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1 Introduction

The global financial crises and the COVID-19 pandemic led to a sharp decrease in the availability of
U.S. dollars and a rapid increase in the cost of acquiring them outside the United States. These cir-
cumstances hindered international trade, disrupted exchange rates and put undue stress on otherwise
stable financial institutions in other countries. To alleviate this situation, the Federal Reserve setup
swap lines arrangements with other central banks to provide U.S. dollar liquidity.! With the newly
acquired U.S. dollars, the recipient central bank conducted repo arrangements with local banks for
which it required high-quality domestic assets as collateral. This type of policy can be considered
as an international unconventional monetary policy as it is conducted in cooperation with a foreign
central bank.

Given how swaps lines inject U.S. dollars in local economies, we conjecture that swap policies can
also help/hinder the conduct of domestic monetary policies by the recipient central bank. This is the
case as swap lines can affect the demand for assets, denominated in another currency. This aspect
is even more relevant when the other central bank engages in quantitative easing policies. This type
of domestic unconventional monetary policy increases the money supply and lowers some interest
rates on public debt, by directly affecting the demand for certain nominal public assets. Thus, by
accessing U.S. dollar swap lines, the Federal Reserve can indirectly support the other central bank’s
quantitative easing policies by increasing liquidity in the local economy. This is the focus of this
paper.

To explore such links, we propose a framework to study the macroeconomic implications of the
U.S. dollar swap arrangements between a central bank of a small open economy and the Federal Re-
serve System. In particular, we incorporate the salient features of such agreements between central
banks into a dynamic general equilibrium framework where domestic and foreign fiat money is valued.
Within this environment, we then study how the U.S. dollar swap lines interact with domestic quan-
titative easing policies and ultimately impact inflation and debt dynamics in a small open economy.

In our framework, swap lines are essential in expanding the private consumption possibilities when

!Bahaj and Reis (2022a) provide a detailed account of these arrangements, including their history, institutional
features, and lessons for future research, policymakers, and practitioners.



market disruptions prevent private access to repo agreements in exchange for foreign currency or,
when there is access, but such agreements provide low collateral value.

The characterization of the monetary equilibrium of our economy depends on whether households
are satiated or not and in which states of the world. Analytically, we find that when domestic bonds
do not exhibit premia and the consumption of foreign goods is satiated, different terms of trade in
the swap lines (different values of §) do not change the resulting stationary nor dynamic equilibria.
Standard monetary and fiscal policy prescriptions deliver locally determinate equilibria. Moreover,
we also find that quantitative easing policies that change the real value of total bonds in the hands
of the public have an effect on allocations, but not on inflation.

This is sharp contrast when domestic bonds carry premia and/or the consumption of foreign
goods is not satiated. In those cases, inflation depends on the details of the swap arrangements and
bond and inflation dynamics are affected by both swaps and quantitative easing policies. Within
this framework, we characterize the circumstances under which different combinations of U.S. dollar
swap lines and domestic quantitative easing as well as interest rate management policies lead to
observationally equivalent stationary equilibria in the small open economy. But even though the
unique steady state is the same, those policies lead to different local dynamics and stability properties.
In particular, we find that swaps and quantitative easing dampen the fiscal eigenvalue. Moreover,
monetary policies that lead to a more favorable swap line, require that the interest policy setting
responds more (less) aggressively to inflation in order to deliver the same steady state whenever
monetary policy is active (passive). Thus, traditional prescriptions for monetary and fiscal policy to
stabilize the economy are not operative in this environment.

To quantify the macroeconomic impact of swaps on conventional and unconventional monetary
policies and their interaction, we resort to numerical analysis. To provide some discipline when decid-
ing the parameter values describing the small open economy, we consider Australia’s macroeconomic
data as well as issuance of public debt and Reserve Bank of Australia (RBA) asset holdings for
the period of 1993-2019. In addition, monetary and fiscal policies are then adjusted to reflect the
economic conditions both at the beginning of and during the covid-19 pandemic.

We then explore how conventional and domestic and international unconventional monetary poli-



cies may be adjusted to deliver same stationary equilibria. At the beginning of the pandemic, with
an active monetary policy, we obtain that a more favorable swap line would have required the RBA
to make interest rates respond stronger to inflation and to provide less liquidity through quantitative
easing policies. Indeed, we find that to deliver the same steady state, bond purchases programs were
not required. During the pandemic, with a passive monetary policy, with find that a more favorable
swap line would make the RBA adjust its policy setting by making interest rates respond less to
inflation but, as before, to provide less liquidity through balance sheet policies. In particular, it
would have allowed the RBA to cut back on long-term bond purchases from 35 % to 24 % of GDP.

Finally, we uncover international and domestic unconventional monetary policies that deliver
equilibria. Analytically, we find that swaps and quantitative easing policies dampen the fiscal eigen-
value, while they don’t affect the monetary one. With an active monetary policy, such a reduction in
the fiscal eigenvalue supports determinacy of equilibria. However, our numerical results show that,
with a passive monetary policy, swaps and quantitative can lead to indeterminacy. Further numerical
results also show that swaps also lead to a portfolio re-adjustment that can reduce the efficacy of
quantitative easing policies.

This paper is organized as follows. Section 2 reviews the literature on U.S. dollar swaps. Section
3 presents the theoretical framework and optimal decisions. Section 4 shows and characterizes the

dynamic equilibria. Section 5 provides a numerical exercise. Finally, Section 6 concludes.

2 Literature Review

This paper makes a contribution to the emerging literature on U.S. dollar swaps by developing
a theoretical framework to study the macroeconomic consequences of U.S. dollar swap lines and
how they interact with other operating procedures for monetary policy. Most existing papers in
the literature have empirically estimated the impact of U.S. dollar swap lines on the economies
that received foreign liquidity. In contrast, so far, there is limited theoretical analysis to examine
the broader macroeconomic implications of these policies. Therefore, this paper fills a gap in the
literature by providing a comprehensive framework for analyzing the effects of U.S. dollar swap lines

on inflation and debt dynamics for a small open economy, as well as their interactions with domestic
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quantitative easing policies.

Scholars have traced the origins of U.S. dollar swaps to the late 1960s, during the breakdown of
the Bretton Woods system of fixed exchange rates. However, it was in the 1980s and 1990s that U.S.
dollar swaps became more prevalent, as global financial markets became increasingly interconnected.
McCauley et al. (2020) provide more details on the history of swaps, including their evolution over
time and their role in facilitating international trade and investment.

Within the empirical literature, Rose and Spiegel (2012) conduct a study on the auctions of dollar
assets by foreign central banks. The authors find robust evidence that these auctions disproportion-
ately benefited countries that were more exposed to the United States through trade linkages or
asset exposure. However, the authors find weaker results for differences in asset transparency or
illiquidity. Interestingly, the study also finds that several important announcements regarding the
international swap programs disproportionately benefited countries with greater asset opaqueness.
These findings suggest that U.S. dollar swap lines can have differential effects on countries depending
on their exposure to the United States and the transparency of their assets. Within the same spirit,
Cetorelli and Goldberg (2012) study the role of global banks in transmitting financial shocks across
borders during the global financial crisis, with a focus on the use of U.S. dollar swap lines. The
authors find that policy interventions played a crucial role in influencing the lending channel effects
on emerging markets of head office balance sheet shocks. Additionally, the study finds that exposure
to international funding was not the main vehicle of propagation. Instead, it was the exposure to
international funding from source country banking systems that were more likely to suffer from the
liquidity shock.

After covid-19 there has been renewed interest in U.S. dollar swap lines. In a series of seminal
papers, Bahaj and Reis (2022a, 2022b) argue that swap lines provide an alternative to discount-
window lending by the source central bank to recipient-country banks, with the recipient central
bank acting as an agent that assumes the credit risk. Thus, swap lines are consistent with controlling
inflation and the lender-of-last-resort role, and are not directly linked to intervening in exchange
rates, bailing out or transferring wealth to foreigners, or nationalizing private risk. The authors

explain why these arrangements were necessary in addition to the traditional discount window or the



purchase of securities in private markets. In a related study, Bahaj and Reis (2022b) demonstrate
that with global banks and integrated private financial markets, the lending-of-last-resort function
can be achieved through swap lines. The authors show that swap lines establish a cap on deviations
from covered interest parity, reduce average ex-post bank borrowing costs, and increase ex-ante
inflows from recipient-country banks into privately issued assets denominated in the source country’s
currency. Empirically, the authors find that the international lender-of-last-resort function is highly
effective.

The paper closest to ours is that of Cesa-Bianchi et al. (2023) who provide a theoretical framework
to understand the macroeconomic consequences of swap line policies. To do so, the authors consider
a two-country New Keynesian model with financial frictions, where the foreign country is the United
States and the home country is a small open economy. The model incorporates frictions between
depositors and banks, as in the Gertler-Karadi-Kiyotaki framework, and assumes that domestic banks
borrow both at home and abroad to finance capital purchases. The agency frictions are more severe
when borrowing abroad in U.S. dollars, leading to endogenous deviations from uncovered interest
rate parity related to the tightness of domestic banks’ balance sheets. When introducing a swap
policy rule as in Del Negro et al. (2017), the authors find that U.S. dollar swap lines mitigate the

adverse macro-financial effects of dollar shortage shocks.

3 Economic Environment

To study the macroeconomic implications of U.S. dollar swap lines, we incorporate the salient features
of these arrangements into a dynamic general equilibrium framework. Before doing so, we provide a

detailed description on how swap lines work.

U.S. Dollar Swap Lines

U.S. dollar swap lines are arrangements between the Federal Reserve and other central banks. When
a swap line is active, the central bank in the United States provides U.S. dollars to another central

bank in exchange for an equivalent amount in the other central bank’s currency at the current spot



exchange rate. The two central banks agree to re-sell their respective currencies back to each other
after a fixed period of time, usually one week or three months, at the same spot exchange rate as the
initial exchange.?

Once the recipient central bank receives the U.S. dollars it then conducts repo arrangements
with its domestic counter-parties, typically local banks. When doing so, the local central bank
usually requires local currency-denominated collateral that is eligible in its usual domestic liquidity
operations. By accessing these repo arrangements, private banks are able to obtain U.S. dollars at a
more favorable exchange rate when compared to what they would typically get in the foreign exchange
market. This arrangement provides additional liquidity to the recipient central bank helping support

the stability of the local financial system.

Model

The small open economy builds on the frictional and incomplete-market framework of Gomis-Porqueras
et al. (2013), which is based on Lagos and Wright (2005) and Rocheteau and Wright (2005).> Time is
discrete and agents discount future time periods at a rate 5 € (0,1). Each period is divided into two
sub-periods. Agents trade sequentially in various markets within each sub-period. These markets are
characterized by different frictions and trading protocols. The first one corresponds to a decentralized
goods market, denoted DM, where agents face limited commitment, asset recognizability problems
and limited access to foreign markets. The second one is a competitive goods and financial markets,
which we refer as CM, where agents can consume, adjust their portfolio and trade with the rest of
the world. From now on, we refer the small open economy as home or domestic and the rest of the
world as foreign.

At the beginning of the first sub-period, agents face stochastic trading opportunities. As in
Rocheteau and Wright (2005), agents in the small open economy are of fixed types: buyers and
sellers. In particular, we consider a unit measure of buyers and a measure 1 of sellers. Domestic

buyers receive a trading shock that determines who they will trade with in DM; i.e., domestic or

2The Federal Reserve charges an interest rate on the U.S. dollars it provides, which is set as a spread relative to
its policy rate, paid at the fixed term later, and settled in U.S. dollars.

3Other open search theoretic models of money include Zhang (2014), Geromichalos et al. (2014, 2018) among
others.



foreign sellers. After shocks are realized, DM domestic buyers are bilaterally matched with DM
domestic or foreign producers. As in Rocheteau and Wright (2005), DM buyers are able to derive
utility from consuming the DM good, but can not produce it. Sellers, on the other hand, can produce
but do not obtain utility from consuming DM goods.

Other than search frictions, agents also face limited commitment when trading in DM. As a
result, domestic DM producers do not provide unsecured credit. To obtain DM credit, domestic
buyers are required to post collateral.* However, not all domestic DM producers accept the same
assets as collateral. Moreover, not all assets have the same pledgeability properties. More precisely,
DM foreign producers do not accept any domestic assets as collateral. In contrast, some domestic
DM sellers accept all assets as collateral. Moreover, domestic (foreign) DM goods can always be
bought with domestic (foreign) currency.

In the last sub-period both domestic buyers and sellers can produce an homogeneous good using
labor as the only input. These agents derive utility from consuming the homogeneous good and
disutility from CM effort. Domestic buyers and sellers trade such good in competitive in domestic
and international markets. Agents can also rebalance their portfolios and have access to the foreign

exchange market.’

Preferences: The representative buyer derives utility from DM and CM consumption and disutility
from CM labor. Let ¢; (¢') denote DM domestic (foreign) output, while X;, and H,, represent

consumption of the final good and labor in CM, respectively. Their expected utility is then given by

Eo Zﬂt w(ge, qf ) +In(Xps) — Hyyl (1)

where Eq denotes the linear expectation operator with respect to an equilibrium distribution of

trading shocks. The utility function u(.,.) is assumed to satisfy standard assumptions and to be

4We refer to Kiyotaki and Moore (1997) for more on the need to collateralize loans.

5Implicit in our environment is that in CM agents can access the foreign exchange market through intermediaries
that have access to a perfectly competitive inter-bank market. We refer to Geromichalos et al. (2018) for an en-
vironment where agents have direct access to an over-the-counter foreign exchange market and face matching and
bargaining frictions.



separable across both DM domestic and foreign goods, i.e. 115 = ug; = 0.° Similarly, the domestic
seller derives disutility from DM and CM labor, while obtaining positive payoffs from consuming CM

output. Their expected utility is then given by

]EO Z 5t [_Qt + Xs,t - Hs,t] ’ (2)
t=0
where X, and H; represent the seller’s CM consumption and effort, respectively.

Technologies: In DM only sellers are able to produce domestic DM goods with a linear technology
where labor is the only input. The production function is such that one unit of labor yields one unit
of output. Similarly, the CM final good is given by the linear technology Y; = H;, where H; is total

CM labor from both DM buyers and sellers. Implicitly, this normalizes labor productivity to one.

Assets: Agents in the small open economy have access to domestic fiat money M;, domestic nominal
one period bonds By, and domestic long-term bonds BE. Agents have also access to foreign fiat money
MF. All these assets are issued by their respective central and fiscal authorities in CM. It is in this

market that agents can rebalance their portfolio.

Frictions: In the first sub-period, agents face stochastic trading opportunities, limited commitment
and asset recognizability problems. In particular, with probability oz € [0, 1] domestic DM consumers
(buyers) trade in a competitive goods market with foreign sellers. With complementary probability,
DM domestic buyers and domestic DM sellers are bilaterally matched. From now on, we assume
1 — op = 1. Thus, given these assumptions, there is always a DM trading opportunity.

When trading with foreign DM sellers, foreign fiat money is the only acceptable means of payment
in exchange for the foreign DM good, ¢f. When trading domestically, to consume the DM local
good, ¢, buyers can promise the DM seller its payment in the next CM. However, due to limited
commitment, the DM buyer can renege on his promise. This possibility allows assets to have a role as

collateral. The usual interpretation of such arrangement is that if a borrower reneges on his promise,

SNote that u; denotes the derivative of u with respect to the first element g, other derivatives follow a similar
notation.



his assets are seized. This contingency dissuades opportunistic default. Note, however that as in
Rocheteau et al. (2018), one can also describe DM trade as a repurchase agreement, where a buyer
that obtains ¢, gives assets to a seller, who gives them back at prearranged terms in the next CM.” In
this paper we take such view. Moreover, we assume that not all assets are equally pledgeable when
trading in DM.® In particular, we assume that only a fraction n°, n”, and n*" of short-term bonds,
long-term bonds and foreign currency is pledgeable, respectively. Furthermore, not all DM producers
accept collateral. With probability jip;, a DM consumer is in a meeting where only domestic fiat
money can be used as a medium of exchange and no collateral is accepted. Finally, with probability
e = 1 — fipg, a DM consumer is in a meeting with a seller where all nominal bonds and foreign
currency can be used as collateral. To simplify notation, from now on we denote p; = (1 —op)fi; for

je{M,C).

Fiscal Authority: The government needs to finance an exogenous, and strictly positive constant
stream of expenditures, which we denote by GG, and outstanding debt interest payments. To finance
them, the fiscal authority has access to lump-sum CM taxes, 7;, the transfer from the central bank
to the fiscal authority 7)C, and the issuance of short B; and long-term nominal bonds BF. The

corresponding budget constraint for the fiscal authority is then given by

T+ 6B + Qi BE + T = G+ Ry B | + (1 + pQy) 6:BE 1, (3)

L

7 18 the real price of the CM good. R; represents the nominal interest rate corresponding

where ¢; =
to short-term (one-period) public debt purchased at time ¢.° Following Woodford (2001), we model
the long-term bond B as having a nominal payment structure equal to p? =1 where T > ¢ and

0 < p < 1, which can be interpreted as a portfolio of infinitely many nominal bonds, with weights

"As in Rocheteau et al. (2018), we do not propose a deep theory of repurchase agreements (repos). We refer to
Antinolfi et al. (2015) or Gottardi et al. (2015) for more on repos.

8We refer to as in Rocheteau et al. (2018) and Dong et al. (2019), Dominguez and Gomis-Porqueras (2022), among
others, for more on this type of assumption. This is consistent with the United States repo market where the majority
of trades involve three months or less. We refer the reader to the Repurchase Agreement Operational Details for
additional information, which can be found at Federal Reserve Bank of New York.

9Tt is worth noting that while the initial portfolio is the same across agents, secured loans, [N/{_l and domestic fiat
money, may be different across agents. This is the case as agents in DM face different trading partners that may or
may not accept collateral.
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along the maturity structure given by p”~(+1) 10 The price of these bonds is denoted by Q;. The real
value of all bond issuance is denoted by ¢;B; = ¢, (B;9 + QtBtL) and we assume that it is bounded
above by a sufficiently large constant to avoid Ponzi schemes. Furthermore, to describe the specific
operating procedures for fiscal policy, we assume that taxes respond to previously issued public debt

as follows

TtCM =y +° (¢t—1BtS—1 — bs*) +~F (Cbt—th—lBtL—l - bL*) ; (4)

where 7, determines how taxes are set regardless of the economy’s debt structure and ~° (”yL ) captures
how taxes respond to the level of short-term (long-term) real government bonds.!! In addition, v°*

bE* represent the real target levels for short and long-term real public debt, respectively. From

and
now on, an asterisk on a variable will denote the corresponding policy target. Finally, in terms of
debt composition, we assume that the debt issuance of the fiscal authority is such that there is a
constant ratio between the nominal value of short and long-term bonds, that is 2 = Q?_gf'

Central Bank: This institution manages interest rates through a Taylor rule. In particular, the

central bank implements monetary policy as follows

Ry = ap + oy (II, — IT7) , (5)

where 1I; 1 = 9 denotes the gross domestic inflation rate, ag is a constant that determines how

Pt+1

interest rates are set regardless of the economy’s inflation rate, while a; captures how interest rates
respond to inflation rate departures from its target II* = fay. When managing interest rates, we
might assume that the central bank satisfies (does not satisfy) the Taylor principle a; > % (g < %)
Note that the in order to implement the Taylor rule, the central bank is conducting open market
operations.

When the domestic central bank has access to a swap line, it can borrow foreign currency from

a foreign central bank. These additional units of foreign currency can then be lent out to DM

10Tn this case, one-period debt corresponds to p = 0, while a consol bond is consistent with p = 1.
U This specification is as in Leeper (1991), Woodford (1994), Sims (1994), among others.
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consumers. For instance, the relevant borrowing constraint for DM buyers is given by

Si1 < e—fnCB By 1,
e ’
where S,_; is the domestic central bank loan to DM consumers in domestic currency, € is the
exchange rate that the local central bank offers to agents, which is the same exchange rate at which
the local central bank accesses the swap line, and e; is the market exchange rate (which measures
the value of one unit of foreign currency (F) in units of the home currency). Finally, n? is the
pledgeability required by the central bank, in terms of domestic short-term bonds, when accessing

the swap lines. The swap exchange rate is given by
ej =0 ey,

where 0 > 1 reflects the ability of the central bank to access cheaper foreign currency. This is the
case as it has direct access to a swap line with the foreign central bank. By doing so it expands the
DM consumption possibilities when foreign currency is accepted as payment or as collateral.!? For
short, we refer to d as the swap line rate.

The central bank buys both short and long-term government bonds in CM. In particular, the
monetary authority holds a fraction 1 — % (1 — 0%) of the short-term (long-term) bonds issued

13" Note that we can define the composition of bonds held by the monetary

B (1—95)1;5 B (1—95)
T (1-6L)QuvE T (1-6%)

by the fiscal authority.

authority as follows QM Q2. By changing the central bank holdings of domestic
government bonds, the monetary authority can affect the amount and liquidity of the bonds available

to households.

12The amount accessible through the swap line is limited at various amounts and for a number of countries. In the
case of the Australia, the swap line allows the Reserve Bank of Australia to access up to US$60 billion from the Federal
Reserve System in exchange for Australian dollars. The U.S. dollars are made available to Reserve Bank Information
and Transfer System members via repurchase agreements (repos) contracted with the Reserve Bank of Australia.
These U.S. dollar repos are against Australian-dollar denominated securities. In our model, we don’t assume an upper
limit on the amount of U.S. dollars that the domestic central bank can access through the swap line.

13Note then that 6§ (6%) correspond to the proportions that are held by households. These fractions are assumed
constant for ease of exposition, but we will consider changes to those to reflect the implementation of QE policies.
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The corresponding budget constraint for the monetary authority is then given by
T+ (1= 0%) 6B + (1= 6°) Qi Bf + ¢Myor + T = My + Ry (1 - 6%) 6B+ (6)

+ (1 — 9L) (1+pQs) ¢:BE, + T/

where T is the transfer that the central bank provides to the fiscal authority and T} is both the
cost and the revenue from using the swap line. As we can see from this formulation, no profits or
losses are made by the central bank when accessing the swap line. In the event that households can
benefit from the swap lines up to their individual borrowing limit in all states of the world, we then
have T)° = ¢y (o + u€)SE.

Note that DM buyers hold a fraction 8% (9%) of short-term (long-term) government bonds. That

is, after CM, Bft = 0B} and Eft = 0FBL. The total real value of bonds held by the public is given

by bfT = 0507 + 0L Q,bL. Let us define 0 = [Qelsjgfﬂ . It is easy to check then that bfT = 0b,, while the

holdings of the central bank are b} = (1 — #)b;. Thus, the composition of bonds held by households

. . QSbS
is given by Qf = .

= stgsr = g%, while that of the central bank is QY = =070
t

1—or %
It is important to highlight that, for a given composition of the debt issuance by the fiscal
authority, €2, the central bank can implement domestic unconventional monetary policies such as

quantitative easing (QE). These policies can change the level and the composition of public debt in

the hands of the public. In what follows we explore two types or effects of QE policies.

1. QE-level: The central bank changes its holdings of short-term bonds, 1 — #°, and of long-
term bonds, 1 — 6%, such that z—i remains constant. This action changes the fraction of the
total holdings of public bonds in the hands of the household, denoted by 6 = mS—HL, while it

1+

maintains constant its liquidity composition Q7 = z—iQ by not changing the maturity structure.

2. QE-composition: The central bank decreases its holdings of short-term bonds, 1 — 6°, and

Q65+~

iTq  remains constant. This

increases its holdings of long-term bonds, 1 — 6%, such that § =
action leaves the fraction of the total holdings of public bonds in the hands of the household,

6, constant while it increases its liquidity composition Q2 by reducing its maturity.

Studying these two forms of QE allows us to isolate the different effects implied by this domestic
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unconventional monetary policy. In addition, one can design a comprehensive QE policy by allowing
for both changes in the fraction as well as the liquidity of the total holdings of public bonds in the
hands of the household, that is, # and Q.

Optimal Decisions

Given the sequential nature of the environment, we solve the representative agent’s problem back-

wards. Thus, we first solve the CM and then the DM problems, respectively.

CM Problem

In this market, buyers and sellers can produce and consume the CM good, while trading in competitive
domestic and foreign markets. At the beginning of CM and given the holdings of domestic fiat money,
foreign currency, domestic nominal government bonds, and outstanding secured loans or repos, which
we denote by A,_; = (Mt M}, B, BE, LS, SF | EF |, Stc_1>, the problem of a representative

buyer is as follows

Wi (AH): max {m(Xb,t) Hyy+ BVEM (Abt)} st (7)

Xb,thb,ivMb t7Mb thb t7B

Xt + o (Mb,t +e M, + By, + QtBbL,t> + ¢ (I’tc—l +S5 + EL + gﬁl) =My =7
+oy (]\7[1,7,5,1 —l—etht 1) + iRy 1Bbt L+ &1+ pQy) By bit—1

where V;PM () is the agent’s expected DM value function, Ay, = (M, M[}, By, BE,) are the nominal
assets when entering in DM, 7, are CM lump sum taxes, f}tc_l represents the nominal payment of an
agent that was granted a DM secured loan in state C' where all assets (all bonds and foreign assets)
are accepted as collateral. Note that in this state it also allows foreign currency received through a
swap line to be used as collateral. We assume the CM good is homogeneous and can be traded in
domestic and international competitive markets. Then, the law of one price holds, i.e. P, = e;P[,

where P/!" is the foreign currency price of the CM good. We can rewrite this as ¢! = e;¢;.

14



The corresponding first-order conditions are given by

gV,pM ( Ab7t>

-+ ———= =0, 9
ot f—0p 7 (9)
gV,pM (Ab7t>
—rer + 0 o 0, (10)
B A <Ab’t> 11
—¢y + =0,
P TS (11)
ov;pM (Ab,t>
— Qe+ B —aB’tL = 0. (12)
The associated envelope conditions are 6?35 = ¢t Ry_1, a = ¢ (1 + pQy), a‘%‘g”l = —¢y, and
aaév,gbl =~

Similarly, for the domestic seller, we have that the CM problem is given by

Ws,t ("le,tfl) = max {Xs,t — Hs,t + /B VS€+M1 (A&t)} s.t. (13)

X0, Hs 1, Ms, tvM B BL

st+¢t< st+€tM5Ft+BSS,t+QtBtL> — O <££1+§£1+E£1+§£1> = H,;+
+¢t< i1+ eME, 1>+¢th 1B, + ¢(1 4 p@Qi)BE, 4,

where the subscript s refers to the domestic seller. Since sellers do not need fiat money to consume,
they will not hold any currency whenever is costly to hold. In addition, given sellers’ linear prefer-
ences, when assets are priced fundamentally, they are indifferent between purchasing them or not.
From now on, we assume that sellers do not hold any assets. Note that when assets have a premia
they are priced above their fundamental value. In such circumstances, sellers optimally decide not

to hold any assets as for DM sellers they are only useful as a savings instrument.
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DM Problem

At the beginning of DM, domestic buyers receive a preference shock that determines whether they
will trade with domestic or foreign DM sellers. After preference shocks are realized, DM domestic
buyers are matched with either DM domestic or foreign sellers. Matches with DM domestic sellers
are bilateral, while with DM foreign sellers are multilateral. Thus, before shocks are realized, the
corresponding DM value function of a buyer with portfolio A~b¢ is given by

St B

Ct+1

%DM (Ab,t) =0F [U(O, qt}i;-l) + Wb (Mb,t7 Mb}; + — Dt}i;-lﬁ Bé)s:t, Blf:t, 07 Sfﬁ Elft’ O)]

i [u(qﬁl, 0) + W, (Mb,t — DM, M, BS,, BL,,0,0,0, 0)]
+pe |:u(qtc-;-17 0) + Wb <Mb,t - Dg-l; MbFﬂ:a BIfta Blﬁt? ifa 07 07 SISt)] ’

where ¢’ represents the quantity of DM goods purchased in the j state of the world, where j =
{M,C}, while D’ denotes the corresponding domestic currency payment. Similarly, ¢ and D¥
correspond to the foreign good and the corresponding payment of foreign currency. Because of
limited commitment (agents can renege on their future payments), in order to trade, DM consumers

use their assets as collateral.!t

For instance, the amount of credit extended in state C' is such
that LE < T]SB,ft + T]LQtB,ft + T]Fetlet. In addition, swap lines can expand the DM consumption
possibilities through S'g’t < Z—fnCBélft, in j = {F,C}. Here F refers to trades with foreign DM sellers
while C' to trades with domestic DM sellers that accept collateral. This captures the idea that access
to a swap line expands the U.S. dollars available, but does not restrict how individuals will use those
U.S. dollars. They might be used to conduct international purchases and/or as collateral in domestic

exchanges.

Similarly, at the beginning of DM, the corresponding DM value function of a seller with portfolio

1 As in Kiyotaki and Moore (1997), Bernanke et al. (1999), Tacoviello (2005), Andolfatto and Martin (2018) and
Berentsen and Waller (2018), among others, because of limited commitment, the loan extended to DM consumers has
to be collaterized.
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A, is given by
ngM <A87t> = Hm [—C]% + Wi <M8,t + Di\-/[s-l» Mgtv Bf,t, B;:ta 0,0,0, 0)}
+MC [—9&1 + Ws,t (Ms,t + Dg_lv Mgta Bita Bita Oa _-Z/tca 07 07 _Slft>:| .

Terms of Trade

The trading protocol in the domestic frictional market is determined ex-post by a DM buyer take-
it-or-leave-it offer with threat point of no trade. Depending in which state of the world the domestic
buyer and the seller trade, the DM buyer will be able to use some assets as collateral. In order to
induce trade, a domestic DM buyer needs to propose terms of trade that satisfy the DM producer’s
participation constraint and be consistent with his borrowing constraint.

Formally, when a DM buyer and domestic producer meet in a state of the world where no collateral

is acceptable, the terms of trade solve the following problem

max {u(qﬁl, 0) + W, (Mb,t — DM, M, BS,, BL,0,0,0, 0) —W, (Mb,t, ME, BS,, BL,0,0,0, 0)} st

M M
941D

g W, (Mt + DM, MF, BS,, BY,0,0,0, 0) > W, (Mt ME, BS,, B,,0,0,0, o) .
The problem can be further simplified as follows

max {u(ghf,0) — ¢l 1} st @y < e My,
9i41

delivering the following first-order conditions

ul(Q%laO) —-1- )‘i‘-/fi—l =0,

NI (61100, — gl ) = 0.

When all bonds and foreign currency can be used as collateral, the terms of trade solve the
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following problem
oomax {uleG,0)+ Wy (W — DEy N B Bl 1E,0,0,56,) = Wi (N, NI, B, BF,,0,0,0,0) | st
qt+1,Dt+1,Lt W41
f/tc < Uswt+131§t + nLQtB;ft + 7]F€t+1letv

S
&GF FC+1 cB 55
Spe <1 erl 177 (1 —wit1) By,
+

_qgi—l + WS (MSJ/ + Dg—lv Mfta Bgtv Blf:t’ _Efa Oa Oa _S’bc,’t) > WS (MS,ta Mslit» Bgta Bb‘s:tv Oa Oa Oa 0) )
which can be further simplified as follows

max {u(qg_l, 0) — th_’H} s.t. th+1 < ¢ (Mb,t + ﬁSWHlBIft + nLQtBbL,t> +

‘1&1»‘“#1

- e -
+prean” <€t+1let + P ﬁ(l - Wt-l—l)Bl;S:t) )
t+

where w41 is the fraction of domestic short-term domestic bonds used as collateral to obtain ¢©, 1 — w4y
is the fraction of short-term domestic bonds used to secure the swap, and 1¢ is an indicator function that

takes the value of one when the proceeds of swaps can be used as collateral, zero otherwise. This problem

then delivers the following first-order conditions

c c
ul(Qt+1= 0)—1- Arp1 =0,
- ~ - - o e3 -
A [¢t+1 <Mb,t + 1w By + 0" QeBLy + 0" <6’t+1szt +n98 (1 — wi) By, 0P Blit>> - qu] =0,

€t+1

and for an interior solution wy41 the following condition would need to be satisfied

S F _CB eigﬂ
n=nn -
€41

Finally, when a domestic DM buyer is able to trade with DM foreign producers, they do so under perfect

competition. Moreover, foreign sellers only accept payment in foreign currency. Then, the domestic buyer
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in DM solves the following problem

F Y T §£t+E£t F RS pL oF 1 F
max u(07Qt+1) + Wb Mb,tvMbﬂf—f_i - Dt—i—lva,taBb,t)O? Sb7taEb7t70 s.t.

qﬂl’Dtﬂ»hthJrl €t+1
F F F o F F \GF F AF
V1841 = Per1e1 Dy < drprepi My + dria (1 — wiyy) Sy + drp1wip Epys
- e 1 -
Slf‘t S ]]-F t+ nCB Bft)
: . :

F SF RS
B,y <1gn Bb,tv

where I/EH is the relative price of the DM foreign good in terms of the CM good, 1 is an indicator function
that takes the value of one when the proceeds of swaps can be used to pay foreign sellers, zero otherwise and
1g is another indicator function that takes the value of one when domestic DM consumers willing to buy
foreign goods can enter in repurchase agreements using short-term domestic public as collateral in exchange
for foreign currency at the market exchange rate, otherwise zero. In the previous formulation, swap lines
are essential when market disruptions lead to no private access to repo agreements in exchange for foreign
currency 1z = 0 or, when there is access 1 = 1, but such agreements provide low collateral value n°F ~ 0
in those exchanges. When 1r = 1, 1 = 1, we find that if n¢Z > 9% then thj-l = 0 and if 6798 < nSF,
then wﬂl = 1. Thus, swap lines need to be advantageous 678 > 7°F to be used in equilibrium. Note that
since we are considering a small open economy, Vﬁrl is exogenous.'®

When agents do not have access to the foreign exchange market in DM, that is 1p = 0, consumption
of the foreign good in DM is limited by the agent’s direct holdings of foreign currency. The opening of a
swap line, i.e. 1p = 1, allows agents to partly undo their portfolio decision and acquire additional foreign
currency with a foreign currency repo with the domestic central bank. This is the case as it allows for
addition consumption of foreign goods in DM that can increase welfare beyond what QE policies (through

changes in 1 — 6% and 1 — X, which affect # and Q) can achieve.

The terms of trade imply the following DM consumer’s envelope condition for domestic currency

8VbDM M 3Qi\4 C 3%0
——— =pmuit (@ ,0) —=—— tpoure (¢ ,0) —=—— + oFP:.
OMp 1 (.0) OMp 1 (4.0) OMp 1

15This relative price can be different from unity whenever CM and DM foreign goods differ in their production
technologies.
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Since or + ur + po = 1, the above can be written as

aVE;DM M 8%{\4 c 5%0
= = pn |uie (G 0) ——= — 1| +po |uie (¢50) — — 1| + ¢
OMp 1 (7.0) OMp s (a.0) OMp 1
The consumer’s envelope condition for short-term debt is then given by
ov,pM aqf 0SE oSE aqf OB B[
L =op [u2,t(Ova) ~q} ~; —— ¢y ~é =+ ugy (0, ¢f) ~q; ~St ) ~St :
8Bb,t—1 957 aBb,t—l 8Bb,t—1 OB, aBb,t—l 8Bb,t—l
aQtC aigl aigl c aQtC 85&1 agtql
+upe |uLy (th,O) = = —Qr—= Huy (g7,0) == = —t—= + PRy 1.
OL{ 0By, ., OBy, , dSf, 0By, 9By, ,

Similarly, for long-term nominal public debt we have that

av;)DM
OBE,_,

3%0 8I~f_1 —¢ af’tc—l

c
= pc |uie (q7,0) —= = t = + ¢t (14 pQy) .
[ OL{ | 0B,y OBE,_,

Finally, the envelope condition for the foreign currency is given by

OL{ ,
t—=
oM,

ov,PM dqf

= = OoFpugy (Oan) =
OM, oM, |

8%0 ai?—1
LS | OMF, |

+ pc |urg (gF,0) — + (1 —op)pres.

Given the DM optimal terms of trade, the envelope conditions for the domestic seller are given by

8VDM

av.PM av.pM ovV.pM
a]\Zs,tfl B

gy Ve s (14 pQy) .
on onir, 9BL, ¢t (1 + pQy)

The marginal effects of bringing additional units of domestic currency, foreign currency, short and long-

term bonds into DM imply the following intertemporal Euler equations
dr-1 = Bl [urye (67,0) — 1] + pe [ury (gf ,0) — 1] + 1},

1
cr-160-1 = Borerlor | puns (0af) ~ 1|+ o funs (6F.0) ~1] + 1)
t

1
pr—1 = Bo{or [ Fw + P (1 —wf)] LFuu (0,¢) — 1] + pc (n%wr + 0" onB (1 —wy)) [ury (¢F,0) — 1] + Ry_1)
t

G1-1Qi—1 = B {pen™ Qi1 [ury (gF . 0) — 1] + (1 + pQy)}-

From now on, we assume that it is costly to carry domestic currency across periods. As a result, buyers
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will economize the holdings of domestic currency.

4 Dynamic Equilibrium

Let us denote &; as the gross exchange growth rate so that & = ef—il Given the domestic operating proce-
dures for monetary and fiscal policy as well as an exogenous prices pf:rl and Vt}jrl, the dynamic equilibrium

describing our small open economy is characterized by Xy = 1, Y; = Hy, B = e P, by = bf + QbF,

b s
Q = gir, then b = 15by, QubF = g, b = Oby, with 0 = |25 QF = 220, 6 = (1- 0)p,
_ S
oM = %_Z%Q y V1= (%), and the following equilibrium conditions:'6
M my
= ) 14
Qi+1 T (14)
F H
F F my F _SF F cpy V70 b
<Epi=—+ |1 1p (1 - 4] 15
ViQern = St (15 wipn™ +1p (1 —wip)on™"] AT (15)
wﬁ_l =1, or wﬁ_l =0, or nSF = 77035, (16)

1 o 1 H
th—;-l < = <mt + USWtJrliebt + 77L 0b; + TIthHth +n"le 7703 6(1 - wt+1) 00,
ygq 1+ 1+

QH QH +QH
(17)
wir1 =1, or weyq =0, or n° = n°Bg, (18)
Ty =0 + 71 (bi—1 — b%), (19)
— o 0b;_1 14+ pQ 1 0b;_1
ob — LG4+ R, 20
Tt + 600 + my 10, + t11+QH 0, < 011 >1+QH o, (20)
Ri=ag+ o (Ht — H*) , (21)
I, = B8 (1+ ), (22)
I = B& (1+s7), (23)
I, =3 (Rt—l + Sts) (24)
Qi1 = B [(1+ pQs) + s¢] (25)

6 Buyer’'s CM effort, Ht, is determined by his CM budget constraint. In addition, notice that in equilibrium we

Rt L1 sy A+pQ+) _ Qi1 _ sy
have that =3 - and T, 5 Htt
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Siw = Umpm [ULt (qi\/l,O) - 1] + Hc [ul,t (qtcuo) - 1] ) (26)

1
si = 0oF [VFUQ,t (0.q") — 1} +puen” [ure (af,0) — 1] (27)
t

1

sf =op []lEnSwa + ]chSnCB(l — wf)] [uFW’t (O, qf) — 1] + e [nswt + ]lan(Sr]CB(l — wt)] [ul,t (q?, 0) - 1],
t

(28)

st = nen™ Qi [ury (¢f,0) —1]. (29)

From now on, we assume that swap lines are open and that buyers have access to foreign currency
market in DM through repos where short-term domestic debt is used collateral. That is, 1p =1, 1¢ =1
and 1z = 1. In addition, we further assume that n° < dnf'n®®B, which implies that w;; 1 = 0 at the optimum.
Similarly, we assume 7°F < §n¢B so that wﬁrl = 0 at the optimum. These imply that agents prefer to use
the swap line to expand their collateral in both foreign and domestic DM trades. It is easy to show that the

dynamic equilibrium can be reduce to a non-linear dynamical system for (II; by, my, m{"), which is given by

II; = Bag + Py (I — 1I%) + 53297 (DS.1)
1a . M1 1 m_ (squ, st \_1 1 _
0 {G Yo+ b7 —me I, } " {ﬁ 0 <st @ Qi—1) 1+ QF 11, b1 = b, (DS2)
Ht M
— —1=3", DS.3
B t ( )
F
Hﬁt —1=sF, (DS.4)

where the different spreads are given by

st' = par [urg (¢7,0) = 1] + pe [ury (gf,0) — 1], (30)
1
o = o e 0.08) 1] e [ 6. 0) 1] o)
t
1
s¥ = on®B {O'F [VFUz,t (0,qf) - 1] + uen” [uiy (¢f ,0) — 1] }, (32)
t
S e [uny (¢.0) - 1] (3)
Qi1 e ’
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and the different DM consumption associated with the various states are given by

M mi—1
= 34
i Ht ’ ( )
F H
FF_ M1 cp 270 b

< 0 —_— 35
Ve @t > Hf +77 1—|-QH Ht’ ( )
C M1, P +( Ly pF CB(SQH) 1 ebtfl (36)

4 = Ht n Hf n nn 1+ QH Ht :

Note that plugging (??) on to the gross exchange growth rate, we have that & = g—}
t

It is important to note that we observe different equilibria depending whether the DM liquidity constraint
binds or not and for which state. These various scenarios will result in different stationary equilibria as well
as different inflation, bond, and nominal exchange rate dynamics. Next, we explore these different cases. In

what follows we assume that IIf' = II¥ and v}" = v vt.

Case 0: Foreign and Domestic Good (with Collateral) Satiation

In this scenario we characterize an economy where consumption of foreign and domestic DM goods when
collateral can be used are satiated. This implies that th = ¢! and qtc = ¢ Vt, where these quantities
satisfy the following conditions us (O,Qf) = v and Uyt ((th,O) = 1; i.e., their first-best allocations. As
a result, short and long-term public debt are priced fundamentally. The dynamic equilibrium and steady
state corresponding to this economy (and for all other cases) can be found in the Appendix.!” Below, we

characterize the steady state, local dynamics and investigate the effect of swap lines and QE.
Proposition 1 Under Case 0, we find that the monetary equilibrium has the following properties:
(i) There exists a unique steady state, where domestic inflation is given by II = IT*.
(ii) Standard policy prescriptions deliver locally determinate equilibria.

(iii) Everything else equal, different terms of trade in the swap lines (different values of §) do not change

the resulting stationary nor dynamic equilibria.

(iv) Everything else equal, different degrees of QE-level (different values of 6) imply different steady state

levels and dynamics for total public debt b, but the same steady state inflation rate and inflation

TAs TT = II*, ¢F = ¢¥ and ¢© = §©, Case 0 is used to determine b* and other targets as the steady state values.
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dynamics. However, different degrees of QE-composition (different values of Q) do not affect the

stattonary nor the dynamic equilibrium.

From now on, all the proofs can be found in the Appendix.

As we can see, under Case 0, DM buyers have access to assets that are plentiful when financing their
foreign DM consumption and their domestic DM consumption with collateral. Under those circumstances,
steady state inflation equals target inflation. Furthermore, when assets are priced fundamentally, as in
Leeper (1991) among others, local inflation and debt dynamics deliver standard prescriptions. As shown in
the proof, the monetary eigenvalue is Ba1, while the fiscal eigenvalue is %— 4. Note that the fiscal eigenvalue
is adjusted by 6. This is in line with the closed economy findings of Dominguez and Gomis-Porqueras (2023),
which show that, when normalizing the balance sheet of the central bank, the relevant quantities of bonds
are those that are held by the public.

As we can see, provided the economy is in Case 0, swap lines do not affect the steady state nor local
dynamics. It is worth pointing out that the satiation of foreign DM goods can be achieved either because
the foreign central bank follows the Friedman rule or short-term domestic bonds are plentiful.'® In this
latter case, the issuance of short-term public debt is such that the collateral constraint corresponding to
accessing the swap line is not binding. Furthermore, note that even when the swap lines are not required
for purchasing foreign goods, they can help expand the domestic DM consumption possibilities whenever
n® < onfn®B. Proposition ?? also highlights that QE policies that change the real value of total bonds in
the hands of the public have an effect on allocations, but not on inflation. However, QE policies that only
change the maturity composition, but not the total value of bond holdings, do not alter agent’s behavior
neither at steady state nor during the transition. Similarly, the satiation of foreign DM goods implies that
there exists a combination of assets (domestic public debt of different maturities and foreign currency) such
that the collateral constraint does not bind. In other words, while swap lines and QE-composition policies
have no impact on the steady state and dynamics, they could have had a role in enabling the economy to

reach the satiation level consistent with Case 0.

Cases 1, 2 and 3: No Satiation

We now examine the resulting equilibria when foreign and/or domestic DM consumption is not satiated. In

our environment there are several scenarios.

18Note that satiation of both ¢© and ¢ requires that the foreign central bank follows the Friedman rule.
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We define Case 1 as one where the consumption of DM foreign goods is satiated so that ¢/” = ¢! Vt, and
the consumption of DM domestic good with collateral is not satiated. This implies s/ = 0 and s > 0. Case
2, on the other hand, contemplates a situation where consumption of the DM domestic good with collateral
is satiated so that qtc = ¢ Vt, but the consumption of DM foreign good is not. This implies stc =0 and
sf’ > 0. Finally, Case 3 captures the circumstances when no DM goods are satiated. Then s{ > 0 and
sf" > 0. For all these cases, short-term public debt is no longer priced fundamentally. In addition for Cases
1 and 3, long-term bonds also exhibit a premium. These various features on the spreads of domestic bonds

imply different equilibrium properties relative to Case 0.

Proposition 2 Under Cases 1, 2 and 3, we find the monetary equilibrium has the following properties:
(i) There exists a unique steady state, where domestic inflation is given by 11 = IT* — % (HF — B) .
(ii) Standard policy prescriptions do not necessarily deliver locally determinate equilibria.

(iii) Everything else equal, different terms of trade in the swap lines (different values of 6) change the

stationary equilibria and its underlying dynamic properties.

(iv) Everything else equal, different degrees of QE-level (different values of 0) imply different public debt
and inflation rate steady state levels and local dynamics. Similarly, different degrees of QFE-composition

(different values of Q) affect the steady state and its local dynamic properties.

In this new environment, even though the steady state remains unique, steady state inflation now depends
on the swap line rate § and foreign inflation IT¥'. With an active (passive) monetary policy i.e. Baj > 1
(Bay < 1), steady state inflation is below (above) target IT*. Now inflation and debt dynamics depend
on debt premia, which modify the necessary prescriptions for stability. These local dynamics results are
consistent with the closed economy environments of Dominguez and Gomis-Porqueras (2019, 2023), among
others, where government bonds exhibit a premium, while monetary policy is implemented through a Taylor
rule and fiscal policy has a tax rule that links revenue with nominal debt issuance. One difference though is

that now domestic inflation dynamics are also affected by foreign inflation.

Lemma 1 For Case 1 and Case 2, the monetary eigenvalue is the same and equal to Say. In contrast, the

F
the fiscal eigenvalue differs across cases. For Case 1, it equals % — - (5UCBQH + %) (% — 1) ﬁ%,

F
while for Case 2 is given by % - - onCE <H7t — 1) %%
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As we can see, relative to Case 0, it is clear that swaps and QE dampen the fiscal eigenvalue for Case
1 and Case 2. Moreover, it is apparent, for all these cases, we find that both swaps and QE affect the
stationary equilibria and the dynamics. Next, we explore if exists different combinations of conventional and

unconventional monetary policies that deliver the same steady state.

Proposition 3 For Cases 1 and 2, we find the following:

1. Everything else equal, different combinations of swap lines, QE-composition and aggressiveness in the
Taylor rule (different values of §, Qand a1) can deliver the same steady state. Such combinations

differ across Cases 1 and 2.

2. However, those different policy combinations imply different premia on short-term public debt as well

as different local dynamics for inflation, debt and nominal exchange rates.

3. Monetary policies that lead to a more favorable swap line, i.e. a larger §, require that the interest
policy setting responds more (less) aggressively to inflation, i.e. larger (lower) ay, in order to deliver

the same steady state whenever monetary policy is active (passive).

As we can see, to achieve the same steady state, a central bank would require a simultaneous adjustment
to the swap rate ¢, to QE-composition to change the liquidity of bonds owned by households 2, and to the
interest-rate aggressiveness towards inflation, i.e. «;. The required change in «; is the same across Cases
1 and 2. For both Cases 1 and 2, a more favorable swap line, i.e. a larger §, requires the central bank to
change the composition of its balance sheet for QE to provide less liquidity to households, i.e. lower Q in
order to deliver the same steady state. The required change in Q¥ is however different across Cases 1 and
2.

In order to quantify these required changes and further explore how swaps and QE interact and affect

macroeconomic variables, we next turn to numerical exercises.

5 Numerical Exercise

In this Section, we resort to numerical analysis to investigate further properties of the monetary equilibria
and explore how domestic and international unconventional monetary policies together with conventional

ones and fiscal responses deliver equilibria that is locally determinate and desirable. From now on, we use
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the following utility

Parametrization

In our calibration exercise, we consider Australia as our SOE and U.S. as our rest of the world. To provide
some discipline when deciding the parameter values describing the small open economy, we consider Aus-
tralia’s macroeconomic data as well as issuance of public debt and Reserve Bank of Australia (RBA) asset
holdings for the period of 1993-2013. We fix II¥ to the average U.S. inflation during the corresponding pe-
riod. Moreover, we fix the following parameters values vy = 1, nf" = 1, and 7°F = 0. We also let 4 = 0.0235

to ensure that fiscal policy is passive. For the rest of parameters, we apply a three-step procedure.

1. For assumed values for the preference parameters £ and x, we compute a steady state of our economy

(prior to the commencement of the Swaps Program) and calibrate the parameters 3, x*', n®, nt, of,

uC, M. G and 7 to match long-run averages from 1993 to 2019.

2. We construct a time series for the model-implied money demand and calibrate the parameters £ and x
to minimize the difference between the model-implied money demand and the quarterly M0 to GDP

ratio data for Australia from 1993 to 2019.
3. We iterate steps 1 and 2 until the calibrated values for ¢ and x coincide with the assumed values.

This procedure delivers the model parameter values, which are reported in Table 1.
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Parameter Target

£ =0.9743 Annual real interest rate of 2.6%
& =0.1115 Time-Series of M0 to GDP

x = 0.9319 from 1993 to 2019

xr = 0.8628 U.S. Imports of 3.20% of GDP

or = 0.5002 | Deposits in U.S. Dollars to GDP of 6.5%

v = 0.2890 MO to GDP of 14.4%

e = 0.2108 Model-implied as pc =1 — pupr — or

n® = 0.8890 Short-term bond premia of 0.8825%
n% = 0.3965 Long-term bond premia of 0.3936%
G = 0.2664 Public demand of 23.8 % of GDP

Yo = 0.2930 | Public debt of 30.2% of GDP (dom. held)

Table 1: Calibration: Parameters and Targets

The Reserve Bank of Australia started to implement domestic and international unconventional monetary
policies at the beginning of the covid-19 pandemic and continued during the pandemic.'® To adjust our
calibration to the liquidity needs during the pandemic, we consider a shock to n¥', n¥, and n” that decreases
their values proportionally and uniformly. To get similar inflation experiences, this multiplicative shock
needs to be around 50 %. Then we open the swaps program by assuming 1p = 1o = 1, B = 5% and
d € [1,1.25]. Additionally, we consider different fiscal and monetary policy parameters that match debt-
to-GDP ratios, RBA’s balance sheet and fiscal/monetary policy stands and different U.S. inflation rates at
two different dates: (i) at the beginning of the covid-19 pandemic and (ii) during the pandemic. To get us
closer to the beginning of the pandemic, we re-calibrate monetary and fiscal parameters using the 2015-2019
averages. To consider the period during the pandemic, we re-calibrate those to the average values during

2020-2022. Tables 2 and 3 describe the two different monetary policies and fiscal policies respectively.

198pecifically, the RBA started the U.S. dollar swaps line program and QE in March 2020, and U.S. dollar swaps
closed in December 2021.
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Parameter Target

ap = 1.0520 Annual Inflation Rate Target of 2.5 %
a) = 2.0000 Active MP (2015-2019)
o) = 0.5000 Passive MP (2020-2022)

1—65=0.0000 | RBA Short-term Bond Holdings of 0.0 % (2015-2022)

1 -6 =0.1869 | RBA Long-term Bond Holdings of 18.7 % (2015-2019)

1—6" =0.4663 | RBA Long-term Bond Holdings of 46.7 % (2020-2022)

0 € [1,1.25] Swap Lines Program, from March 2020

Table 2: Monetary Policy Parameters

Note that the inflation target is kept at 2.5 % (middle of the range between 2 and 3 %) for both periods.
Similarly, before and during the covid-19 pandemic, the short-term debt holdings of the RBA were zero;
i.e., (1 —#°%) = 0. For the monetary policy stance o, we assume that the Taylor principle was followed at
the beginning of the pandemic but not during the pandemic. This is consistent with below target inflation
experiences at the beginning of the pandemic and above target inflation during the pandemic. For the swap
line rate, we consider a range of values for §. For QE, it is worth mentioning that the holdings of long-term
debt relative total domestically held debt by the RBA increased from 19 to 47 %.

Within the same spirit, we consider the fiscal policy in Australia at the beginning and during the covid-19

pandemic. Table 3 describes the two different fiscal policies.

Parameter Target

Q' =0.0179 | Treasury Short to Long-Term Bond Issuance of 1.8% (2015-2019)

Q" =0.0621 | Treasury Short to Long-Term Bond Issuance of 6.2% (2020-2022)

G’ =0.2762 Public demand of 24.7% of GDP (2015-2019)

G" =0.3022 Public demand of 27.0% of GDP (2020-2022)

Yo = 0.3052 Public debt of 47.1% of GDP (dom. held) (2015-2019)
vo = 0.3351 Public debt of 80.8 % of GDP (dom. held) (2020-2022)
v, = 0.0235 Passive FP (2015-2019)

v = 0.0129 Active FP (2020-2022)

Table 3: Fiscal Policy Parameters
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As is the case for monetary policy, we adjust the fiscal parameters to better reflect the economic condi-
tions at the beginning and during the pandemic. The values in Table 3 reflect the increased public debt and
liquidity provided by Treasury, the increased government spending and the difference in fiscal policy stance.
Specifically, we consider that fiscal policy was passive in the lead up to the pandemic, while it became active
during the pandemic. Such stance is calculated under the veil of the standard prescriptions (i.e. for an
economy in Case 0). However, as the economy shifts to a different case (Case 1, 2 or 3), the actual fiscal
stance (either passive or active) may change.

Given these different policy responses to covid-19, we can study the equivalence between conventional
and unconventional monetary policies at the beginning and during the pandemic. We can also analyze the
consequences for inflation and debt dynamics when domestic and international unconventional monetary

policies are enacted.

5.1 Equivalence Results

Proposition 77 states that there are different combinations of swap line rates, QE-composition and aggres-
siveness in the Taylor rule (different values of §, @ and a1) that can deliver the same steady state. Next we
analyze by how much international and domestic unconventional as well as conventional monetary policies
need to adjust. We do so by considering the type of responses one would have observed at the beginning

and during the pandemic.

At the Beginning of the Pandemic

Here we focus on the period at the beginning of the pandemic. To do so we consider the monetary and fiscal
regimes calibrated to 2015-2019 as well as the local and U.S. average inflation rates during this period. The
RBA started its U.S. swap line program in March 2020. Below Figure 1 illustrates the different combinations

of monetary policies that could deliver the same steady state.
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Figure 1: Different Monetary Policy Combinations that Deliver Same Steady State.

The horizontal axis shows changes in the swap line rate §. The left (right) vertical axis displays changes
in the response of interest rates to inflation a; (in QE-composition that lead to changes in the liquidity of
bonds Q in the hands of households). As the U.S. dollar swap terms of trade improve so that § increases
from 1 to 1.25, we find that in order to deliver the same steady state allocation the central bank implements
an interest rate policy that responds stronger to inflation. In particular, we have that a; increases from 2.0
to 2.25. We also find that there is no need to provide so much liquidity as the short-term bond composition
of households, 2, decreases from 0.022 to 0.007 when the economy is described by Case 1 or to 0.0175 for
Case 2. As those are similar or below to liquidity provided by Treasury (2 = 0.0179), we conjecture that

with a more favorable swap line, there would have been no need for QE (to deliver the same steady state).

During Pandemic

We now explore the period during the pandemic. To do so we consider the monetary and fiscal regimes
calibrated to 2020-2022 and the local and U.S. average inflation rates for the same period. Figure 2 illustrates

the combination of monetary policies that could deliver the same steady state.
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Figure 2: Different Monetary Policy Comhinations that Deliver Same Steady State.

As the U.S. dollar swap terms of trade improve so that § increases from 1 to 1.25, we find that in order
to deliver the same steady state allocation the central bank implements an interest rate policy that responds
less to inflation. In particular, we have that a; decreases from 0.5 to 0.37, which is the opposite response
compared to the economy at the beginning of the pandemic. The direction of the response is the opposite
because the monetary stance is now passive instead of active. We also find that there is no need to provide
so much liquidity as the short-term bond composition of households, Q¥ , decreases from 0.116 to 0.09 when
the economy is described by Case 2 or to 0.032 for Case 1. For Case 1, there is a dramatic fall in the required
QE. The reason for this is that as ¢! is satiated, the additional liquidity is very effective. For Case 2, QE
is needed but requires less purchases, specifically (1 —6%) = 0.31 (24% of GDP) instead of the implemented
(1 —6%) =0.47 (35% of GDP).

5.2 Non-Equivalence Results: Stability

We now explore the implications of different monetary policy combinations that deliver same steady state
on local dynamics. As we found in the previous propositions, there is going to be an impact on the local
dynamics of the stationary equilibrium. Now we quantify these changes at the beginning and during the
pandemic, which are depicted on Figures 3 and 4. In these figures, the horizontal axis shows changes in the
swap line rate § (and implicitly we are still changing a; and QF to remain in the same steady state). The
left (right) vertical axis displays changes in the monetary policy eigenvalue (fiscal policy eigenvalue) for the

different monetary policy combinations.
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At the Beginning of the Pandemic
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Figure 3: Local Dynamics at the Beginning of the Pandemic.

Even if we have the same steady state, increases in 4 lead to different dynamics. Once swaps are enacted
and used, traditional monetary and fiscal policy stabilization policies are not operative anymore. Specifically,
relative to Case 0, QE and swaps dampened the (passive) fiscal eigenvalue. This is inconsequential for

determinacy as monetary policy is considered active.

During the Pandemic
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Figure 4: Local Dynamics During the Pandemic.
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As at the beginning of the pandemic, increases in § affect the dynamics and QE and swaps reduce the
fiscal eigenvalue. However, now with a passive monetary policy, this reduced fiscal eigenvalue can lead to
indeterminacy as it does in Figure 4 above for Cases 1 and 2. Additionally, and consistent with the analytical

results, the fiscal eigenvalue for Case 1 is lower than for Case 2.

5.3 Additional Results

Next, we move away from policy equivalence and consider a range of § and Q2 (all other parameters constant,
except for 7 which is re-calibrated to the same debt to GDP ratio). Figure 5 shows the stability properties

of the resulting equilibria.
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Figure 5: Stability.

At the beginning of and during the pandemic, we find that all these different unconventional policies
deliver an economy consistent with Case 3. That is, the pandemic shock is so large that domestic and
foreign DM consumption are not satiated even if QE and/or swaps had been more favorable. Both swaps
and QE dampen the fiscal multiplier. At the beginning of the pandemic with an active monetary policy,
this implies that the equilibrium is determinate. During the pandemic with a passive monetary policy, the
equilibrium becomes indeterminate for a range of unconventional monetary policies. In particular, the region
of indeterminacy is enlarged for more liquid QE and more favorable swaps. Next, we look at the effect of

swaps and QE on inflation, portfolio and consumption at the beginning and during the pandemic.
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At the Beginning of the Pandemic

We find that long run domestic inflation, II, decreases with the swap line rates, §. Note that as the gross
growth rate of the nominal exchange rate, £, moves with inflation, it also goes down. In addition, the
different combinations of the swap line rates, §, and composition of the central bank’s balance sheet, QO
make short-term debt more liquid and induce a portfolio re-allocation. In particular, domestic money, m,
to GDP increases with both the swap line rates, §, and composition of the central bank’s balance sheet, Q
while the demand of foreign currency in the domestic economy, m!’, to GDP decreases with both the swap
line rates, §, and the composition of the central bank’s balance sheet, Q.

This portfolio re-adjustment affects consumption levels: ¢™ increases with both the swap line rates &
and with Q; ¢ increases with the swap line rates 6 but decreases slightly with Q; and ¢ decreases

slightly with both the swap line rates § and Q. This is shown in Figure 6 below.
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Figure 6: Consumption and Inflation - at the Beginning of the Pandemic.
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During the Pandemic

Now, with a passive monetary policy, long-run domestic inflation II increases with the swap line rates, 6.
Likewise, the exchange growth rate, £, increases. As before, the different combinations of the swap line
rates, 0, and composition of the central bank’s balance sheet, Q7 make short-term debt more liquid and
induce a portfolio re-allocation. However, such portfolio re-allocation is different. Now domestic money, m,
to GDP decreases with the swap line rates, ¢, but increases with 2, while the demand of foreign currency
in the domestic economy, m*, to GDP decreases with both ¢ and Q.

This portfolio re-adjustment affects consumption levels in a different way as in the previous section. In
particular, ¢™ decreases with ¢ but increases with Qf; ¢© decreases with both § and Q; and ¢ increases

with 6 and decreases with Q. This is presented in Figure 7 below.

Figure 7: Consumption and Inflation - During the Pandemic.
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6 Conclusions

This paper has proposed a theoretical framework to study U.S. dollar swap lines in a small open economy. We
have shown that U.S. dollar swaps interact with other conventional and unconventional monetary policies of
a small open economy. Swaps increase the collateral value of (already) high-quality domestic nominal public
assets. As a result of these policies, we observe some degree of complementarity with QE policies, which also
inject liquidity in the small open economy. Swaps can help expand consumption of both foreign and domestic
goods. However, swaps also induce a portfolio re-allocation in the small open economy. Therefore, swaps
also hinder the effectiveness of QE policies. Once swaps are enacted and used in the economy, traditional
monetary and fiscal policy stabilization policies are not operative anymore. Specifically, swaps and QE tend
to dampen the fiscal eigenvalue. This effect can lead to indeterminancy of equilibria in environments with
passive monetary policy.

Through these findings, our paper provides new insights on how international and domestic uncon-
ventional monetary policies interact between each other and with fiscal policies. We conjecture that such
interaction should be also present in other environments. This is the case as U.S. dollar swaps are designed
as repo arrangements that require high-quality collateral, short-term nominal public debt, which is a key
asset that central banks manage in their balance sheet when implementing QE policies.

Other than providing U.S. dollar liquidity, swaps also signal cooperation between the Federal Reserve and
the local central bank. In future research, we aim to explore the role of U.S. dollar swaps as a cooperation

device between central banks.
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Appendix: Derivation of the Monetary Equilibria and Proofs

Derivations

The dynamic system can be reduced to 4 equations in (II; b, my, mf ):

= Bag + Baq (g — IT*) + Bs7, (DS.1)

1 . mi—1 1 m sp . SP 1 1
= - — — Q — Y= DS.2
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B t ( )
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Hﬁt —1=s", (DS.4)

where

st = punr [urg (2,0) — 1] + pe [ury (¢f,0) — 1],

1
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t

1
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M TMt—1
4 Ht )
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Case 0: Reduced Dynamic System

Let ¢© = ¢“*, and ¢ = ¢™, then all premia (except for money) disappears. Then the dynamic system can

be reduced to 4 equations in (II; b, my, mf) :

II; = Bag + Baq (Ht—l — H*) , (DSl)
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1 my_ 1
Q{G_70+’71b*_mt+ lf[tl}‘F{ﬁ—’)g}btl:bty (DS.2)
IT; mi—1 > ]
= g e (2L o) — 1], DS.3
: uM{u(Ht (DS.3)
HF
——1—0 DS.4
3 (DS.4)

Note that the last equation requires that the Fed is at the Friedman rule and that the third equation defines
my and my_1 as a function of IT; (once we substitute the first one in). Thus, we the economy can be described

as a system of two dynamic equations

Ht = ﬂao + BOél (Ht—l - H*) s (DS].)
1 _1(II 1
9{G—’Yo+71b*—mt(ﬂt)+mtﬁft)}+{ﬂ—e}bt 1= b, (DS.2)

Inflation at steady state is II*, the monetary eigenvalue is S«q, while the fiscal eigenvalue is % - 1.

Case 2: ¢“ satiated

In this equilibrium we have that ¢ is satiated. Then s = 0 so that the dynamic system can be reduced to

4 equations in (TI; by, m¢, mi’) :

HF
Ht = /8040 + BO(I (Ht_l — H*) =+ 65770B (ﬁt — 1) y (DSl)
Ll b —mp e Mt L J Lo e b1 = by (DS.2)
9 I, 39 ’
i
LT [u“< > ] (DS.3)
B
oy 1 A (miy s oop Q70 b))
3 l=o0op [VtFUQ,t <0, Uf < Hf + n 1+ 0F 1, 1]. (DS4)

Note that the last equation is independent from the top 3, this implies that we do not need it to determine
inflation and debt dynamics. However, inflation and debt (swaps and QE as well) determines foreign money

holdings. The third equation defines m; and m;_; as a function of II; (once we substitute the first one in).
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This reduces the system to be of 2 equations given by

F
I, = Bag + Baq (M—1 — IT*) + Bon" (Hﬁt - 1) :

1 * mtfl(Ht) 1 Y1
7 {G Yo + 710" — my(I1;) + T, } + {ﬁ 0

F
where the monetary eigenvalue is So;, while the fiscal eigenvalue is £ — 2 — §n¢B (H—t — 1)

g0 8

affected by both swaps and QE. For equivalence in Case 2, we need policies that deliver

0 .

0—oe =2

1+of 7

0

= Zs.

1— P 2
. . . H’ _ Z ’ 7 75/
This implies Q7 = 5,_121 and o) = 522 .

Case 1: ¢ satiated

Then the dynamic system can be reduced to 4 equations in (Il by, mys, m{’) :

P
I, = Bag + Bay (T;—y — 1) 4 Bon" (Hﬁt - 1) ;
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Note that from the fourth equation, we can write

12e) [ul,t (thu 0)

1 /af
-5 (5 1)

42

H
1+QH I,

_ 1 I
{G—Jm+ww*—n%+nul}+{ —71—(&FB(t—1>QH+uc¢ﬂM¢@fﬁ)—ﬂ>
IT; g 0 B

(DS.1)

1

nr Qf 1
_§5pCB [ 2t _ = —
(57’] ( 18 1> 1 T QH Ht } bt—l bt, (DS2)

and is

(DS.1)

1 1
14+ Q11

} b1 =by

(DS.2)

(DS.3)

(DS.4)



That allow us to re-write the top three equations as

F
I, = Bag + Baq (M—1 — IT*) + Bon" (Hﬁt - 1) :

| =

Ht me—1 1 Hf
N Mt g) 1)+ = (2L —1
/B 123,74 |:u1,t < Ht 70> :| + 77F ( ,B )

The third equation allows us to write m as a function of inflation. We get a 2-equation system

F
I, = Bag + Bay (T;—y — IT*) 4 BonE (Hﬁt - 1) ;

1 « my—1(11;) I m op (1 g, n*
“la- my () + =) L g2 g U
5 {G Yo + b m (1) + T, + 50 on 5 Q7 + oF
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8
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The monetary eigenvalue is Saq, while the fiscal eigenvalue is 5~ ((57703 ot + Z—fw) (7 -

and is affected by both swaps and QE.

Case 3: no satiation at all

Then the dynamic system can be reduced to 4 equations in (II; by, m¢, m{’) :
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Now ¢% through the premia on long bonds affects debt dynamics. Also m seems a function of bonds through

¢©. We can write

Qf = \IJF (mt—].)mfil? bt—la Ht) )

QtC’ =V (mt—lumilu bt—17Ht) .

Thus we can have the following
pe [urg (qtc,o) -1 =7 (mt—lvmf_l, bi—1,11;)

1
oF | Fl2t (0, Qf) —1| =7F (mtq,mf_pbtfl,ﬂt) ~
t

Then the system becomes

HF
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Note we we could use the third equation to solve for m;_; as a function of mfi 1,bi—1,1I;. Then we can use
the fourth equation to solve for mf_ 1 as a function of b;_1,1I;. Then we can write both m;_; and mf_ Lpasa

function of b;_1,II;_1, once we have also substituted the first equation. We then have the following

F
II; = Bag + Pag (T — ) + Bon©E (Hﬁt — 1> , (DS.1)
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Proofs

Proof of Proposition 77
With short and long-term public debt priced fundamentally, the dynamic equilibrium can be summarized

into the following system of 2-equations:

Iy = Bag + oy (I —II7), (37)
;{G—’yo—kfylb*—mt(ﬂt)—i-m':_ﬁfm)}—i-{;—ryel}bt—l—bu (38)

where (?7?7) (and (?7?7)) has been used to write money holdings as a function of inflation. From equation
(??7), we obtain that inflation at steady state is unique and given by II = IT* = Sag. Substituting in II into
(??), we can uniquely determine total real debt balances b. The corresponding Jacobian delivers Sa; and
% — 7 as the eigenvalues and, therefore, standard policy prescriptions yield locally determinate equilibria.
It is clear that the system of equations is independent of § and Q7. This makes both changes in the swap

line rates and on QE-composition irrelevant. However, they do depend on 6. Therefore, QE-level has an

effect on allocations both at steady state and in the dynamics.

Proof of Proposition 7?7 and Lemma 1

From the system described by (?7)-(?7?), it is obvious that steady state inflation is unique and given by

577CB

=11 — BT (I — B) whenever q¢ or/and ¢"" are not satiated. Equations (??) and (??) respectively

pin down m and m? as a function of inflation (inflation and bonds) for Cases 1 and 2 (Case 3). Plugging
these and inflation back into (DS.2) yields a unique level of steady state debt b. For Case 1, the dynamic

system can be summarized into the following 2 equations:

HF
M = o+ fon (T = 1% + 5652 (5 1), (39)
1 * my—1 (1) L m F, CBOH | L 111 /17
-G — b IT — ———=— (4 Q —— | — = bi_1 = by.
9{ 20+ b Il + == oy g =g~ O ) e e e
(40)
While for Case 2, the dynamic system becomes
* CB Hf
Iy = Bag + Bar (Ig—1 — II%) + Bon B L, (41)
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my_1 (11 1 Iy of 1
{G—Vo+71b*—mt(ﬂt)+tl(t)}%—{ﬁ—?—fanB (é—1> 1+QHHt}bt1 =b,.  (42)

From the above, it is clear that standard policy prescriptions do not necessarily deliver locally determinate

equilibria for Cases 1 and 2. For both cases, the monetary eigenvalue is Say. For Case 1, the fiscal eigenvalue
F F

equals %— - ((SnFnCBQH + nL) V%F (% — 1) ﬁ%, while for Case 2 is %— - —on©B (% — 1) %ﬁ

Inspection of (77)-(?7?) also shows that standard policy prescriptions may not necessarily yield determinacy

for Case 3 either. For all cases, we see that swap lines and QE policies affect the steady state and dynamics.

Proof of Proposition 77

For both cases, we assume that the central bank is adjusting its balance sheet, through changes in (1 — 6%)

and (1 —0%), to induce a given level of bond liquidity in the hands of the households, i.e. Q7 = z—i }:gg oM,

For Case 1, consider a policy regime defined by (8, 27, a1) such that [577FT]CB Qff + nL] 1+1QH = 77 and

17%21 = 7o, where Z1 and Zs are constant. Assume a change in policy (5,, Q' 0/1), this regime delivers the

same steady state allocation as the previous policy combination (4, Qf aq) as long as for every new 5 the

and (i) o) = 226_25 9. Note that without

following restrictions on policy are satisfied: (i) Q" = 6’7751170;’7521
a change in a1, different combinations of unconventional monetary policies (§ and Q) can not deliver the
same steady state DM consumption when collateral can be used ¢¢ as that would imply a different steady

state inflation II.

For Case 2, replace Z; with 7y = 1iQQHH but consider the same Zs. For the alternative policy combinations
replace Q' with O = 2 but consider the same 0/1. Define as QM the QE policies that yield QH’,

VAR

The new monetary policy combinations (5/, Q}I’, a/l) deliver the same steady state.
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