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Abstract

In this paper, we investigate the role of currency dealers in the global transmission
of US (un)conventional monetary policy. We develop a two-country New Keynesian
model with local banks and global currency dealers in a segmented international fi-
nancial market, both of which are financially constrained. We calibrate the model by
targeting estimates from a structural vector autoregression. Our quantitative analysis
indicates that currency dealers” constraint is crucial for the transmission and effective-
ness of quantitative easing in an open economy. The calibrated model also rationalizes
the major exchange rate puzzles, particularly the downward term structure of currency
carry trade risk premia.
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1 Introduction

A large empirical literature has documented the strong impact of US monetary policy on
global financial markets (Bauer and Neely, 2014; Kalemli-Ozcan, 2019; Miranda-Agrippino
and Rey, 2020; Bhattarai and Neely, 2022; Maggiori, 2022). Yet the economic mechanism
behind the global impact of asset purchases by the Federal Reserve (Fed), in particular, is
not well understood. How does quantitative easing (QE) "work" in an open economy? How

do exchange rates respond to the Fed’s announcements?

In this paper, we provide a quantitative theory on international transmission of mone-
tary policy that hinges on the limited risk-bearing capacity of financial intermediaries, in
particular foreign exchange (FX) dealers. We build on the insights of Gabaix and Maggiori
(2015) and Itskhoki and Mukhin (2021), who emphasize the role of FX dealers in determin-
ing exchange rates. We quantify the role of financially constrained intermediaries, espe-
cially FX dealers, in the international pass-through of (un)conventional monetary policy
through investors” portfolio rebalancing channel. To this end, we develop a quantitative
general equilibrium model that features financially constrained local banks and global FX
dealers under a segmented global financial market, wherein FX dealers intermediate lig-
uidity imbalances resulting from banks” portfolio rebalancing. We calibrate the model and
conduct quantitative experiments based on our estimates from matching simulated and es-
timated impulse response functions (IRFs). Importantly, we demonstrate that FX dealers’
constraint is crucial to explain the impact of QE on exchange rates and the effectiveness of
QE policy’s stimulation on domestic economy in an international setting. The calibrated
model also closely matches a large set of target moments on exchange rate dynamics, in-
ternational business cycles, and term structure of currency carry trade, which validates the
model estimation, demonstrates the model’s generality, and highlights a novel exchange

rate disconnect mechanism.

We begin our analysis with an empirical case study of the "taper tantrum" period, dur-
ing which global financial markets reacted sharply to the news of an impending slowdown
of the Fed’s asset purchases in 2013. Using high-frequency currency order flow data, we
document strong and instant reactions of the US dollar exchange rates to the Federal Open
Market Committee (FOMC) announcements, associated with sudden increase in FX deal-
ers’ dollar intermediation between nondealer banks and investors. This finding hints at a

potentially important role played by FX dealers in global transmission of monetary shocks.

Motivated by this evidence, we build a two-country New Keynesian dynamic stochastic



general equilibrium (DSGE) model that extends the framework of Gertler and Karadi (2011,
2013) to the international context with an imperfect currency market modeled as Gabaix
and Maggiori (2015) and Itskhoki and Mukhin (2021). The model features two types of fi-
nancial intermediaries, local banks and global FX dealers, both subject to binding financial
constraints. In each country, banks hold and trade both domestic and foreign risky assets,
including equity and long-term bonds. As in Gertler and Karadi (2011, 2013), equity pre-
mia and bond term premia arise from banks” binding constraints so that QE policy by a
central bank is effective in the model. Banks bear exchange rate risk and holding cost aris-
ing from their investment in foreign assets. Global financial market is segmented wherein
domestic agents are not able to directly borrow from or lend to foreign agents in short-term
debt, while global FX dealers intermediate the currency imbalances resulting from banks’
portfolio rebalancing and firms” import and export of goods. FX dealers do not hold or
trade other risky assets; then banks” asset trading and FX dealers’ currency exchange are
separated. FX dealers have limited risk-bearing capacity due to the binding constraints. As
a result, uncovered interest parity (UIP) fails and capital flows affect exchange rates, as in
Gabaix and Maggiori (2015) and Itskhoki and Mukhin (2021). Compared to their models, a

crucial distinction is the introducing portfolio rebalancing of financially constrained banks.

In our model, financially constrained intermediaries, especially FX dealers, play a critical
role in the global pass-through of monetary shocks.! Specifically, lowering the domestic
target rate (or a QE surprise) expands domestic banks’ risky asset demand by lowering
their funding cost (or by injecting liquidity). The resulting increased demand for risky
assets then raises asset prices, lowers the respective expected returns, and boosts banks’ net
worth, amplified by banks’ leverage. In order to intermediate the banks” extra demand for
foreign assets, FX dealers have to (short-)sell foreign currency and buy domestic currency.
Due to limited risk-bearing capacity, their ability to do so is imperfectly elastic, so that the
home currency depreciates in order to compensate them with additional expected excess
return, which endogenously impedes banks” portfolio adjustment. This feedback between
FX dealers’ limited risk-bearing capacity and banks’ leverage implies that the impact of
monetary policy is asymmetric across countries, since its pass-through to foreign economy
is constrained by the exchange rate adjustment. The mutually reinforcing role of constraints
faced by the two types of financial intermediaries is a novel channel for understanding

global transmission of monetary policy.

This is consistent with the empirical evidence in Roussanov and Wang (2022) that FX dealers’ currency
order flows explain much of the variation in the US dollar exchange rates at daily frequency, especially around
monetary policy announcements.



We calibrate the model and estimate several key parameters, including the FX dealers’
risk-bearing capacity, by matching the impulse responses to US conventional monetary
shocks from model simulation and estimates from a Bayesian proxy structural vector au-
toregression (BP-SVAR). Based on the calibrated model, we conduct quantitative experi-
ments introducing QE shocks. We document two important quantitative findings. First, FX
dealers’ constraint is crucial for explaining the strong impact of QE on exchange rates. Ab-
sent this constraint, there is no significant response of exchange rates to QE shocks, which
is in sharp contrast to the empirical evidence. Second, the impact of QE on the domestic
real economy is much weaker if FX dealers are unconstrained. Intuitively, in the absence
of frictions in FX market, UIP holds and capital flows have no effect on exchange rates.
Consequently, a large amount of liquidity injected by the QE spills over into the foreign
country, diluting its impact on the domestic asset prices and real economy. Our quanti-
tative analysis further indicates that the limited international transmission of QE policy is
mainly attributed to FX dealers” financial constraint, rather than the unwillingness of for-
eign institutions to hold "home" assets due to the holding cost. Finally, we demonstrate that
FX dealers’ limited risk-bearing capacity is important for reconciling the apparent inconsis-
tency between the instant overshooting of exchange rates to conventional monetary shocks
and the failure of UIP.

Our quantitative model is able to rationalize the major exchange rate puzzles as consid-
ered in Itskhoki and Mukhin (2021) (including Meese and Rogoff (1983) disconnect puzzle,
the UIP puzzle in Fama (1984), Backus and Smith (1993) puzzle, the Purchasing Power Par-
ity (PPP) puzzle as in Rogoff (1996), and the terms-of-trade puzzle in Atkeson and Burstein
(2008)), and also closely match the international business cycle moments. In addition, our
model explains the otherwise puzzling downward-sloping term structure of currency carry
trade risk premia as documented by Lustig, Stathopoulos, and Verdelhan (2019). Our quan-
titative experiments show that introducing financially constrained intermediaries operating
in a segmented global financial market is sufficient to account for these puzzles. Intuitively,
FX dealers’ inelastic response to banks” portfolio rebalancing induced by financial shocks
disconnects exchange rates from macroeconomic fundamentals and generates an offsetting
effect between currency risk premium and bond term premia differential. Our quantitative
analysis illustrates a novel mechanism for the "exchange rate disconnect" phenomenon that

relies on investors’ portfolio rebalancing.

Related Literature. Our paper relates to several strands of literature in international fi-

nance. Among these, the most closely related studies are Greenwood, Hanson, Stein, and



Sunderam (2023) and Gourinchas, Ray, and Vayanos (2022), who extend the preferred-habit
model of term structure by Vayanos and Vila (2021) into an international setting. In their
models, global bond and FX markets are integrated, and domestic and foreign bond term
premia and FX premium are jointly determined by the risk-averse global arbitrager’s op-
timal portfolio choice with hedging demand. Unlike their global arbitrager, FX dealers in
our model only intermediate currency imbalances and do not hold or trade any other risky
assets, as in Gabaix and Maggiori (2015) and Itskhoki and Mukhin (2021). This also aligns
with the empirical findings of Roussanov and Wang (2022). Different from the hedging
channel with integrated bond and FX trading, our model relies on intermediaries” bind-
ing financial constraints and segmented bond and FX trading, which allow us to directly
quantify the importance of FX dealers’ constraints in global monetary spillover. Compared
to partial equilibrium models, the introducing production sectors and international goods
trade in our model allow us to examine the impact of US monetary policy on the global
economy. Different from other general equilibrium analysis as in Kekre and Lenel (2024),
we mainly focus on the examination of FX dealers’ role in the international monetary policy
transmission. Additionally, recent studies on monetary spillover, such as Devereux, Engel,
and Wu (2023), Bianchi, Bigio, and Engel (2023), Akinci and Queralto (2024), and Jiang, Kr-
ishnamurthy, Lustig, and Sun (2024), have not examined the role of FX dealers yet, which

turns out to be our key contribution.

Our paper also addresses the issue of portfolio choice indeterminacy in a two-country
DSGE model. To tackle this, we introduce banks” quadratic cost of foreign asset holding,
covered by households. This approach differs from the local perturbation by Devereux and
Sutherland (2010, 2011), the global method by Tille and Van Wincoop (2010) and Rabitsch,
Stepanchuk, and Tsyrennikov (2015), the quadratic cost for households” portfolio adjust-
ment as in Bacchetta and Van Wincoop (2021), and the quadratic collateral as in Devereux,
Engel, and Wu (2023). Compared to these approaches, we obtain a simple and tractable

solution for portfolio choice.

Finally, we contribute to the empirical studies of US monetary policy’s impact on ex-
change rates and global economy. Using different identified methods, the vast number of
studies on the global pass-through of conventional monetary policy include Eichenbaum
and Evans (1995), Faust and Rogers (2003), Andersen, Bollerslev, Diebold, and Vega (2003,
2007), Faust, Rogers, Wang, and Wright (2007), and Scholl and Uhlig (2008), among oth-
ers. For the transmission of unconventional monetary policy, the related studies include
Bauer and Neely (2014), Neely (2015), Rogers, Scotti, and Wright (2014, 2018), Kalemli-



Ozcan (2019), Stavrakeva and Tang (2023), Chari, Dilts Stedman, and Lundblad (2021), and
Roussanov and Wang (2022), among others. Our empirical results reveal the potential role
played by FX dealers in the transmission of monetary policy shocks to exchange rates and

portfolio flows, which is absent among existing studies.

Layout. Our paper proceeds as follows. Section 2 presents the empirical case study during
the "taper tantrum" period. Section 3 develops a two-country New Keynesian DSGE model
with an imperfect currency market. Section 4 calibrates the model by matching empirical

IRFs and reports quantitative results. Section 5 concludes.

2 Motivation: Taper Tantrum

We begin with a case study on two special FOMC announcements on June 19 and Septem-
ber 18, 2013. Using high-frequency data, we document the strong and instant reactions
of exchange rates to monetary surprises and attribute this finding to FX dealers” surge in

dollar intermediation around the narrow announcement windows.

Figure 1: Exchange rates of the US dollar against nine AE currencies (G10 currencies) around the
FOMC announcements on June 19 and Sep 18, 2013
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Note: The exchange rates are expressed in units of foreign currencies per US dollar; the values at 2:00 pm
are normalized to unity. The left and right panels are for the announcements on June 19 and Sep 18, 2013,
respectively.

Since mid-2013, the Fed has signaled a slowdown in its long-term bond purchases af-
ter several rounds of QE, initiating the "taper tantrum" period. Specifically, on June 19,
2013, the Fed unexpectedly announced to "anticipate to moderate the monthly pace of pur-
chases later this year," surprising markets that had anticipated ongoing QE. On that day,
US 10-year yields rose by 13 basis points (bps), the S&P 500 fell by 1.39%, and the US dollar
appreciated by about 1% on average against advanced economy (AE) currencies. Expec-
tations that the Fed would soon taper its purchases persisted. However, at the September

18, 2013 FOMC meeting, contrary to expectations, the Fed opted to "await more evidence"
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before adjusting its purchase pace, contracting the financial market with a 15 bps drop in
US 10-year yields, 1.23% rise in S&P 500, and 1% averaged depreciation of the US dollar
against AE currencies on that day. These events demonstrate the significant market impact

of the Fed’s large-scale asset purchases (LSAP) policy.

Using hourly frequency exchange rate and currency order flow data from CLS, we ob-
serve significant currency market reactions tightly clustered around these two announce-
ments. In Figure 1, the US dollar appreciated (depreciated) against AE currencies strongly
and immediately following a tightening (easing) surprise on the Fed’s LSAP policy, occur-
ring at 2:15 pm. The average appreciations and depreciations from 2:00 pm to 3:00 pm are
135 bps and -111 bps, which are 3.30 and -2.78 times the daily standard deviation, respec-
tively.? In addition, the weekly path of exchange rates plotted in Appendix A.1 shows that

the strong reactions are not tied to specific hours.

Figure 2: Currency order flows (million USD) between nondealer banks/investors and FX dealers
for nine currency pairs around FOMC announcements on June 19 and Sep 18, 2013
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Note: Red/blue bar is the side of nondealer banks’/investors’ "buying the dollar from and selling foreign
currencies to" FX dealers; gray bar vice versa. "3PM" represents the order flows from 2:00 pm to 3:00 pm.

To understand the driving force behind the exchange rates” strong fluctuations, we ex-
amine the trading behaviors of currency market makers, that is, FX dealers, around these

announcements. Figure 2 shows that from 2:00 pm to 3:00 pm on June 19, 2013, FX dealers

2The daily standard deviation of average exchange rate changes for 9 currency pairs since 2000 is 41 bps.
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significantly increased their dollar buying from nondealer banks and dollar selling to insti-
tutional investors. The opposite pattern is observed within the same window on September
18, 2013. These observations indicate that following monetary surprises, FX dealers balance
surges in global investors” dollar demand or supply with funding liquidity from nondealer
banks. FX dealers’ rapidly large amounts of currency intermediation within the narrow
windows explains the sharp and pronounced exchange rate fluctuations shown in Figure
1, which also aligns with the theoretical frameworks in Gabaix and Maggiori (2015) and
Itskhoki and Mukhin (2021). This finding is further justified by the estimation based on
BP-SVAR and the case study for emerging markets (EMs) with portfolio data from JP Mor-
gan, reported in Appendix A. All of these highlight the role of FX dealers in the global

transmission of monetary shocks, yet there are no related studies in the literature.

3 The Model

In this section, we develop a two-country New Keynesian DSGE model to study the role of
currency dealers in the global transmission of monetary policy through the lens of banks’
portfolio rebalancing. The model extends Gertler and Karadi (2011, 2013) to an international
context with cross-border assets and goods trading. It also features an imperfect currency
market as in Gabaix and Maggiori (2015) and Itskhoki and Mukhin (2021), whereas the ma-

jor distinction is introducing financially constrained banks and their portfolio rebalancing.

The two countries are symmetric, denoted as home (the United States) and foreign (e.g,
the European Union, labeled with an asterisk). Each country has its own nominal account
in which local prices are quoted. The nominal exchange rate &; represents the price of home
currency (the US dollar) in terms of foreign currency. An increase in & means a nominal
appreciation in home currency. We denote e; = &P%i as the spot real exchange rate in units
of foreign currency per home currency, where P; and P/ are the aggregate price levels of

home and foreign countries, respectively.

The model consists of local households, banks, and goods producers in each country, as
well as global FX dealers. Consolidated government in each country conducts monetary
and fiscal policy. Figure 3 shows the key sectors in the model, and the whole economy
structure is shown in Figure B1. We describe the setup for home country in the following

sections; the setup for foreign country is analogous and presented in Appendix B.

A notable feature of Figure 3 is that global financial market is segmented, wherein FX

dealers only hold and trade currencies of both countries to intermediate the global liquid-



Figure 3: The key ingredients of model structure
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ity imbalances due to the inability of direct international borrowing and lending. Conse-
quently, banks” equity and long-term bond trading and FX dealers’ currency exchange are
segmented. This is our key specification, which is different from the integrated bond and
FX markets as in Greenwood et al. (2023) and Gourinchas, Ray, and Vayanos (2022). This
specification is reasonable from several aspects. First, unlike major dealer banks and hedge
funds, bond and FX trading for pension funds and insurance companies are likely sepa-
rated. Roussanov and Wang (2022) provide the empirical evidence for the segmentation in
FX market: FX dealers” daily net dollar transactions with nondealer banks and investors
significantly explain daily exchange rate fluctuations of the dollar against AE currencies:
22.51% and 5.77% on FOMC days, and 2.04% and 0.22% on non-FOMC days. In addition,
equity and FX trading might not be tightly linked, whereas equity flows have the strong
impact on exchange rates as in Hau and Rey (2006). Finally, the different leverage or reg-
ulation requirements across sectors within a major bank might also separate asset trading

from currency exchange.

3.1 Households

In each country, there is a unit continuum of identical households. They consume local final
goods and save by making deposits in local banks or holding domestic short-term bonds.
Each household comprises workers and bankers. Workers supply labor to local firms and
return wages to households. Each banker runs a local bank owned by related households
and retains earnings from asset investment. In each period, bankers stochastically exit and
become workers with probability 1 — ¢ and are replaced with an equal number of work-
ers such that the fraction of each occupation is fixed over time. Exiting bankers disburse

retained earnings to their households, and new bankers receive a fixed start-up fund from



their households.

Domestic households maximize lifetime utility over consumption and labor:

co 1-0¢
E Zﬁi Ct+ig —1 _ X gl
ti:O 1— o, 1 + 17 t+1 4

where B is the discount factor, o, represents the relative risk aversion, 1/7 is the Frisch

elasticity of labor supply, and ) governs the importance of labor in utility.

Bank deposits and short-term bonds are perfectly substitutable one-period risk-less real
bonds and pay a gross real return R; from period t to t 4 1. Let Dy,; be the total quantity of
local short-term debt, w; be the real wage, DIV; be the net payouts from ownership of both
non-financial firms and financial firms (local banks and FX dealers), X be the total start-up
funds paid to new bankers, and T; be the lump-sum transfers. We consider scenarios where
households are either allowed or not allowed to hold domestic risky assets. In the case

where households do not hold risky assets, their real budget constraint is
Ct + Dy = wiLe + DIVy — X+ Tt + Ry—1Dp 1 1)
More details and extensions of the household’s problem are given in Appendix B and C.

3.2 Banks

Within each country, a unit continuum of competitive banks owned by local households in-
termediate funds from households to non-financial firms and government. The local banks
raise deposits from local households and invest in non-financial firms’ equities and govern-

ment long-term bonds of both countries.

Equities are state-contingent claims issued by intermediate goods firms to finance their
capital. The claim has market value Q; (Qf) and net payout Z; (Z}) per period. Their capital
depreciates at a constant rate 6 with replacement price Q;41 (Qj ;). Notably, the claims can
be treated as either equities or corporate loans, as demonstrated by Jarociriski and Karadi
(2020).% The real returns on domestic and foreign equities are

Ziy1+ (1—0)Qr Zia+ (- 5)Qf+1.

Rypy1 = o) and R;,H-l = o
t

Government long-term bonds are perpetuities with real income flows of 1, «, K2, etc., as

in Carlstrom, Fuerst, and Paustian (2017). The prices of domestic and foreign government

3Banks here can also be interpreted as levered investors.
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long-term bonds are g; and g;; then the real bond returns are

1 1+ xg*
+ kg4 and RZ,M _ ‘1t+1_

Rp41 = :
" qr q;

The associated real yields of long-term bonds are: Ry = g, '+ xand Ryt = qf 1ix

Bank’s Optimization Problem. In each period, a domestic bank chooses sj; (s¢;) shares
of domestic (foreign) non-financial firm equity and by; (by;) shares of domestic (foreign)
long-term bonds, and funds asset purchases with deposits d; from local households and
net worth 1; accumulated through retained earnings. Bank’s real balance sheet in units of
home currency is then given by

Qfspe +arbp

Qtspt + I]tbht + E—t = ny +dy, 3)

where net worth is accumulated as gross earnings on risky assets in excess of funding cost:

Ry Qi 18f-1 + Rydi_1bre

1y = Rt Qi—1Sn—1 + RpeGe—1bp—1 + o

— Ry_1ds—1. (4)

Importantly, we assume that domestic banks experience a cost for foreign asset holdings,

* _ N* s 2 b — g* E 2
[Kl (Qtsft stsf> 4 K2 (% ft — qssOf n, )
2 [ In 2 ey

where Q3 and g, are the steady-state prices of foreign assets in real units of foreign cur-
rency, and 5y and by are the steady-state shares of foreign assets held by domestic banks.
We set the values of 5¢ and b to match data directly, featuring home bias of asset holding
at steady state. The quadratic holding cost captures home bias of asset holding deviated
from steady-state values with sensitivity parameters x; and x;. In this way, we introduce
exogenous home bias of asset holding both at and away from steady state. This is not only
consistent with the empirical fact on foreign asset holding cost, but is also the key part
of our model that tackles portfolio choice indeterminacy as in Devereux and Sutherland
(2011). We further assume this holding cost is covered by bankers as a lump-sum transfer

to associated households, which yields a simple and tractable solution for portfolio choice.

Bankers maximize expected terminal net worth with the following Bellman equations:

Vi(Snts butsSges beeo ) = BiAppn [(1— 0)npn + oWipa (ne1)],
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and

Wi(ny) =  max  Vi(sp, bue, Spe by, ) —

SntbntsS 10 fr 2 einy 2 eny

K <Qrsft - Q;;s-f>2 L (q:bﬂ - q;zEf>2
where A ;41 is the domestic household’s stochastic discount factor between periods t and
t+1, Vi(sps, bug, s ft,bft,nt) is the end-of-period value function (after portfolio decisions),
and W;(n;) is the beginning-of-period value function (before portfolio decisions, but after
occupation and other shocks). The holding cost is paid by bankers during the portfolio
decision process. Figure 4 shows detailed timeline of bankers” decision making.

Figure 4: Timeline of events for each period
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Similar to Gertler and Karadi (2013), bankers face a moral hazard problem that limits
their ability to arbitrage. We assume that bankers are able to divert the fraction 6 of equity
and the fraction A0 with A € [0,1) of government bonds under management at the end
of each period. Upon diverting, depositors can force banks into bankruptcy and recover
the remaining portion of assets. We also assume that the divertible fractions for domestic
and foreign assets of the same type are equal. Overall, bankers are subject to the following

financial constraint:

(6)

Qs + Aqib
Vi(Snt, but, St bprme) > 0 <Qt5ht + Aqiby + s 2 ft) ’

et

where the left-hand side is bankers’ continuation value and the right-hand side is the gain

from diverting funds.*

Solution with Aggregation. Because individual banks are identical, we solve the model at

the aggregate level. We denote {Syy, Byt, Skt, Brt } as domestic banks” aggregate holdings

Tt is straightforward to extend the model to allow time-varying 6; and A;; and the solutions are the same.
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of domestic and foreign assets, and N; as their aggregate net worth. Given the evolution of

individual bank’s net worth in (4), the aggregate net worth dynamics is

*
Rkt _ Ri—1
€t €r—1

Ni=o0 |:(Rkt —R4—1) Q¢—1Sm -1+ (Rpt — Re—1) e—1BH -1 + < > Qi _1SFi-1

Ry, Ri1\ .
+ <bt -2 1) Gi—1Bri—1 + Rtht1:| + X,
et €r—1

where ¢ is the fraction of surviving banks, and X is the total start-up funds to new banks.

From the optimal conditions for domestic asset holdings, the expected excess returns on

domestic assets are

At
1+ A

~ A -
Ef [Ati1 (R — Re)] = —0 and E; [A1i1 (Rpe1 — R)] = A- 0, )

14 A4
where A; is the Lagrange multiplier associated with financial constraint in (6), and A 1 is

bankers’ "augmented" stochastic discount factor:

oW1 (”t+1)

A1 =N |1 -0 +0 5
N1

The expected excess returns of domestic assets increase with the tightness of financial con-
straint, measured by A;. Nonbinding constraint implies zero expected excess returns on
risky assets. Because limits to arbitrage is weaker for long-term government bonds com-

pared to equity (A < 1), then the expected excess return of long-term bonds is also lower.

Domestic banks” optimal foreign asset holdings are given by

* *x g A R* et N
QiSkr = QiSk+ (14 Ap) E; [At,t+1 < bl Rk,t+1>] —Le, (8)

€r+1 K1

* * D A R* e N
¢ Brt = q5sBr + (1 + At) [At,t—H ( P Rb,t+1>] —er. )

€r+1 L\%]

From (8) and (9), banks are exposed to exchange rate risk, and their optimal foreign asset
holdings increase with dollar return differentials of the same asset type. Notably, we re-
late banks’ foreign bond holding in (9) to the excess return of long-term bond carry trade
in Lustig, Stathopoulos, and Verdelhan (2019). A larger shadow value of net worth A;
enhances bankers” willingness to substitute towards assets with relatively higher returns.
Banks’ foreign asset holdings also increase with their net worth 7, and decrease in param-
eters x1 and x, as banks are less restricted to adjust foreign asset positions with higher net
worth or lower holding cost. Overall, the model yields a solution that exhibits home bias

in asset holding arising from both exogenous holding cost and endogenous exchange rate
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risk.

In equilibrium, the binding financial constraint in (6) imposes an endogenous leverage

requirement on banks” aggregate holdings of risk-adjusted domestic assets:
QfSHt + AC]tBHt < (PtNt + l/]t with equality if Ay >0, (10)

where ¢; and ¢; are independent of individual banks and given by (B9) and (B10) in Ap-
pendix B.2, respectively. If the constraint is binding, leverage ratio ¢; amplifies the shocks
to banks’ net worth, and generates a reinforcing feedback loop between net worth and asset

prices, that is, the financial accelerator mechanism as in Bernanke and Gertler (1989).

3.3 Currency Dealers

The international financial market is segmented, wherein FX dealers with limited risk-
bearing capacity intermediate the currency imbalances arising from assets and goods trade.
As in Gabaix and Maggiori (2015) and Itskhoki and Mukhin (2021), FX dealers trade only
short-term bonds in both currencies, and are not able to hold risky assets or retain capi-
tal. At the end of each period, FX dealers distribute # fraction of net profits to domestic

households and the rest to foreign households.

At period t, FX dealers maximize the expected real return from liquidity intermediation
by choosing a position of foreign and domestic short-term bonds {ds:e;, —ds }:

. € Rfe
Vf = maxE; [<77At,t+1 +(1- 77)At,t+1t+1> <tt - Rtﬂ dst,
dst (< €r11

subject to the financial constraint:
| Y (11)

where I'y measures FX dealers’ risk-bearing capacity. Because individual FX dealers are
identical, FX dealers’ aggregate supply of dollar liquidity Ds; is given by

1 R* R
Dy = r—t]Et Kq/\t,m +(1—17) ;it+1“”f“> <f — f)] . (12)

et €rr1 et

If Iy = 0, FX dealers earn zero net profit because of the infinite ability of liquidity inter-
mediation, the risk-adjusted UIP holds, capital flows have no effect on exchange rates, and
the international financial market is effectively integrated. If I'; > 0, the financial constraint
in (11) is binding and FX dealers are effectively risk averse, leading to an upward-sloping
supply curve for the dollar, the failure of UIP, and the segmentation of global financial mar-
ket. FX dealers are unable to intermediate any imbalances if It — oo, corresponding to
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financial autarky (FA) case with Ds; = 0. In equilibrium, real exchange rate ¢; adjusts to
clear currency market; that is, FX dealers” dollar supply equates to net dollar demand (D ;)
arising from assets and goods trading:’

Dgr = (QtShys — Qe-1SF 11 Rie) — (Qf Skt — QF_1Ski—1R}y) /e
net equity inflows to the US
+ (q:Bhe — qe-1Bpy -1 Rer) — (95 Brt — 4i-1Bs1 Ry ) /et

net bond inflows to the US

* 1-9 1=y
et Vs F
n ,yy(PHtEt) Y7 — 7y (Pett> Y,

Ri_qe11
+ Ri-1Dspq +1 | —
\—  —

dollar debt payoff

— Rt—l) D 1.
et

net exports of the US profits rebated to US households

When US banks have extra demand for foreign assets with higher returns, FX dealers long
the dollar and short foreign currency (Ds; < 0). Then the dollar depreciates at the current
period and is expected to appreciate subsequently such that FX dealers are compensated
with positive expected profits. According to the optimal foreign asset holdings in (8) and
(9), the dollar’s depreciation and expected appreciation impede banks’ substitution toward

foreign assets, which endogenously generates home bias of asset holding.

Importantly, we demonstrate that FX dealers’ limited risk-bearing capacity is crucial to
explain the puzzling downward term structure of currency carry trade risk premia uncov-
ered in Lustig, Stathopoulos, and Verdelhan (2019). In this section, we first provide some

heuristic qualitative analysis.

In the model, a negative shock in A; relaxes domestic banks” constraints, expands their
demand for domestic long-term bonds, and lowers the expected excess return:

R*
E; [log (;’5”1)] > IE; [log (RbRttH)} . (13)
t

Based on the optimal condition in (9), domestic banks substitute towards foreign long-term
bonds, raising the aggregate demand for domestic deposits such that R} < R;. The currency
market clearing condition implies the current depreciation and expected appreciation of
home currency, and

R*Et R*Et
E; |lo <t>}z]}3[ L —1]<0. (14
' [ 8 Riep 1 | Reer )
5The definition of net portfolio flows aligns with the flow data in Bertaut and Tryon (2007) and Bertaut and

Judson (2014), which is used in our SVAR estimation. Net exports of the US and the modified D with noise
traders of Itskhoki and Mukhin (2021) are defined in Appendix B.3.
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Hence, our model with shocks in A; rationalizes the forward premium puzzle in Fama
(1984). We further decompose the long-term bond carry trade risk premia into:

R ey *e R R
E i b+l _E H E 1 bt+1) 4 b1 ) | 1
! [og <Rb,t+1€t+1 t8 Retqq T8 R} AN (15)

LT bond carry trade risk premia currency risk premium bond local currency term premia differential

The model with shocks in A; also generates a negative correlation between foreign-minus-
US bond term premia differential and foreign currency risk premium in (15), which ratio-
nalizes the decline in long-term bond carry trade risk premia. The steeper foreign yield
curve slope and lower foreign short-term rate in this case further explain the exactly oppo-
site signs of predictive regression coefficients conditional on the respective variables in table
1 of Lustig, Stathopoulos, and Verdelhan (2019). Different from Greenwood et al. (2023) and
Gourinchas, Ray, and Vayanos (2022), our general equilibrium model rationalizes this puz-
zle based on the separation of banks” asset trading and FX dealers’ currency intermediation.
The key insight is: FX dealers seize profits through currency exchange resulting from banks’

portfolio rebalancing. Detailed quantitative analysis is provided in Section 4.

3.4 Producers

There are three types of non-financial firms in the production sector within each country:
intermediate goods producers, capital producers, and retail firms. Following Gertler and

Karadi (2011, 2013), we introduce nominal price rigidities in the retail firm sector.

3.4.1 Intermediate Goods Producers

Intermediate goods producers are competitive and sell homogeneous intermediate goods
to local retail firms. They use labor and capital as inputs and produce output according to
a Cobb-Douglas technology:

Yo = AKFL{T,

where Y, is intermediate goods output, A; is total factor productivity, K; is capital input,
and L; is labor input. Capital stock depreciates at constant rate §, and intermediate goods
producers buy I; units of new capital from local capital producers at the end of each period.

Their aggregate capital evolves as:

Kior = I + (1= 0)K,.

Intermediate goods firms finance new capital by raising funds from domestic banks. The
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firms issue a unit of state-contingent claim for each unit of capital at real price Q;, and pay
a dividend of Z; per claim each period. The total number of claims S; is equal to the units
of capital acquired K}, 1, implying both prices are Q;. Because of perfect competition, they
earn zero profits such that optimal labor demand L; and capital demand K; are given by

Ly = 1—a)— d K;= —_,
t pmt< 0‘) t an t Pmt& 2

with the real price of home intermediate goods pj;;.

3.4.2 Capital Producers

Within each country, a unit continuum of competitive capital producers makes new capital
using local final goods as input and sells it to local intermediate goods producers. We
assume that local households own capital producers and receive their profits as lump-sum
transfers. Capital producers’ objective is to maximize discounted real profits by choosing

the amount of investment I;:

ad I
max By Y Aypp {Qt+klt+k - {1 + f ( ?k)] It+k} ’
— SS

I k=0

where f (I;/ L) is the adjustment cost per unit of investment. We assume that the cost is
quadratic in the net growth rate of new capital relative to steady-state value: f (I;/ ;) =
5 (I/Iss — 1)2. The price of capital Q; is determined by the optimal condition for invest-

ment, given in Appendix B.5.

3.4.3 Retail Firms

Retail firms in each country costlessly repackage a unit of local intermediate goods into
a unit of differentiated retail good i € [0,1], and sell it to local and foreign final goods
producers, which is associated with cross-border goods trade. Local and imported retail

goods are then aggregated to goods baskets by competitive final goods producers:

Y = [/0 Yie(i) % dz] , forje {H,F}, (16)
and domestic final goods are produced by:

"y

my—1 1 oyl |y
My Ty Ty
Yo vy Y , (17)

=

=

Y = [(1 - 'Yy)
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where Y} (i) is retail good i from country j € {H,F}, Yu; (Yf) is the domestic (foreign)
goods basket, and Y} is domestic final goods. The parameter ¢, measures the elasticity of
substitution among retail goods within a basket, 7, is the elasticity of substitution between

domestic and foreign goods baskets, and v, € [O, %) captures the degree of home bias.

Retail goods pricing is subject to nominal rigidities as in Calvo (1983). Each firm is able
to freely adjust its prices with probability 1 — ¢, each period. Accordingly, the firm resets
prices Py;(i) and P}, (i) to maximize expected discounted real profits subject to the restric-
tion on adjustment frequency. We consider the schemes of producer currency pricing (PCP)

and local currency pricing (LCP). Further details on retail firms are given in Appendix B.6.

3.5 Government Policy

In each country, a consolidated government consists of a central bank and a fiscal authority.
The government has a fixed consumption G, supplies long-term bonds B; at price g;, and
makes lump-sum transfers T; to domestic households. The central bank finances the do-
mestic long-term government bond purchases Bg; by issuing domestic short-term debt Dy
with balance sheet q;B¢; = Dgt, where the associated profits are transferred to the domestic

tiscal authority. The budget constraint of consolidated government is:
G+ Rpgt-1Bi—1 — 1Bt + Ry—1Dg -1 — Dot + Tt = Rypqi-1Bgt—1 — g1 Bgt, (18)

where Ryq;-1B; 1 — g¢Bt is net repayment for long-term bonds, R; 1D 1 — Dyt is net re-
payment for short-term debt, and Ry;q;1Bg,—1 — gtBgt is net revenue from domestic central

bank’s long-term bond holdings.

Conventional Monetary Policy. Let i; be the nominal interest rate with steady-state value
iss. We assume that conventional monetary policy is characterized by a Taylor rule:

ir = (1= pr) [iss + @ (InTT; — InTls) + ¢y (In Yy — InY5) | + prig—1 + oreiy, (19)

where p, € (0,1) is the smoothing parameter, I'ly; and Yy, are the steady-state gross inflation
target and gross output, and ¢;; is the interest rate shock with standard deviation o;,. We

restrict attention to parameter values giving rise to a determinate equilibrium, i.e. ¢, > 1.

QE or LSAP Policy. We model the Fed’s QE or LSAP policy as its domestic long-term bond
purchases (Bg;) in the ZLB environment. Different from Carlstrom, Fuerst, and Paustian
(2017) and Karadi and Nakov (2021) modeling QE shock as an AR(2) process, we calibrate
QE shocks (Bgt) by matching the Fed’s actual holding proportion of US long-term govern-

17



ment bonds in two rounds of QE: "QE1" and "QE2", plotted in Figure D1.

3.6 Equilibrium

We focus on the equilibrium in which the financial constraints of both banks and FX deal-
ers are always binding. The final output of each country is divided among consumption,
investment, government expenditure, and foreign asset holding cost. The market clearing

condition of home final goods is:

Yt_Ct+[1+f<ISS)] It+G+{2 [ er Nt +2 er Ny Np.

For the market of international goods trade, the total home intermediate goods output is
equal to the aggregate retail goods used for domestic and foreign final goods production,
thatis, Yy = [y [Yae(i) + Y3y, (i)] di with Yg (i) and Y7, (i) defined in (B24).

To close the model section, we need clearing conditions for the markets of equity, long-
term government bonds, and short-term debt in each country, as well as the currency mar-
ket. Equity market clearing requires that K; 1 = Sy; + Sj,; that is, capital stock is equal to
total equity holdings of domestic and foreign banks. The supply of long-term government
bonds is fixed at B, and the market clearing condition is B = Bgt + Byt + By, Real wage
adjusts to clear the labor market in each country. The currency market clearing condition
is Dg; = Dst. We verify the consistency of two countries” budget constraints with the cur-
rency market clearing condition in Appendix B.7. Walras’s Law implies the clearing of the

short-term debt markets. The formal definition of equilibrium is given in Appendix B.8.

4 Quantitative Analysis

In this section, we design several sets of experiments to quantitatively examine the role of
FX dealers in the global transmission of (un)conventional monetary policy. We solve the
model around the steady state with intermediaries’ binding constraints. We calibrate some
of the parameters and estimate the remaining ones from the IRF matching. We conduct the
quantitative analysis for QE shocks under the baseline (I'y > 0) and UIP (I'y+ — 0) models
with ZLB constraints. In the following sections, we present the quantitative results under
the PCP scheme wherein households do not hold risky assets. The results for PCP and LCP

schemes with households holding assets are provided in Appendix D as robustness check.
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Table 1: Monthly calibrated parameter values

Parameter Value Description Target or source

0 0.944 Fraction of divertible equity Targeted equity excess returns

A 0.270  Scale factor of divertible bond  Targeted bond excess returns

o 0.980  Survival probability of banks Gertler and Kiyotaki (2015)

X 0.045 Transfer to the entering bankers Steady-state leverage: 4

K 0.992 Bond income flow rate Sims and Wu (2021)

SZ/ s tS H,ss)/ Kss 0.700  Domestic equity holding share ~ Atkeson, Heathcote, and Perri (2022)

(
(BZ’SS + Bpss)/B 0.600 Domestic bond holding share Foreign share of public debt: 40%

SZ/SS / (SZ,ss + Snss) 0.370 HH equity holding share Federal Reserve’s financial accounts
BZ/S o/ (Bﬁ,ss + Bhss) 0200 HH bond holding share Federal Reserve’s financial accounts
1 0.500  US share of FX dealers Gabaix and Maggiori (2015)

4.1 Calibration

Table 1 lists the key calibrated parameters for financial intermediaries. We set the bond
coupon decay rate « in (2) to be 1 — 12071, such that the maturity of long-term bonds is 10
years. We set the monthly survival probability of banks (¢) to be 0.98, implying an expected
horizon of 50 months. We target annualized excess returns of 500 bps on equity and 135 bps
on long-term bonds at steady state, implying 6 = 0.944 and A = 0.27. Following Gertler and
Karadi (2011), a steady-state leverage of four implies X = 0.045. We assume that domestic
(foreign) banks hold 70% of domestic (foreign) equity and 60% of domestic (foreign) long-
term bonds in the steady state. For the cases allowing households to hold risky assets, we
assume that local households hold 26% of local equity and 12% of local long-term bonds in
the steady state, calculated based on the Fed’s US financial accounts. Finally, we let ess = 1
and 7 = 1/2. Other parameters are drawn from the standard literature shown in Table D1.

We provide more details on calibration in Appendix D.

4.2 Estimation

We adopt the approach in Christiano, Trabandt, and Walentin (2010, 2021) to estimate
the remaining parameters described in Table 2 by matching model’s impulse responses
to a US target surprise to those from BP-SVAR estimation with the monetary instruments
of Swanson (2021). Because FX dealers’ currency intermediation and investors” portfolio
rebalancing are remarkably strong around the FOMC announcement windows as docu-

mented in Roussanov and Wang (2022), the IRFs of financial variables to monetary shocks
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would be particularly informative for the estimation of I'y, k1 and x;. The sample period
of monthly BP-SVAR estimation is from January 1995 to June 2019. In this section, we con-
sider the case of the US against nine developed countries with equal weights. We provide
more details on variable construction, empirical analysis, and the estimation for the US
against the EU in Appendix D. We consider the specifications of constant I', endogenous
[y = yvari(Alne; 1), and exogenous I'y as InTy = (1 — pr) InT + pr InT;_1 + er; following

a target surprise. 6 and A are time-invariant in the exercise of IRF matching.

Table 2: Priors and posteriors of estimated parameters

Parameter Description Prior (mean, std) Posterior mode [2.5%, 97.5%]
[Bounds] Const. T Endo. T} Exog. I's
K1 Equity holding cost Gamma(1, 0.5) 0.361 0.223 0.208
[0.01, 10] [0.185, 1.076] [0.082, 0.593] [0.082, 0.640]
K2 Bond holding cost Gamma(l, 0.5) 1.502 1.512 1.571
[0.01, 10] [1.145,2.577] [1.068, 2.386] [1.160, 2.478]
Iss Steady state of I'; Gamma(0.1, 0.02) 0.086 0.114 0.109
[0.01, 10] [0.060, 0.116] [0.078, 0.157] [0.080, 0.157]
dp Price rigidity Beta(0.8, 0.15) 0.978 0.967 0.965
[0.001, 0.999] [0.960, 0.988] [0.946, 0.983] [0.948, 0.982]
Ky Investment adjust cost Gamma(1, 0.5) 0.623 0.598 0.389
[0.01, 10] [0.357,1.980] [0.274, 1.740] [0.207, 1.901]
or Taylor rule smoothing Beta(0.8, 0.15) 0.939 0.901 0.920
[0.001, 0.999] [0.877,0.967] [0.859, 0.996] [0.851, 0.996]
o Target surprise vol Uniform 0.0011 0.0016 0.0016
[0, 0.01] [0.0006, 0.0019] [0.0001, 0.0022] [0.0001, 0.0024]

Let © be the vector of estimated parameters, ¥(©) denote the mapping from © to the
model’s IRFs, and ¥ denote the corresponding empirical estimates. With the assumption
¥ ~, N(¥(©), V) and a prior distribution p(®) for ©, the posterior density of © is

p(OIY, V) « p(©) - [V exp —%(‘i’—‘l’(@))’V”(‘i’—‘l’(@)) ,

where detailed derivations and implementation procedures are shown in the Appendix D.

Table 2 reports the priors p(®) and posterior mode of estimated parameters under dif-
ferent specifications of FX dealers’ risk-bearing capacity I';. The closely estimated values of
parameters under three cases justify the robustness of model estimation. In particular, our
estimated I or I'ss is around 0.1, which is in line with the back-of-the-envelope calculation in
Gabaix and Maggiori (2015). Figure 5 shows the associated IRF matching results for seven
variables over the first 24 months. Overall, the model’s simulation results closely match the

empirical IRFs for all three cases. The last panel in Figure 5 displays the estimated paths
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of I't under different scenarios as described. Upon a tightening conventional monetary
shock, we find that I'; rises immediately, implying that FX dealers are more financially con-
strained or risk averse. This is potentially explained by the impact of increased exchange
rate volatility on FX dealers’ risk-bearing capacity. We further report the IRF matching re-
sults under the UIP (I'' — 0) and FA (I'+ — o0) cases in Appendix D. We show that the
model simulation is not able to match BP-SVAR estimates under the UIP case, indicating
that FX dealers’ binding constraints (I'; > 0) are crucial to match the empirical patterns. We
also find that the IRF matching results under the baseline and FA cases are close, implying

that FX dealers” limited risk-bearing capacity I'; is sufficiently large.

Figure 5 displays the instant overshooting of exchange rates from both BP-SVAR esti-
mation and model simulation; that is, home currency appreciates immediately following a
tightening target surprise and is expected to depreciate thereafter. This finding is consistent
with Kim, Moon, and Velasco (2017), who show that delayed overshooting is primarily a
phenomenon of the 1980s and attribute the instant overshooting since then to that UIP is
close to hold. However, this argument contradicts the significant currency carry trade risk
premium shown in Lustig, Roussanov, and Verdelhan (2011) over the same sample period.
Our framework rationalizes the instant overshooting of exchange rates in Figure 5 but with

the failure of UIP because I'; > 0 in all cases.

4.3 Quantitative Results

In this section, we first report the impulse responses of additional variables to a conven-
tional monetary policy shock in Figure 6, which are associated with the IRF matching in
Figure 5. The results of QE experiments are reported in Figure 7 and 8. We further sim-
ulate the model with different types of shocks to match a large set of target moments on
exchange rate puzzles in Itskhoki and Mukhin (2021), the regression coefficients on bond
term premia and currency risk premium in Lustig, Stathopoulos, and Verdelhan (2019), and
the international business cycle moments. We introduce the time-varying 6; and A; in the

moment matching, and keep them constant in the analysis of monetary policy.®

Conventional Monetary Policy. Figures 5 and 6 plot the impulse responses of key variables
to a domestic tightening target surprise under the baseline cases with constant, endoge-

nous, and exogenous specifications of I';.

Figures 5 and 6 show that a tightening target surprise generates an exaggerated contrac-

tion on the domestic financial market and real economy. Because of nominal rigidities, a

®We assume that monetary policy’s impact on 6; and A; is negligible.

21



Figure 5: Impulse responses to a target surprise: BP-SVAR estimation and model simulation
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Note: The blue dashed line depicts the median IRFs of related variables to a normalized US target surprise
such that US 3-month yields increases by 25 bps, and blue shaded bands are 90% credible sets. The simulated
impulse responses are based on the posterior mode of parameters in Table 2. Model I specifies I to be fixed
over time (red solid line); Model II specifies I'y = yvar;(Alne; 1) (green dashed line); Model III specifies
InT; = (1—pr)InT + prInT;_1 + er¢ (pink dashed line). The estimated paths are reported in the last panel.
Nominal variables are normalized by inflation, and are translated to real ones. Portfolio flows are normalized
by steady-state GDP value, calculated as the average of US GDP value and nine AE countries” GDP values
with equal weights.

domestic tightening target shock raises domestic banks’ funding cost, depresses their asset
demand, decreases asset prices, and contracts their net worth. Banks’ leverage amplifies
this negative shock to their net worth through the financial accelerator mechanism, which
is justified by the remarkable contraction of asset prices and banks’ net worth in Figures 5
and 6. The rise of banks’ leverage is also consistent with the equity constraint framework
as in Bernanke and Gertler (1989). The magnified drop in banks’ capital investment further

worsens consumption, employment, and final output as shown in Figure 6.

Figures 5 and 6 also show that a tightening target surprise triggers net portfolio inflows

to home country, resulting from domestic banks” reduction in asset holdings. FX dealers
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intermediate these imbalances, and the home currency appreciates because of FX dealers’
limited risk-bearing capacity. The weaker foreign currency promotes foreign exports, in-
ducing capital outflows from home to foreign country. In equilibrium, portfolio flows from

assets trading outweigh capital flows from goods trading, as depicted in Figure 6.

As shown in Figures 5 and 6, a tightening domestic target surprise also contracts the
foreign financial market and real economy through banks” portfolio rebalancing. Since do-
mestic banks reduce the foreign asset positions, the prices decline and foreign banks ex-
pand asset holdings such that the foreign real interest rate rises. In equilibrium, foreign
banks’ balance sheet deteriorates because of the drop in asset prices, which then weakens
foreign investment and real economy. Notably, Figures 5 and 6 exhibit largely asymmetric
responses of domestic and foreign variables. This is because the holding cost of (5) and ex-
change rate risk in (8) and (9) impede domestic banks’ reduction in foreign assets, leading
to a moderate decline in foreign asset prices. Because of the larger drop in domestic asset
prices and the home bias of asset holding at and away from steady state, domestic banks’
balance sheets deteriorate much more than foreign banks. Banks’ leverage amplifies these
discrepancies in asset prices and banks’ net worth across countries, intensifying global cap-
ital flows and exchange rate fluctuations. The asymmetric impact on the financial market
is then transmitted to investment, production, consumption, and employment, as shown in
Figure 6. Overall, the home bias effect and leverage effect reinforce each other such that a
tightening domestic target surprise generates a significantly asymmetric impact on finan-
cial markets and the real economy of the two countries. This is a novel mechanism for the

international monetary policy pass-through.

Finally, we compare the IRFs to a conventional monetary policy shock under the baseline,
UIP and FA cases in Appendix D. We find that the IRFs under the baseline case are close to
those under the FA case, which reflects that I' under the baseline case is sufficiently large.
Similar to the IRF matching results, the responses of variables under the baseline case are

distant from those under the UIP case.

Quantitative Easing. In Figures 7 and 8, we compare the IRFs to the "QE2" shock in Figure
D1 under the baseline and UlIP-related cases, corresponding to segmented and integrated
global financial markets. We specify the UIP-1 case with (I, x1,x2) — 0 and the UIP-2 case
withI' — 0 and (k1,%x2) > 0, where the rest of parameters including (x1, x;) are the same
as the baseline case. We re-estimate the model by letting I' — 0 and specify this as the
UIP-3 case. The experiments are conducted in an environment with a constant I' and ZLB

constraints. To drive the economy to ZLB, we first simulate the model with a sequence of
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negative nominal interest rate shocks in Taylor rule of (19) such that ZLB constraints bind
until the end of the "QE2" shock.

For the baseline case, Figures 7 and 8 show that a domestic QE shock raises asset prices,
expands capital investment, and stimulates the real economy of both countries, but at
largely asymmetric scales. To elaborate, the injected liquidity by QE relaxes banks’ finan-
cial constraints, expands their aggregate demand for both domestic and foreign assets, and
pushes up the asset prices. Because of exchange rate risk and holding cost faced by foreign
banks, domestic central bank purchases more domestic long-term bonds from and inject
more liquidity into local banks. Domestic banks then allocate more injected funds to local
assets, generating a significantly asymmetric impact on asset prices and banks’ net worth
across countries. Similarly, banks” leverage further amplifies these asymmetric impacts.
Home currency depreciates associated with the net capital outflows from home to foreign
country, as asset trade flows outweigh goods trade flows. Figure 8 displays that the largely
asymmetric impacts on financial markets are then propagated to real economic activities in
the two countries, indicating that domestic QE effectively stimulates home economy, but its

benefit to foreign economy is limited under the baseline case.

However, Figure 7 shows that the real exchange rate stays almost constant in response to
QE shocks under the UIP cases, despite being associated with enormous net capital flows.
This is in sharp contrast to the responses under the baseline case and the empirical find-
ings of the case study and BP-SVAR estimation. Intuitively, under the UIP cases, the real
exchange rate is irrelevant to capital flows and is solely determined by the real risk-free rate
differential, which is moderately affected by QE shocks. Meanwhile, FX dealers are able to
absorb any imbalances if UIP holds, and a large amount of the injected liquidity instantly
spills over to foreign country through banks’ portfolio adjustment in a frictionless currency
market. When the global financial market is effectively integrated, we observe nearly iden-
tical responses of net capital flows under the UIP-1 case ((x1,x2) — 0) without exogenous
foreign asset holding cost and the UIP-2 case ( (x1,x2) > 0) with the cost, which are around
4.5 times larger than those in the baseline case with I' > 0. This indicates that FX dealers’
constraints play a major role in preventing the injected liquidity’s spillover to foreign coun-
try instead of the exogenous holding cost. Then we conclude that I’ is critical to explain QE

shocks’ strong impact on exchange rates and global portfolio flows.

Figure 8 displays another key finding: FX dealers’ limited risk-bearing capacity plays a
crucial role for the effectiveness of domestic QE. In Figure 8, we observe nearly identical

responses of domestic and foreign real economic variables under the UIP cases; however,
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their responses are significantly different in the baseline case. Over the first 12 months, on
average, the increase in domestic output under the UIP-1 and UIP-2 cases is around 73%
and 79% of the increase under the baseline case, respectively. In contrast, the increase of
foreign output under the UIP-1 and UIP-2 cases is around 1.58 and 1.44 times larger than
the increase under the baseline case. Hence, if the global financial market is effectively inte-
grated, domestic QE policy’s stimulation effect on local real economy is much less effective,
whereas the stimulation on foreign economy is notably strong. This is consistent with the
enormous capital outflows to foreign country in Figure 7. Large-scale liquidity spillover
in a perfect currency market dilutes QE policy’s stimulation effect on the domestic econ-
omy and benefits the foreign economy much more than the baseline case with a segmented
global financial market. Overall, we conclude the effectiveness of domestic QE is mainly

attributed to FX dealers’ limited risk-bearing capacity instead of exogenous holding cost.

We also re-estimate the model by setting I' — 0, and conduct the experiments based on
the new estimates, labeled as UIP-3. In Figure 8, we find that the IRFs under the UIP-3 case
are close to those under the UIP-1 and UIP-2 cases, which further justifies the important

role of FX dealers’ constraints in the transmission and effectiveness of QE.

Finally, the quantitative results under the baseline case are close to those under the FA
case as shown in Appendix D, which indicates that estimated I in the baseline case is suffi-

ciently large to guarantee the effectiveness of domestic QE policy.

Model Simulation. The calibrated model with estimates from IRF matching is able to match
a large set of target moments, which validates the calibration, estimation, and generality of
the model. In details, we simulate the model in monthly frequency with the calibrated
parameters in Table D1 and the estimates in the case of constant I' in Table 2, and specify

domestic banks’ financial shocks as:
Inf; =Inbd+p (11’19,5_1 — 11’19) + 0pegr, INAr =InA+p (h’lAt_l — lnA) + OAEA:

We also specify the noise trader shocks of Itskhoki and Mukhin (2021) as Dy; = pD;,t—1 +
onent, domestic productivity shocks as In A; = pIn A;_1 + 04¢€ 44, and domestic interest rate
shocks as ¢;; in the Taylor rule of (19), respectively. Following Itskhoki and Mukhin (2021),
we set p3 = 0.97 for all shocks in monthly frequency. We assume (egs, €at, €nt, € At, €it) ~iid
N(0,I), which are also independently distributed across time. Foreign shocks (&p,, €}, €%,
e%,) are defined symmetrically. We also consider the correlated shocks of the same type by
introducing global shocks. For instance, we specify Ay and A} asInA; = InA + p (InAy_4
—InA) +opepr +0vel, andIn A} = InA+p (InAf | — InA) + 0pch, +05eR,, where e}, isa
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global shock and (e, €}, sgA ;) ~iid N(0,I). Other correlated shocks are defined similarly.

Table 3: Model moments

Single-Type Shocks Multiple Shocks
Moments Data Dyt Ay 0; Domestic Global-1 Global-2
A. Exchange rate disconnect (quarterly):
p (A€) ~0 —0.12 —0.12 —0.11 —0.11 —0.11 —0.11
(0.09) (0.09) (0.09) (0.09) (0.08) (0.08)
7 (AE) /o (AY) 5.20 7.12 3.30 2.31 4.23 3.82 3.73
o (A€) /o (AC) 6.30 44.79 15.21 6.83 5.28 4.46 4.26
B. Real exchange rate and the PPP (quarterly):
p (&) 0.94 0.73 0.73 0.79 0.82 0.82 0.83
(0.06) (0.06) (0.07) (0.07) (0.07) (0.07)
o (Aé) /o (AE) 0.99 1.00 1.00 0.99 0.99 0.99 0.99
corr (A¢,A€) 0.99 1.00 1.00 1.00 0.99 0.99 0.99
C. Backus-Smith (quarterly):
corr (A¢, AC — ACY) —0.40 —0.55 —0.53 —0.58 —0.41 —0.48 —0.49
(0.04) (0.04) (0.04) (0.07) (0.06) (0.06)
o(i—1%) /o (AE) 0.06 0.06 0.07 0.09 0.15 0.15 0.15
p(i—i) 0.90 0.96 0.96 0.97 0.96 0.97 0.97
p (1) 0.97 0.96 0.96 0.97 0.97 0.95 0.95
D. Forward premium (monthly):
Fama f8 —0.81 —4.39 —4.26 —3.42 —0.52 —0.73 —0.69
(2.43) (2.25) (1.87) (0.92) (1.16) (1.09)
Fama R? 0.01 0.03 0.04 0.05 0.01 0.02 0.02
(0.01) (0.01) (0.02) (0.01) (0.01) (0.01)
Carry trade SR 0.35 0.45 0.47 0.48 0.23 0.24 0.24
(0.16) (0.16) (0.20) (0.14) (0.15) (0.15)
E. International business cycle moments (quarterly):
o (AC) /o (AY) 0.81 0.16 0.22 0.34 0.80 0.86 0.88
corr (AC, AY) 0.64 —0.93 —0.96 —0.98 —0.04 0.44 0.45
corr (Al,AY) 0.76 0.94 1.00 1.00 0.92 0.82 0.82
corr (AY,AY*) 0.50 —1.00 —0.45 0.90 —-0.22 0.42 0.44
corr (AC,ACY) 0.54 —1.00 0.95 0.96 0.79 0.72 0.73
corr (A, AT¥) 0.45 —1.00 0.99 1.00 0.67 0.69 0.69
F. Terms of trade and net exports (quarterly):
o (A3) /o (AE) 0.25 0.97 0.97 0.98 0.98 0.98 0.98
corr (A¢, A€) 0.20 —0.99 —0.99 —0.99 —0.99 —0.99 —0.99
o (Aﬁ)\() /o (A8) 0.09 0.12 0.11 0.10 0.11 0.11 0.11
corr (AN, ¢) 0.35 0.65 0.64 0.61 0.68 0.68 0.68

Note: The moments in Column "Data" are from Itskhoki and Mukhin (2021) except that the moments on
forward premium puzzle are from Lustig, Stathopoulos and Verdelhan (2019) as Table 4. Column "A;" reports
the simulated moments with a single "e;" shock, similar for Columns "0;" and "D,;". Column "Domestic"
reports the simulated moments with shocks (gg, €at, €nt, €41, €it) by matching six moments in Panel D and
regression coefficients in Column "Data" of Table 4, and the estimates are: oy = 0.018, 0, = 0.14, 4 = 0.020,
oy = 0.0004; Column "Global-1" matches the same moments as "Domestic" with all speciﬁed shocks excluding
€rt, the estimates are: Ui = 0.076, 0y = 0.048, (79 = 0.0001, 0, = 0.32, 04 = 0.027, O'A = 0.028, g, = 0.0001,
U, = 0.0015; Column "Global-2" matches the same moments as "Domestic" based on all shocks with estimates:
UA = 0.018, 0y = 0.049, oy = 0.0026, 0, = 0.28, 04 = 0.026, ai = 0.029, o = 0.0001, oy = 0.0015, o = 0.51.
Monthly variables are translated into quarterly values in Panels A, B, C, E, E.

We report the model simulated moments on exchange rate puzzles (including the Meese-
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Rogoff disconnect puzzle, the UIP puzzle, the Backus-Smith puzzle, the PPP puzzle, and
the terms-of-trade puzzle) and international business cycles in Table 3. Our model simula-
tions with single-type shocks in Ay, 8¢, or D,;; are able to rationalize the major exchange rate
puzzles as a single noise trader shock in Itskhoki and Mukhin (2021), although noise trader
shocks in our model generate much larger volatility of nominal exchange rates relative to
aggregate output or consumption growth. With multiple global shocks ("Global-1 and 2"),
our model simulations closely match the related target moments. The estimated volatilities
of banks’ financial shocks in A;, noise trader shocks, and FX dealers” financial shocks in
I'; are substantially greater than those of macroeconomic shocks, aligning with the tradi-
tional opinion that financial variables are more volatile than macroeconomic fundamentals.
The estimated volatility of noise trader shocks is around 30% of the volatility of shocks in
A, indicating that banks’ financial shock is an important driving force in the fluctuations
of currency market and global economy. Overall, we identify a novel exchange rate dis-
connect mechanism based on banks’ portfolio rebalancing under a segmented international

financial market.

Table 4: Regressions coefficients matching on term structure of currency carry trade

Single-Type Shocks Multiple Shocks
Moments Data A; 0; Dyt Domestic Global-1 Global-2
A. Short-term interest rate diff. (foreign-minus-home):
Bond local currency return difft. —0.78 —4.84 —-0.89 —042 —0.62 —0.49 —0.48
(0.32) (4.88) (0.38) (0.06) (1.31) (1.07) (1.09)
Currency excess return 1.81 5.26 4.42 5.39 1.52 1.73 1.69
(1.47) (2.25) (1.87) (2.43) (0.92) (1.16) (1.09)
Bond dollar return diff. 1.03 0.41 3.54 497 0.90 1.26 1.19
(1.51) (2.67) (1.51) (2.39) (1.18) (1.21) (1.19)
B. Yield curve slope diff. (foreign-minus-home):
Bond local currency return diff. ~ 2.18 297 1.05 -0.51 2.35 2.27 2.29
(0.50) (1.61) (0.20) (0.22) (1.07) (1.02) (1.04)
Currency excess return -123 179 —4.46 0.94 —-1.20 —-1.22 —-1.24
(1.99) (0.98) (1.43) (3.39) (0.64) (0.73) (0.71)
Bond dollar return diff. 0.95 122 341 0.49 1.16 1.03 1.02
(2.00) (0.73) (1.24) (3.30) (0.83) (0.96) (0.95)

Note: Variables of the first column are defined in (15). Column "Data" is the panel regression results of the
US dollar against AE currencies from Table 1 in Lustig, Stathopoulos, and Verdelhan (2019) with the sample
period "Jan 1995-Dec 2015". Similar to Table 3, Columns "A;", "6;", "Dy;", "Domestic", "Global-1" and "Global-
2" report the regression results based on simulated data. Standard deviations are reported in bracket.

We run the regressions in table 1 of Lustig, Stathopoulos, and Verdelhan (2019) with
model simulated data and report the results in Table 4. We find that the puzzling down-

ward term structure of currency carry trade risk premia is mainly accounted for by banks’
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tinancial shocks in A;. The analysis in Section 3.3 is justified by the positive (negative)
predictive coefficient of foreign-minus-domestic long-term bond excess return and the neg-
ative (positive) predictive coefficient of currency excess return in (15) conditional on the
foreign-minus-domestic yield curve slope differential (foreign-minus-domestic short-rate
differential). In contrast, a single shock in 6; or a noise trader shock in the model is not
able to fully explain the puzzling facts. Model simulations with multiple shocks further

improve the moment matching of regression coefficients.

Tables 3 and 4 show that high-interest-rate currency tends to appreciate based on model
simulations, which rationalizes the forward premium puzzle in Fama (1984). However, we
also observe the instant overshooting of exchange rates following a tightening target sur-
prise in Figure 5; that is, domestic currency appreciates immediately and is then expected
to depreciate. Intuitively, portfolio flows or currency imbalances triggered by target mon-
etary surprises dominate those induced by other shocks around the windows of monetary
surprise. Outside these windows, currency imbalances induced by banks’ financial shocks
mainly account for the forward premium puzzle. Hence, our model reconciles the seeming
inconsistency between the forward premium puzzle in Fama (1984) and instant exchange

rate overshooting in Kim, Moon, and Velasco (2017) and Figure 5.

5 Conclusion

This paper highlights the critical role of FX dealers’ financial constraints in the international
transmission of US (un)conventional monetary policy. We examine the monetary policy
transmission through the lens of global investors” portfolio rebalancing with a two-country
New Keynesian DSGE model. Our quantitative results reveal that FX dealers’ binding con-
straint is crucial for the explanation of QE’s large impact on exchange rates and the effec-
tiveness of central bank’s QE policy. Beyond the analysis on monetary spillover, our quan-
titative analysis with banks’ financial constraint shocks rationalizes the major exchange
rate puzzles in the classical literature, as well as the puzzling downward term structure of
currency carry trade risk premia. Overall, we quantify a novel exchange rate disconnect

mechanism based on investors” portfolio rebalancing.

However, the current model is not able to account for the failure of covered interest parity
after the global financial crisis shown in Du, Tepper, and Verdelhan (2018) or the presence
of convenience yields described in Jiang, Krishnamurthy, and Lustig (2021). Additionally,
our framework can also be used to quantitatively study the FX intervention policy as in

Fanelli and Straub (2021). All of these are interesting directions for future work.
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Figure 6: IRFs to a conventional monetary policy shock with different specifications of I';
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Note: The simulation results are based on the posterior mode of parameters in Table 2. In Panels "US Net
Exports" and "Net Capital Inflows to US", the IRFs are reported as % of deviations from steady-state values
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Figure 7: IRFs of financial variables to "QE2" shocks under the baseline and UIP cases with ZLB
constraints
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Note: The simulation results for the baseline, UIP-1 and UIP-2 cases are based on the posterior mode of
parameters from Column "Const. I't" in Table 2. For the UIP-3 case, the results are based the posterior mode
of parameters from Column "UIP" in Table D2. In the last row, the IRFs are reported as % of deviations from
steady-state values relative to steady-state GDP. In the other rows, the IRFs are reported as % deviations from

steady-state values.
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Appendix A Data, Method and Additional Empirical Results

We provide additional empirical results for the event studies in Section 2. In Figure Al,
we show that exchange rates of the dollar against several EM currencies reacted strongly
around the narrow windows of associated FOMC announcements. Figure A2 shows the
weekly path of exchange rates in the related FOMC announcement weeks. Figure A7 plots
the portfolio flows and exchange rates between the US and seven EMs during the "taper
tantrum" period. Figure A3 to A6 show the currency order flows for individual G10 cur-

rency pairs.

A.1 Additional Results in Event Studies

Around the announcements on June 19, 2013 and Sep 18, 2013, we show that the US dollar
appreciated or depreciated sharply by around 2% against EM currencies on average in Fig-
ure Al. Compared to AE currencies, EM currencies have much stronger responses to the
announcements, which is consistent with the traditional wisdom.

Figure A1: Exchange rates of the US dollar against several EM currencies around FOMC announce-
ments on June 19, 2013 and Sep 18, 2013
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Note: The exchange rates are expressed in units of foreign currencies per US dollar; the values at 2:00 pm
are normalized to unity. The left and right panels are for the announcements on June 19 and Sep 18, 2013,
respectively.

In Figure A2, we plot the variations of exchange rates for the whole week to account for
the hourly fixed effect. We find that there are no significant reactions of exchange rates from
2:00 pm to 3:00 pm on other non-announcement days within the announcement weeks,
which indicates that the strong reactions of exchange rates are independent of specific hours

(2:00 pm to 3:00 pm). We also report the currency order flows between FX dealers and non-



dealer banks or global investors for individual G10 currencies in Figure A3 to A6 around
these two special announcements. Overall, the findings for individual currencies are con-
sistent with the aggregate evidence, although the findings based on order flows of some
currencies between investors and FX dealers show slight inconsistencies with the aggre-
gate results. This is due to the fact that CLS only covers a part of global investors” order
flows compared to nondealer banks” order flows. Hence, the results might be sensitive to

idiosyncratic noise trading.

Figure A2: Exchange rates of the US dollar against AE and several EM currencies in the FOMC
announcement weeks of June 19, 2013 and September 18, 2013

2.15 PM, June 19th

2.15 PM, June 19th
L ha

| ] ]
-3
gi
k&*
b
S
L]
NSz
£2%

0.96 L L L
5PMI5thSep 5 PM 16th Sep 5 PM 17tk Sep 5 PM 18th Sep 5 PM 10tk Sep 5 PM 20tk Sep

2.15 PM, 18th Sep 1031

L2 2.15 PM, Sep 18th

== MXN
——TRY
ZAR

0.95 L L ]
17th Sep 5 PA 15th Sep. 5 PM 16tk Sep 5 PM 17tk Sep. 5 PM 18t Sep 5 PM 19tk Sep. 5 PM 20tk Sep
Hour r

Note: The exchange rates are expressed in units of foreign currencies per US dollar; the values at 2:00 pm
on June 19, 2013 and September 18, 2013 are normalized to unity. The top and bottom panels are for the
announcement weeks of June 19, 2013 and Sep 18, 2013, respectively.

Moreover, we examine US monetary policy’s impact on global investors” portfolio flows
between EMs and the US with the data from JP Morgan Chase & Co. Institute. In the left
panel of Figure A7, we plot the investors” cumulative net portfolio inflows to the US from
seven EMs with associated currencies: BRL, MXN, IDR, INR, THB, TRY, and ZAR.” Impor-

tantly, we observe a striking reversal in global investors” portfolio inflows to the US since

7Farrell, Eckerd, Zhao, and O’Brien (2020) show the similar graph, their copyright should be noticed. We
thank George Eckerd for sharing JP Morgan'’s portfolio flows data with us.



May 2013, which corresponds exactly to the beginning of the "taper tantrum". Specifically,
there was a growing portfolio outflow from the US to EMs up to 7.68 billion USD by May
2013, but it quickly reverted to the trend by mid-June. In particular, on June 19, 2013, the
cumulative portfolio flows flipped sign from -0.74 to 0.81 billion USD. Since then, the port-
folio inflows to the US from EMs grew rapidly to 20.03 billion USD by the end of 2013.
However, in sharp contrast to 2013, there was a constant investors” portfolio outflow from

the US to EMs in other years.

We further zoom in the analysis by just focusing on the "taper tantrum" period from
May 2013 to Sep 2013. The right panel of Figure A7 graphs investors” aggregate portfolio
inflows to the US from EMs and the average exchange rates of the US dollar vis-a-vis the
related EM currencies during this period. It shows that the growing portfolio inflows to
the US are associated with a constant appreciation of the dollar. Notably, the slopes of both
portfolio inflows and appreciation of the dollar are the steepest on June 19, 2013, which
further justifies the strong impact of the Fed’s asset tapering on exchange rates by inducing

global investors’ portfolio rebalancing.

Figure A3: Currency order flows (million USD) for G10 currency pairs between nondealer banks
and FX dealers around FOMC announcement on June 19, 2013
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Note: The dark red bar is the side of nondealer banks’ "buying the dollar from and selling foreign currencies
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Figure A4: Currency order flows (million USD) for G10 currency pairs between nondealer banks
and FX dealers around FOMC announcement on Sep 18, 2013
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Note: The dark red bar is the side of nondealer banks’ "buying the dollar from and selling foreign currencies
to" FX dealers; the white bar vice versa. The order flows are in units of million USD.

Figure A5: Currency order flows (million USD) for G10 currency pairs between global investors and
FX dealers around FOMC announcement on June 19, 2013
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Figure A6: Currency order flows (million USD) for G10 currency pairs between global investors and
FX dealers around FOMC announcement on Sep 18, 2013
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Note: The dark blue bar is the side of investors” "buying the dollar from and selling foreign currencies to" FX
dealers; the white bar vice versa. The order flows are in units of million USD.

Figure A7: Investors’ cumulative portfolio inflows from EMs to the US
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A.2 BP-SVAR Estimation
A.2.1 Data Descriptions and Variable Constructions

We obtain daily frequency US treasury yields data, Thomson Reuters exchange rate data
(collected at 5:00 pm EST in the US), and MSCI equity indices for different countries from
Datastream for the period from 01/03/1994 to 06/28/2019. We choose the data of the last
business day in each month to get the monthly data. For the group of developed countries,
we focus on the G10 currency pairs (AUD, CAD, CHEF, EUR, JPY, NOK, NZD, SEK, GBP)
quoted against the US dollar. For the group of EMs, we select India, Indonesia, Mexico,

South Africa, Thailand, and Turkey based on data availability.
The monthly CPI data is from FRED at the St. Louis Fed with the index level = 100 in

2015. For countries with only quarterly data available, such as Australia and New Zealand,
we interpolate the quarterly data into monthly data smoothly. Moreover, the time series for

unemployment rate and industrial production of the US are also from FRED.

We get the monetary policy shock instruments ("target", "forward guidance", and "LSAP"
factors) and the associated FOMC announcement dates from Swanson (2021), where each
factor has unit sample variance and a positive effect on yield changes. We include a total of
213 FOMC announcements from 01/03/1994 to 06/28/2019. For the month with more than
one FOMC announcement, we aggregate the monetary policy shocks within that month as

the monthly instruments.

The US cross-border monthly portfolio flow data is from Bertaut and Tryon (2007) and
Bertaut and Judson (2014). Here, we provide only the essential information of the dataset,
and more details can be found in the original papers. The monthly cross-border portfolio

positions and net flows are summarized by the following accounting identity:
Sijit = Siji—1 (L+ Rije) + Fje + Ajp. (A1)

From the claim side, S; j; is the US holdings of asset type j from country i at time ¢, R; ; is
the total return on country i’s return index for asset type j, F; ;; is the associated net flow,

Aj 1 is the adjustment term; and the other way around for the liability side.

We analyze the portfolio inflow data on foreign holdings of US equity and long-term
bonds, and outflow data on US holdings of foreign equity and long-term bonds. As in
Brennan and Cao (1997) and Hau and Rey (2006), we smooth the net portfolio flows by

averaging them over the previous 12 months. The value of flows is in billions of USD.



A.2.2 Method

To identify the dynamic effects of monetary surprises on exchange rates and global portfolio

flows, we consider the following structural VAR model:

p
Aoyt =Y Agyr¢+c+e, for 1<t<T, (A2)
=1
where the structural matrix Ay is invertible, y; is an n x 1 vector of endogenous variables
and e; is an n X 1 vector of structural shocks with unit variance. We further assume that the

policy indicator y! is the first element of y; and e} € e; is the associated policy shock.

Following the literature, we choose 3-month, 1-year, and 10-year US TIPS yields as the
policy indicators for "target rate" surprise, "forward guidance" surprise, and "QE" surprise,
respectively. The associated external instruments or monetary proxies are from Swanson
(2021). For the choice of other endogenous variables in VAR estimation, we include the
average real exchange rates of the dollar against AE or EM currencies, the leverage ratio
from He, Kelly, and Manela (2017), and the net equity and long-term bond inflows to the
US. The monthly US claim and liability portfolio flow data are from Bertaut and Tryon
(2007) and Bertaut and Judson (2014). We smooth the flows by averaging them over the
previous 12 months as in Brennan and Cao (1997) and Hau and Rey (2006). Since the long-
term bond portfolio flow data is only available after 1995, we analyze the effect of "target
rate" surprises since then until June 2019, which corresponds to the available sample period
of monetary proxies in Swanson (2021). For "QE" shocks, we focus on the ZLB period from
June 2008 to the end of 2015, when the Fed’s announcements had a much larger effect on
long-term yields. Importantly, we normalize all nominal variables with CPI and translate
them into the respective real ones. As a robustness check, we further include the log of CPI,
the log of industrial production, and the unemployment rate of the US in VAR estimation
as Gertler and Karadi (2015) and Ramey (2016), which are potentially useful for forecasting

other variables. More details about data construction can be found in the section above.

Turning to the SVAR in (A2), it is equivalent to consider the following reduced-form VAR:
yi — B'x; = ¢y,

/ /
where Xt = [y;—l""’y;*p’l} , B = [Ao_lAl,...,Ao_lAp,C] and €t|~Ft = Ao_let|f} ~
N(O, leg) With Qg/g — (A6AO)_1.



The key identification condition of monetary shocks is

ztef #0, and zie_,; =0,

p)

where z; denotes the associated proxy for monetary surprises and e(_,,) ; denotes the struc-
tural shocks except policy indicator shock ef at time ¢, so as for the reduced-form shocks

)¢ and ey . The coefficients are estimated by

€(-p
Afl
_ 0[(=p)]
Spt = T e e
0,[pA]

where 8/ = A\a [1p,1]zt is the fitted value by regressing &} on z, A,
1

the first column of Ay 1 and Ay (=p)A] includes the left elements in the first column of A !
~1
Ol[pll] )

To generate the credible sets, we adopt the Bayes estimation procedure developed in
Caldara and Herbst (2019), which is also used in Miranda-Agrippino and Rey (2020) and
Rogers, Scotti, and Wright (2018). Bayes methods enjoy the advantages to handle the es-

[1p 1 is the p-th element of

except A

timation with short sample period and avoid the potential misleading inference based on
bootstrap procedure. We choose the diffuse priors as in Rogers, Scotti, and Wright (2018).8
The detailed MCMC algorithm is shown in Appendix A.2.4.

A.2.3 Empirical Results

We first report the impulse responses of endogenous variables to conventional monetary
policy shocks in Figure A8. The magnitudes of all coefficients are normalized such that one
unit of conventional monetary policy shock increases US 3-month bond yields by 25 bps.
Under this normalization, US 10-year TIPS yields increase by roughly 17 bps and then de-
cline quickly. A unit of "target" surprise raises the average exchange rates of the US dollar
against G10 currencies by around 1% instantaneously. The leverage ratio increases by 6.62%
on impact and remains significantly positive for the following year. The increase in lever-
age following a monetary tightening is consistent with the equity constraint framework as
in Bernanke and Gertler (1989), He and Krishnamurthy (2013) and Brunnermeier and San-
nikov (2014), implying that an adverse shock leading to a decline in net worth increases the

bank’s leverage. Moreover, consistent with the findings in Bernanke and Kuttner (2005),

8Unlike Caldara and Herbst (2019) and Miranda-Agrippino and Rey (2020) with 12 month lags and Min-
nesota priors, we pin down one period lag based on BIC.



Figure A8: IRFs (with 90% CI) of variables for the average of AEs to US conventional monetary
policy shocks since 1995
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a tightening US conventional monetary surprise lowers domestic MSCI equity index by
1.36% with a significant negative effect lasting for four months. The average of MSCI equity
indices for nine developed countries also decreases by 0.65% with the effect lasting for two
months, where both the magnitude and duration of the response are approximately half
of those of US equity index. Importantly, we find that a unit of tightening target surprise
induces net equity inflows of 63.72 million USD from the other AEs to the US on average.
The respective response reaches a peak of 103.73 million USD after six months, then falls to
zero around 15 months later. Meanwhile, the initial response of average net bond inflows to
the US rises sharply by 119.92 million USD, then declines to zero gradually. Taken together,
the responses of equity and bond inflows provide direct evidence of the transmission of US

conventional monetary policy through investors’ portfolio rebalancing.

The IRFs of endogenous variables to negative QE ("-QE") surprises are reported in Figure
A9. Here, the sample period is from 08/2008 to 12/2015, corresponding to the ZLB period.
Since the sample period is relatively short, we report the 68% confidence sets in the figure.
We use 10-year TIPS rate as policy indicator for "-QE" policy shock and normalize its coef-
ficient of response to be 0.25% at the initial period. It is not surprising that a unit of "-QE"
surprise causes a long-lasting increase in the 10-year rate. The US dollar appreciates by

0.87% and then keeps increasing over the following four months. The leverage of US banks



Figure A9: IRFs (with 68% CI) of variables for the average of AEs to negative QE monetary surprises
during the ZLB period (2008-2015)
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rises from 2.12% to 3.62% and then returns to the trend. "-QE" shocks also lower the average
of MSCI equity indices for AEs significantly, but both magnitude and horizon on impact are
modest compared to US equity index. It is also associated with a relatively constant equity
inflows to the US (around 100 million USD), which lasts for more than two years. A puz-
zling observation is that there is a relatively small amount of bond outflows from the US
to foreign countries. There are several potential explanations for this puzzling observation
during ZLB period. First, since our analysis includes the financial crisis period, a possible
explanation can be the "flight to safety” effect as in Stavrakeva and Tang (2023) and Kekre
and Lenel (2024): foreign investors still prefer to hold US long-term bonds as safe assets,
even though the yields are lower. Second, given the data construction method for portfolio
flows in (A1), since the Fed’s QE raises the price of US long-term bonds significantly, there
might be positive net bond inflows to the US associated with the Fed’s purchase of long-
term bonds due to this large price effect. However, upon a QE shock, there is a significantly
large amount of bond outflows to foreign countries in 14 months. Our quantitative results

in Section 4 further verify this point.

Finally, we report the BP-SVAR estimation results for the EU against the US in Figure A10,
where we only focus on the IRFs of several important variables. A unit of tightening target

surprise normalized as before is initially associated with 0.94% appreciation of the dollar

10



Figure A10: IRFs (with 90% or 68% Cls) of EU variables to US monetary shocks
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vis-a-vis the euro, 0.80% decline in EU equity index, around 280 million USD net equity
inflows and 500 million USD net bond inflows from the EU to the US. We also find that a
normalized "-QE" shock induces 1.38% appreciation of the dollar against the euro, 1.08%
decrease in EU equity index, around 250 million USD equity and a small amount of bond
inflows from the EU to the US at the initial period. The subsequent impact on bond flows
remains ambiguous due to the price effects of the Fed’s long-term bond purchases. Overall,
the financial variables of the EU have much larger responses to US monetary policy than

the average across nine developed countries.

A.2.4 Bayesian Implementation

In the empirical analysis part, we employ the Bayes Proxy-SVAR developed in Caldara and
Herbst (2019) and Rogers, Scotti, and Wright (2018) to identify the effect of monetary policy
shocks with the following SVAR(p) model:

A(L)y: =c+ey,

with A(L) = Ag — A\L — AyL? — - - - — ApLP. We can rewrite the SVAR(p) into the follow-

ing equation form:

P
Aoy = ) _Ajyiy+c+e, for 1<t<T, (A3)
/=1
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where y; is an n x 1 vector of endogenous variables, e; is an n x 1 vector of structural
shocks, Ay is an n x n matrix of structural parameters for 0 < ¢ < p where Ay is invert-
ible, ¢ is an n x 1 vector of intercepts, p is the lag length, and T is the sample size. e; is
normally distributed with mean zero and identity covariance matrix I,;, conditional on the

information set F; that consists of past information and initial conditions yy, ..., y1—p-

Equivalently, we can translate the structural VAR model in (A3) into the following reduced-
form VAR:
yi — B'xi = ¢4, (A4)

/ !/
where x; = [ygfl,...,yi_p,l} , B = [Ao_lAl,...,AO_lAp,c] and g/ F; = Aalet|ft ~
N(0, Q) with Q. = (AjAg) .

We further denote the instruments of monetary policy shocks in Swanson (2021) as My.T =
(my,...,m7)" and the associated structural monetary policy shocks in (A3) as eMP. First, we
assume that m;|F; ~ N(0,02%) and Az;|F; ~ N(0,Qpznz). Second, to identify the mon-
etary policy shocks, we impose the standard identification condition that m; is correlated
with erHJ with covariance oy, yrp, but is orthogonal to all other structural shocks e%\] MP je.,
Cov[my, eMP|F] = o, mp and Cov[m;, eNMP|F;] = 0. Finally, to achieve the shape iden-
tification, we assume that monetary policy shocks on FOMC days cannot predict change
of any endogenous variables for the following days after the corresponding FOMC an-
nouncements. We denote the endogenous variables with daily frequency data available
in y; as z;, the last assumption implies that Cov[Az, m¢|F;| = Cov[Set, mi|Fi] # 0 and
Cov[mt,Azt_j|]-"t] = 0 for any j # 0, where S is the selection matrix such that z; = Sy;.
Here, as Rogers, Scotti, and Wright (2018), we assume that market is efficient which implies
that the information conveyed by monetary policy shocks can be quickly absorbed by the

market participants within the corresponding FOMC announcement days.

Given the fact that [}, Az), m;]" is conditional Gaussian, we can derive the joint condi-
tional likelihood function of the observed monthly data and daily change of endogenous
variables z; on FOMC announcement days, and also the instruments of monetary policy

shocks as follows:

\ B/Xt Et 0 Qe,e QS,AZ Y
Az ‘ Fi = | Az ‘ Fe~NT10|,[Qaze Qazaz Sv| |/
my ny 0 7/ '7/5/ 0.1%1

where v = Covlet, m¢| Fi] = O'm,MpAa(l

1) and A, 1 is the first column of Ay 1 and S is the

(1)

selection matrix such that z; = Sy;.
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By recalling the property of conditional multivariate normal distribution, it follows

mi ’yt/ Az, B,Q), 7y, 0m ~ N(.umt\yt,Azﬂ Vm (A5)

¢y Az )
with conditional mean
€t

_ ! Alal -1
ymt|yt,AZt - |:r), r)/ S] Q AZt

7

and conditional variance matrix

1|
th|y1»,AZt = 0-73’1 - |:,Y/ r)//S/i| Q ! [S’)/] 7

(@) (@)
where Q) = [ &E eAz ] .

QAZ,S QAz,Az
Based on Bayes Theorem, we can decompose the likelihood function of all the observed
data into the likelihood function of endogenous variables which only depends on B and

), and the conditional likelihood function of My.t:
p(Y11,AZy.1, M| B, Q, 7, 00) = p(Y1.1, AZ1.7| B, Q) p(M1:1| Y11, AZ1:T, B, Q, 77, 0t).

With the the conditional normal distribution in (A5), we can derive the conditional likeli-

hood function of My.t as
My.1|Y11,AZy 7, B, Q, 7,00 ~ N (]/im\y,Az, VM|y,Az)

Finally, we can obtain the posterior distribution of the parameters of interest (B, Q, 7y, 0y

(I41)

via Bayes rule with a diffuse prior ||~ as follows.’

p(B,Q, vy, | Y,W,Z) « p(Y1.1, AZy.T, My.1| B, Q, 7, 0,) |~ D/
= p(Y11,AZ1.7| B, Q)p(M1.1|Y1.1,AZ71.7, B, Q,’Y,(Tm)lﬂl (+1)/

« | QD2 exp <—%tr (Q—lA(B)’A(B))>

1 1 /
—— (M1 — M.t —
X VMW,AZ exp ( 2V]%4|YAZ < T VM\Y,AZ) < 1:T VMY,AZ))

where A(B) = [Yy.1 — Xu.1B AZy1).

For simplicity, we choose the diffuse prior for parameters as Rogers, Scotti, and Wright (2018), instead of
Minnesota priors in Caldara and Herbst (2019). We leave the choice of priors as a robustness check for the
empirical results.
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Algorithm : (Metropolis-within-Gibbs Algorithm) Fori =1, ..., N, at i-th iteration step,

(0): Obtain the OLS estimator of B and associated covariance matrix denoted as B and
. Pin down the lag of VAR based on BIC.

(1): For parameter block (B, (}), we get the posterior draws from independence chain
Metropolis-Hastings. Let q(B,}) denote the proposal density (normal-Wishart distribu-
tion) and (B’,Q}') denote the realizations of the draws. The algorithm of independence

chain Metropolis-Hastings is given by
e Draw Q' from ZW(; A'(B)A(B), T —1—1).
e Draw vec(B') from N(vec(B), £ ® [X|.rX1.1) ).

e Accept the new proposal (B?, }') with probability:

P <Bi/ Qi/ r)//lp | Yl:T/ AZl:T/ Ml:T) q(B,Q)
A = min = —, 1.
P (B/ Q/ r)//ll} | YIZT/ AZI:TI Ml:T) Q(Bl, Ql)

(2): For parameter block (7, ), we get the posterior draws from a random walk Metropolis-
Hastings (7', §'); that s, let the proposed value for each of these parameters be the existing

value plus a Gaussian shock. Acceptance probability « is:
e Draw 9 from N(y~1,c?).
e Draw ¢’ from N(¢'~1,c?).
e Accept the new proposal (7, ') with probability:

p <M1:T \Y11,AZ1.1, B, Q'+, l/?)
x = min — 1
p (MutlYir, AZyr, B, Q' §)

The variance of increment random variable (c?) is chosen to target an acceptance rate of
around 20%.

(3): Repeat steps (1)—(2) to get the posterior distribution with 5000 times, discarding an

initial burn-in sample (1000 times).

(4): Normalize magnitude of a positive monetary policy shock to increase monthly yields
by 25 bps. The "target", "path", and "LSAP" factors are used as instruments for US 3-month,
1-year, and 10-year bond yields, respectively. Based on the posterior draws, calculate the

impulse responses and credible sets for the parameters of interest.
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Appendix B Full Model Setup and Derivations

This appendix provides additional details on the setup and derivations of the model in
Section 3. The entire model structure is presented in Figure Bl. Given the symmetry of
the model, we focus on the detailed derivations for home agents” problem and list essential

results for the solution to foreign agents” problem.

Figure B1: The model structure

deposits/ST bonds () deposits/ST bonds (€)

FX Dealers
7 : profits 1 —mn: profits

4
Z\ \2
& &) %..
s | %\ \%
O >\ \”
& ' O

I
equity /! LT bonds

US Banks

Foreign Banks

holding cost
[

|
|
|
|
|
|
I lab
| 2 Foreign[~"
: HH
|
! ko]
[ 3
[ =
| wn
|

Capital Retail : Retail Capital

Goods Goods ! Goods Goods

D
I ?F
& v
. 3
%@@z Py : P X &
’?2% [ S
(A | M

|

consumption Final : Final consumption

Goods : Goods

15



B.1 Households

A representative home household maximizes lifetime utility over consumption and labor:
© (Cl-1
]E 1 t+1 _ X L1+77 ,
tlzzoﬁ { 1— o, 1 + ;7 t+i

subject to the budget constraint:

1 1\ 2 1 N2
Ct+ Dy + Qi + 5 (QiSly = QusSh)” +aiBly + 512 (418 — q:5B})

= wLy + DIV, — X + Ty + R_1Djy—1 + RiuQs-1S) ;1 + Rpue—1Blt, 1, (B1)

where S!' and B] are the household’s domestic firm equity and long-term government
bond holdings, respectively. We assume that the household experiences a holding cost for
domestic risky assets, "t (Q:S/', — QSSS_Z)2 and “2 (q:B, — qSSBZ)Z, where S/ and Bl! are the
amounts of risky assets that the household can hold costlessly, and xj; and xj; measure the
sensitivity of holding cost with respect to the deviation of asset holdings from the costless
amounts. In the quantitative analysis, we consider two specifications: an imperfect do-
mestic market where households are not allowed to hold risky assets (xj1, k;, — ©0), and
a partially imperfect market where households incur non-zero holding cost for domestic

risky assets (1, kj2 > 0).
The first-order conditions for the domestic household’s utility maximization are
XL{ = pwy,

1 =E; [Att+1Re],
1

Q:Sl = QusS) + K—hl]Et [Atir1 (Ripr1 — Ri)],
_ 1
q:Bjy = qssB) + K_hZ]Et [Ap i1 (Rppe1 — Re)],
The associated variables are defined as

Af,i’—f—l - IBILZ;’_ll l/li’ — Ct_gc,

where A;;y1 is the stochastic discount factor between period t and ¢t + 1, and p; is the

marginal utility of consumption.

Symmetrically, the first-order conditions for a foreign household’s utility maximization

16



are given by

X (LT = piwy,
1=E; [A;tHRﬂ ’
1 )
Qi Sty = QS + B [Argir (Ripq —RY)]
I
B = 5B + oo B [Aper (Rhy —RT)]

with the associated variables defined as

* IBM*l * *\—0¢
N = e, .”t:(ct)a'

ui

B.2 Banks

This part provides the solution to a domestic banker’s value functions W;(n;) (before the
portfolio decision, but after occupation shocks) and Vi (sy, by, s i b s nt) (after the portfolio

decision). The domestic banker’s value function W;(n;) is defined as

* * = 2 * * T 2
k1 (Q Sft — stsf K2 [ 4t bft - qssbf
W, = m Vi b — = — = ——=L B2

t(”t) sht,bhtgf)r(t,bft t(sm’bhtlsﬂl ft’ﬂt) [ 2 ( ernt + 2 ernt "t ( )

subject to the incentive constraint

! Agib
Qtsff+ q: fl’) (B3)

Vi(Shts but, St bpr ) > 6 (Qtsht + Aqibp; + ¢

The domestic banker’s value function Vi (s, by, s £t bsts n) is given by

Vi(Snts buesSpeo by e) = BeAg i1 [(1— 0)npgq + 0Wipr (n41)], (B4)

with the law of motion for net worth

nep1 = (Rise1 — Re)Qespr + (R p+1 — Re)gebye + Reny

R} R R} R
kt+1 t * bt+1 A
: _ Qs+ At be. B5

( €r+1 €t> ot ( €r+1 €t ) UL (55)

We obtain the solution to value functions by guess and verify. First, we conjecture that V;

is linear in all arguments:

Vi (Suts bues s, b 1) = pstQtspe + Ppeqebpe + st Qi s + ppeiqi b +ving + 9. (B6)
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Similarly, we conjecture that W; is a linear function of net worth:
Wi (1) = ¢uen + Vgt (B7)

Let /~\t,t+1 = Atpq1- (1 — 0+ 0y 1) be the banker’s "augmented" stochastic discount
factor. By plugging (B7) and net worth equation (B5) into value function (B4), we obtain the

following expression of V;:

Vi (Snts bts g1 b 1t) = B [Apry1 (1= 0+ 0¢u 1) 1] + OBt [Agpi10041]

- R} R
k/
= E; {At,H-l [(Rk,t—i-l — Re) Qesps + (Rpe11 — Re) 9ebpe + ( S —t> Q?Sft] }

€41 et

- R; R
+ E; {At,t+1 [( eiﬂlrl — —t) i b + Rtnt} } + 0Bt [Ag14100w,141] -
+

By matching the coefficients of the above equation with the linear conjecture of V; in (B6),

we obtain the corresponding coefficients as follows:
st = Ei [Apry1 (Reri1 — Re)],

pp = Bt [Apg1 (Rpr1 — Re)]

Ust = By [[\t,H—l ( ktH )}
€r41

Uy = By [[\t,tﬂ ( btﬂ ﬂ
€r+1

v = By [ApriaRy],

O = 0Bt [Agt110w,41] -

Next, let A; be the Lagrange multiplier associated with incentive constraint (B3), and

define the Lagrangian for maximization problem in (B2) as follows:

= 2 = 2
* b a* b
L1 = Vi (51, buss S50, by me) — = (Qtsft stSf) nt_%<w> .

etny etnt

Q?Sft‘i‘Aq;kbft)]

et

+ At | Vi (St buts St bpr, i) — 6 <Qt5ht + Aqibpy +

The first-order conditions with respect to asset positions are given by:

oL

Fy (14 A¢) pstQr — A0Qr =0,
Sht
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oL
= (14 A¢) ppeqe — A0Aqe =0,

by
AL, Qi‘sﬂ — QS (Qf QF _
35y = (LA HerQ = -~ o ) M =0
Ly . @bg—aiby (qf Agi _
Wﬂ = (1+As) poeedty — KZT er ) /\tee_t =0

By substituting the expressions for coefficients from the conjectured solution V; in (B6) into
the first-order conditions, we obtain the solutions for the expected excess returns on do-

mestic risky assets and the optimal positions of foreign risky assets as follows:

_ A
E; A R —Ry)| = 0,
¢ [Api1 (Repp1 — Ry)] Ty
- At
E¢ [Appi1 (Rpri1 —Re)] = A mf),

* * = X R; t+1et
Qfspr = Qi+ (1+A) Er [Appg e, — A0 K—et,

t+1 1

* * n Ry, qet
qibse = qashy + {(1 + A¢) Ey [At,tﬂ ( . - Rf)} A GA} P
t+

Note that when the incentive constraint (B3) is nonbinding, i.e., A; = 0, the expected excess
returns on domestic risky assets are zero, and the deviations in optimal foreign asset hold-
ings from steady-state values increase with the expected excess returns on foreign assets

relative to domestic deposit rate in terms of home currency.

To solve the value functions, we first solve the risk-weighted holdings of domestic assets,
Qtspt + Aqiby;, by substituting the first-order conditions into the incentive constraint. By
plugging the guessed solution (B6) into the incentive constraint (B3), using the condition

Uyt = Apst, and rearranging the terms, we obtain

6 A
(0 — pst) (Qesne + Bgebpy) < (Pls “ — —) Qfsfe + (,ub*t - —) Qi b + vene + 4.

By moving the terms of Q;ss; and g;by; to the left-hand side and dividing both sides by
0 — ust, we get the following inequality:

ving + 9 0 —erpst QfSpr 0 — ppr et/ A Agy bft
———— > Qsspt + Agebyy + : +
oy Qtsne + Aqibpy 6= 1y et 6— 1 €t

Moreover, by substituting the expressions for Q;'s¢; and g; by, the above inequality yields
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the following solution
Qisne + Aqibpy < Py + ¢y, (B8)
with the slope coefficient ¢; given by:

iy b (pserer — 0) [(1+ A¢) pseser — M) + 16, 1 (pperer — OA) [(1+ Ag) pypeser — AOA] + Ey [Agpi1Ry]
6 — WUst

Pr = . (B9)

and the intercept ¥; given by:

’ (,us*t - %) QssSr + <7/lb*t - %) qashs + OBt [Agi1V0,41]
t = .
6 — Ust

(B10)

Similarly, by substituting the first-order conditions into the maximization problem in

(B2), we obtain the expression for the slope coefficient ¢, as

[(1 — /\t)“l/ls*t(ff + /\té)] [(1 =+ At) “l/ls*tEf — /\té)]
2K1
(1 — A ppeser + AeAB] [(1+ Ar) e rer — ABA]
2K2

(Pwt -

+ + E; [At,t+1Rt] + ¢Prst, (B11)

and the expression for the intercept vy as
Vot = st + Hs1QusS 5 + Wptash s 4+ OBt [Apr 11001 41] - (B12)

In addition, by substituting the first-order conditions and (B8) into (B6), we can express

the value function V; as a linear function of #; as follows:
Vi = ¢potnt + Vo,
where the slope coefficient ¢ is

) 14
Pot = y;i S Ay pserer — M) + W;C; C[(1+ Ar) poeres — AiOA]

+E¢ [Atp11Re] + Pritst,

and the intercept vy is
Vot = Pstt + st QisS s + Ppeashs + OBt [Agpi100541] -

For the foreign country, a banker’s value function Wy (n}) (before the portfolio decision,
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but after occupation shocks) is defined as follows:

— 12
%% Kk 1k ok Lk *\ K1 et(QtSZt - QSS§Z) 2 Q et(qtbzl‘ - qSSbZ) *
Wt (nt ) Sht g}%tla; b}t ‘/t (Sht, bht, Sft, bft, nt ) { E |: nz( + 2 nzk nt ’
(B13)
subject to the incentive constraint:
Vi (S b Sy Uy 1) 2 [Qt Sgr+ Aqr by + (Qisyy + Aqtht)et] . (B14)

The foreign banker’s value function V;* (Sh b b;t, Frv b]*ft, ny) (after the portfolio decision) is
Vi (e Dt S5 OFp 1) = EelNppyq [(1 = 0)nfyq + oW (n744)] (B15)
with the law of motion for net worth:

Ny = (R;,t—&—l RY)Qr Sft (RZ,tJrl RY)q; bft + Rin
+ (R 16041 — Rier) Qsyy + (Rp 160401 — Rier) geby,. (B16)

We conjecture a linear solution to V;* as follows:
Vi (Sie Vi S5 by
= Ut QeSpr + Hyplebpy + P‘:*thsjft + Vz*tquj;t +ving + 9. (B17)
For W/, we conjecture that it is linear in net worth:

Wi (nf) = Prenny + gy (B18)

Substituting (B16) and (B18) into (B15) and matching the coefficients with the conjectured

form of V;" in (B17) yields the following expressions for the coefficients:
pser =By [A?,t+1 (R;,tJrl —R)],
My =B [Af1 Ry — R
o = Ey [[\;t—s-l (Ri 416041 — Rfet)] ’
o = Ei [Af 1 (Rppaersn — Rier)],
vi =Bt [AlaR{],

192( - U]Et [Azt+10?+1} .
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Next, let A} be the Lagrange multiplier associated with incentive constraint (B14). The

maximization problem in (B13) yields the following first-order conditions.

. AFO
lEt[ ti+1 (Rkt+1 Rt” = 1—|—t)\;"

Ak * )\*GA
IE; [ ti+1 (Rb,t+1 - Rt)] = 112\?,

" « Ry 116 . A il
Qisyy = st§h+{(1+A)lEf[ e (M—Rtﬂ—me}—u,

et K1 ét

* 7 * %k Ry 16641 " N ny 1
qtbht ZI]ssbh—F (1+)tt)]Et At,t+1 e—t_Rt — AfOA K_Ze_t

When the incentive constraint (B14) is nonbinding, i.e., A} = 0, the expected excess returns
on foreign risky assets are zero, and the deviations in optimal domestic asset holdings from
steady-state values increase with the expected excess returns on domestic assets relative to

foreign deposit rate in terms of foreign currency.

For foreign banks, the risk-weighted holdings of foreign assets, Qjs’ I’ Ag; by Fis CAN be

derived by plugging the first-order conditions into the incentive constraint. The solution is
Qis}+ Aqib, < ginf +yf,
where the equality holds if A; > 0. The associated slope coefficient ¢; is given by
k! (et = 0) [+ A e = A70] + " (e — 08 ) [(1+ A7) et = A70A| + B¢ A7, 1Ry |

= 0 — gy '
(B19)

and the intercept ¢ is given by

(ps; — Oer) Qssdy + (P‘Zt - GAet) qssby + 04 [A;tﬂvzﬁu,tﬂ}

. (B20)
60— Hgrt

Yy =
In the linear conjecture (B18) of W/ (1), the expression for the slope coefficient ¢, is

(= A +A10) [(1+ A7) et = A76)
2K1
[( — A mper L+ /\*AQ] [(1 + AY) P‘;tet_l - )‘ZFQA}

2K2

4’:;1& =

+ + Bt [AfaRY ]+ @i udy,
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and the expression for the intercept v}, is given by

Ut = Marp P + Mgy QssSh + .”thssgh + oy [A;k,tJrlU:u,tH} .

Finally, the value function V;* in equilibrium is also a linear function of n;
Yy t q t

% gk % *
Vi = Quni + vy,

with the slope coefficient ¢}, given by
Por = Klsett [(1 +A) ue = A 9} + biett [(1 +AY) pier = A QA]

+Et [Af A RE] + @7 peer,

and the intercept v}, given by

Uy = i + 15 QssSn + iy qssby + oI [A?,t—&-lvju,t-l—l] .

Solution with Aggregation. We denote {Syy, Byy, Srt, Brt} as the domestic banks” aggre-
gate holdings of domestic and foreign assets, and N; as their aggregate net worth. Given
the evolution of individual bank’s net worth in (4), the aggregate net worth N; evolves as

R R;_
Ni=o [(Rkt —Ri—1) Qt-1SH, -1+ (Rpt — Ri—1) qt—1Bp -1+ ( e’:t - e: 11) Qi 1SFt-1

et €1
where ¢ is the fraction of surviving banks, and X is the aggregate startup funds to new

bankers. Symmetrically, the aggregate net worth for foreign banks evolves according to

R}, R;_
+ <ﬂ s 1) qi_1Bri—1+ Rt—th—l} + X,

N =0 [(Riy = R{ 1) Qf 1Sks1+ (Rjy — Ri 1) 4¢1BF 1 + (Rier — Ry yer—1) Qe-1Sfi4 4
+ (Rprer — Ri_qer—1) qi—1Bfy ;1 + Ri_ N[ ] + X.
Furthermore, domestic banks’ aggregate foreign asset holdings are

*
Ry a0t R N;
— Rypq1 || —et,
€r+1 K1

* * D X RZ,t—i—let Nt
qiBrt = qesBr + (1 + A¢) Ep [ Ar i —Rpi1 | | —e
€r+1 K2

Qi Sk = QLS+ (1+ A¢) Ey {[\t,H—l (
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Foreign banks” aggregate domestic asset holdings are

Q1S = QssSy+ (L +HAD) By |[Afi | ——— — R ,
et ’ K16t
= « X Ry ti1€t41 Ny
9:Biyr = gssBy + (1 + Af) E; [ fr1 <€—t — Ry i1 F;-

Given the optimal foreign asset positions, the incentive constraint (B3) places an endoge-

nous capital requirement on domestic banks” aggregate domestic asset holdings:
Q+Syr + AthHt < (PtNt + l/Jt with equality if Ay >0, (BZl)

where ¢; and ; are independent of bank-specific characteristics and given by (B9) and
(B10), respectively. Similarly, the endogenous capital requirement on foreign banks” aggre-

gate foreign asset holdings is
Q; St + Agi By, < ¢f Ni' + ¢f with equality if Ay > 0,
where ¢; and ¢} are defined in (B19) and (B20).

B.3 International Financial Market and Currency Dealers

FX dealers maximize the expected real return from a position of domestic short-term debt

(—dst) and a position of foreign short-term debt (ds;e;) at period ¢:
. € Rfe

Vf = maxE; {(WAt,tJrl +(1-7) t,t—&—lil) (t_t - Rt)} dst,
st €t €141

subject to the financial constraint:

VE > Tid2e;.

We follow Gabaix and Maggiori (2015) and assume that FX dealers’ risk-bearing ca-
pacity is limited by T;d%e;. This is consistent with Itskhoki and Mukhin (2021) if T; =
yvarss(Alne;yq) as a constant, where varg(Alnes; ) is the steady-state variance of log-
arithmic change of real exchange rate. In the quantitative analysis, we also consider an

endogenous or exogenous time-varying I';.

By substituting the value function into the constraint and rearranging terms, we obtain

FX dealer’s optimal position on domestic short-term debt as follows:
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1 x Gt R¥ R;
dy = —F; | (1A 1- G (B 2|
st = 0 [(’7 el + (1 =1)Afp ol ) (€t+1 o

Similar to Itskhoki and Mukhin (2021), our model incorporates liquidity demand for cur-
rency by noise traders in the international financial market. These traders engage in a zero-
capital strategy, taking long positions in home currency and short positions in foreign cur-
rency, or vice versa, depending on their excess demand for foreign currency. We denote the

noise traders’ total position of domestic short-term debt as D,;; with their total position of

*

foreign short-term debt given by D}, = —D,;e;. We model the noise traders” demand for

domestic short-term debt as an exogenous AR(1) process:
Dy = PnDn,t—l + On€nt-

where p, € (0,1) and 0, parameterize its persistence and volatility, respectively. At the end
of each period, noise traders distribute 7j fraction of net profits to domestic households and
the rest to foreign households.

In equilibrium, the currency market clearing condition is
D dt = D str

where Dy, is FX dealers” aggregate dollar supply, and Dy is the net dollar demand as the
sum of net US exports, net buying volume of US risky assets, dollar debt repaid by FX
dealers from the previous period, noise traders’ net dollar demand, as well as FX dealers’

and noise traders’ profits rebated to US households:

D = (QtStyr — Qi-1Sk11-1Rie) — (Qi Spr — Qf_1Sk—1R};) /et

net equity inflows to the US

+ (9:Bfys — qe—1Bi s 1Re) — (9 Bre — 47 _1Bri—1R}y) /et

(.

net bond inﬂ:)rws to the US

* 1-y T—=1y R}
et Y N _16t—1
+7ywyt — vy (@) Yi+ Ri—1Dsi1 +7 (L - Rtl) Ds 1
&\,_/

et et et
h ~~ ~  dollar debt payoff ~~ d
net exports of the US dealers’ profits to US households
- R?_1 €r—1
+ Dyt — Rt—1Dy 1 + 7| Re—q — I Dy;—1 . (B22)
- t

J/

net dollar demand of noise traders - ~~
noise traders’ profits to US households

Here, it is worth mentioning that the definition of net portfolio flows is consistent with the
data construction in Bertaut and Tryon (2007) and Bertaut and Judson (2014). As modeled
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in Appendix B.6, final goods producers import varieties of retail goods from both domestic

and foreign countries. The real value of net US exports is then defined as

1px (; 1 ;
Py ygi— [Py iai
0

0 Ptgt Pi’
Py \ % 1(ps, (i) % O =1y 1 A \1-6
=Ty <i*t) : / ( Ht(l))e Yidi—yy (E) / (PFt(ll))e thdi
P P& Jo o (PF)% P 0 p

P[P\ Pe\ 1
eyt Yy (22 Y,
’)/]/ Ptgt < Pt* t ,)/]/ Pt t

. 1- -
(Pl -er) v* <PPt)1 s Y.

=Yy e t — Yy

Moreover, FX dealers repay their dollar debt with accrued interest R;_1D;;_1 from the
Rf;ft_l - Rt_1> D1 to US households, and

previous period and rebate net profits 7 ( -

noise traders have a net dollar demand D,; — R;_1D,,;—1 and rebate net profits 7 (R;_1—
M) D,, ;1 to US households.

B.4 Intermediate Goods Producers

Intermediate goods producers are competitive and sell homogeneous intermediate goods to

local retail firms. They produce the intermediate goods using a Cobb-Douglas technology:

Yiut = AKELy

where K; and L, are the capital and labor input, respectively. The capital stock K; depreci-

ates at a constant rate J. Then the aggregate capital accumulates according to
Kiy1 =1+ (1 - §)Kt

Since intermediate goods producers are competitive and the production function is constant
returns to scale in capital and labor, the intermediate goods price is equal to the marginal

cost of production:

—min{ZK+wL 'stAK"‘Ll_”‘—l}— L (Z\ (o T
pmt_Kt,Lpt o Fpty SR SR Bpr _At 18 1—ua .

The corresponding labor and capital demand are given by

(1 - ‘X)Pthmt
Wi Zy
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Symmetrically, the foreign intermediate goods price is

L1 (ZENY L wr T
Pt = 5 1—a) 7

and the associated labor and capital demand are given by

. (= a)phY; P Ve
ot = wrmt mt and K;k — nét;ﬁ mt.

B.5 Capital Producers

Capital producers make new capital using local final goods as input. They are competitive
and sell new capital to local intermediate goods producers at price Q;. We assume that local
households own capital producers and receive their profits as lump-sum transfers. The cap-
ital producers maximize the discounted real profits by choosing the amount of investment
I

I
max [E; Z Atk {Qt—l—klt—i-k [1 +f( ?k)} It+k} ,
SS

{Ikdieo k=0
where f (I;/ L) is the adjustment cost per unit of investment. We assume that the cost is
quadratic in the net growth rate of new capital relative to steady-state value: f (I;/Ls) =

% (It/ Iss — 1)2. The first-order condition for domestic investment I; is

Qt—1+f(lss)+ —f (Iss> (B23)

Symmetrically, the first-order condition for foreign investment I} is
It It I
arer(E) - (5)
f I ISS ISS
B.6 Retail Firms

Given the CES technology of Y; in (16) and (17), the domestic final goods producers mini-

mize within-period cost of production:

1
PY, = /O (Pose (i) Yere (i) + Pee (i) Yee (i)] i,

where Pp;(i) and Pp(i) are the nominal home-currency prices of home and foreign retail

good i in the home market.
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The cost minimization implies isoelastic demand functions:

(B24)

where Py; and Pr; are the aggregate price indices of retail goods baskets:

1
-6y

1
1 -0y 1
Py; = { / th(i)l—Gydi] " and Py = { / th(i)l—%di]
0 0

The retail goods input by foreign final goods producers is characterized by a symmetric

demand system:

oo (P T (PO T e PE\ T (BRG)Y
Vi) = (32) T (BD) v anavig) = - (32) (F2) v
(B25)

where P}, (i) and Pf,(i) are the nominal foreign-currency prices of home and foreign retail

good i in the foreign market, and Pj;, and Pz, are the associated aggregate price indices of

retail goods baskets:

! 0 ﬁ 1 0 ﬁ
P = | [ P ] e py = | [t ta]
0 0

The retail firms are monopolistically competitive and set the optimal goods prices subject
to nominal rigidities as in Calvo (1983). They choose the retail goods prices Pp; (i) and

Pf;,(i) to maximize the discounted sum of future real profits:

E kA { [ — Y i)+ Ht B v "y
tk_zogbp tt+k PtJrk Pm,t+k H,t+k( ) (lgt I (1 — [) 5t+k) Pt+k Pm,t+k H,H—k( )

where 1 € {0,1} with 1 = 1 corresponding to the scheme of PCP and : = 0 to the scheme of
LCP. From (B24) and (B25), the domestic and foreign demand for home good i is given by

Y e4k(i) = (1 —y) (PH'“"> o (PL@> - Yk

Pt+k PH,H—k
* — My * (7 6
Yipeak(i) =y Pii) v Pry () "y
H,t+k T\ Py (& + (1= 1) Erd) Py p g Al

where Y; ;, and Y} | are the aggregate demand in home and foreign country at period f +k,

respectively.

Denote the optimal reset prices of home retailer i as Py;(i) and Py, (i). The first-order
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conditions for the retailer’s profit maximization problem are given by

c Py, (i 6 ,
). ¢17§At,t+k { gt( ) _ 0 ! 1 'pm,t+k} Yh, k(i) =0, (B26)
k=0 t+k y
and A
PI*Jt(Z) Oy

Yi (i) =0.  (B27)

ok
Y Pk
k=0

Due to the identical marginal production cost p,,;x and symmetric demand functions

(&1 (1= 1) Erpp) Prax Oy — 1 Pmttk

Yu,+1k(i) and Yp;, (i), the optimal reset prices are identical across retailers in the same
country. Thus we omit the goods index i of optimal reset prices as long as it does not cause
any confusion. The optimal reset prices do not have a closed-form solution, but can be

expressed in a recursive form as follows. We first define the following variables:

X1,Ht = Z (PpAt ek Pk (Pri)™ (Peecie) ™™™ Vi,

k—O
0, —
Xo,Ht = 2 47pAt ek (Perie)™ ™ (Pry i)™ ™™ Yy,
k=0
_ —0
P* My £ y
X A Ht+k t+k .
1,Ht — Z (Pp tt+kPm,t+k ( P;:_k (L(“:t n (1 — l) gt—i—k) bk t+k

My

2% G

0
X3 tE+k Erek y e
2HE ™ * (& 4+ (1 —1) Eppi) Peyre \ (& + (1 —1) Epi) Pf H t+k e

These variables can be written recursively as

Xomr = Pt (P)™ (Prat)®™Ys + ppAr i1 X141,
Xomr = (PN (Prp)® Yy + ppAr i1 Xo 141,

Oyt
6,— &\
X = poaPF ) (i) 0+ gy (5) Koo

* 1 0 gt (Oy—l)- *
X5 i = 5= (P (Pi)™ Y + ppAr i X5 Ht4+1-
P, 5 5t+1

Hence, by rearranging terms in (B26) and (B27) and replacing the terms with the above

notations, the optimal nominal reset prices of home retailers are given by

*
- Oy Ximt A Oy Ximt

Py = ) =4 LA
01X M 0y —1X;

Moreover, define x1 gy = X111/ (P)%, xomr = Xomt/ (P)% Y, pry = P/ P, and pyy =
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Pyt / P;. The optimal real reset price for home-produced home goods is given by

Prs = 9y X1,Ht
t 9 —1x2Ht'

X1,Ht = PthHt My, + PpAirr1x, a1(T1)%,

T
X2,Ht = Pﬁt Y+ p A1 e (Typ)?

Note that py; and pp; are, respectively, the aggregate price index and optimal reset price
in real home currency of home retail goods in home market. Similarly, define xj ;;; =
X/ (PO, x5 gy = X5, P&/ (P, Py = Piy/ (P&y), piyy = Pjyy/ (Pi&y), the real re-
set price for home-produced foreign goods is given by

*

By X
pr_Q
y

—1xx.,’
2, Ht
9y~l
* _ * Gyfﬂyy*_}_ A 81’ * H* 6}/
X1 gy = Pmt(Phys - ) t T PpNirt1 & X1 g1 (L5 1),

E 1+(9y—1)'l (H* )
0, , )
Womr = (Pre €))"MY + dpApri (T—H) x;,H,tJrlI—}t;—f—l

Note that p};, and pj;, are, respectively, the aggregate price index and optimal reset price in

real home currency of home retail goods in foreign market.

For foreign retailers, the optimal reset prices in real terms are derived in a similar way.
The first-order conditions for their profit maximization are given by
Gy

Z 4’;7 tt+k [ L 0. —1 'pm,tJrk] YF,t+k(1) =0,
t+k y

and X

(L& + (1 — 1) E ) Pre(i) Oy p*
* - ) d+k

Pt+k 9y —1 fmi

Z 4’p Fiik Y k(i) =0,

where P}, (i) and Pr;(i) are the optimal nominal reset prices of foreign retail good i in foreign
and domestic markets, and they are also identical across foreign retailers. To obtain the real
value of these reset prices, let us denote py, = p;‘t/P*, pr; = Pg/Pf, prr = Dri&;/ P,
prt = Pri&/ Pf. Note that py, and pr, are the aggregate price index and optimal reset price
in real foreign currency of foreign retail goods sold in the foreign market, and pr; and pr;
are the aggregate price index and optimal reset price in real foreign currency of foreign

retail goods sold in the home market. The optimal reset prices in real terms can be written
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in the following recursive form:

*

p\* _ Gy xl/Frt
Ft — * ’
Oy —1x5p,

9, — 0
Xt = Pt (PR YE + Qp Ay 1% p o (T )™,

_ 0,— * 0,—1
X = (Pr)™ Y] + Pp A% b (T )™,

and

Oy —11y Oy
pre\ Y &t 9
X1,Ft = Pt (e_t Y+ ¢p :H—l _St x1,F 1 (T1)™,

0y —11y 14+(6, 1)1 0
pre\ Y & (ITpq1)
X2,Ft = (E_t Yi+ ¢p ?,t+1 e X2 F 1l -

&t Hz’:rl

B.7 Aggregation

This section characterizes the dynamics of aggregate price indices of retail goods baskets,

aggregate demand, and budget constraint of each country.

Price Aggregation. In principle, we need a market clearing condition for each retail good,
since the prices can be heterogeneous. Thanks to the homothetic preference and i.i.d. op-
portunity of resetting prices, the laws of motion for the nominal price indices of home retail

goods baskets sold in each country have the following recursive form:
1 = 1
10, - % s \1-6 —6,] T
PHt = |:/0 PHt(Z)l gydl:| = [(1 — ¢P) (PHt) y + 47p (PH,t—l)l Gy:| 1=ty ,

1
* 1 x /11— % px )10y * -6, =%
Py = [/0 Pry (i)' Gydl} = [(1 = ¢p) (i) + ¢y (Piren)’ 9yi| o

Denote the real price indices of home baskets in home currency as py; = Py /Py and pjy, =
I%ﬂ;, the above equations imply

- 1-6 prg—a | T

pra = [(1= ) () g (221 ] , 29)
] 1

. B B p* B & 1-60,7 19y

phe = | (1= p) (i)’ 9y+4>p( i ;—f) ] . (B29)

31



Note that the nominal exchange rate is £ = —t, it follows that

gt _H;k (o
E1 I e g

For foreign producers, denote the real price indices of foreign retail goods baskets in foreign

Pll';ff L. The laws of motion for these price indices are
t

* * * —
currency as pp, = Pf,/ P and pp; =

similar to those of the home goods baskets:

i * 1-6,7 19y
pi=[(L=¢p) (FE) " + ¢ (pﬁ,?l) ] : (B30)
t

B £ 1-6,] 76y
pre=|(1=¢p) (Pr1)"~ 9y+¢p(pf{*l-il) ] . (B31)

t

At the country level, the price index of aggregate home demand satisfies:

1
Poy\ 1 Pre\ 1y | Ty B L=y
1= [(1 - 'Yy) ( §t> + 7y (ﬁ) ] = (1- 'Yy) (th)l Ty 4 Yy <Pe_1:t> ,

where in the second equality, we apply the definitions of py;, pr; and e; given above. Simi-

larly, the real price index of aggregate foreign demand satisfies

1=(1- 'Yy) (p;t)liﬂy + Yy (Prt et)liny .

Combining the above relations with the aggregate prices in (B28), (B29), (B30), and (B31),

the domestic inflation rate is given by

1 D 1-6y | -0y
1= (1-1) [(1—¢p><ﬁw> 9y+4’p( ﬁf) ]

1—-0 1-0, | 7-6y
Pt Y PEt-1 e
(=90 < ) T op (Ht'€t1> ]

and the foreign inflation rate is given by

+Yy

~

* 1-6,7 18y
1=<1—w>[<1—¢p>< ) () ]

Pt e\ T
+Yy —_— .

(1= 99) (-0 + 9y (P51
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Demand Aggregation. For a home retail good i, the total output Y;(i) is given by Y;(i) =
Y (1) + Y}y, (i), where Yg, (i) and Y/, (i) are the demand of domestic and foreign markets:

. P\ " ([ Pe(i)\ % , Py \ M (P (i)
w0 =0 () © (5,7) v = () 7 (R

and Y; and Y} are country-level aggregate demand:

Y, =G+ [Hf(ll—t)} 1t+G+{ﬂ {Q?(SF—*_S_F)erE [M}Z}M

ss 2 etNt 2 etNt

1 h -n\2 1 h s\ 2

+5xm (QiSh — QuSh) + 52 (a:Bly —assB}) (B32)

and
= 2 5 2
I K1 Qtet (S* — 57 ) Ko | gtét (B* — B} )

Y* = C* 1 -t I + G* ey Ht H e Ht H *

P [ ()]s {3 [ G g [ )
1 * oh* * ah* 2 1 * ph* * ph* 2
+§Kh1 (Qt Sft - stsf ) + EKhZ <qt Bft _qsst > .

Let Yt = fol Yi(i)di and Y, = fol Y;(i)di be the aggregate output of home and foreign

intermediate goods. By plugging in the expression of Y;(i) given above, we obtain

1
N 7 Oy — -
Yot = /0 Yi(i)di = (1 —vy)pp, MYy + Ty (Phe - e)” MYy,

where (g and (j;, are price dispersion of home retail goods in home and foreign markets:

1p'_9y' . 1p*'_9y'
gHt:/O (—Hlit(l)) di, gHt:/O ( Iﬁfl)) di.

Since the price resetting opportunity is i.i.d. across retailers, we can derive the law of mo-

tion for the price dispersion measure {p; as follows:

. N 1 Py (i)\ "%
Crr = (1—¢p) (Prr) ™% + o, <HtTl(l)) di
= (1= ¢p) (Pr) ™ + @pTT, Torp1,

where the second equality applies the law of large numbers. Similarly, the law of motion

for the price dispersion measure (;;, can be written as

i = (1= ¢p) (Prr )" + ¢p (IT)% Ly 1.
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For the foreign country, the aggregate output of intermediate goods is given by

* By =11y th iy
Yor = (1= vy) (PFe) TrYe + 1y CFtYt,

where the price dispersion measures evolve according to

Cre=(1—¢p) (Pr) ™% + ¢ () 141,
_gy

Cre = (1—¢p) <th> +¢p (1) C 1.

Country Budget Constraint. As in Itskhoki and Mukhin (2021), the model equilibrium

requires a budget constraint for the home country, which is derived as follows.

First, the aggregate profits of domestic retail firms are given by

PHt()—pmt Yo (i)di + Fin (1) = pmt | Y (i)di
Jo (55 = o intoae |7 (S )

1 P 1 ]
_/ |:PHt )+PFf( :|dl+/ Ht YHt d —/ PFIt)—(Z)YF;}(l)dl_pthmt
0 t

=Y+ NXi — put Yt

where N X; represents the net exports of the US. In the second line we use the domestic inter-
mediate goods market clearing condition Y,;; = fo [Yu: (i) + Y}, (i)] di, and in the third line
we use the domestic final goods producers’ zero-profit condition P;Y; = fo [Prye (1) Yre (1) +
Pr;(i)Yp(i)]di and the definition of the US net exports.

Given the expression for retailers” profits, we can express the aggregate payouts from

non-financial and financial firms to domestic households, DIV}, as follows:

= 2 5 2
k1 [ Qf (Skt — Sr) k2 [qf (Brt — Br)
DIV, = 1—0o)N B\ ker T or) | R 8 \PE T O |y
g LU) o {2 |: etNt + 2 etNt g
Net worth of home exit banks  \

Home banks' } holding cost

R*_ €1
+7 (% — Rtl) Dsy1+ Qtl; — {1 +f (Iss):| Iy

Dealers’ prof?tg to home HH Home capital p}gducers’ profits
. R}_iet1
+ Yo+ NXe = put Yt + 77  Re—1 — —_—— | Dut—1, (B33)
N ~~ 7 t
Home retailers’ profits d

TV
Noise traders’ profits to home HH

where N,; represents the aggregate net worth of existing banks at the beginning of period ¢
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before occupation shocks. From (4), the expression of N,; is given by

*

R;f * Rbt *
Net = Rt Qt-1SH,.-1 + Rpeqi-1Br -1 + . Qf_1SFt-1+ o 9i—1Brt—1 — Ri—1Dy—1

= [Zi + (1 - 0)Q¢] Kt — RieQ¢-1SF; 41 + Ropeqe—1(Bi—1 — Bz 1 — Bgr—1)

*

tht * Rbt *
+e_tQt_1SF,t71 + e_tqt_1BF,tfl —Ri—1Dy4, (B34)

where the first line is the definition of N,;, and in the second line we use the definition of Ry,
and the clearing conditions for equity and long-term bond markets. In addition, combining

(B34) with the law of motion for aggregate bank net worth N;, we obtain

N; = Ny + X. (B35)

Next, by aggregating individual bank balance sheet (3) and replacing N; with (B35), we

obtain the following equation for domestic banks” aggregate balance sheet:

Qi Srt + q; Bry

QtSyt + qiBp + o

— 0Nyt + X + Dy (B36)

Finally, by adding up domestic households” budget constraint (1), domestic banks” ag-

gregate balance sheet (B36), and domestic government budget constraint (18), we obtain

I k1 [Qf (Skt — Sk) 2 q; (Brs — Br) ?
Ci+ G+ [1 +f<[ss>] It + { > [ e:N; + > N N;

1 ! n\2 1 ! i) 2
+§Kh1 (QtSht — Q555h> + >Kn2 (%Bht - %th> —Y;
= (QStr — RieQi-1St14-1) — (QrSrr — Ry Qi_1Ski-1) /e

+ (9¢Bfg: — Rpeqs—1Bi 1) — (9 Bre — Rjyqi_1Bre—1) /et

R*_ €1 - R*_ €1
+7 (% — Rtl) Dgi1 +1f (Rtl — %) Dyt

+NX; 4+ Ri_1Ds -1 — Dy, (B37)

where Dy; = Dy, — Dy — Dy is the home country’s holdings of home short-term debt issued
by FX dealers in the international financial market. In the derivation, we substitute the
expressions for DIV; and N, and employ the intermediate goods producers’ zero-profit
condition py Y = wiLs + Z¢K, the equity market clearing condition and the long-term

bond market clearing condition.

The first and second lines of (B37) represent the net demand for home final goods, which
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is zero due to the home final goods market clearing condition (B32). Then the home country

budget constraint is

Dst — Ry_1Dg 1
= (QtStit — RitQi-1St1-1) — (Qi Skt — R Qi _1Sks-1) /e
+ (l]tBI*—]t - Rbt‘itleItr,t—l) - (‘ﬁBPt - thqf_pr,t,l) /et

R*_ €1 ~ R*— €r—1
+17 (% - Rtl) Dst1+7] (Rtl - %) Dpi—1+NX;,  (B38)

Combine (B38) with the home short-term debt market clearing condition Ds; = Dst + Dy,

we obtain

Dst = (QtSt — Rt Qt-1Sk14-1) — (Qf St — RE Qi 1Sk 1) /et
+ (th;ilt - Rbtqt—lBE,tfl) - (‘ﬁBFf - Rth;kleF,t—l) /et

R*_ €1 . R*_ €1
+1 (L - RH) D1 +1] (Rt_l - %) Dy-1+ NX;

+Ri—1Dst—1 4+ Dyt — Ri—1Dy p—1, (B39)

Note that (B39) aligns with the currency market clearing condition Ds; = Dg;. This is be-
cause (B39) achieves the market clearing of home short-term debt in the international finan-
cial market, with the right-hand side being the aggregate demand from home country and
noise traders, and the left-hand side representing FX dealers’ supply. Through FX dealers’

zero-capital balance sheet, (B39) inherently implies the clearing of the currency market.
A paralell equation to (B37) for foreign country is

. IENT . [ x [eQi(S — 517 xa [eqe(Biy — Bi) 17\ e
Ci+G +{1+f(ls*s)]1t+{3{ N7 +5 % N;

1 * Gk * g 2 1 * phx 5l 2
+§Kh1 (Qt S?t - QSsS?*) + EKhz (qt B?t — q;kSB? ) _ Yt*
= (QFSr — REQf1Sk-1) — (QeSti — RuQe-1Sf141) -t
+ (q{Brr — Ryyqi—1Bri—1) — (4:Biyr — Rueqi—1Bfye—1) - e
R*i €1 N ~ 3
* ( : elt N Rt_l) [(1 o 77)Ds,t—1 - (1 - U)Dn,t—l] et + NX| + Dger — R;kleS,t—let—l
= —et - (Dgt — Dst),

where NX; is the net exports of the foreign country. In the first equality, we apply FX deal-

ers’ zero-capital balance sheet. In the second equality, we use NX; = —NX; - ¢;. The foreign
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final goods market clearing condition implies that the foreign country budget constraint is
also consistent with Dj; = Dg;. As stated in Itskhoki and Mukhin (2021), this is a version of
Walras Law in our economy with FX dealers, making the foreign country budget constraint

a redundant equation in the equilibrium system.

B.8 Definition of Equilibrium

In the model equilibrium, the agents solve their own maximization problems, and all mar-

kets clear. Therefore, we define the model equilibrium as follows.

Definition. Given the path of shocks {¢;, €];, Bgt, B;t, €nt }, a competitive equilibrium is a path
of home household decisions {Ct, L¢, Dy, SZt, BZt}, foreign household decisions {C}, L},
Dy, Sj‘j, Bjéf }, home producer decisions {Ky, Lyt, It, Yy, Yz, Yre, Yae(2), Yre(i), Yine }, foreign
producer decisions {K}, Ly, I}, Y{', Yiy,, Y7, Yfy, (), Y74 (i), Yy, }, home bank decisions {st, by,
St bsts n;}, foreign bank decisions {s;,, b}, s}?t, bj}t, ny }, aggregate quantities {Sgy, Sty Bht,
B}, Srt, S§is Brt, BE, Ni, N }, EX dealer decisions { D }, noise trader decisions { Dy }, prices
{er, wr, wi, Zy, Zf, Qt, QF, 41,95, PHE Py PFt PRt 1, @sset returns { Ry, Ry, Ry, R}, R}y, Rf }, in-
flation rates {II;,I1}}, fiscal and monetary variables {G, By, Dy, T}, it, G*, By, D;jt, T/, i},
such that in each period: (1) households, producers, banks and FX dealers maximize their
objective functions taking as given equilibrium prices, asset returns, inflation rates, and
tiscal and monetary variables; (2) the government budget constraint and monetary policy
rules hold; (3) all markets clear: intermediate goods markets, retail goods markets, final
goods markets, capital markets, labor markets, short-term debt (deposits and short-term
bonds) markets, currency market, firm equity markets, and long-term government bond

markets.

B.9 Steady State

In this section, we provide the solutions for the steady state. Our goal is to express endoge-
nous variables and model-specific parameters in terms of observable empirical moments
and parameters calibrated outside of the model. In the steady state, we consider the sym-

metric case with ess = 1.

Households. The steady-state values of the stochastic discount factors {Ass, AL} and the

marginal utility of consumption {jiss, p } are given by
Ns =N =B and g = s = C.%°. (B40)
The Euler equation and the first-order condition for labor supply imply that the steady-state
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risk-free rate and labor supply are given by

RSS — R* = L = l_ XLZS — X(L:S);?
SS ASS IBI ;,[SS ‘u;ks

— ZUSS — w:s. (B41)

Here we calibrate x by matching the moment Lgs = L3, = 1/3.

Finally, the first-order conditions for risky asset holdings imply

1
Kno{ss

s a1 L
Shss = il‘,ss - SZ T A (Rk,ss o RSS) ’ BZ,SS - B?,Ss = BZ + Ass (Rb,ss - Rss) .

h,ss Knp st

Here we calibrate E’:Z and BL’ by matching households’ steady-state holding share of domes-

tic equity and long-term government bonds.

Banks. First, the banks’ steady-state holdings of risky assets are calibrated from the litera-

ture or data, with the calibration details provided in Appendix D.

From (2), the steady-state values of long-term bond prices are

N 1
dss = f4ss = m

From banks’ first-order conditions, the steady-state excess returns are given by

A Asst , AssOA
Ass (Rk,ss B RSS) - 1 —:S/\ and Ags (Rb,ss - Rss) = 1 _S'_S_A ’ (B42)
ss o
A AssO X AZOA
Ags (R;,ss - R:s) = ﬁ and AJ (RZ/SS — R:s) — : —S:/\* )
ss x

Therefore, we can pin down the value of A by using the following equation:

o Rb,ss — Rgs

A= ———F——n0.
Rk,ss — Rs

It follows that the steady-state values of ¢, ¢}, Py and ¥} are given by

* S54\SS SSLNSS S5
Pss = Pgs = _ = = AssRss,
” Ay \ss (Rk,ss Rss) 0 — —1A5;\955 0 .

(Ass (Rigs = Res) =0) Qusy + (Ass (Rps — Res) = 0A) by + 0 Assunss
0 — Ass (Ryss — Rss)

(1+ As)
0

Pss = 1/’:5 =

= _Q:ss_f - Aq:sEf + UASSUw,ss;
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where the auxiliary intercept term vy s5 is

Vw,ss = [\ss (Rk,ss - Rss) Pss + [\ss (Rz,ss - Rss) Q:sgf + [\ss (Rg,ss - Rss) q;'}Ef + O'Assvw,ss
= (14 Ass) 0BUw,ss-

Our calibration implies that (1 4+ Ass) 0 # 1, then we get vyss = 0. Then the expressions
of Pss and 3, simplify to

Pss = 1/):5 = _Q;kss_f - AquEf'

Therefore, we can pin down the value of ¢ss from the data by plugging the expression of

ss into the binding incentive constraint, that is,

_ stsh,ss + Aqubh,ss _ E _ stSH,ss + AqSSBH,SS + Q;S_F + Aq;ksBF
% Ngg Nss Nss '

Next, we derive the steady-state values of value function coefficients ¢, ¢y, Pot, 3y,
Lagrange multipliers A, A}, and the parameter 0 of the incentive constraint, in terms of ¢s;,

Ry s and Rgs. First, the steady-state values of slopes ¢, and ¢, are given by
¢w,ss — CPZ;ISS = [\ssRss + 4755[\55 (Rk,ss - Rss) - (1 + /\ss) [\ssRss- (B43)
By comparing the expressions of ¢ss and ¢y, ss, we can express the value of ¢, 55 as

(Pw,ss = G(Pss . (B44)

Note that in the steady state, the banks do not pay holding cost. Therefore, the value

function V;(n;) must be equal to W¢(#;) in the steady state, which implies

Pv,ss = Prss = Puw,ss-

We use (B42), (B43), and (B44) to derive the values of Ay and Aj; that is,

AssO

Rk,ss — Rss _ 94755 Rk,ss — Rgs
Rss 1+ Ags Res 7

- [\ss (Rk,ss - Rss) - ]\ssRss

which implies Ags = ¢bss R"'S;{;RSS. Symmetrically we have A}, = Ags.

From (B43) and (B44), the parameter 6 in the incentive constraint is given by

9¢SS = (1 + /\ss) [\ssRss = (1 + )\ss) ﬁ (1 — 0+ ‘794’55) Rss,

39



which further implies
(14 Ass) B(1—0) Res
1 - (1 —I'_ )\55) [BO'RSS '

Therefore, the parameter 6 can be expressed in the observable moments and parameters

94)55 -

calibrated outside of the model as follows:

0 — 1 (I+As)B(1—0)Rss 1 [Rss + s (Riss — Rss)] B (1 —0)

N Pss 1-— (1 + /\ss) ,BURSS N Pss 1-— [Rss + ss (Rk,ss - Rss)] [50’ .

Given the values of 0 and ¢s;, we can obtain the value of ¢, s;. Moreover, the law of motion

for aggregate bank net worth implies

X=X"= Nss -0 [(Rk,ss - Rss) (QSSSH,SS + AqSSBH,SS + Q:SS_F + Aq:sBF) + Rssts]
= N {1 -0 [(Rk,ss - Rss) Pss + Rss]} .

Producers. For capital producers, the steady-state adjustment cost is zero. According to the

tirst-order condition (B23) for investment, the steady-state capital goods prices are

st = Q:s =1

Then the definition of equity return implies that the steady-state values of net payouts Z;
and Z; are given by
Zss = Zgs = Ryss — 1+ 6.

Since the steady-state aggregate productivity Ass and A} are normalized to 1, the real prices

of intermediate goods are given by

* Zss “ Wss e
Pmss = Pm,ss = 7 1— & .

From the capital accumulation equation, the capital stock and investment in the steady state

are given by

Kss — K;ks — a]fld ISS — IS*S — 5Kss.

The aggregate output of intermediate goods producers is Yy ss = Yy o = KL L.

For the prices of retail goods, we consider the steady state with Il;; = IT; = 1. Hence

the real reset price of home-produced home goods is given by

By —11y By =11y
X1,Hss = PmssPiiss Yss X2,Hss = Piiss Yo PHss = Gy p
,H,ss — = s ,H,ss — =7 S8 — 7 4 Pm,sse
1—¢pp 1—¢pp Oy —1
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Symmetrically, the steady-state values of the other reset prices are given by

0
Ak ok oA . y
PH;ss = PEss — PFss = Pm,ss-

Aggregation. According to the definition, the aggregate price indices for home and foreign

goods baskets are given by

A x A% oA x sk
PH,;ss = PH,sss PH,;ss = PH,ss» PF,ss = PF,sss PF;ss = PE,ss:

Since the real exchange rate is one, the price indices of aggregate demand in two countries

imply prss = ﬁ};/ss = Prss = f)j}/ss = 1. Then we obtain py,ss = %. Therefore, the
steady-state values of real wages are given by
—ar = (1) () pha B4
wss = W = (1-a) { 7 Pim,ss- (B45)
SS

Moreover, the final goods market clearing condition implies

Cos = Cly = Yo — G — Lo — —— [Aus (Ris — Res) 2 — = [Ass (Ryss — Res)?

ss — Lgg — Lgs — - SS_Z_[ ss( k,ss — ss)] _2_[ ss( b,ss — ss)] .

Kn1 Kn2

FX Dealers. In the steady state, the net flows of risky assets are given by

Net equity inflows to the US = QssS7; 5 (1 — Riss) — QiSryss (1 — RZ,SS) =0,
Net bond inflows to the US = gssBjj o5 (1 — Rys5) — GasBrss (1 — R g) =0,

where we apply the symmetry Qss = Q, 7{,55 = Srss, Riss = RZ{SS, Jss = Gass BI*_LSS = Brs
and Ry s = R},

b,ss’

The steady-state value of US net exports is

Net exports of the US = v, [(pﬁ/ss)l_w Y5 — (Prss) ™ Yss] =0,

where the last equality is derived from the symmetry py; . = ppss and Yo = Y.

Moreover, the symmetry Rss = R} implies that FX dealers” aggregate holdings of US

short-term debt are
1 * *
D55 = T [(7Ass + (1 —1)A%) (RS — Rss)] = 0.

Therefore, the currency market clearing condition implies that the steady-state net dollar

demand is D¢, = Dsss = 0.
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Appendix C Alternative Models

C.1 Habit Formation and Endogenous Discount Factor

This section introduces habit formation and endogenous discount factor into households’

problem. The representative domestic household’s utility function is

o Croi—hCyi 1) 7% —1 1
Et25t+i{( t4i i 1) X L +17}.
=0

1—0o; S gt

The parameter / represents the degree of habit persistence, and B; is an endogenous dis-
count factor given by

,3t+1:ﬁt'5[((:i:—},fésjcf Bo=1,

where €. € (0,0.), B € (0,1), and Cg; is the household’s steady-state consumption.

L —€c . _(Che —ec—1
Denote f; = B [%:};Saj] “ asthe per period discount factor and B.; = —e. ﬁ%

as the derivative of B; with respect to C;. Combine with the budget constraint (B1), the first-

order conditions for the household’s utility maximization are given by
XL] = prwy,
1= [Aps1Rde],
. 1
QeShe = QusSjy + o B lAn1 (Resn = Ro)l,

_ 1
thZt = qssBZ + K_mlEt [Apir1 (Rppe1 — Re)],

with the associated variables defined as
Bt.uH-l
A =T
tt+1 ”
pr = (Cr —hCy_1)" " — hByEt(Cpy1 — hCt) ™% — Bertper + hBeIEt [Bes1¥erri]

(Cn—hC)' ™" =1 1t
1—o0, 1+ 1 t+1

Yot = —E; + Et [ e+1Brs1] s

where A1 is the stochastic discount factor between period ¢t and t + 1 and p; is the

marginal utility of consumption C;.

Symmetrically, foreign households’ first-order conditions for utility maximization are
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x (L))" = piwy,
1 =1 [A;tHRﬂ ’

_ 1 .
QiSp = QLS + K—hllEt [Atir1 (Ri 1 — R
_ 1
qi By = qiBy* + K_hZIEt [Atir1 (R — RE)],
with the associated variables defined as

« _ B?l‘fﬂ
t,t+1 ‘u?
ui = (Cf —hCl 1) — hB{E(C}, 1 — hC{) ™% — Bhypiy + hBiIE 1Biria¥iiial,
* x\ 1—0¢
( t+1_hct) -1 X

7

o = —E ( f+1)1+’7 + [E; [w?,mﬁilﬂ ,

—ec—1
ae _ 2 [CohCly 7% a _ a(CiohCiy)
where ’B? = ﬁ [ T=h)C i| and ﬁ;:k,t = —ecﬁ [(1—h)CL]

C.2 Sticky Wage

This section introduces sticky nominal wages into labor market. In each country, a unit
continuum of labor unions, indexed by I € [0,1], purchase labor competitively from lo-
cal households at rate MRS; (MRS}) and repackage it into differentiated labor variety Ly;.
These labor varieties are sold to a local representative labor packer, who combines them

into final labor for production Ly via a CES aggregator with elasticity of substitution 6,:

1 ool N\ Tl
Lat = ( | L dh> .
0

Denote Wy as the nominal wage of labor variety h. Then the labor demand is

—y 1 =

For households, mrs; (mrs;) is the wage rate of supplying labor to local labor unions.

Thus the first-order conditions for their labor supply are

xL] = wmrsy and  x (L})" = yjmrs;. (C2)

Wage Setting. Labor unions set wages as in Calvo (1983). The probability of resetting wage

43



each period is 1 — ¢. A home labor union maximizes discounted sum of real profits:
16 pboo—1 0w pbo ., 0
%ﬁ‘x IE; Z(PwAt t+s [W “Ps wt+sLd trs — Mrspps Wi, "’PtjfswtfﬁsLd,HS] .
£ s=0

The first-order condition for the labor union’s profit maximization problem is

0 0.
I Z P tts { Fs wt+sLd trsWhe — ﬁmrst+spt+swtisl‘d,t+s} = 0.
w

Due to the identical marginal cost mrs;, the optimal reset wages are identical across labor
unions within a country. Hence, we drop the index h without causing any confusion, and

the optimal reset wage W; is given by

N 0w Fit

P = ==,
0. 6
Fip = mrsi P/w,“ Lay + P\t p+1F1 141,

b= Pew ! edet + Qw1541

Denote the optimal reset wage in real terms as @; = W/ P;, and its solution is given by

Gw fl,t
Qw -1 f2,t,
0 0
fip = mrsiw Lys + ¢ N1 VY f1ev1,

0 Op—1
for = Wi Las + Qw1 1L o041,

Wy =

where w; = W;/P; is the domestic aggregate real wage, f1; = Fi ;/ Pf “,and fo; = Fp s/ Pf w1,

Symmetrically, the optimal reset wages in real terms for foreign labor unions are

0 (2]
fip=mrsy (W)™ Ly + Pu\i 11 ( ;FH) * fli

* O * Ow—1 /x
frr = (i)™ Ly + poApyn (I550)™ " f300-
Labor Aggregation. Integrating (C1) across / and using fol Ly;dh = L; yields
Lt = LaGt, (C3)

where ¢; is the wage dispersion in home country:
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1 /w —bw
ht
= — dh.
G /0 ( 4% )
Since the wage resetting opportunity is i.i.d. across labor unions, we can derive the law of

motion for the wage dispersion measure ¢; as follows:

e (Wi )
= (1= ¢) <_t> - /1—¢w < Wi > ah

A —0w Ow
= (1— ) (%) +4>wnfw( wr ) Y (C4)

W1

Moreover, the domestic aggregate nominal wage evolves according to
W = (1= gu) (W) + g
Dividing both sides by Ptlfew gives the law of motion for the domestic aggregate real wage:
wy " = (1= ) (@) 7" + oI w7 (C5)
Symmetrically, the foreign aggregate labor supply is given by

L;k = L:;tg;k/

where the wage dispersion measure ¢; follows

A\ —Ow * 0w
5? = (1 _4)w) (%) + ¢w (Hf)gw ( u:t ) ?—1-

t

Moreover, the aggregate real wage evolves according to
- x \1-6w
(@) ™% = (1= ) (@))% + oo (1) (wjy)

Steady State. Given the steady-state inflation I1;s = II;; = 1, the steady-state real reset

wage of differentiated labor variety is given by
9w 910
MrSssWss Ly g wss Ly ss

1—up — ¢’
Combining the above equations with (C3), (C4) and (C5), we obtain

A Ak

w
?/Uss — wss — —TI’ZT’SSS.

fl,ss - fl*,ss - ’ f2,ss - fZ*,ss -

Qw_l

* A A K *
Css = Cog = 1, Wss = Wyy = Wss, MISss = MISgs = 0
w

Wss, Ld,ss = L:;;,SS = Lss,
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where the steady-state aggregate real wages wss and wg; are given by (B45), and the steady-
state aggregate labor supply is Lss = Li; = 1/3. Additionally, from households’ labor
supply (C2), we calibrate x using

9@0 ]- ssWss
- HssWss C6

with p,s given by (B40).

C.3 An Alternative Model without Final Goods Producers

In this section, we develop an alternative model without final goods producers as in It-
skhoki and Mukhin (2021). We assume that the intermediate goods producers and retail
tirms in the baseline model are integrated into a continuum of goods producers, who pro-
duce a variety of differentiated goods. These goods are consumed by domestic and foreign
households, and are used as inputs for capital producers, government expenditure, and the
holding cost of risky assets, using the same aggregator as household consumption. More

details on the setup of households and goods producers are as follows.

Households. The domestic households allocate their within-period consumption expendi-
ture P;C; between home and foreign varieties of goods Cj (i), for j € {H,F} and i € [0,1]

via a two-layer CES aggregator:

g el 1 =17 31
ci= |a—nkeyt +oded | )
and
Oc
1 61 -1
C]-t = {/O C]-t(i) Oc dl} forj e {H, F}, (C8)

where Cp; and Cr; are baskets of home and foreign produced goods, 7. > 1 measures the
elasticity of substitution between home and foreign goods, . € [O, %) measures the home
bias, 6. > 1 measures the elasticity of substitution between goods within baskets.

The households minimize expenditure P;C; = fol [Pt (1) Crt (i) + Pre(i)Crt(i)] di subject
to (C7) and (C8), where Py, (i) and Pr(i) are the nominal home-currency prices of home

and foreign variety i in home market. This implies the following demand functions:

where Py and Pr; are the aggregate price indices of goods baskets:
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1
1-6¢

1 =5 1
Py = { / PHt(i)l_GCdz} and Pp = { / th(i)l—chz}
0 0

The consumption demand of foreign households is symmetric:

Px e / px (l) —0c P\ e /p* (Z) —0c
Ciul) =7 () () Tqranachi —a-v0 (1) () e
P, P p; Py,
where P}, (i) and Pj; (i) are the nominal foreign-currency prices of home and foreign variety
i in foreign market, and P}, and P, are the aggregate price indices of baskets:

1
1-6¢

1 = 1
Pl = | [ P i) and = [ [P ]
0 0

Goods Producers. The goods producers in each country produce a variety of differentiated
good i € [0,1] and sell it in local and foreign markets. The production function of domestic
goods producers is

Yi(i) = AKF (D)L 4 (1),

where A is total factor productivity, K(i) is capital input, and Ly;(7) is labor input. Given

the wage rate w; and equity payout Z;, the producers’ marginal production cost is

MC—min{ZK+wL ;s.t AKl—“L“—1}_L Z\" (_w e
t_Kt,Lt tINt thpt; s.t. Ak, ot = 1. _At " — )

The corresponding labor demand and capital demand are given by

e I URb

The setup for foreign goods producers is symmetric with the following solution:

. 1 (ZENY [ wf 1-a « o (I=a)MCFY/ (i) wrn  aMCFY] (i)
MC; = A_f <7> (1 — “) ’ pt(l) = w? , Ki(i) = T

The producers set goods prices subject to nominal rigidities as in Calvo (1983), which is
the same as retail goods pricing problem in the baseline model, except that the aggregate
demand Y; (Y;) is relabeled as V; ();), the intermediate goods price p,: (p};,;) is relabeled as
MC; (MCy), the intermediate goods output Yy, (Y,y;) is relabeled as Y; (Y;"), and the param-
eters {’yy, My Gy} are relabeled as {, ., 6.}, respectively. Thus we omit the derivations of

optimal reset prices in this section.
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Appendix D Additional Results of Quantitative Analysis

This section elaborates on the procedures for model simulation, calibration, and estimation,

and provides additional quantitative results.

Simulation Method. We solve the model around the steady state with intermediaries’ bind-
ing financial constraints. The UIP-related models are solved with ' = 107°. Additionally,
the UIP-1 models are solved with x; = k, = 1.4 x 1073, while the UIP-2 models use the
same values of (x1,kp) as the baseline models. The rest of the parameters are the same for
the UIP-1, UIP-2, and baseline models. The financial autarky models are solved based on
Dy = 0, corresponding to I' — co. Models with a constant I' are solved by linear approxi-
mation around the non-stochastic steady state via Dynare, while models with time-varying
I't are solved by quadratic approximation, as the first-order approximation of FX dealers’
dollar liquidity supply Ds; with respect to I'; around the steady state is zero. For the quan-
titative analysis of QE shocks with ZLB constraints, we solve a piecewise linear version of

the model using OccBin from Guerrieri and Iacoviello (2015).

The analysis of conventional monetary policy shocks simulates the models with a one-
unit unexpected shock to the domestic nominal interest rate in the first period, which means
g1 = land g = 0 for t > 2in (19). In the analysis of QE shocks, we first introduce
unexpected negative nominal interest rate shocks in the domestic country with ¢;; = —5
for the first four periods, driving the economy to the ZLB thereafter. Starting from the fifth
period, we simulate the models with a sequence of unexpected shocks By that matches the
Fed’s holding proportion of US long-term government bonds in "QE2", as shown in Figure
D1.

Calibration. The model is calibrated at a monthly frequency with the calibrated parameters
reported in Table D1. Parameters related to households, producers, and monetary and fiscal
policies are drawn from the standard literature. We set the households” monthly discount
rate B to 0.998, the relative risk aversion o, to 2, and the inverse of the Frisch elasticity # to
1. The importance of labor in utility yx is calibrated to 9.449 to match a steady-state labor
supply Lss = 1/3 according to (B41). In the model with sticky nominal wages, we calibrate
X to 8.590 based on (C6). For the production sector, we set the capital share in production
function to 0.33 and the monthly capital depreciation rate to 0.008, following Gertler and
Karadi (2011, 2013). The elasticity of substitution 6, within a retail goods basket is set to
11, targeting a 10% markup in the steady state. We choose the elasticity of substitution 7,
between home and foreign goods baskets to be 3.8, as in Bajzik et al. (2020). Moreover, the
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Table D1: Calibrated parameter values

Parameter Value Description Target or source
A. Households
B 0.998 Discount rate Sims and Wu (2021)
X 9.449  Importance of leisure L =1/3
[8.590] [Under sticky nominal wages] L =1/3
n 1.000 Inverse of Frisch elasticity Itskhoki and Mukhin (2021)
o 2.000 Relative risk aversion Itskhoki and Mukhin (2021)
SZ,S i (SZ «+SHs) 0370  HH equity holding share Federal Reserve’s financial accounts
BZ/S o/ (BZ,ss + Brgs) 0200 HHbond holding share Federal Reserve’s financial accounts
B. Banks
0 0.944 Fraction of divertible equity Targeted equity excess returns
[0.919] [Under HH holding risky assets] Targeted equity excess returns
0.270  Scale factor of divertible bond Targeted bond excess returns
o 0.980  Survival probability of banks Gertler and Kiyotaki (2015)
X 0.045 Transfer to the entering bankers Steady-state leverage: 4
[0.037] [Under HH holding risky assets] Steady-state leverage: 4
K 0.992  Bond income flow rate Sims and Wu (2021)
(5111—1,55 + Shss)/ Kss 0.700  Domestic equity holding share Atkeson, Heathcote, and Perri (2022)
(Bz/s <+ Brss)/B 0.600  Domestic bond holding share Foreign share of public debt: 40%
C. Producers
o 0.330  Capital share Gertler and Karadi (2011, 2013)
6 0.008 Capital depreciation rate Gertler and Karadi (2011, 2013)
My 3.800  Foreign elasticity of substitution Bajzik et al. (2020)
6y 11.00  Home elasticity of substitution 10% markup
(o 11.00  Labor elasticity of substitution Sims and Wu (2021)
Ty 0.130  Trade openness US trade-to-GDP ratio = 0.26
D. FX dealers
1 0.500  US share of FX dealers Gabaix and Maggiori (2015)
i 0.500  US share of noise traders For symmetry
E. Government policy
¢ 2.150 Taylor rule inflation Clarida, Gali, and Gertler (2000)
oy 0.083  Taylor rule output deviation Clarida, Gali, and Gertler (2000)
G/Y 0.200  Steady-state government spending Gertler and Karadi (2011, 2013)
B/ (12Y) 0.410 Steady-state bond supply Sims and Wu (2021)
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Figure D1: QE1 and QE2 shock sizes in the data
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trade openness parameter 7y, is set to 0.13, consistent with a 0.26 trade-to-GDP ratio for
the US. For monetary and fiscal policies, we adopt Taylor rule parameters ¢r7 = 2.15 and
¢y = 0.083, as in Clarida, Gali, and Gertler (2000). The steady-state government spending
and long-term government bond supply are chosen to match a government spending share
of output of 0.2 and an annualized debt-to-GDP ratio of 0.41, following Sims and Wu (2021).

For the parameters in the sectors of banks and FX dealers, we set the bond coupon decay
rate x in (2) to 1 — 120! such that the maturity of long-term bonds is 10 years. We choose
the monthly survival probability of banks (¢) to be 0.98, implying an expected horizon of
50 months, which is close to Gertler and Kiyotaki (2015) and Sims and Wu (2021). We target
the steady-state annualized excess return on equity at 500 bps, which is the average of the
excess returns on equity (636 bps) and BBB corporate bonds (358 bps) among developed
economies including the US. The equity excess return is calculated using data from Fama
and French (2023) over January 1995 to June 2019. The corporate bond excess return is from
Bekaert and De Santis (2021) over February 1998 to August 2018. We target the steady-
state long-term bond excess return at 135 bps, which is the average of the 10-year minus
3-month government bond yield spreads for the US (148 bps) and other G10 countries (122
bps) over January 1995 to June 2019, using data from Bloomberg. This implies A = 0.27
according to (7). Following Gertler and Karadi (2011), we target a steady-state leverage of
4. In scenarios where households are not allowed to hold domestic risky assets, the steady-

state excess return on equity and leverage ratio imply 6 = 0.944 and X = 0.045, respectively.
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For models where households hold domestic risky assets, we calibrate 6 to 0.919 and X
to 0.037. We set the share of domestic banks” and households’ total holdings of domestic
equity (SZ « T SH,ss)/ Kss = 0.70 in the steady state, and symmetrically, (S?*S s T SFes) /K =
0.70, with SZ, o = S?*s s = 0if households are not allowed to hold domestic equity. The share
of domestic equity held by domestic agents in the steady state is from Atkeson, Heathcote,
and Perri (2022). In scenarios where households hold domestic risky assets, we set the share
of domestic households’ equity holdings at SZ’ ss/ (S,}qZ « T SH,s) = 0.37, based on the Federal
Reserve’s US financial accounts. For long-term bond holdings, we set (BZ,SS + Brss)/B =
0.6, and symmetrically (B?*s s TBrs)/ B* = 0.6 to match the foreign share of US Federal debt
held by the public over 1995 to 2007 from FRED, which is also close to the value in Tabova
and Warnock (2021). If households are not allowed to hold domestic long-term bonds, then
BZ{SS = Bjé*s s = 0. Otherwise, the share of domestic households” long-term bond holdings is
BZ, s/ (BZ s tB Hss) = 0.20, which is also from the Federal Reserve’s US financial accounts.
Finally, we let e;s = 1 in the steady state and assume symmetric ownership of FX dealers

and noise traders, thatis, 7 = 1/2 and 77 = 1/2, respectively.

Parameter Estimation. We estimate the remaining parameters by matching the model’s
impulse responses to a US conventional monetary policy shock with those from BP-SVAR
estimation for the first 24 months. We match the impulse responses of seven variables: US
10Y bond yields, exchange rate, US equity price, foreign equity price, US bank leverage,
net equity inflows to the US, and net bond inflows to the US. The sample size for BP-SVAR
estimation spans from January 1995 to June 2019. Our estimation includes the case of the

US against nine AEs, equally weighted, and the case of the US against the EU.

We normalize the IRFs of net equity and bond inflows from BP-SVAR estimation by the
annual average of detrended real GDP of the US and foreign economy. For the case of the US
against nine AEs, we collect nominal GDP data in US dollars from the IMF World Economic
Outlook Database and US annual CPI data from FRED over 1995 to 2019. We deflate the
annual nominal GDP of all countries by US CPI index with the base year 1995, and remove
the long-run growth rate of the deflated GDP for each country. The impulse responses and
associated confidence intervals of net equity and bond inflows from BP-SVAR estimation
are then normalized by the average detrended GDP of all countries, which approximates
the steady-state GDP. Finally, we match the IRFs based on these normalized estimates. The

same procedure applies in the case of the US against the EU.

In Section 4.2 of the main text, we report the model estimations with constant I', endoge-

nous I't = yvar(Alne;;1), and exogenous I't, under the PCP scheme without households
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holding domestic risky assets or sticky nominal wages. Here, we provide more details on
the model solution and estimation. The first-order approximation of the model solution
for the case with endogenous I'; implies that InT; = InT + 4 (Alne;;1), and we estimate
the steady-state value [ > 0 and the parameter 4. For the case with exogenous I';, we
model er; = orej with the conventional monetary policy shock ¢;; defined in the Taylor
rule (19). Then InT; = (1 — pr) InT + pr InT;_1 + or¢;;, where we assume that FX dealers’
risk-bearing capacity (I't) responds instantly to a US conventional monetary policy shock
and the logarithm of I'; evolves according to an AR(1) process after the shock. In this case,

we estimate the parameters: T, pr € (0,1), and or.

In this appendix, we consider model estimations for the following alternative specifica-
tions: the PCP scheme without households holding domestic risky assets, the PCP scheme
with households holding domestic risky assets, the LCP scheme with households holding
domestic risky assets, and the PCP scheme with sticky nominal wages and without house-
holds holding domestic risky assets. Additionally, we estimate the model under the PCP
scheme without households holding domestic risky assets for the case of the US against the
EU.

In the specifications without households holding risky assets, the estimated parameters
include banks’” foreign asset holding cost (x1, x2), FX dealers’ risk-bearing capacity (I'¢),
nominal price rigidity (¢;), investment adjustment cost (x;), and the persistence and volatil-
ity of target surprise (p;, o). If households are allowed to hold risky assets, we additionally
estimate households’ asset holding cost (xj1, k7). For the model with sticky nominal wages,
we also estimate nominal wage rigidity (¢). For all specifications, we estimate the models
with a constant I" for the baseline (I' > 0), financial autarky (I' — o0), and UIP (I' — 0)

cases. 6 and A are time-invariant in all exercises of IRF matching and model estimations.

We employ the Bayesian impulse response matching method developed by Christiano,
Trabandt, and Walentin (2010, 2021). Let © be the vector of estimated parameters, ¥(©)
the mapping from © to the model’s IRFs, and ¥ the empirical estimates. Assuming ¥ ~,
N(¥(®), V) with a prior distribution p(®) for O, the posterior density of ® is given by

PO, V) « p(©) - [V exp [~ (¥~ ¥(@)V (¥ -¥(@)|. O

For the baseline and financial autarky cases, the variance matrix V is diagonal, with entries
representing the squared widths of the 90% confidence intervals derived from each vari-
able’s empirical IRFs. For the UIP cases, we set the variance matrix V to the identity matrix

to better match the empirical IRFs.
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Tables D2 to D6 report the priors and posteriors for the estimated parameters under the
baseline, financial autarky and UIP cases with a constant I" across alternative specifications,
respectively. Following Christiano, Trabandt, and Walentin (2010, 2021), the posterior mode
and marginal distributions of ® are computed via a standard MCMC algorithm with a total
of 2.5 million draws based on 10 chains. We use the first 20% of draws for burn-in. The

acceptance rates are around 25% in each chain.

We have several important findings based on the estimation results. First, the estimates
of I' indicate that FX dealers have limited risk-bearing capacity in the baseline cases. As
reported in Tables D2 to D6, the estimated values of I" are consistently around 0.1 and sta-
tistically significant across different specifications. Furthermore, the estimates of x; and x;
suggest that banks face considerable holding cost on foreign risky assets, implying a non-

negligible exogenous home bias in asset holding away from the steady state.

Turning to the other parameters, the estimates of the nominal price rigidity parameter ¢,
imply average durations of price stickiness ranging from 9 to 22 quarters, which are higher
than the traditional estimate of 4 quarters in the literature (e.g., Gali and Gertler, 1999;
Nakamura and Steinsson, 2008). This is because our model does not include real rigidities
(e.g., Kimball demand) that would typically lower the estimated stickiness of prices, as
discussed in Gagliardone and Gertler (2023). Our estimates of the investment adjustment
cost parameter x; range between 0.2 and 1.3 across different specifications, which are lower
than the values of 2.5 in Christiano, Eichenbaum, and Evans (2005) and 1.728 in Gertler and
Karadi (2013). This is due to a different specification for the investment adjustment cost. In
particular, our model assumes an adjustment cost of f(I;/Iss) = % (It/ Iss — 1)2, implying

the following log-linearized first-order condition for investment:

In contrast, Christiano, Eichenbaum, and Evans (2005) and Gertler and Karadi (2013) as-
sume an adjustment cost of f(I;/I;_1) = 3 (I;/I;—1 — 1)? with the following log-linearized
tirst-order condition for investment:
- » 1 & j A
=11+ =) PE_1Q:
K1 ]':O
Given the same path of capital price responses, the former specification requires a lower «;

to match the observed investment responses. Our estimates of xj align with this analysis.

In addition, the estimates of the Taylor rule smoothing parameter p, yield quarterly values
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around 0.8, consistent with estimates in the literature, such as Clarida, Gali, and Gertler
(2000). For the models with households holding risky assets, our estimates of households’
asset holding cost parameters, xj; and xj;, are approximately 0.8 and 0.9 under the PCP
scheme, and around 0.5 and 1.5 under the LCP scheme. Prior research, such as Gertler
and Karadi (2013), has usually assigned values to these parameters without rigorous quan-
tification. We contribute to the literature by providing a benchmark estimation for these
parameters. Lastly, for the models with sticky nominal wages, the estimates of the nominal
wage rigidity parameter ¢, imply average durations of wage stickiness between 1.5 and

2.3 quarters, consistent with the estimates in Christiano, Eichenbaum, and Evans (2005).

Comparing the baseline and financial autarky cases, the estimated parameters are simi-
lar across all specifications. The associated IRF matching, plotted in Figures D2 to D6, also
shows that the simulated impulse responses in both cases closely resemble each other and
match the empirical IRFs. These results suggest that FX dealers’ limited risk-bearing capac-
ity I is sufficiently large under the baseline case such that the IRF matching results are close
to those under the financial autarky case. Across different specifications, the main differ-
ences in estimation are that under the financial autarky cases, the estimates of the invest-
ment adjustment cost parameter (kj) are consistently lower than those under the baseline
cases, and the banks’ foreign asset holding cost parameters (x1, x) are also lower in some
specifications. These differences stem from the significantly stronger endogenous home
bias under the financial autarky case with I' — oo, which prevents the spillover of domestic
conventional monetary policy shocks to the foreign economy. To match the same empirical
IRFs of equity prices and net portfolio inflows, either a lower foreign asset holding cost
(k1 and x2) or a higher price elasticity of investment (1/x;) is required to align with the

completely endogenous home bias with I' — co.

In contrast, the estimated parameters in the UIP cases are significantly different from
those in the baseline cases, where the estimated values in the UIP cases are very close to
their prior modes for most of the parameters. Figures D2 to D6 show that the simulated im-
pulse responses under the UIP cases fail to match the empirical IRFs for net equity and bond
inflows. In contrast to the significant amounts of portfolio inflows to the home country from
BP-SVAR estimation, there are significant portfolio outflows from the home country in re-
sponse to a tightening domestic conventional monetary policy shock under the UIP cases.
These results display significant quantitative discrepancies between the baseline and UIP
cases, highlighting the crucial role of FX dealers’ limited risk-bearing capacity I" in the IRF

matching.
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Table D2: Priors and posteriors of estimated parameters under PCP scheme without households

holding risky assets
Parameter Description Prior (mean, std) Posterior Mode [2.5%, 97.5%]
[Bounds] Baseline FA uIpP
K1 Bank equity holding cost ~ Gamma (1,0.5) 0.361 0.202 0.682
[0.01,10] [0.185, 1.076] [0.073, 0.528] [0.173, 1.984]
Ko Bank bond holding cost Gamma (1,0.5) 1.502 1.297 0.721
[0.01,10] [1.145, 2.577] [0.985, 1.989] [0.170, 1.988]
Tss Steady state of I'; Gamma (0.1,0.02) 0.086 - -
[0.01,10] [0.060, 0.116] - -
¢p Price rigidity Beta (0.8,0.15) 0.978 0.981 0.936
[0.001,0.999] [0.960, 0.988] [0.950, 0.992] [0.498, 0.999]
K] Investment adjust cost Gamma (1,0.5) 0.623 0.253 0.769
[0.01,10] [0.357, 1.980] [0.167, 0.304] [0.182, 1.976]
or Taylor rule smoothing Beta (0.8,0.15) 0.939 0.944 0.940
[0.001,0.999] [0.877,0.967] [0.906, 0.979] [0.497, 0.995]
o Target surprise vol Uniform 0.0011 0.0011 0.0013
[0,0.01] [0.0006, 0.0019] [0.0005, 0.0019] [0.0000, 0.0095]

Note: Column "Prior" reports the type of prior distribution with mean and standard deviation in parentheses,
and parameter bounds in brackets. Column "Posterior Mode" reports the posterior mode under the baseline,
financial autarky and UIP cases with 95% confidence interval in brackets.

Table D3: Priors and posteriors of estimated parameters under PCP scheme with households hold-

ing risky assets

Parameter Description Prior (mean, std) Posterior Mode [2.5%, 97.5%]
[Bounds] Baseline FA UIP
K1 Bank equity holding cost ~ Gamma (1,0.4) 0.620 0.357 0.832
[0.01,10] [0.360, 1.764] [0.178, 0.768] [0.301, 1.792]
Ko Bank bond holding cost Gamma (1,0.4) 1.077 0.842 0.917
[0.01,10] [0.845,1.846]  [0.617,1.350]  [0.305, 1.797]
Kn1 HH equity holding cost Gamma (1,0.4) 0.717 0.828 0.855
[0.01,10] [0.302, 1.764] [0.298, 1.775] [0.301, 1.793]
Ko HH bond holding cost Gamma (1,0.4) 0.839 0.813 0.954
[0.01,10] [0.307, 1.794] [0.300, 1.784] [0.303, 1.804]
Tss Steady state of I'; Gamma (0.1,0.02) 0.083 - -
[0.01,10] [0.050, 0.108] - -
¢p Price rigidity Beta (0.8,0.15) 0.977 0.983 0.957
[0.001,0.999] [0.961, 0.990] [0.949, 0.994] [0.501, 0.999]
K] Investment adjust cost Gamma (0.7,0.4) 0.337 0.202 0.437
[0.01,10] [0.202, 1.212] [0.126, 0.255] [0.073, 1.471]
or Taylor rule smoothing Beta (0.8,0.15) 0.945 0.948 0.951
[0.001,0.999] [0.895, 0.969] [0.923, 0.985] [0.496, 0.995]
o Target surprise vol Uniform 0.0012 0.0012 0.0018
[0,0.01] [0.0007, 0.0019] [0.0005, 0.0017] [0.0000, 0.0095]

Note: Column "Prior" reports the type of prior distribution with mean and standard deviation in parentheses,
and parameter bounds in brackets. Column "Posterior Mode" reports the posterior mode under the baseline,
financial autarky and UIP cases with 95% confidence interval in brackets.
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Table D4: Priors and posteriors of estimated parameters under LCP scheme with households hold-
ing risky assets

Parameter Description Prior (mean, std) Posterior Mode [2.5%, 97.5%]
[Bounds] Baseline FA uIp
K1 Bank equity holding cost Gamma (0.03,0.01) 0.026 0.024 0.029
[0.01,10] [0.012, 0.048] [0.012, 0.046] [0.012, 0.050]
Ko Bank bond holding cost Gamma (0.5,0.1) 0.521 0.526 0.469
[0.01,10] [0.403, 0.656] [0.411, 0.655] [0.312, 0.698]
Kn1 HH equity holding cost ~ Gamma (0.5,0.07) 0.488 0.487 0.501
[0.01,10] [0.368, 0.640] [0.365, 0.638] [0.366, 0.639]
Knp HH bond holding cost Gamma (1.5,0.07) 1.492 1.501 1.491
[0.01,10] [1.363, 1.638] [1.365, 1.639] [1.367, 1.639]
T Steady state of I'; Gamma (0.1,0.02) 0.095 - -
[0.01,10] [0.062, 0.137] - -
¢p Price rigidity Beta (0.85,0.05) 0.985 0.984 0.861
[0.001,0.999] [0.975, 0.993] [0.974, 0.993] [0.750, 0.941]
K1 Investment adjust cost Gamma (0.5,0.1) 0.467 0.364 0.491
[0.01,10] [0.371, 0.613] [0.296, 0.466] [0.311, 0.697]
or Taylor rule smoothing Beta (0.85,0.1) 0.989 0.988 0.925
[0.001,0.999] [0.981, 0.997] [0.980, 0.996] [0.649, 0.990]
o Target surprise vol Uniform 0.0003 0.0003 0.0050
[0,0.01] [0.0001, 0.0005] [0.0001, 0.0005] [0.0000, 0.0095]

Note: Column "Prior" reports the type of prior distribution with mean and standard deviation in parentheses,
and parameter bounds in brackets. Column "Posterior Mode" reports the posterior mode under the baseline,
financial autarky and UIP cases with 95% confidence interval in brackets.

Table D5: Priors and posteriors of estimated parameters under PCP scheme with sticky wage and

without households holding risky assets

Parameter Description Prior (mean, std) Posterior Mode [2.5%, 97.5%]
[Bounds] Baseline FA uIpP
K1 Bank equity holding cost ~ Gamma (1,0.5) 0.280 0.233 0.762
[0.01,10] [0.144, 0.857] [0.088, 0.619] [0.185, 1.982]
K2 Bank bond holding cost Gamma (1,0.5) 1.417 1.585 0.888
[0.01,10] [1.119, 2.479] [1.199, 2.396] [0.182,2.001]
Tss Steady state of I'; Gamma (0.1,0.02) 0.098 - -
[0.01,10] [0.075, 0.133] - -
¢p Price rigidity Beta (0.8,0.15) 0.979 0.981 0.936
[0.001,0.999] [0.964, 0.990] [0.966, 0.991] [0.501, 0.999]
dw Wage rigidity Beta (0.75,0.1) 0.853 0.847 0.773
[0.001,0.999] [0.674, 0.961] [0.734, 0.958] [0.552, 0.929]
K] Investment adjust cost Gamma (1,0.5) 0.959 0.249 0.740
[0.01,10] [0.539, 2.323] [0.171, 0.308] [0.180, 1.992]
0r Taylor rule smoothing Beta (0.8,0.15) 0.904 0.902 0.927
[0.001,0.999] [0.848, 0.944] [0.849, 0.937] [0.497,0.993]
oy Target surprise vol Uniform 0.0016 0.0020 0.0012
[0,0.01] [0.0009, 0.0024] [0.0012,0.0032] [0.0000, 0.0095]

Note: Column "Prior" reports the type of prior distribution with mean and standard deviation in parentheses,
and parameter bounds in brackets. Column "Posterior Mode" reports the posterior mode under the baseline,
financial autarky and UIP cases with 95% confidence interval in brackets.
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Table D6: Priors and posteriors of estimated parameters under PCP scheme without households
holding risky assets for the US against the EU

Parameter Description Prior (mean, std) Posterior Mode [2.5%, 97.5%]
[Bounds] Baseline FA uIpP
K1 Bank equity holding cost ~Gamma (1,0.25) 0.489 0.444 0.931
[0.01,10] [0.320, 0.791] [0.301, 0.747] [0.543, 1.498]
Ko Bank bond holding cost Gamma (1,0.25) 1.478 1.381 0.938
[0.01,10] [1.155, 1.943] [1.124, 1.832] [0.544, 1.500]
Tss Steady state of I'; Gamma (0.1,0.02) 0.138 - -
[0.01,10] [0.111, 0.181] - -
Pp Price rigidity Beta (0.8,0.1) 0.964 0.972 0.842
[0.001,0.999] [0.942, 0.977] [0.952, 0.986] [0.605, 0.969]
K] Investment adjust cost Gamma (1,0.25) 1.279 0.852 0.943
[0.01,10] [0.883, 1.849] [0.502, 1.401] [0.540, 1.494]
or Taylor rule smoothing Beta (0.8,0.1) 0.929 0.908 0.839
[0.001,0.999] [0.883, 0.965] [0.843, 0.951] [0.603, 0.966]
o Target surprise vol Uniform 0.0013 0.0014 0.0064
[0,0.01] [0.0007, 0.0021] [0.0008, 0.0022] [0.0000, 0.0095]

Note: Column "Prior" reports the type of prior distribution with mean and standard deviation in parentheses,
and parameter bounds in brackets. Column "Posterior Mode" reports the posterior mode under the baseline,
financial autarky and UIP cases with 95% confidence interval in brackets.

Figure D2: BP-SVAR estimation and model simulation under PCP scheme without households hold-
ing risky assets
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Note: The simulation results are based on the posterior mode of parameters from Table D2. In the last two
panels, the right axis is for the pink dotted line (UIP), and the left axis is for the other lines.
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Figure D3: BP-SVAR estimation and model simulation under PCP scheme with households holding

risky assets
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Note: The simulation results are based on the posterior mode of parameters from Table D3. In the last two
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Figure D4: BP-SVAR estimation and model simulation under LCP scheme with households holding

risky assets
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Figure D5: BP-SVAR estimation and model simulation under PCP scheme with sticky wage and
without households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Table D5. In the last two
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Figure D6: BP-SVAR estimation and model simulation under PCP scheme without households hold-
ing risky assets for the US against the EU
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Additional Quantitative Analysis of Conventional Monetary Policy. Figures D2 to D11
plot the impulse responses to a tightening US conventional monetary policy shock under

the baseline, financial autarky, and UIP cases across different specifications.

Figures D2 to D11 show that the quantitative results of the baseline cases on the trans-
mission of conventional monetary policy in Figures 5 and 6 are robust to different model
specifications. A tightening domestic conventional monetary policy shock generates largely
and significantly asymmetric contractions in the financial and real economic variables of
both countries. The shock also leads to a significant appreciation of the home currency,
net portfolio inflows to the home country, and a decline in home net exports. However,
foreign inflation rates increase under the PCP scheme but decrease under the LCP scheme,
as shown in the figures. This is because, under the PCP scheme, the appreciated home
currency increases the export prices of home retail goods, encouraging foreign final goods
producers to substitute foreign retail goods for home retail goods. The increased demand
for foreign retail goods raises foreign labor demand and the price index of the foreign retail
goods basket, driving up foreign inflation. In contrast, this effect is relatively weaker under

the LCP scheme due to significant nominal price stickiness.

Although the impulse responses under the baseline cases are roughly close across dif-
ferent specifications, there are notable differences in magnitude. Under the PCP scheme
for the US against G10 or the EU, the baseline models’ IRFs closely match the empirical
IRFs across different model specifications, as shown in Figures D2, D3, D5, and D6. Under
the LCP scheme in Figure D4, the baseline model’s impulse responses also match the em-
pirical ones well. However, in contrast to the hump-shaped empirical IRFs of net equity
inflows, the simulated impulse responses of net equity inflows decline monotonically over
time. In addition, Figures D7 to D11 show that the baseline models’ IRFs of other financial
variables are similar in magnitude across different specifications under the PCP scheme. In
contrast, Figure D9 shows relatively weaker responses of these financial variables under
the LCP scheme, especially the foreign ones, which are almost constant in response to the

conventional monetary policy shock.

For the real economic variables, Figures D7 to D11 show that the decline in domestic out-
put, investment, and labor supply is generally more pronounced in specifications with a
lower investment adjustment cost parameter x;. This is because the responses of real eco-
nomic variables are driven by the responses of investment to equity price, which are related
to the investment price elasticity 1/«;. This pattern is also observed in the foreign real eco-

nomic variables, except for foreign output under the LCP scheme, where the decrease in
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foreign output is the smallest among all specifications. We also observe larger asymmetry
in the responses between domestic and foreign output under the LCP scheme compared
to the PCP scheme. However, this asymmetry is relatively similar in magnitude across the
specifications under the PCP scheme. Furthermore, both domestic and foreign inflation
rates are lower in specifications with a lower nominal price rigidity parameter ¢,, as retail
tirms can adjust prices more quickly in response to tightening monetary policy shocks. Fi-
nally, the decrease in home net exports is the smallest in the specification under the LCP
scheme and the largest in the specification under the PCP scheme for the US against the
EU. Among the specifications under the PCP scheme for the US against G10, the decreases

in home net exports are similar in magnitude.

Next, we report the quantitative results under the financial autarky cases. A key observa-
tion is that the impulse responses under the financial autarky cases are very close to those
under the baseline cases. Figures D2 to D6 show that across all specifications, the impulse
responses in the IRF matching under the financial autarky cases are very similar to those
under the baseline cases and closely match the empirical IRFs. Figures D7 to D11 further
show that the impulse responses of other financial variables are comparable in magnitude
between both cases. However, unlike the baseline cases, net capital flows are always zero
under the financial autarky cases, as net portfolio inflows are offset by a decline in home net
exports. These results indicate that FX dealers’ risk-bearing capacity I' under the baseline
case is sufficiently large such that the associated impulse responses are close to those under
the financial autarky case. This finding also justifies the crucial role of FX dealers’ limited

risk-bearing capacity in the global transmission of conventional monetary policy.

The main differences between the baseline and financial autarky cases lie in the responses
of real economic variables. Figures D7 to D11 show that output, investment, and labor sup-
ply exhibit stronger reactions under the financial autarky cases. The asymmetries in the
responses between domestic and foreign economies are even larger under the financial au-
tarky cases. This is mainly due to the higher FX dealers’ risk-bearing capacity (I') and lower
investment adjustment cost (x;) under the financial autarky cases. A higher I' amplifies
the endogenous home bias that limits portfolio flows, while a lower «; results in a larger

contraction in investment in response to a tightening conventional monetary policy shock.

However, the simulated impulse responses under the UIP cases differ significantly from
those under the baseline and financial autarky cases. Figures D2 to D6 show that a tight-
ening domestic conventional monetary policy shock under the UIP case generates signif-

icant net portfolio outflows from home to foreign country, which sharply contradicts the
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portfolio inflows in the empirical IRFs, indicating that the UIP case fails to match the em-
pirical IRFs. For other variables, the impulse responses under the UIP cases generally align
with the empirical IRFs, though there are differences in magnitude across different spec-
ifications. Specifically, the impulse responses in the specification under the PCP scheme
without households holding risky assets closely match the empirical IRFs shown in Fig-
ure D2. However, the specification under the PCP scheme with households holding risky
assets overestimates the impulse responses of US 10Y bond yields in Figure D3. In the spec-
ification under the LCP scheme with households holding risky assets in Figure D4, most
variables are overestimated. The specification under the PCP scheme with sticky nomi-
nal wages and without households holding risky assets in Figure D5 underestimates the
impulse responses of US bank leverage. Lastly, the specification under the PCP scheme
without households holding risky assets for the US against the EU in Figure D6 fails to cap-
ture the hump-shaped impulse responses of the exchange rate and overestimates those of
US bank leverage. All these findings highlight the crucial role of FX dealers’ limited risk-
bearing capacity in explaining the impact of conventional monetary policy shocks on global

financial market.

Figures D7 to D11 further show that the simulated impulse responses of other variables
under the UIP cases differ significantly from those under the baseline and financial autarky
cases. Notably, the net capital inflows are exceptionally larger under the UIP cases com-
pared to the baseline and financial autarky cases, as FX dealers can absorb any imbalances
when UIP holds. Across different specifications, the maximum increases in net capital in-
flows under the UIP cases range from 6% to 24% relative to steady-state GDP, while they

range between 0.3% and 0.6% under the baseline cases.

In conclusion, the additional quantitative analysis of conventional monetary policy shows
that the impulse responses under the baseline case are close to those under the financial
autarky case but significantly different from those under the UIP case. This implies a suf-
ficiently large risk-bearing capacity I' of FX dealers under the baseline case, wherein the
quantitative results are much closer to those under the financial autarky case instead of
those under the UIP case. Our quantitative results in this section provide robust quantita-
tive evidence for the failure of UIP condition and the crucial role of financially constrained
FX dealers in the international transmission of US conventional monetary policy. This fur-

ther supports the conclusion drawn in the main text.

Additional Quantitative Analysis of QE. We conduct the additional quantitative experi-
ments of QE under three specifications: the PCP scheme without households holding risky
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assets, the PCP scheme with households holding risky assets, and the LCP scheme with
households holding risky assets. Figures D12 to D15, along with Figures 7 and 8 in Section
4.3, plot the IRFs to the "QE2" shocks under the baseline and UIP-related cases. Figures
D16 to D21 report the associated IRFs under the baseline and financial autarky cases. The

experiments are conducted in an environment with a constant I and ZLB constraints.

Figures D16 to D21 show that the quantitative findings of the baseline cases on the trans-
mission of unconventional monetary policy based on Figures 7 and 8 are robust to different
model specifications. A domestic QE shock raises asset prices, increases capital investment,
and stimulates the real economy with largely asymmetric effects on the two countries. The
QE shock also leads to a significant depreciation of home currency, net portfolio outflows
from home to foreign country, and an increase in home net exports. We also observe posi-
tive net bond inflows to home country in all specifications, as the domestic central bank’s
QE implementation reduces foreign banks” domestic bond holdings and also significantly
increases the price of domestic long-term bonds. Because the price effect quantitatively
dominates in the model, there are substantial bond inflows to home country according to
the definition of net bond inflows in (B22). In addition, foreign inflation rates decrease in re-
sponse to the domestic QE shock. This is because the depreciation of home currency lowers

the export prices of home retail goods, leading to deflation in foreign country.

The impulse responses in the baseline cases vary in magnitude across different specifi-
cations. Figures D16 to D18 show that under the LCP scheme, net bond inflows are about
1.6 times larger, and net capital outflows are roughly 60% of those observed under the PCP
scheme. This is due to the larger estimated value of I' under the LCP scheme according to
Tables D2 to D4. A larger I strengthens the endogenous home bias, which impedes foreign
banks from selling domestic long-term bonds to the domestic central bank. This reduces net
capital outflows and further enhances the price effect of the domestic central bank’s bond
purchases. Despite these differences, the impulse responses of other financial variables are

roughly similar across different specifications.

However, there are notable differences in the IRFs of real economic variables across speci-
tications in the baseline case, as shown in Figures D19 to D21. First, the stimulation effects of
QE shocks on the real economy are more pronounced in specifications with a higher invest-
ment price elasticity 1/«;. Given the similar impulse responses of equity prices across spec-
ifications in the baseline case, a higher investment price elasticity amplifies the responses
of investment to QE shocks. Second, the asymmetric effects of QE on domestic and for-

eign economies vary across different specifications. Over the first 12 months, the average

63



increase in foreign output is 44% of that in domestic output under the PCP scheme with-
out households holding risky assets, while it is 36% under the PCP scheme with house-
holds holding risky assets or 63% under the LCP scheme with households holding risky
assets. These differences are primarily driven by the values of x; and x, which are sig-
nificantly lower under the LCP scheme than under the PCP scheme. Lower values of x;
and x; weaken the exogenous home bias of asset holding such that larger amounts of in-
jected liquidity spill over into the foreign country through banks’ portfolio rebalancing.
Consequently, the stimulation effects of QE shocks on domestic and foreign economies are

relatively symmetric under the LCP scheme compared to the PCP scheme.

Next, we examine the effects of QE shocks under financial autarky with ZLB constraints
in Figures D16 to D21. We specify the FA-1 case with ' — co and the remaining parameters
the same as the baseline case. For the financial autarky model with re-estimated parameters
under I' — oo, we specify it as the FA-2 case. For the baseline and FA-related cases, Fig-
ures D16 to D18 show that the impulse responses of financial variables are roughly close.
However, there are two notable differences. First, net capital flows are always zero under
the FA-1 and FA-2 cases, as portfolio outflows are offset by an increase in home exports.
Second, there is a slightly larger depreciation of home currency associated with moder-
ately larger amounts of net bond inflows under the FA-1 and FA-2 cases compared to the
baseline case. This stems from a stronger endogenous home bias under the FA-1 and FA-2
cases, which leads to larger depreciation of home currency and amplifies the price effect
of domestic central bank’s bond purchases. These findings also indicate that FX dealers’
limited risk-bearing capacity I' is sufficiently large under the baseline case such that the

impacts of QE shocks on financial markets are close between two cases.

For the real economic variables, there are several important quantitative findings by com-
paring the baseline and FA-related cases: although the absolute magnitudes of impulse
responses for the same variables are significantly different, the relative stimulation effects
between two countries are roughly close. Across different specifications shown in Figures
D19 to D21, the average increase in domestic output over the first 12 months under the FA-2
cases is about 2.4, 1.6, and 1.3 times larger than that under the baseline cases. Additionally,
the average increase in foreign output under the FA-2 cases is around 2.2, 1.6, and 1.2 times
larger than that under the baseline cases. Moreover, the average increase in foreign output
relative to domestic output over the first 12 months is 39%, 35%, and 57% under the FA-2
cases, compared to 44%, 36%, and 63% under the baseline cases, respectively. However, the

impulse responses under the FA-1 cases closely resemble those under the baseline cases.

64



The difference in the absolute magnitudes of output responses between the baseline and
FA-2 cases is mainly related to the lower investment adjustment cost (x;) under the FA-2
cases, as reported in Tables D2 to D4. On the other hand, the comparable relative stimu-
lation effects between two countries, as well as the similar impulse responses between the
baseline and FA-1 cases, suggest that FX dealers’ limited risk-bearing capacity I' is suffi-
ciently large under the baseline case such that the effectiveness of QE on the domestic real

economy is close to that under the financial autarky case.

Finally, we compare the quantitative effects of QE shocks under the baseline and UIP-
related cases with ZLB constraints. Overall, our findings from the main text continue to
hold across different specifications. First, Figures D12 and D13 show that the real exchange
rate is nearly constant in response to QE shocks under the UIP-related cases, associated
with an abnormally large amount of net capital flows. The impulse responses of net capital
flows under the UIP-1 and UIP-2 cases are approximately 4.5 times larger than those under
the baseline case in Figure D12, and 7.3 times larger in Figure D13. These results align with
those in Figure 7 and highlight that FX dealers” limited risk-bearing capacity is crucial to
explain QE shocks’ strong impact on exchange rates and global portfolio flows. Second,
Figures D14 and D15 reveal that the asymmetry in the impulse responses of domestic and
foreign real economic variables is much smaller under the UIP-related cases compared to
the baseline cases. Over the first 12 months, the average increase in domestic output under
the UIP-1 and UIP-2 cases is around 69% and 82% of the increase under the baseline case
in Figure D14, while they are 82% and 83% in Figure D15, respectively. In contrast, the
increase in foreign output under the UIP-1 and UIP-2 cases is about 1.79 and 1.45 times
larger than the increase under the baseline case in Figure D14, and 1.29 and 1.28 times larger
in Figure D15. Hence, under the UIP-related cases with I' — 0, the stimulation effect of
domestic QE policy on the domestic economy is much less effective than the baseline case,
while its impact on the foreign economy is much stronger. These results are consistent with
the findings from Figure 8 and justify the importance of FX dealers’ limited risk-bearing

capacity for the effectiveness of QE on the domestic real economy:.

In summary, the additional quantitative analysis of QE shocks further justifies that FX
dealers” limited risk-bearing capacity I' is sufficiently large under the baseline case in the
sense that the quantitative results under the baseline case are closer to the financial autarky
case but significantly different from the UIP case. Across all model specifications, the key
conclusion based on the quantitative analysis always holds; that is, I" plays a crucial role in

explaining the QE policy’s impact on the global financial market and its effectiveness on the
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domestic real economy. All these results further reaffirm the failure of UIP condition and
provide robust quantitative evidence for the crucial role of FX dealers’ binding constraints

in the global transmission of unconventional monetary policy.

Quantitative Analysis of Long- and Short-term Bond Demand Shocks. As a supplement
to the analysis in Section 4.3, we simulate the model with a long- or short-term bond de-
mand shock, which directly affects the yield curve slope or interest rate differentials. We
distinguish a long-term bond demand shock from a QE shock by modeling it as an AR(1)
process. We report the responses of associated variables in (15) to domestic long- and short-
term bond demand shocks in Figures D22 to D27 under different specifications. Specifically,
following Greenwood et al. (2023) and Gourinchas, Ray, and Vayanos (2022), we specify the

exogenous long-term bond demand shock as an AR(1) process:
Bgt = pgBg -1+ 04eqr and e ~ N(O,1).

Similar to Itskhoki and Mukhin (2021), we assume that the exogenous short-term dollar

bond demand shock is generated by a group of noise traders with zero capital, i.e.,

Dyt = pnDypt—1 + Onént and &, ~ N(O,l).

Consistent with the analysis in Section 3.3, we simulate the model with a positive demand
shock for domestic long- or short-term bonds, which leads to a steeper foreign yield curve
or higher foreign short-term interest rate, as shown in Figures D22 to D27. Figures D22
to D24 show that in the baseline cases, the shock increases the foreign and domestic term
premia differential due to lower domestic bond term premia. Following the shock, foreign
currency’s expected excess return, i.e., long (short) position on foreign (home) currency, is
decreasing. This is because FX dealers seize profits by shorting and appreciating foreign
currency to intermediate the imbalances from banks’ substitution towards foreign bonds
after the shock. Notably, if equity trading is shut down, our quantitative results imply
a larger increase in bond term premia differential relative to the decline in currency risk
premium, which leads to positive but much smaller long-term bond carry trade risk premia.
All of these results are consistent with the empirical findings in Lustig, Stathopoulos, and

Verdelhan (2019) and also confirm the analysis in Section 3.3.

Following a positive demand shock for domestic short-term bonds, foreign and domestic
interest rate differential rises due to a decline in the domestic short-term interest rate, as
shown in Figures D25 to D27. The foreign currency risk premium rises because FX dealers

take long positions in foreign currency and short positions in home currency to interme-
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diate the imbalances resulting from noise traders’ excess demand for domestic short-term
bonds. Since the domestic short-term interest rate is relatively lower, domestic banks in-
crease their demand for risky assets, and the expected return on domestic long-term bonds
decreases by a smaller magnitude relative to the decline in short-term rate. Therefore, we
observe a decline in bond local currency term premia differential in Figures D25 to D27. The
rise in foreign currency risk premium dominates the decline in bond term premia differen-
tial such that there are positive long-term bond carry trade risk premia in Figures D25 to

D27, consistent with the empirical findings in Lustig, Stathopoulos, and Verdelhan (2019).

Lastly, under the UIP-related cases, there is no significant response of currency risk pre-
mium to either a positive long- or short-term bond demand shock, as shown in Figures
D22 to D27. Although there are significant responses of bond term premia differentials and
long-term bond carry trade risk premia under some UlIP-related cases, it is still far from ex-
plaining the whole puzzle in Lustig, Stathopoulos, and Verdelhan (2019). Hence, our results
provide further quantitative evidence for the importance of FX dealers’ financial constraints

in explaining the downward term structure of currency carry trade risk premia.

In summary, our model simulation with a long- or short-term bond demand shock is
able to explain the puzzling downward term structure of currency carry trade risk premia
uncovered by Lustig, Stathopoulos, and Verdelhan (2019). Our key idea is based on the
separation of FX dealers’ currency exchange and banks” long-term bond trading, which
is different from the integrated bond and FX markets as in Greenwood et al. (2023) and
Gourinchas, Ray, and Vayanos (2022). The quantitative results confirm FX dealers’ role
in explaining the puzzling downward term structure of currency carry trade risk premia

discussed in Section 3.3.

Additional Moments Matching. This part presents details on the procedures for model
simulation and moment matching with additional matching results. We report the results
under the PCP scheme without households holding risky assets in Section 4.3 of the main
text. In this appendix, we conduct and report model simulations and moment matching
under the following specifications: the PCP scheme with households holding risky assets,
the LCP scheme with households holding risky assets, and the PCP scheme with sticky

nominal wages and without households holding risky assets.

For each specification, we simulate the model with the calibrated parameters in Table
D1 and the estimates from IRF matching under the baseline case with a constant I'. The
simulations are with shocks to the following variables: domestic and foreign banks’ finan-

cial constraints (6, 0, A¢, A}), FX dealers’ risk-bearing capacity (I't), noise traders” demand

67



(Dyut), domestic and foreign aggregate productivity (A;, Af), and domestic and foreign nom-
inal interest rates (i;,i;). We assume that shocks of different types are orthogonal to each
other, while shocks of the same type have a common variance and are correlated due to a

type-specific global shock. Specifically, we model banks’ financial shocks as

InZi=nZ+p(InZ1—InZ)+ozez +o5es,
InZf=InZ+p(InZ | —InZ) +azg§t+g§g%t’

where Z € {6,A}, ez; and g%, are country-specific shocks, Eth is a global shock, and oz
and oé are shock volatilities. We specify the shocks to FX dealers’ risk-bearing capacity as

InT;y =InT+p(InT;_1 —InT) + orery,
the noise traders’ demand shocks as
Dyut = oDy i1 + Onént,
and the aggregate productivity shocks as
InA;=pInA;_q+0aep+ Uieit, InA; =pInA;_| +oaely, + oisit.

Lastly, we model the nominal interest rate shocks as ¢;; in the Taylor rule of (19), with an
additional global shock & :

iy = (1—pr) [iss + ¢ (InTL; — InTlss) 4+ ¢y (InY; — InYes)| + prie—1 + oreis + 07 €5,
iy = (1—pr) [i:s + ¢ (InIT; — InTI) + ¢y (In Y —In Ys*sﬂ + orif 1+ 0ve + U’ge(lgf'

Following Itskhoki and Mukhin (2021), we set p*> = 0.97 at a monthly frequency. We as-
sume that all € shocks follow a standard normal distribution and are independent mutually
and also across time. For simulations with a constant I', we solve the model with a linear
approximation around the non-stochastic steady state. For simulations with I'; shocks, we
use a second-order approximation, as the first-order approximation of FX dealers” dollar

liquidity supply Ds; with respect to I't around the steady state is zero.

In each simulation, we randomly draw shocks each period, simulate the model for 720
periods, and use the first 360 periods for burn-in. We use the last 360 periods of simulation
to compute the moments related to exchange rate puzzles, international business cycles,
and terms of trade. For the regression coefficients on the term structure of currency carry

trade, we use the last 252 periods of simulation, which is consistent with the sample pe-
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riod of the regressions. Model simulated moments reported in tables and used in moment

matching are the median values across 10,000 simulations.

In the exercise of moment matching, we estimate the volatilities of all specified shocks by
matching model simulated moments to the following empirical moments: six international
business cycle moments in Column "Data" of Panel E in Table 3, and the term structure re-
gression coefficients for "Bond local currency return diff." and "Currency excess return" in
Column "Data" of Table 4. The moment matching minimizes the squared distance between
the vector of model simulated moments and the vector of empirical moments with equal
weights to each moment. Specifically, we normalize the volatility of country-specific bank
financial shocks, e5; and €}, to be 04 = 1. Let o be the vector of the other shock volatil-
ities, M(o) the mapping from o to the model simulated moments, and M the empirical

moments. The moment matching estimates o around its initial value oy by minimizing

A

(M—M(o)) W (M—-M()),

where W is an identity matrix.

The target empirical moments are obtained as follows. First, we estimate the interna-
tional business cycle moments following Chari, Kehoe, and McGrattan (2002) and Itskhoki
and Mukhin (2021). We use the quarterly country-level data over 1973 to 2019 from OECD
Quarterly National Account Database, and estimate the moments for the US against a PPP-
weighted sum of France, Germany, Italy and the UK. The data include seasonally adjusted
GDP, consumption, and gross capital formation, all measured in PPP-adjusted USD in 2015.
We also compare the international business cycle moments across three sample periods:
1973-1994, 1981-2017, and 1995-2019. The first two sample periods correspond to Table A2
in the Online Appendix of Itskhoki and Mukhin (2021), and the last sample period corre-
sponds to our BP-SVAR estimation. Table D13 reports our estimation results, which is close
to the results of Table A2 in the Online Appendix of Itskhoki and Mukhin (2021). We target
the empirical moments from Column "95-19" in Table D13. Second, we run regressions on
the term structure of currency carry trade based on data from January 1995 to December
2015 in Lustig, Stathopoulos, and Verdelhan (2019). The estimated regression coefficients
are reported in Column "Data" of Table 4. Based on this dataset, we run Fama regressions
and compute the Sharpe ratio of currency carry trade. The estimated Fama $, R?, and the
Sharpe ratio are reported in Panel D of Column "Data" in Table 3. In Panels A, B, C, and F
of Column "Data" in Table D7, we show the details of other moments related to exchange

rate dynamics and terms of trade with values from Itskhoki and Mukhin (2021).
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Tables D7 to D9 report the simulated moments on exchange rate puzzles, international
business cycles, and terms of trade based on the estimated shock volatilities across differ-
ent specifications. Tables D10 to D12 present the corresponding simulated regression coef-
ficients for the term structure of currency carry trade. In all these tables, the "Single-Type
Shocks" columns show the results from simulations with single-type shocks to e, g, or
ent. In the "Domestic” column we simulate the model with only domestic country-specific
shocks and noise trader shocks: {ent, €gt, €nt, €41, €it }. The "Global-1" column presents the
results of simulations with all shocks except er;, and the "Global-2" column reports the re-

sults of simulations with all shocks.

As reported in Tables D7 to D12 under different specifications, our model is able to match
the target moments closely, and the main conclusions in Section 4.3 continue to hold. Tables
D7 to D9 show that the model simulations with single-type shocks €y, €g¢, or €, effectively
account for the major exchange rate puzzles, while noise trader shocks generate much
higher volatility of nominal exchange rates relative to aggregate output or consumption
growth than the other shocks. Similar to the results in main text, the estimated volatilities
of banks’ financial shocks e,; and noise trader shocks ¢,,; are significantly larger than those
of macroeconomic shocks across all specifications. Tables D10 to D12 also show that banks’
financial shocks A; primarily account for the puzzling downward term structure of cur-
rency carry trade risk premia, and the model simulations with multiple shocks align well
with the target regression coefficients across all specifications. Lastly, our model simula-
tions in Tables D7 to D12 show that currencies with higher interest rates tend to appreciate,
and the impulse responses in Figures D3 to D5 display an instant overshooting of exchange
rates. Hence, our model is also robust to different specifications in reconciling the seeming

inconsistency between forward premium puzzle and instant exchange rate overshooting.

In particular, we also report the simulation results under the PCP scheme with sticky
nominal wages in Table D9. The model simulations align well with the relative volatility
and correlation between the log changes of wage-based real exchange rate Aé}’ and nominal
exchange rate A&;, while the results are absent in Table 3 of Section 4.3. In addition, under
the LCP scheme in Table D8, the Sharpe ratios of currency carry trade are lower than those
under the PCP scheme.

In summary, the model simulation results in Tables D7 to D12 are consistent with the
findings from Tables 3 and 4 and justify the model’s robustness to different specifications
in terms of rationalizing major exchange rate puzzles, explaining the puzzling downward

term structure of currency carry trade, and matching international business cycle moments.
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Table D7: Model moments under PCP scheme with households holding risky assets

Single-Type Shocks Multiple Shocks
Moments Data Dyt Ay 0; Domestic Global-1 Global-2
A. Exchange rate disconnect (quarterly):
o (A8) ~0 -0.13 —0.12 —0.09 —0.11 —0.11 —0.11
(0.08) (0.08) (0.09) (0.09) (0.08) (0.08)
o (AE) /o (AY) 5.20 6.88 2.72 1.37 3.57 3.54 3.47
o (A€) /o (AC) 6.30 61.44 13.31 3.79 5.06 4.18 3.99
B. Real exchange rate and the PPP (quarterly):
p () 0.94 0.72 0.73 0.84 0.82 0.81 0.80
(0.06) (0.06) (0.07) (0.07) (0.07) (0.07)
o (88) /o (AE) 0.9 1.00 1.00 0.9 0.99 0.99 0.99
corr (A¢,A€) 0.9 1.00 1.00 1.00 0.9 0.99 0.99
o (8e%) /o (AE) 1.01 0.92 0.86 0.86 0.71 0.75 0.78
corr (A&%, AE) 0.9 0.9 0.9 0.9 0.82 0.86 0.89
C. Backus-Smith (quarterly):
corr (A, AC — AC¥) —0.40 —0.49 —0.49 —0.57 —041 —0.43 —0.41
(0.04) (0.04) (0.04) (0.07) (0.07) (0.07)
o (i—1) /o (AE) 0.06 0.06 0.06 0.12 0.16 0.15 0.13
p(i—1) 0.90 0.96 0.96 0.97 0.96 0.97 0.97
p (1) 0.97 0.96 0.96 0.97 0.97 0.96 0.97
D. Forward premium (monthly):
Fama 8 —0.81 —4.88 —4.51 —2.78 —0.48 —0.72 -0.92
(2.51) (2.30) (1.51) (0.93) (1.16) (1.28)
Fama R? 0.01 0.03 0.04 0.06 0.01 0.02 0.02
(0.01) (0.01) (0.02) (0.01) (0.01) (0.01)
Carry trade SR 0.35 0.46 0.47 0.51 0.23 0.24 0.24
(0.15) (0.16) (0.24) (0.14) (0.15) (0.15)
E. International business cycle moments (quarterly):
o (AC) /o (AY) 0.81 0.11 0.20 0.36 0.71 0.85 0.87
corr (AC, AY) 0.64 —0.89 —0.95 —0.97 -0.15 0.38 0.39
corr (Al AY) 0.76 0.91 1.00 1.00 0.94 0.81 0.80
corr (AY,AY*) 0.50 —1.00 0.92 0.9 0.03 0.45 0.46
corr (AC, ACY) 0.54 —1.00 0.98 0.9 0.64 0.77 0.82
corr (AL AI*) 0.45 —1.00 0.99 1.00 0.69 0.72 0.73
F. Terms of trade and net exports (quarterly):
o (A8) /o (AE) 0.25 0.97 0.97 0.98 0.98 0.98 0.98
corr (A¢, AE) 0.20 —0.99 —0.99 —0.98 —0.99 —0.99 —0.99
v (Aﬁ}\() /o (Aé) 0.09 0.12 0.11 0.08 0.11 0.11 0.11
corr (ANX, ) 0.35 0.65 0.63 0.55 0.67 0.67 0.66

Note: The moments in Column "Data" are from Itskhoki and Mukhin (2021) except that the moments on
forward premium puzzle are from Lustig, Stathopoulos, and Verdelhan (2019) as Table 4. Column "A;" reports
the simulated moments with a single "ex;" shock, similar for Columns "0;" and "D,;". Column "Domestic"
reports the simulated moments with shocks (g, €at, €nt, €41, €it) by matching six moments in Panel D and
regression coefficients in Column "Data" of Table 4, and the estimates are: 0y = 0.0001, 0, = 0.12, 04 = 0.023,
oy = 0.0004; Column "Global-1" matches the same moments as "Domestic" with all specified shocks excluding
ert, and the estimates are: (Ti = 0.050, gg = 0.022, g = 0.0001, 0, = 0.30, 04 = 0.026, (TA = 0.036, o, = 0.0001,
0% = 0.0012; Column "Global-2" matches the same moments as "Domestic" based on all shocks with estimates:

= 0.014, 0y = 0.0043, oy = 0.0016, 0, = 0.34, 74 = 0.024, 0'1% = 0.041, g, = 0.0001, o7 = 0.0012, o = 0.81.
Monthly variables are translated into quarterly values in Panels A, B, C, E, F.
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Table D8: Model moments under LCP scheme with households holding risky assets

Single-Type Shocks Multiple Shocks
Moments Data Dyt Ay 0; Domestic Global-1 Global-2
A. Exchange rate disconnect (quarterly):
o (A8) ~0 —0.09 —0.08 —0.07 —0.08 —0.07 —0.07
(0.09) (0.09) (0.09) (0.09) (0.09) (0.09)
o (AE) /o (AY) 5.20 5.70 2.39 2.64 2.96 2.50 2.50
o (A€) /o (AC) 6.30 81.96 15.96 10.83 9.77 6.17 6.19
B. Real exchange rate and the PPP (quarterly):
p () 0.94 0.79 0.79 0.80 0.81 0.82 0.82
(0.06) (0.06) (0.06) (0.06) (0.06) (0.06)
o (88) /o (AE) 0.9 1.00 1.00 0.9 0.99 0.99 0.99
corr (A¢,A€) 0.9 1.00 1.00 1.00 1.00 1.00 1.00
o (8e%) /o (AE) 1.01 0.80 0.76 0.80 0.68 0.64 0.64
corr (A&%, AE) 0.9 1.00 1.00 1.00 0.65 0.51 0.50
C. Backus-Smith (quarterly):
corr (A, AC — AC¥) —0.40 —0.68 —0.69 —0.71 —0.18 —0.27 —0.35
(0.04) (0.04) (0.04) (0.09) (0.08) (0.07)
o (i—1) /o (AE) 0.06 0.02 0.02 0.03 0.06 0.07 0.07
p(i—1) 0.90 0.98 0.98 0.98 0.96 0.96 0.97
p (1) 0.97 0.98 0.98 0.98 0.96 0.92 0.92
D. Forward premium (monthly):
Fama 8 081  —1655 ~7.95 —5.60 —0.55 —0.68 —0.97
(10.61) (8.38) (7.24) (1.71) (1.65) (1.82)
Fama R? 0.01 0.02 0.01 0.01 0.01 0.01 0.01
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Carry trade SR 0.35 0.34 0.13 0.09 0.09 0.10 0.11
(0.15) (0.16) (0.15) (0.14) (0.14) (0.14)
E. International business cycle moments (quarterly):
o (AC) /o (AY) 0.81 0.07 0.15 0.24 0.30 0.40 0.40
corr (AC, AY) 0.64 —0.95 —0.96 —0.97 —0.18 0.52 0.50
corr (Al AY) 0.76 1.00 1.00 1.00 0.98 0.97 0.97
corr (AY, AY*) 0.50 —1.00 0.98 —0.96 —0.50 0.46 0.47
corr (AC, ACY) 0.54 —1.00 0.99 0.9 0.35 0.80 0.82
corr (AL AI*) 0.45 —1.00 1.00 1.00 0.35 0.57 0.57
F. Terms of trade and net exports (quarterly):
o (A3) /o (AE) 0.25 1.00 0.99 0.9 1.00 1.00 1.00
corr (A¢, AE) 0.20 —1.00 —1.00 —1.00 —1.00 —1.00 —1.00
v (Aﬁ}\() /o (Aé) 0.09 0.09 0.08 0.08 0.08 0.07 0.07
corr (ANX, ) 0.35 0.75 0.76 0.76 0.76 0.76 0.77

Note: The moments in Column "Data" are from Itskhoki and Mukhin (2021) except that the moments on
forward premium puzzle are from Lustig, Stathopoulos, and Verdelhan (2019) as Table 4. Column "A;" reports
the simulated moments with a single "ex;" shock, similar for Columns "0;" and "D,;". Column "Domestic"
reports the simulated moments with shocks (g, €at, €nt, €41, €it) by matching six moments in Panel D and
regression coefficients in Column "Data" of Table 4, and the estimates are: oy = 0.11, 0y = 0.60, o4 = 0.028,
oy = 0.0004; Column "Global-1" matches the same moments as "Domestic" with all specified shocks excluding
ert, and the estimates are: (Ti = 0.052, 09 = 0.13, oy = 0.0054, 0, = 0.23, 04 = 0.030, (TA = 0.0044, o, = 0.0003,
o® = 0.0010; Column "Global-2" matches the same moments as "Domestic" based on all shocks with estimates:

= 0.053, 0y = 0.15, (Tg = 0.0056, 0, = 0.20, 04 = 0.035, O'A = 0.0042, 0, = 0.0003, 0¥ = 0.0011, o = 0.21.
Monthly variables are translated into quarterly values in Panels A, B, C, E, E
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Table D9: Model moments under PCP scheme with sticky wage and without households holding
risky assets

Single-Type Shocks Multiple Shocks
Moments Data Dy At 0; Domestic Global-1 Global-2
A. Exchange rate disconnect (quarterly):
p (A8) ~0 ~0.12 —0.12 —0.11 -0.11 —0.11 —0.11
(0.09) (0.09) (0.09) (0.09) (0.08) (0.08)
o (AE) /o (AY) 5.20 7.68 4.04 3.14 5.42 4.46 4.46
o (AE) /o (AC) 6.30 38.70 16.85 9.15 471 4.89 4.76
B. Real exchange rate and the PPP (quarterly):
p(é) 0.94 0.74 0.74 0.79 0.83 0.83 0.83
(0.06) (0.06) (0.07) (0.07) (0.07) (0.07)
o (Aé) /o (AE) 0.99 1.00 1.00 0.9 0.99 0.99 0.99
corr (A¢,A€) 0.9 1.00 1.00 1.00 0.99 0.99 0.99
o (A&Y) /o (AE) 1.01 1.00 1.00 1.00 0.97 0.97 0.97
corr (A&%, AE) 0.9 1.00 0.99 0.9 0.99 0.99 0.99
C. Backus-Smith (quarterly):
corr (A, AC — AC¥) —0.40 —0.60 —0.57 —0.60 —0.47 —047 —047
(0.04) (0.04) (0.04) (0.06) (0.06) (0.06)
o (i—1) /o (AE) 0.06 0.07 0.07 0.09 0.16 0.15 0.16
p(i—1i) 0.90 0.96 0.96 0.96 0.96 0.97 0.97
p (1) 0.97 0.96 0.95 0.96 0.97 0.89 0.90
D. Forward premium (monthly):
Fama B —0.81 —4.15 —4.14 —3.59 —0.61 —0.73 —0.72
(2.18) (2.04) (1.82) (0.98) (1.10) (1.10)
Fama R? 0.01 0.04 0.04 0.05 0.02 0.02 0.02
(0.01) (0.01) (0.02) (0.01) (0.01) (0.01)
Carry trade SR 0.35 0.48 0.51 0.50 0.25 0.26 0.26
(0.15) (0.16) (0.18) (0.15) (0.15) (0.15)
E. International business cycle moments (quarterly):
o (AC) /o (AY) 0.81 0.20 0.24 0.34 1.15 0.91 0.94
corr (AC, AY) 0.64 —0.97 —0.97 —0.98 0.15 0.54 0.55
corr (A, AY) 0.76 0.94 1.00 1.00 0.82 0.82 0.81
corr (AY,AY*) 0.50 —1.00 —0.93 —0.75 -0.21 0.38 0.39
corr (AC, AC¥) 0.54 —1.00 0.92 0.95 0.84 0.63 0.64
corr (Af, AT¥) 0.45 -1.00 1.00 1.00 0.59 0.72 0.72
E. Terms of trade and net exports (quarterly):
o (A8) /o (AE) 0.25 0.97 0.97 0.98 0.98 0.98 0.98
corr (A¢, AE) 0.20 —0.99 —0.99 —0.99 —0.99 —0.99 —0.99
o (AN?{) /o (A8) 0.09 0.12 0.11 0.11 0.12 0.12 0.12
corr (ANX, ) 0.35 0.66 0.65 0.64 0.68 0.68 0.68

Note: The moments in Column "Data" are from Itskhoki and Mukhin (2021) except that the moments on
forward premium puzzle are from Lustig, Stathopoulos, and Verdelhan (2019) as Table 4. Column "A;" reports
the simulated moments with a single "e;" shock, similar for Columns "0;" and "D,;". Column "Domestic"
reports the simulated moments with shocks (g, €at, €nt, €41, i) by matching six moments in Panel D and
regression coefficients in Column "Data" of Table 4, and the estimates are: 0y = 0.052, 0, = 0.30, 4 = 0.029,
0y = 0.0004; Column "Global-1" matches the same moments as "Domestic" with all specified shocks excluding
ert, and the estimates are: 0’y = 0.12, 0 = 0.045, 0y = 0.0001, 0, = 0.50, 4 = 0.030, ¢ = 0.018, 0, = 0.0001,
o = 0.0028; Column "Global-2” matches the same moments as "Domestic” based on all shocks with estimates:
oy = 0.15, 0y = 0.040, f = 0.0064, 0, = 0.46, 74 = 0.029, 0% = 0.019, o; = 0.0001, of = 0.0026, o = 0.45.
Monthly variables are translated into quarterly values in Panels A, B, C, E, F.
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Table D10: Regressions coefficients matching on term structure of currency carry trade under PCP
scheme with households holding risky assets

Single-Type Shocks Multiple Shocks
Moments Data Ay 0; D, Domestic Global-1 Global-2
A. Short-term interest rate diff. (foreign-minus-home):
Bond local currency return diff. —0.78 —4.29 —-0.68 —0.22 —0.50 —0.43 —0.46
(0.32) (442) (0.25) (0.04) (1.17) (1.05) (1.12)
Currency excess return 1.81 5.51 3.78 5.88 1.48 1.72 1.92
(147) (2.30) (1.51) (2.51) (0.93) (1.16) (1.28)
Bond dollar return diff. 1.03 1.22 3.11 5.66 0.99 1.31 1.46
(1.51) (2.16) (1.32) (2.53) (1.10) (1.21) (1.28)
B. Yield curve slope diff. (foreign-minus-home):
Bond local currency return diff. 2.18 293 076 —0.48 2.26 224 2.25
(0.50) (1.58) (0.06) (0.12) (1.02) (1.00) (1.01)
Currency excess return -123 -193 371 3.19 -1.27 —1.24 —1.28
(1.99) (1.08) (1.11) (3.75) (0.67) (0.75) (0.78)
Bond dollar return diff. 0.95 1.02  -295 2.73 1.00 0.98 0.95
(2.00) (0.64) (1.08) (3.78) (0.81) (0.94) (0.95)

Note: Variables of the first column are defined in (15). Column "Data" is the panel regression results of the
US dollar against AE currencies from Table 1 in Lustig, Stathopoulos, and Verdelhan (2019) with the sample
period "Jan 1995-Dec 2015”. Similar to Table D7, Columns "A;", "6;", "Dy;", "Domestic", "Global-1" and "Global-
2" report the regression results based on simulated data. Standard deviations are reported in bracket.

Table D11: Regressions coefficients matching on term structure of currency carry trade under LCP
scheme with households holding risky assets

Single-Type Shocks Multiple Shocks
Moments Data As 0; Dyt Domestic Global-1 Global-2
A. Short-term interest rate diff. (foreign-minus-home):
Bond local currency return diff. —0.78 -584 —-1.81 —-3.37 —0.33 —0.39 —0.48
(0.32) (21.05) (1.69) (1.47) (1.81) (1.78) (1.66)
Currency excess return 1.81 8.95 6.60 17.55 1.55 1.68 1.97
(1.47) (838 (7.24) (10.61) (1.71) (1.65) (1.82)
Bond dollar return diff. 1.03 3.02 4.82 14.18 1.24 1.28 1.52
(1.51) (12.94) (5.62) (9.15) (1.92) (1.88) (1.86)
B. Yield curve slope diff. (foreign-minus-home):
Bond local currency return diff. ~ 2.18 3.16 217 414 2.20 2.16 2.07
(0.50) (1.61) (0.76)  (1.67) (1.09) (1.05) (0.99)
Currency excess return -123 -152 858 —-21.07 -1.27 -1.30 —1.34
(1.99) (0.78) (3.94) (11.37) (1.07) (0.98) (1.00)
Bond dollar return diff. 0.95 166 —6.42 —16.93 0.89 0.82 0.68
(2.00) (0.89) (3.18)  (9.70) (1.11) (1.02) (1.02)

Note: Variables of the first column are defined in (15). Column "Data" is the panel regression results of the
US dollar against AE currencies from Table 1 in Lustig, Stathopoulos, and Verdelhan (2019) with the sample
period "Jan 1995-Dec 2015”. Similar to Table D8, Columns "A;", "8;", "Dy,;", "Domestic", "Global-1" and "Global-
2" report the regression results based on simulated data. Standard deviations are reported in bracket.
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Table D12: Regressions coefficients matching on term structure of currency carry trade under PCP
scheme with sticky wage and without households holding risky assets

Single-Type Shocks Multiple Shocks
Moments Data A; 0; Dyt Domestic Global-1 Global-2
A. Short-term interest rate diff. (foreign-minus-home):
Bond local currency return diff. —0.78 —4.78 —093 —0.48 —0.42 —0.40 —0.42
(0.32) (4.58) (0.39) (0.06) (0.90) (0.88) (0.92)
Currency excess return 1.81 5.14 4.59 5.15 1.61 1.73 1.72
(1.47) (2.04) (1.82) (2.18) (0.98) (1.10) (1.10)
Bond dollar return diff. 1.03 0.34 3.66 4.67 1.19 1.33 1.31
(1.51) (257) (1.44) (2.14) (1.07) (1.15) (1.15)
B. Yield curve slope diff. (foreign-minus-home):
Bond local currency return diff. ~ 2.18 2.95 123 -0.05 2.19 2.27 2.29
(0.50)  (1.55) (0.29)  (0.26) (0.98) (1.01) (1.02)
Currency excess return -123 -173 =523 285 —-1.31 -1.39 —1.38
(1.99) (0.90) (1.68) (2.77) (0.79) (0.84) (0.83)
Bond dollar return diff. 0.95 124 —401 286 0.87 0.85 0.90
(2.00) (0.74) (1.40) (2.73) (0.99) (1.06) (1.03)

Note: Variables of the first column are defined in (15). Column "Data" is the panel regression results of the
US dollar against AE currencies from Table 1 in Lustig, Stathopoulos, and Verdelhan (2019) with the sample
period "Jan 1995-Dec 2015”. Similar to Table D9, Columns "A;", "8;", "Dy;", "Domestic", "Global-1" and "Global-
2" report the regression results based on simulated data. Standard deviations are reported in bracket.

Table D13: Empirical moments of international business cycles

Moments CKM IM 7394 81-17 9519
o(AC) /o (AY) 082 081 081 080 081
corr (AC,AY) 064 063 063 061  0.64

corr (A, AY) 081 075 082 074 076
corr (AY, AY*) 035 042 033 040 050
corr (AC, AC*) 030 040 026 040  0.54
corr (Al AT*) 027 032 027 032 045

Note: Columns "CKM" and "IM" are the empirical moments of international business cycles from Table A2 in
Itskhoki and Mukhin (2021) for the periods 1973-1994 and 1981-2017, respectively. Columns "73-94", "81-17",
and "95-19" report our estimates for the periods 1973-1994, 1981-2017, and 1995-2019, respectively.
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Figure D7: IRFs to conventional monetary policy shocks under the baseline, financial autarky and
UIP cases of PCP scheme without households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters in Table D2. In Panels "US Net
Exports" and "Net Capital Inflows to US", the IRFs are reported as % of deviations from steady-state values
relative to steady-state GDP. In the other panels, the IRFs are reported as % deviations from steady-state

values.
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Figure D8: IRFs to conventional monetary policy shocks under the baseline, financial autarky and

UIP cases of PCP scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters in Table D3. In Panels "US Net
Exports" and "Net Capital Inflows to US", the IRFs are reported as % of deviations from steady-state values
relative to steady-state GDP. In the other panels, the IRFs are reported as % deviations from steady-state

values.
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Figure D9: IRFs to conventional monetary policy shocks under the baseline, financial autarky and
UIP cases of LCP scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters in Table D4. In Panels "US Net
Exports" and "Net Capital Inflows to US", the IRFs are reported as % of deviations from steady-state values
relative to steady-state GDP. In the other panels, the IRFs are reported as % deviations from steady-state

values.
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Figure D10: IRFs to conventional monetary policy shocks under the baseline, financial autarky and
UIP cases of PCP scheme with sticky wage and without households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters in Table D5. In Panels "US Net
Exports" and "Net Capital Inflows to US", the IRFs are reported as % of deviations from steady-state values
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values.
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Figure D11: IRFs to conventional monetary policy shocks under the baseline, financial autarky and
UIP cases of PCP scheme without households holding risky assets for the US against the EU
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Note: The simulation results are based on the posterior mode of parameters in Table D6. In Panels "US Net
Exports" and "Net Capital Inflows to US", the IRFs are reported as % of deviations from steady-state values
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Figure D12: IRFs of financial variables to "QE2" shocks under the baseline and UIP cases with ZLB
constraints of PCP scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and

"UIP" in Table D3. In the last row, the IRFs are reported as % of deviations from steady-state values relative
to steady-state GDP. In the other rows, the IRFs are reported as % deviations from steady-state values.
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Figure D13: IRFs of financial variables to "QE2" shocks under the baseline and UIP cases with ZLB
constraints of LCP scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and
"UIP" in Table D4. In the last row, the IRFs are reported as % of deviations from steady-state values relative
to steady-state GDP. In the other rows, the IRFs are reported as % deviations from steady-state values.
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Figure D14: IRFs of real economic variables to "QE2" shocks under the baseline and UIP cases with
ZLB constraints of PCP scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline”" and
"UIP" in Table D3. The IRFs are reported as % deviations from steady-state values.

Figure D15: IRFs of real economic variables to "QE2" shocks under the baseline and UIP cases with
ZLB constraints of LCP scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and
"UIP" in Table D4. The IRFs are reported as % deviations from steady-state values.
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Figure D16: IRFs of financial variables to "QE2" shocks under the baseline and financial autarky
cases with ZLB constraints of PCP scheme without households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and
"FA" in Table D2. In the last row, the IRFs are reported as % of deviations from steady-state values relative to
steady-state GDP. In the other rows, the IRFs are reported as % deviations from steady-state values.
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Figure D17: IRFs of financial variables to "QE2" shocks under the baseline and financial autarky
cases with ZLB constraints of PCP scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and
"FA" in Table D3. In the last row, the IRFs are reported as % of deviations from steady-state values relative to
steady-state GDP. In the other rows, the IRFs are reported as % deviations from steady-state values.
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Figure D18: IRFs of financial variables to "QE2" shocks under the baseline and financial autarky
cases with ZLB constraints of LCP scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and
"FA" in Table D4. In the last row, the IRFs are reported as % of deviations from steady-state values relative to
steady-state GDP. In the other rows, the IRFs are reported as % deviations from steady-state values.
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Figure D19: IRFs of real economic variables to "QE2" shocks under the baseline and financial autarky
cases with ZLB constraints of PCP scheme without households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline”" and
"FA" in Table D2. The IRFs are reported as % deviations from steady-state values.

Figure D20: IRFs of real economic variables to "QE2" shocks under the baseline and financial autarky
cases with ZLB constraints of PCP scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and
"FA" in Table D3. The IRFs are reported as % deviations from steady-state values.
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Figure D21: IRFs of real economic variables to "QE2" shocks under the baseline and financial autarky
cases with ZLB constraints of LCP scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline”" and
"FA" in Table D4. The IRFs are reported as % deviations from steady-state values.

Figure D22: The response of risk premia to "QE2" shocks under the baseline and UIP cases of PCP
scheme without households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and
"UIP" in Table D2. The IRFs are reported as % deviations from steady-state values.
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Figure D23: The response of risk premia to "QE2" shocks under the baseline and UIP cases of PCP
scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and
"FA" in Table D3. The IRFs are reported as % deviations from steady-state values.

Figure D24: The response of risk premia to "QE2" shocks under the baseline and UIP cases of LCP
scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and

"UIP" in Table D4. The IRFs are reported as % deviations from steady-state values.
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Figure D25: The response of risk premia to financial shocks under the baseline and UIP cases of PCP
scheme without households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and

"UIP" in Table D2. The IRFs are reported as % deviations from steady-state values.

Figure D26: The response of risk premia to financial shocks under the baseline and UIP cases of PCP
scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline” and

"UIP" in Table D3. The IRFs are reported as % deviations from steady-state values.
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Figure D27: The response of risk premia to financial shocks under the baseline and UIP cases of LCP
scheme with households holding risky assets
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Note: The simulation results are based on the posterior mode of parameters from Columns "Baseline”" and
"UIP" in Table D4. The IRFs are reported as % deviations from steady-state values.
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