFit)>
(B.23)
Ei[Mys1(1 = 0+ V' (Nigs1))Rpe) = p — rwnboxe exp (_ (WH B]\?t t StBFZ )
(QuK s + Qi SiKri0) <NZ )
(B.24)
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By | Mysi(1 = 0+ 0V (Nigs1)) =5~ R | = e — rwrboxe exp (_ <WH ]\1;[ ~ +wr tNR t>>
it it

(QiK i+ QrSiKpit) ( 1‘ )
(B.25)

&=

2t
Et[Mt—l-l(]- — 0+ UV/(Ni,t+1))RD,t] = U <B26)

The solution of the recursive system is a set of choice variables Ky ;+, Kr;+, Br,it, Brit, Dit

and multipliers i, &, under the endogenous state NV;; and exogenous state t satisfying

(B.19), (B.20), (B.22), (B.23), (B.24), (B.25) and (B.26).

Guess the value function

V(Ni,t) = ¢tNi,t

And the policy functions are also linear in net worth such that Kg,;:(N;;) = K aNit,
Kris(Niy) = KpNiy, Buio(Niy) = BuNig, Bris(Nig) = BrNiy, Dig(Niy) = DNy, and
the multipliers p;+(N;¢) = [N;; and k;(N;r) = EN;¢. In order to verify the guess, I
need to show the system has to hold for every state N;,. Plug in the guess to the system,

equation (B.19) becomes
Q:Ky+ SQiKp+ By + S,Bp =1+ D
(B.20) becomes
¢ > Xabo exp(—(wg By + SwrBr))(Qi Ky + S,Q; Kr)
(B.22) becomes
Ey [Myp1(1 — 0 + 0¥ig1) R p1] = i + Rbo X eXp(_(wHBH + SthBF))

(B.23) becomes

St+1

Ey My (1 — 0+ 0v11) g
t

Ry 1| = it + KOoxq eXP(_(WHBH + SthBF))
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(B.24) becomes
Ey[My1(1 — 0 + 0tpyi1) Rp] = i — kwpbox: exp(—(wi By + SwrBr))(Q: K + S:Q; Kr)
(B.25) becomes
EMi1(1 — 0+ oi1)Rpy) = fi — Rwpbox: exp(—(wFBH + SthBF))(Qtf(H + StQZ‘f(F)

(B.26) becomes

Ey[Mi1 (1 — 0+ o) Rpy] = i

We can see that none of these equations is dependent on the state N;;, so the guess is
correct. For the foreign country, the proof can follow the same steps. Then, it is trivial
to show that financial intermediaries are homogenous and behave exactly the same in
equilibrium. All of them face the same optimality probem and the exact same balance

sheet constraint and leverage constraint. This completes the proof.

B.4 Proof of Proposition 2
The risk premium can be derived using (B.22) - (B.26):
Et[MtJrl(RK,tJrl - RD,t)] = Kb,
Since I have shown that financial intermedairy’s leverage constraint always binds, equation

(B.20) can be rewritten as

w frnd 0 ex _ w BH,Z’,t + w StBF,i,t QtKH’i,t + Q:‘,‘(StKFﬂ',t
t 0Xt €XPp H Ni,t F Ni’t NM

By definition that intermediary’s leverage is ¢; = (QtKH‘i’t;QfStKF ”“t>, we have that

U = iy
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Using (B.26) minus (B.24), we can obtain the liquidity premium as
Ei[My1(Rpy — Rpy)] = wr ki
Using (B.26) minus (B.25), we can get

. S,
Et |:Mt+1 (RD¢ - %IR*BJ)} = wFHt9t¢t
t

Assume that financial intermediary’s SDF and returns on government bonds are condi-

tionally log normal.

Et[Mt—i-lRB,t] =N — wukibidy

We can rewrite the above equation as
E, [eloth+1RB,t] =\ — WH"{tthSH,t (B27)

Let 713,41 be the log SDF of the doemstic financial intermediary and rp; be the log return

on doemstic government bond. Equation (B.27) can be rewritten as

. 1 .
Ey i) + Bt + §V6””t(mt+1) = log(A\ — wykbidr) (B.28)

Similarly, for foreign government bond, I assume that financial intermediary’s SDF,

change of exchange rate and return on government bond are conditionally lognormal.
Ey [emHﬁASHIME’tH] = N\ — wpkOidy
. « 1 . 1 .
Et [mt+1] + Et[ASt+1] + rB,t + Evart(mt+1) + §Vart(ASt+1) + COUt(mt+1, A5t+1>

= log()\t - wFﬁtet@)
(B.29)
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Then, UIP condition can be derived as equation (B.29) minus (B.28):

1
* ~
Et [A3t+1] + TB,t — Tt = —COUt (mH7t+1, Ast+1) — §Va,’r't(ASt+1)
risk premium adjusted by the Jensen term (B 30)

+ 10%(#:: - wFﬁtetﬁbt) - log(,ut - WH/itetht)

J

VvV
relative convenience yield gap

B.5 Proof of Equation of Intermediary Marginal Net Worth

Financial intermediary’s problem

V(Nt) = max Et[Mt—l—th—l—l]

which can be rewritten as

Nij1
= E, | M
Yy = max t[ t4+1 N, ]
s.t wt > 9t¢t
Nipq QiKn St41 4 SiQi Kr,
]i;: —(RK,tJrl_RDt) tNt : (‘;_:RK,tJrl RDt) t]tvt !

By St SiBry
+ (Rt — Rpy) N, +< S, Ry, RD¢> N + Rp:

Plug in the FOCs from the financial intermediary’s problem, then we can get

K SiQi K B S,B
U = Oyhsy QtNtH’t + etﬁt%tp’t — WHKY ]\I/{t’t — Wrky tNtF’t + Ly
K S QF K B S. B
Uy = Ok <Qt Hit 4‘;\[ Q) F,t) — Koty (wH Hit j]LVoJF 4 F7t> o
t t

Yy = Oikipr — KDy + e

Since Y; = 0;¢;, it implies that

Uy = Ky — KTy + [y
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Thus, we have that

_ He
wt_ ]_—lft—’—/{tl't

Similarly, we can derive for foreign financial intermediary:

*

¢*_ /’Lt
=t
1 — K} + Kix}

C Data Sources

In this appendix, I report the details of the data that are used in this paper, including

detailed explanation on the collection and construction.

The nominal exchange rate data are from Datastream. I construct quarterly nominal
exchange rate series between the U.S. and G10 countries: Australia, Canada, Euro Zone
Area, Denmark, Japan, New Zealand, Norway, Sweden, Switzerland and the United King-
dom. The log U.S. dollar exchange rate is the equal-weighted average of the log exchange

rates against the G10 countries. Sample period: 2000 - 2017 quarterly.
CPI data form IMF Consumer Price Index (CPI) 2000-2017 quarterly.

Treasury bond rate and G10 country government bond rate at one-year maturity.

Source: Bloomberg and Datastream. Sample period: 2000 - 2017 quarterly.

LIBOR rate at one-year maturity. Source: Bloomberg and Datastream. Sample

period: 2000 - 2017 quarterly.
Bank’s ROA. Source: FRED. Sample period: 2000 - 2017 quarterly.

Treasury holdings: Treasury International Capital (TIC) System. Under statistics-2-
B-A-2 (MFH Tables).

Equity holdings: Treasury International Capital (TIC) System. Download from For-
eign Portfolio Holdings of U.S. Securities and U.S. Portfolio Holdings of Foreign Securities
data time 2003-2017 annual

Total Risky Assets

Total Assets - Total Liabilities Source: Financial Ac-

Banks’ leverage ratio. Measurement:
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count Database of the U.S. reported by the Federal Reserve Board. Sample period: 2000

- 2017 quarterly.

GDP: OECD. Under National Accounts - Quarterly National Accounts - Historical

GDP - expenditure approach.

Consumption. Source: Annually data from World Bank national accounts data, and

OECD National Account data files. Sample period: 2000 - 2017 annually.

Value-at-risk and total assets of banks. Source: Bloomberg. Sample period: 2000 -

2017 quarterly.

Net foreign asset. IMF Balance of Payments and International Investment Position.

It is computed by Financial Assets, U.S. Dollars minus Liabillities, U.S. Dollars.

Net investment income. IMF Balance of Payments and International Investment Po-
sition. It is computed as Current Account, Investment Income, Credit, US Dollars minus

Current Account, Investment Income, Debit, US Dollars from Balance of Payments.
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