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1 Introduction

The United States is at the center of the international monetary and financial system. The US
dollar is the dominant currency for international trade invoicing (see Gopinath and Itskhokhi,
2022 for a review). In addition, US dollar bonds typically have low returns reflecting a liquidity
premium over other assets traded internationally. Thus, US assets are more liquid in the sense
that they are more easily recognized and more widely accepted in exchange as compared to
other countries assets of otherwise similar quality. This also makes the United States the
world’s preferred supplier of safe assets (Krishnamurthy and Lustig, 2019).

Do the above facts imply that the monetary policy of the US Federal Reserve will have
large spillovers on macroeconomic and financial outcomes for other countries relative to other
major economies? Conversely, will other countries monetary policy not have such effects i.e.
will they be muted, absent or reversed? Empirical evidence shows that policy actions by
the US Federal Reserve indeed transmits globally and affects international trade, output and
commodities prices. Importantly, it also affects the global financial markets and liquidity condi-
tions worldwide (Miranda-Agrippino and Rey, 2022; Dedola et al. 2017; Degasperi et al., 2021).
Miranda-Agrippino and Rey (2020) label the former as the Global Trade and Commodity Cycle
and the latter is the Global Financial cycle of Rey (2013). In contrast, the European Central
Bank (see Ca’Zorzi et al., 2020) plays a less important role in driving the Global Financial
Cycle but it is still an important driver of the Global Trade and Commodity Cycle.!

The dominance of the United States in the international monetary and financial systems is a
key to rationalize the above empirical findings. In this paper we focus on two key aspects of this
dominance to examine monetary policy spillovers on trade, prices, unemployment, productivity,
interest rates and liquidity supply. First, in the international monetary system the US dollar
is the currency of invoicing exports and second, in the international financial system US assets

command a higher liquidity premium. The theoretical model also yields some interesting con-

!They find that local output and inflation respond in a ‘textbook way’, but while the ECB policy has no
effect on US variables, the Fed policy has a large effect on the EA real activity and financial markets. Even
though ECB policy does not affect US variables, the trade spillovers emanating from ECB monetary policy does

spread to other countries.



clusions on the effect of synchronous monetary tightening, liquidity changes, trade integration
and labor market shocks on unemployment, productivity and interest rates.

We incorporate the international trade framework of Melitz (2003) to succinctly capture
the reallocative effects of lower trade costs across producers. In particular, an increase in trade
linkages between two countries as captured by a reduction in trade costs results in productivity
gains through firm selection. Second, since we focus on the US dollar being the currency of
international trade invoicing, we use a class of models with an explicit role for money as medium
of exchange, namely Lagos and Wright (2005) and Rocheteau and Wright (2005). Moreover,
return on assets including claims to firm’s profits and government bonds will reflect a liquidity
premium as they provide additional liquidity services as in Rocheteau and Rodriguez-Lopez
(2011) and Rodriguez-Lopez (2021). Finally, labor market frictions as in Diamond (1982) and
Mortensen and Pissarides (1994) allows us to model unemployment while also being key in
linking the monetary and trade channels via labor market tightness.

We find a striking difference in spillovers of monetary policy emanating from the dominant
country as compared to its non-dominant trading partner. A contractionary monetary policy
in the dominating country leads to a substantial fall in output and asset flows in both countries
while that in the non-dominating country only transmits into a marginal fall in output for
its trading partner. While firm entry falls in both countries in response to a contractionary
monetary policy in the dominant country, it rises in the dominant country in response to the
same shock from the non-dominant country.

Moreover, the effects of synchronous monetary tightening in both countries as compared to
the sum of the effects from asynchronous tightening are also different. There is an amplified fall
in firm entry in the non-dominant country but not so in the dominant country. The amplified
response follows from the fact that after a synchronous tightening, demand falls across the
board from all households because money is costlier in both countries and there is no way to
switch demand. This leads to an amplified slowdown in global liquidity which translates to
a greater rise in liquidity premium and interest rates for the dominant country. This in turn
makes it more desirable for firms to enter in the dominant country which offsets the initial fall

in firm entry. Thus, in the end the effect of synchronous monetary tightening is not felt as



strongly in the dominant country as compared to the non-dominant country.

There is some theoretical work to explain asymmetric spillover of monetary policies from the
US and other countries. Gopinath and Itskhoki (2021) shows how the asymmetry in invoicing
currencies in global trade translates into an asymmetric impacts of shocks originating in the
dominant currency issuer versus in other countries. They do not however model the financial
system and unemployment effects. The work closest to the current paper is Jiang, Krishna-
murthy and Lustig (2023) which assumes a downward sloping world convenience demand curve
for safe dollars bonds. They are able to capture asymmetric effect of US monetary policy as it
affects the supply of these safe assets. While they do focus on how the Global Financial cycle of
Rey (2013) is affected, they assume that dollar bonds are safe. We will explicitly model liquid-
ity to explain why US assets are special and also be explicit on how trades are mediated using
currency where US dollar is the dominant currency for payments. Other works have focused
on heterogeneity in risk aversion, or weaker financial frictions in the US.

In this paper, to model a dominant currency regime we focus on the currency’s role in
“payments” or as a medium-of-exchange. This is different from its role in “pricing” or as a unit
of account or a store of value. The literature on medium of exchange role of currency typically
uses a similar class of search-based theories of money for example Matsuyama, Kiyotaki and
Matsui (1993) and Zhang (2014) among others. More recently, Chahrour and Valchev (2022)
looks at the interaction of endogenous liquidity premia and the demand for store-of-value assets.
These papers focus on the endogenous emergence of currency regimes with or without dominant
international currencies. The current paper instead takes the currency regime as given in order
to focus on the link between monetary policy and international trade.

The strand of the literature on dominant currencies in the currency invoicing line typically
focuses on the interaction of nominal price stickiness with pricing complementarities (Gopinath,
Itskhokhi and Rigobon, 2010; Mukhin, 2022) or links between invoicing decisions and currency’s
role as a store of value (Gopinath and Stein, 2020). The literature in open economy macro that
analyzes the role of monetary policy usually takes this approach with the invoicing currency as
exogenous and anchors the model on nominal price rigidities typically without money, or with

money as a redundant asset (most closely related is Cacciatore and Ghironi, 2021). However,



as Lagos and Zhang (2022) shows that the justification to use the moneyless approach can be

overturned with a more explicit role of payments.

2 Model Environment

In this section we will describe our two country open economy model where country 1 is the
dominant country in a sense to be made precise. In each country there is a measure 1 of
households, n; active firms and e; traders, i € {1,2}. Households supply labor to firms. Labor
is supplied only domestically and since matches in the labor market are between one firm and
one worker, the unemployment rate in country ¢ € {1, 2} is u; = 1 —n,;. Traders supply financial
services on over-the-counter markets to households in both countries.

Households in both countries consume three types of consumption goods. The first is
financial services, y which provides utility v(y), where v is increasing and strictly concave,
v(0) =0, v/(0) — oo, and /(c0) = 0. For a trader, the disutility from providing y units of the
service is y. The other homogeneous good, z is produced by firms which gives linear utility x to
households when consumed. This good will serve as the numéraire. The third is a differentiated
good which gives utility U(Q;) to households in country-i, i € {1,2}. Here Q; = (Q%, + QfQ)l/p
and Q;; = (fOQ”' qf,jdwj> l/p, Jj € {1,2} with elasticity of substitution o = ﬁ > 1. We
assume U(Q;) = Qf /€ where 0 < £ < p. The restriction £ < p ensures that varieties are better
substitutes for each other than the numéraire as in Helpman and Itskhoki (2010).2

In a given period, there are three stages. There is discounting at the rate 5 between periods.
Stage 1 is when firm and worker matches are formed. Job vacancies are posted at cost k in
stage 3 of the previous period. Each such vacancy is filled with probability ¢¥(#) and each
unemployed finds a job with probability ¢f (). Market tightness, 6 is the ratio of vacancies to
unemployed. Matched firms n = (1 — u) separate with probability § > 0. Each matched firm

has the technology to produce A > 0 units of the numéraire. Each firm can also instead produce

2Note that, we have assumed that domestic goods and imports have the same elasticity of substitution.
But, the subset of domestically produced goods €211 is different from that produced in foreign 221 for country 1
households. Moreover, while the utility function has identical parameters in the foreign country, the subsets of

goods available for consumption in country 2 are 221 and 222 which may differ from that in country 1.



¢q units of the differentiated good subject to ¢(q) + c¢(g.) < A, where the cost of producing the

good for domestic households is ¢(q) = % + f, and for foreign is ¢(qy) = T% + fz. Firms face
an additional fixed cost of exporting f, > f > 0, and a variable trade cost 7 > 1. Each firm
draws ¢ from a common distribution g(¢) with support (0,00) and a continuous cumulative
distribution G(¢).

In stage 2 households desire to consume the differentiated goods produced by a fraction
N; < nj of all firms and financial services, y produced by traders. Firms in each country
produce a variety w; € (0,€;). But, households cannot meet all sellers in the market due to
search frictions. A household in country-i meets a;;(N7) < N7 firms in the market where
i€ {1,2}, j € {1,2}, o € {d,z}. In other words, a;;(NN7) is the measure of country j firms
producing for households in country ¢. Only a fraction of firms export i.e. N < N jd = N; The
measure of country 7 households serviced by a firm in country-j,j € {1,2} is a;;(N7)/N5.

When a household meets a firm to purchase its good, limited commitment for future repay-
ments makes credit transactions infeasible. This necessitates the use of a medium of exchange to
trade. Central banks in respective countries print money at the rate v; i.e. M; 11 = (1+ ;) M;
which households can obtain in stage 3. There is an additional cost n > 1 to obtain foreign
currencies. The value of country-i currency in terms of the numéraire is ¢;. We will consider
stationary monetary equilibria where ¢; 11 M; 11 = ¢iM;, so ¢;i/di+1 = 1 + ~;, which implies
that ~; is the rate of inflation in country <.

Firms recognize and accept money for retail trades but, firms in country 1 do not accept
money issued in country 2. This assumption brings about an asymmetry in payments and
aims to capture the dominance of county 1. Country 1 households do not obtain currency 2
as they can use currency 1 for both domestic and foreign trades while country 2 households
need currency 1 to import. But, we will assume (1 +71) < (1 +72) < (1 +71)n < (1 +72)n to
ensure that country 2 households use currency 1 for imports only and currency 2 for domestic
consumption.

In this stage, households also desire to consume some financial services produced by traders.
They meet these traders in bilateral matches which are again characterized by limited commit-

ment making credit infeasible. So, households must rely on liquid assets which they sell to



traders in return for financial services. They can use money, government bonds and/or claims
to future revenue streams of private firms. The value of country-¢ non-money assets in terms of
the numéraire is ¢¢. A household in either country meets one trader every period. The trader
is from country-i with probability {(e;) where ((e1) + ((e2) < 1. Traders from the dominant
country 1 only recognize assets issued in country 1, while the non-dominant country 2 sellers
accept both. Households buy financial services by making take-it-or-leave-it offers to the sellers.

In stage 3 trade for the homogeneous good x takes place costlessly and under perfect com-
petition. Hence it is an integrated international market with free movement of currency and
goods.? All the matched firms nj in country j € {1,2} produce the numéraire z; given their
technology A;. They pay wages w; = wo + Aw' 0 < w! < 1 to employed households. Unem-
ployed households receive unemployment benefits, b. All households pay a lump sum tax T; to
their governments. Households consume z; and get leisure [; if unemployed. The per period
utility of households is U(Q;)+C1v(y1) +Cav(y2) +2i + (1 —e)l;, where e = 1 if employed. House-
hold’s budget constraint in stage 3 is: x; + ¢1(nimi1 +1 — mi1) + d2(Miz,+1 — Mm42) + 0 (@i +1 —
a;1) + ¢5(aiz+1 — ai2) = ew; + (1 — e)ub — T;. Note that n; = 1 and 72 = n which is the cost
of obtaining foreign currency. Money and asset holdings decisions i.e. the next period holdings
of m;1, M2, ai1,a;2 are taken given prices ¢;, ¢f. Asset holdings a; here comprise one-period
government bonds B; and claims to the revenue stream of matched firms.

The government consumes G, pays the unemployed benefits b and levies a lumpsum tax T;
to finance its expenditures including financing the terminal payment of bonds. The one-period
bonds B; issued by the government pays one unit of the numéraire. The present discounted
value of a bond is 1/(1 + %) where r* is the real rate of return on liquid assets (both public
and private) and r{ = ¢7 /¢ — 1. The consolidated budget of the government and central
bank authority in country i is: G; + u;.b = T; + ¢ (M; 41 — M;) + ((;S?/qb;fﬂ - 1)B; + WM{,H‘

We will now elaborate each agent’s problem in each period along with their value functions

before solving the open economy equilibrium of the model in Section 3.

3Like in Rogdriguez-Lopez (2021), Chaney (2008), Helpman and Ttskhoki (2010), and Helpman et al. (2004),
the assumption of a costlessly traded homogeneous good ensures that trade is balanced: any Home surplus in

the trade of differentiated goods is met with an identical home deficit in the trade of the homogeneous good.



2.1 Households

In stage 1, the value function of households in country-i € {1,2} who enter the stage as

unemployed (e = 0) is:

U (mi,a;) = [1 = ¢! (0)]V + ¢/ OV (1)

For an employed household (e = 1) the value function is:

UM (mi, a;) = (1= 8)V" + 6V, (2)

Recall that country 1 has the dominant currency as firms in both countries accept it and hence
country 1 households use their currency for both domestic and imported consumption of goods.
Households also meet sellers of financial services from country-i in an over-the-counter market
with probability ¢;. If they meet sellers from country 1 they can sell assets issued in country 1
only but if they meet sellers in country 2 they can sell both country’s assets.* Thus, in stage 2
the value function of a household in country-1 i.e. the dominant country who enters the stage

with employment status e € {0, 1} is (given qu,, gu,)-

Vi(my1, mia, 11, a12) = U(Q1) + Civ(y1) + Gov(ye)+

Q Q
I/Vlhe (mn — fo " Pun oy dun _ fo " Ply G dw2

1 o ,M12,a11 — di1,a12 — d12> . (3)

Country 2 households use currency 2 for domestic consumption and currency 1 only for imports
from foreign firms as discussed before. Matches on the OTC market for financial services is
the same as for households in country 1. Thus, in stage 2 the value function of a household in

country-2 is:
Vi (ma1, mag, ag1, agz) = U(Qa) 4 Ca1v(ya1) + Coov(y2o)+

Q Q
Whe fO ! pw1 qwl dwl f() 2 pwzqudWQ
2 mo1 ——m———, ey — ———
P1 P2

, a1 — dai, g — d22) . (4)

4Since money is costly to hold, households only bring money for retail trades with firms and not to purchase

financial services.



Using the linearity of W}¢(-) for either country-i we get,

Qi1 Qi
Ve (mar, mia, ait, aie) = U(Qy) — / Dy Guoy dw1 — / Disg Quon AW + 1M1 + P+
0 0

+ Calv(yin) — dir] + Co[v(yia) — dia] + ¢fain + ¢Gai + W€(0). (5)

In stage 3, the value function of households in country-: becomes:

Whe(mir, mag, ai, ain) = max [x; + (1 —e)l; + BUZhe(mn,H, Mi2,+1, @il 41, @i2,+1)], (6)
Mij 1+1,0:5,+1,Ti

s.t.

xi + d1(nimit 41 — ma1) + da(mag 41 — miz) + ¢ (a1 +1 — ai1) + ¢5(aiz,+1 — ai2)

=ew; + (1 —e)ub—T.

Note that 71 = 1 and 72 = 1. Eliminating z; from the budget constraint, the maximization for
m;j,+1 is the same for employed or unemployed households because anhe /Omy;j 41 is independent

of mj; 1 and is given as follows®.

Qil Qi2
hax {—¢1,—1m11 — 2 1My + B |:U(Qi> - / Doy Gy w1 — / Deso Qun Aw + P1mi1 + ¢2mi2:| } .
11y K2 0 0
(7)
Similarly, the maximization for a;; +1 is independent of the rest the problem due to linearity of

W (-) and is given as follows:

max {—¢f _jan — ¢5 a2 + B{Ca[v(yi1) — dia] + Ca[v(yi2) — did] + dfan + ¢5ain}t}.  (8)

a;i1,ai2
2.2 Firms

In stage 1, the value function of a firm in country-i € {1,2} who enters the stage as an

unmatched firm who has paid the entry cost k is:

5As we will see later, country-1 households do not carry mes since it is costly to hold and it serves no liquidity

purpose for them.



U(p) = ¢°(6:) EV (). (9)

7

For a matched firm the value function is:

UM () = (1 - 6)EV (). (10)

In stage 2, unmatched firms value is zero and that of matched firms is given by (given p;, qlf ):
Ve <9) =W/1(4,0,0,¢). (11)

VNG < o < ¢u) = WA~ clg]),m], 0,4, (12)

1)

where gb,-mzfi = pi(cp)qu (p). If the firm exports then country 1 (dominant) firms’ value is given

by,
Vil (o > @) = WA — () — eula],) mT1, 0,4, (13)

where gb*mg = px(go)qg(go), and country 2 firms’ value is given by,

Vi (o> @0) = W' A — e(ah) — culaf,), mby,mdy, ), (14)

In stage 3, the values are,

1
fO00,) = 0 —k+_—— pfo 15

Wi () = max{0, +1+r$ ()}, (15)

1
1 —A- —— v, 16
W/ (A,0,0,¢) w+1+TgUZ (¢) (16)
1
Wifl(A—C(qf)—f,mﬁ,O,sO)=A—C(q{)—w+¢>m£-+ 1+quifl(<P)- (17)

For country-1,

1
WA = c(a]) = calaly) 1, 0, 0] = A= ea”) = elal,) —w+ dvmly + U (9). (1)
1



For country-2,

1
WA~ c(a]) — calad,) mby,mby, @) = A—c(q?) — c(gl) —w+ prmd, + gami, +

147§

The free entry condition for firms in country-i is:

1
k= v(0,) BV
T3 GIEV;

(2

where the expected value of a matched firm EVif ! will be given by taking the expectation over

the following values depending on (:

Vie<@)=A-w+ (1-9)EV (p), (20)

1+

)

VN <e <@ =A—cld)) —wt il + (1= 9BV (). (21)
Value of exporting firms in country-1 is:
Ve > @o) = A= cla]) — elal,) —wt drmfy + ;o (1= OBV (e).  (22)
1

And, in country-2:

Vi (o> ¢0) = A—c(@)) — c(ab,) — w + drmby + domby + 1-0)EVI ' (9). (23)

147§
2.3 Traders

In stage 1, traders of financial services are dormant and in stage 2 trader-:’s value function is:

Vi) = Gl=c' (i) + di] + ¢fain + d3aie + W (0). (24)

In stage 3, their value function is given by:

WE(mir, mig, ai1, ain) = max |2 + BV (M 41, Miz+1, Qi1 41, Gio, 1)) (25)
Mij 11,0i5,4+1,%;
s.t.
zi + ¢1(mi 1 — mi1) + d2(miz+1 — mi2) + ¢F(ain+1 — ain) + ¢5(aiz+1 — ai2) = 0.

10



This gives us the maximization for a;; (since sellers receive no surplus from trades in stage 2),
max {01 _1ai1 + B{0+ ¢fan}}. (26)

Thus, if ¢f /867 = 1, then OTC sellers are indifferent between holding a;; or not. If
¢ _1/B¢] > 1 then a;y = 0 and if ¢ _;/B¢7 < 1 then a solution does not exist. Similarly for

other assets.

3 Open economy equilibrium

3.1 Dominant country Households

Consumption of goods When a household in country-1 desires to consume, given her real

balances z1, she maximizes her consumption of each variety as follows,

a1l «12
max {U(Ql) - / pw1Qw1dW1 / pwz‘]wdeQ} ) (27)
0 0

quq 59wy

s.t.
a1l a12
2y =21+ Zi2 = / P Qoo dwt +/ Do Qun w2 < 211 = 1M1 (28)
0 0

Here, p,, is the price of variety w; produced by a firm in country-: of stage 2 goods in terms
of late consumption goods. And, Z1; is defined as the total real domestic expenditure on stage 2

goods and Z2 is the same for imports. Recall that Q1 = (Qf;+Q%,)"/?, Q1; = ( oV db; dwj)l/p,

je{1,2} Whereozﬁ > 1.

The first order condition with respect to g, is:

Qu o—1

Consider two varieties, w} and w? to get, q,1/q,2 = (Py1/p.,2)°, where i € {1,2} is for the

1/c
U'(Q1) <Ql> =T = p,,. (29)

1
two countries. After further manipulation, and defining P; = (P} 7 + Pjy 7) -2 where P;; =
) 1/1-0c o
( 0@41] p};"daq) for j € {1,2}, we get: % = Qu, (p%li) . Using this in the definition of @1,
we get Q1 = %. We have that Z1 = Z11 + Z12 and Pi@Q1 = Z1. The optimal allocation of any

given expenditure between domestic and imported goods is given by:

11



N\ 1—0o
AT <];111> . (30)

The problem of choice of mq; for all households becomes,

max {=¢-1,1m11 + B{IU(Q1) — p1ma1] + d1mar}}. (31)

Given that money is costly to hold, households will not carry more money than they need to
purchase stage 2 consumption goods. So, we have that z11 = Z11 + Z12. The household’s choice
of domestic money balances mj; which determines its total (including domestic and imports)

expenditure on goods @1 = Z1/P; is given by:

U'(Z1/Pr) _1+m
P g

(32)

Consumption of financial services When a household in country-1 desires to consume
financial services, given her asset holdings a11, a12, she maximizes her consumption as follows.

If she meets a seller from country 1 with probability (; then,

max {v(y1) —di}, (33)

y1,d1<¢ar

s.t.
—C’(q1) + dl > 0. (34)

Given that the buyer will take all the surplus from this trade we get —C'(¢q1) + d1 = 0 which

gives us:
y1 = max{y*, " (¢%ar)}. (35)
Similarly, if she meets a seller from country 2 who accepts both country’s assets, we get:

yo = max{y*, C~(¢{as + ¢3a2)}. (36)

Thus, the problem of choice of aj,as becomes:

max {021 101 + 9% pa2 + B{G [v(y1) — dlar] + G [v(y2) — ¢laz — Gas] + dfar + ¢has}} .
(37)

12



The household’s choice of assets gives us the demand for these assets as follows:

0=—0¢% 1+ 867 {C1 [V (y1) = 1] + G [V (y2) — 1] + 1}, (38)
0=—¢% 5+ B85 {C [V (y2) — 1] +1}. (39)

Using r¢ = ¢¢ Jrl/qba 1 we get:
1=B1+r){G [V () - 1] + G [V(ye) — 1] +1}, (40)

1=p01+78){¢ [V (y2) —1] +1}. (41)

3.2 Non-dominant country Households

Consumption of goods When a household desires to consume, given her real balances z,

she maximizes her consumption of each variety as follows,

21 Q22
max {U(QZ) - / Puwrqu, duwr — / prszdWZ} ) (42)
0 0

quq sqwg

s.t.

21 22
Zy = / Dist Qo w1 < 221 = P1mgr and Zag = / Diso Qo Az < 229 = Pomiga. (43)
0 0

Here as described previously, Z»; is defined as the total real expenditure on stage 2 goods from
firms in country 1 by country 2 households and Zag is the same for imports or consumption
from firms in country 2. Since households in country 2 need to pay for imports using country
1’s currency we have that Zag < 299.

Consider two varieties, w} and w? to get, q,1/q,2 = (p,1/p,2)°, where i € {1,2} is for

g
the two countries. After further manipulation, we get: f,;: = Qu, (pwz) . Using this in the

definition of Q9;, we get:

Z9;

Q2 = By

(44)

Recall that,

13



Q2 = (Q5 + Q5,)"". (45)

We have that Zy = Zo1 4+ Zog and Zs = Po1Q21 + Po2(Qo2. Given that money is costly to hold,
households will not carry more money than they need to purchase stage 2 goods. So, we have
that 291 = Z91 and z99 = Zo9.

The problem of choice of ma1,mes for country-2 households becomes,

max {—¢1 _1mma1 — ¢2,_1maz + B{[U(Q2) — ¢p1ma1 — ¢amaz] + ¢p1ma1 + pamaa}}. (46)

m21,1Mm22

The household’s choice of country-2 money balances ms; which determines its expenditure on

heterogeneous goods Qo1 is given by:

U'(Q2) (( Q2 g _ (L +y)n
Py <Q21> - g (47)
and on (22 by, )
UN(Q2) ( Q2P (1)
Py <Q22> B (48)

Consumption of financial services Country 2’s household’s choice of assets is exactly the

same as country 1’s.

3.3 Dominant country Firms

A firm in the dominant country 1 sells q{ in return for currency 1 to households in country 1
whose consumption is denoted by ¢11. Country 1 firms also export goods q{x to households in
country 2 in return for currency 1 real balances whose consumption is denoted by go;. Since the
measure of country 1 households serviced by each firm in country-1 is a11(N7)/N7 and country
2 households is a1 (N{)/N{ we have q{ = a11(N1)/N1g11 and q{x = a1 (NT)/NYqa1.

All firms share the same fixed costs f, > f > 0 but have different productivity levels indexed

by ¢ > 0 as in Melitz (2003).5 Regardless of productivity each firm faces the same demand

SNote that the costs including f, f. and k are paid in terms of the numéraire. If these costs were in terms

of the variety good ¢, the effect from international trade would be larger.
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curve depending on whether it exports or not. Demand for each variety of country 1 firms by

g
country 1 households is w; as % = Qu, <&) . And, demand for each variety of country 1

Py
. 4 Pw g
firms by country 2 households is, =G (P—Q)
Firm’s stage 2 profit maximization problem from selling to country 1 households is:
f
@ (#)
max [m(w)q{(@ _alo) f] , (49)
q71,P1 SD
s.t.
ai(e) _ o ( P >
(V1)
alfh pi(y)
This gives us the prices:
o 1 1
p1(p) = —=— 50
) =55 = (50)
Firm’s stage 2 profit maximization problem from exports:
f
71, (¢)
max [p"f(@)q{x(@) — AT — fx] : (51)
0P ¥
s.t.
iz () Py
et - (5 o
NY
This gives us:
o T T
pile) = —=— (53)
ip)=—"3 > o

Firms do not produce heterogeneous goods if [p(p)q/ (¢) — # — f] < 0 and they do not export
if | I(gp)qi(gp) — q“%@T — fz] < 0. In other words, a firm only produces if its gross profits is no
less than its fixed cost of operation f and f, (for exports). To obtain the cutoff productivity
¢ for selling to domestic market, we will use the zero cutoff profit condition, 7w(¢) = 0 and the
cutoff productivity ¢, for selling to foreign market is obtained from m,(¢,) = 0. For that we

need to obtain firm’s stage 2 profit after substituting for profit maximizing level of prices and

household’s demand for firm’s variety.

n= e () 2] o0
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Oé(Nl) |: P1 :|o—1 1
T = Z - —f 55
1() N 2 o) o f (55)
Setting m; = 0 i.e. the zero cutoff profit condition gives:
1
of 7t
P=|—-——2 —. 56
1 (a%ﬂ%) — (56)
Similarly, profit from exports:
—1
. a(NY) Py 17771
= 7 i 57
™ (SO) Nf; 21 p;lc((p) o fa? ( )
The zero cutoff profit condition for exporters will give:
1
f o—1
T o
P21 = ~ a(Nl)llT (58)
PPz lel Za

To obtain the average profit plug the respective P;, Po; back into the respective profit functions

to first see that profit is increasing in productivity ¢ and decreasing in the cutoff productivity

m(p) = f [(é)al - 1] : (59)

m(0) = fo [(;’;)1 - 1] | (60)

Any active firm that draws a productivity level ¢ < ¢ will not produce heterogeneous goods

P:

in stage 2. The ex-ante probability of successful entry in stage 2 for firms is thus given by
[1—G(p)]. This gives us the equilibrium productivity distribution p(¢) which is the conditional
distribution of g(¢) on [, 00] and is given by u(p) = g(¢)/[1 — G(¢)] if ¢ > ¢ and zero
otherwise. This also defines the average productivity level ¢ as a function of the cutoff level @,
o(p) = [f:o " u(p)dy 1/(071). Thus, the average profit from stage 2 production is also tied
to the cutoff productivity level, which can be written as:

71 = (@) = [(“"(@)H - 1] ; (61)

@
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The ex-ante probability of successful entry in stage 2 export markets for firms is given by
[1 — G(¢z)]. The equilibrium productivity distribution of exporting firms is given by u(y) =

1/(c—1)
| =g s the

g(p)/[1 — G(¢*)] if ¢ > ¢* and zero otherwise. And, [f:f 0" tu(p)dy
average productivity of exporting foreign firms.
The average profit from stage 2 goods exports is,

7 = () = [(@“%))(’_1 - 1] o (62)

P

3.4 Non-dominant country Firms

A firm in the non-dominant country 2 sells qg in return for currency 2 to households in country
2 whose consumption is denoted by g22. Country 2 firms also export goods qu to households in
country 1 in return for currency 1 real balances whose consumption is denoted by go;. Since the
measure of country 2 households serviced by each firm in country-2 is ags(N2)/No and country
1 households is a12(N5)/N3 we have qu = a12(N3) /N3 q12 and qg = a92(N2)/Nagaa.

All firms again share the same fixed costs f; > f > 0 but have different productivity levels
indexed by ¢ > 0 as in Melitz (2003). Regardless of productivity each firm faces the same
demand curve depending on whether it exports or not. Demand for each variety of country

Zoy Pusy

g
2 firms by country 2 households is wy as F2 = qu, (PTQ) . And, demand for each variety of

g
country 2 firms by country 1 households is, % = Qus (}%2) .

Firm’s stage 2 profit maximization problem from selling to country 2 households is:

f
4> \P
max [m(so)qi (o) - L&) f] , (63)
q3 P2 12
s.t. ;
% (#) ( Paa >U
= 64
a(l2) 92\ () (64)
2
This gives us:
R (65)
pa(p) = —=—
o—ly pp
Firm stage 2 profit maximization problem from exports:
f
€T q X
max [p5(p)al (p) ~ 22 g | (66)
T30P5 ®
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s.t.

f o
= 67
o)~ (i o7
2
This gives us:
o T T
pa(p) = —=— (68)
K
As done earlier, we obtain firm’s stage 2 profit,
CV(NQ) < P22 )U |:1 — p:|
Ty = Q22 - I (69)
! p2() pe
a(Ny) [ Py ]"1 1
T = Z ——f. 70
o) = T | (70)
Setting my = 0 i.e. the zero cutoff profit condition gives:
1
of M|
Py=|——+— — (71)
(a]\][\;2)Z22> P2
Similarly, profit from exports:
o—1
: a(Ng) Py 1
= VA — — [ 72
The zero cutoff profit condition for exporters will give:
1
f o—1
T 0 fx
P =— | —F—— ) (73)
95 \ R 2

To obtain the average profit plug the respective Pj, Pss back into the respective profit functions

to get the average profits as before:

— /A o—1
7o = m(p) = [(QP(EOQ)> — 1] f. (74)
¥2
The average profit from stage 2 goods exports is,
L e5(e8)\ "
7y = my(Pr) = 2 — 1| fz. (75)
2
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3.5 Labor market

The law of motion for unemployment is given by:
g =1+ 6(1 —ug_1) — ¢ (Or—1)us_1. (76)

In steady state we get the Beveridge curve for country-i,

0 v
1-nj=—————O0Rn=——, 7
BRI (75 R R 7R (77)
which gives a positive relationship between firm entry (n = 1 — u) and market tightness.
The free entry condition for firms in country-¢ is:
k= — (0 BV (78)
1+ 78 v

(2

where the expected value of a filled job in country-1, EVlf Uis:

BV = {A—w+[1 - G(@:)]ml(@)] + [1 — G@)]ne[p(¢?)]} + (1—08)EV (p).

147

)

The free entry condition becomes:

k(ri +0) = ¢"(0){A —w+[1 = G(@i)lm + [1 - G(&))]77 ), (79)

where 7 = ¢7 ; / ¢, — 1. Higher average profits given that the productivity meets the cutoff
(=[1 — G(¢)]7(p)) implies that fewer firms enter: ¢"(#) falls or 6 rises in response to higher

profits and thus n rises.

3.6 Aggregation

Finally, we need to get some aggregate variables to complete the equilibrium description of the
) 1/1-0c

model. Recall that aggregate price is P; = ( 0042] p&;"dag) , 7 €1{1,2} . So we get that

the aggregate price households in country 2 face on their imports is the sum of the price charged

by exporting firms in country 1,

AT
1

. 1/(1-0)
Py = ( / pf(s@)l"ozm(Ni’”)u(sO)dso) ; (80)
@
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substituting for p{ we get,
L 1/(1-0)
Ta(NY)T-o o
Py = ——— [/ ©7 1#(@)d<ﬂ] ; (81)
P ¢7
where () is the conditional distribution of g(¢) on [¢*, 00| as discussed before. Thus,

1

Py =——1 (82)
pet(£7)
Using the expression for Py from the ZCP we get the mass of exporting firms in stage 2 N7
7 “ o—1
Np=ZZ[F) (83)
Uf:v ©y

Next, we get that the aggregate price households in country 2 face on their domestic goods as

sum of the price charged by firms in country 2,

oo 1/(1-0)
Pa=( [t ratamtone) (34
P
substituting for po,
1 00 1/(1-0)
o N l1—0o _
Pyy = (;) { / @’ 1u(90)d<p} : (85)
@

A%

where () is the conditional distribution of g(¢) on [¢*, 0o] as discussed before. Thus,

1
No)T—o
Poy = M- (86)
pp2(p2)
Using the expression for Pso from the ZCP we get the mass of firms in stage 2 Na:
Z ~ 0'—1
Ny =22 <9f2> . (87)
of \p2

1
Similarly, get P;; and Pjs and then P;. Recall that P; = (Pllf 7+ P112*U)<1*0> where Pj; =
. 1/1—0
(S phyodws) G € {1,2)
P =—F, (88)
and,
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Finally, the share of exporting firms is given by :

P =

NP = [1- G- (91)

And, the measure of active firms is given by n; which is derived from the free entry condition
and Beveridge curve, while N; gives a subset of those firms that are also active in stage 2. The

relation between them is given below:

Nj =[1-G($))Iny. (92)

Thus, after entry and matching, a fraction [1 —G(¢)] of matched firms produce in stage 2. Only
matched firms draw a productivity, not all posted vacancies.

Aggregate household demand for financial assets (given that there is a measure 1 of house-
holds in both countries) will be equal to aggregate supply of these assets. This gives the market

clearing conditions as follows:

k
1478 —— + By = ¢92
nl( +r1)qv(91) + 1 ¢1 ag, (93)

k
na(1 4 r9) "

m + By = ¢§2a2- (94)

7

Under a linear cost function and given that asset supply is scarce’, we get:
n1(1 + 7“?) i + Bl = 2y1, (95)
q"(01)
na(1418) % 1 By = 2y — ). (96)
q"(02)

"If asset supply is abundant i.e. (¢$a1) > y* then y; = y*.
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Market clearing for money demand and supply gives us:

01 My = Zy + Zo, (97)

and

P2 My = Zo. (98)

The exchange rate between the two country’s currencies is given by ¢2/¢1.

3.7 Trade flows in the heterogeneous goods sector

Each country’s output value in the heterogeneous goods sector from selling domestically is
Y; = N;u;, where v; = ( ;jpi(go)qi(cp)g(gplgo > gﬁ,-)dgo) =) is the average output value of
country-i firms that sell domestically. The output value from exporting is Y;* = N 0;*, where
0;* can be defined similarly. Given that m;(¢) = pigi/o — f, we can rewrite Y; as follows:
Yi=o(m+ f)N; and V" = o(n” + fo)N}F.

Thus, the trade balance T; for country-i in the heterogeneous goods sector is given by
T, =Y"-Y" As mentioned before, costless trade of the homogeneous good ensures balanced
trade. Thus, if country-1 has a trade surplus of T; > 0 in the heterogeneous goods sector, it

will have a trade deficit in the homogeneous good sector.

3.8 Equilibrium

Definition 1. The open economy steady-state equilibrium is a 25-tuple
(Z17P1> ZQla Z22, P217 P22a Q217 Q22a QQa r%argaylay% N17 Niva N27 Néta ni,ng, 913 02a @17 @27 @af? @%)
that solves the following system of 25 equations: (32), (40), (41), (44)1, (44)2, (45), (47), (48),

(56), (58), (71), (73), (77)1, (77)2, (78)1, (78)2, (83), (87), (90), (91)1, (91)2, (92)1, (92)2,
(95), (96).

4 Results

For now we will consider a numerical example to analyze some results of the model. We assume

the utility from consuming financial services takes the form: v(y) = A,y* /a,. Recall that the
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Parameters Value

discount factor 0.125
utility p, & 0.4, 0.3
financial services utility A, a, 2.5,0.5
fraction of firms met « 0.5
fraction of traders met (7, (2 0.5,0.5
A, a 0.86, 0.5
flexible wage proportion 0.7

cost of entry k. (match n = 0.97) 2
separation probability § 0.1

fixed productivities Ay, As 1,1
productivity distribution G(-): Pareto kg, ©min 1,1
production costs f, f., T 0.2, 0.22, 1.02
inflation ~y1, 7o 0.02, 0.02

Table 1: Baseline parameter values

utility from differentiated good consumption is U(Q;) = Qf /€ where Q; = (QF) + sz)l/ P and
Qij = <f09i @b dwj> Up, J € {1,2} with elasticity of substitution o = ﬁ > 1 and we assume
that: 0 < & < p. In the labor market, ¢”(f) = A;0~% and ¢’(0) = 6¢*(0). The productivity
distribution is Pareto with the CDF given by G(¢) = 1 — (@min/9)*c, where kg > 0 — 1 is a
parameter of productivity dispersion — higher ks means lower heterogeneity. The probability of
matching a trader i for any household is ((e;) = e; < 1 because we assume that this matching
function is the minimum of 1 (measure of country -i households) and e; 4+ e < 1 (measure of
all traders). And, households meet a(IN) = N firms. The chosen parameters are reported in
Table 1.8

In the baseline case the two countries are symmetric except that assets issued by the domi-

nant country (government bonds and private claims to firms) are more liquid than those issued

by the non-dominant country. This will imply that the returns on these assets will reflect a

8Note that 1 = 72 violates our assumption (14+71) < (1+72) < (14+v1)n < (14+y2)norn > (14+742)/(14+71) >
1, so this needs to be changed and updated. But, it will not affect the qualitative results.
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Variable Baseline ~+' 1 0.04 v% 1 0.04

domestic expenditure shares Z11/7; 0.52 0.01% 0.03%
AYYA 0.51 2.34% -2.39%

output Q1 1.63 -5.19% -0.04%
Q2 1.63 -2.55% -2.71%

terms of trade Po1/Pio 0.98 0.30% -0.42%
firm entry nq 0.97 -0.002% 0.01%
o 0.96 -0.03% -0.05%

share of exporters Nf /N, 0.85 - 0.68% 0.68%
N /N, 0.85 -4.08% 4.27%

global asset flows y 6.16 -0.41% -0.15%

Table 2: Baseline values and % changes

higher liquidity premium, so we get —v/(1 + ) < r{ < r§ < pg. The nominal interest on the
dominant country asset is ¢f = (1 +7§)(1 + 1) — 1, and if we define spreads as s; = ¢{ — ¢ we
get: s1 > s9 > 0. The difference in liquidity properties of assets between the two countries by
itself implies that ny > ngy as seen in Table 2. The average productivity in country 1 is higher
than in country 2, but country 2 exporters are on average more productive than exporters in
country 1 i.e., 92 < 91 < @7 < ¢3.

Result 1 (Liquidity differences): If liquidity is scarce in all financial markets and dom-
inant country 1 assets are more liquid than the other, the lower interest rate in country 1 leads
to (i) higher firm entry, (ii) larger market capitalization (iii) higher average productivity and

(iv) higher share of domestic expenditure in total consumption for country 1.

Next, we analyze the asymmetric effects of contractionary monetary policies in the two
countries as reported in Table 2. An increase in the nominal interest rates on an illiquid asset ¢
implies an increase in v through the Fischer equation. Also note that an increase in « is akin to
an increase in inflation since we are considering stationary monetary equilibrium. An increase
in the dominant country’s nominal interest rate ¢; i.e. a contractionary monetary policy makes

money costlier to hold and it leads to a decline in currency 1 holdings by both households in
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country 1 and 2. While an increase in the non-dominant country’s nominal interest rate ¢o only
leads to a decline in money holdings for households in country 2 as the other households do not
carry currency 2.

Result 2 (Asymmetric monetary policy spillovers): An increase in the dominant
country’s nominal interest rate 11 leads to a simultaneous economic slowdown and a rise in
unemployment in countries 1 and 2. While an increase in the non-dominant country’s Lo leads
to a redistribution of production and consumption as ug rises but uy falls. The consumption
spillover from a rise in 11 is greater than an equal increase in 5. Moreover, there is a larger
slowdown in global asset flows or world market capitalization on account an increase in vy than
L9.

If the dominant currency 1 becomes costlier to hold, country 1 households reduce their
domestic as well as import expenditures (both Z;; and Zjo fall) so their overall consumption
@ falls, while country 2 households shift their expenditure to domestic (Zao rises). But, they
also witness an overall decline in their consumption Q2. This leads to a decline in both domestic
and exporting firms in country 1 and only exporting firms in country 2. Country 2 firms selling
domestically witness an increase and their average productivity declines. However, overall firm
entry in country 2 falls owing to a decline in demand for goods.

As fewer firms enter, private and total liquidity in the financial goods market declines and
interest rate falls reflecting a larger liquidity premium on country 1 assets.” Country 2 assets
do not exhibit a liquidity premium for our baseline example and so r§ does not change. Owing
to a fall in r{, the fall in n; is lower than it would be when r{ were fixed. Since r§ = pg, the
fall in ny ends up being larger than n;.

The spillover effects from a change in country 2’s monetary policy are quite different. The
total consumption (); in both countries falls, but ()2 falls much more. Expenditures of both
country households shift to country 1 (Z1; and Zs; rise, the magnitude of fall in Zso is much

larger overall) and as a result more firms enter in country 1 and u; falls. Country 2 witnesses a

9Note that an increase in the nominal interest rate on an illiquid asset, also leads to increase in nominal rates
on liquid assets ¢f = (14 7:)(1 + r{) — 1. First, the pass through is directly via « increases but this effect is

dampened via changes in real interest rates on liquid assets as fewer firms enter so r* decreases.
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fall in firm entry and uo increases. This implies that private liquidity in country 1 rises but that
in country 2 falls. Global asset flows y = 2(y1¢1 + y2¢2) decline on account of lower liquidity
in country 2 but the extent of the fall is much lower compared to when country 1’s monetary
policy changes.

Another interesting experiment is to compare the effects of synchronous and asynchronous
monetary policy tightening. If all countries tighten simultaneously there is a chance that there
is over-tightening globally, while if a country waits for others to tighten there might be failed
coordination leading to a slower global policy response. There is an amplified fall in firm
entry in the non-dominant country but not so in the dominant country. The amplified response
follows from the fact that after a synchronous tightening, demand falls across the board from all
households because money is costlier in both countries and there is no way to switch demand.
This leads to an amplified slowdown in global liquidity which translates to a greater rise in
liquidity premium and interest rates for the dominant country. This in turn makes it more
desirable for firms to enter in the dominant country which offsets the initial fall in firm entry.
Thus, in the end the effect of synchronous monetary tightening is not felt as strongly in the
dominant country as compared to the non-dominant country.

Result 3 (Effects of synchronous versus asynchronous monetary tightening):
An increase in 11 and 1o simultaneously leads to an amplified increase in us and a similar
effect on w1 as compared to the sum of effect from only vy rise and vo rise. There is also an
amplified slowdown in global liquidity flows, y and a greater rise in liquidity premium following
synchronous monetary tightening as compared to the sum of asynchronous tightening in the two
countries.

Now, instead we change the supply of government bonds which affects the interest rates on
these liquid bonds, ¢{. An increase in B; leads to a rise in r{ and hence fewer firms in country
1 enter, i.e. there is crowing out of private liquidity, but total liquidity is still higher. Lower
firms in country 1 means that households in both countries now carry less currency to spend
on country 1 goods, which leads to a small increase in demand for country 2 goods and there
is a small positive spillover to country 2 as ng rises. Note however that total consumption @;

in both countries declines. On the other hand, an increase in By has no effect because r§ = p
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which is its maximum value.

The above results somewhat reflect the empirical findings as documented in Miranda-
Agrippino and Rey (2022) where US monetary policy disproportionately affects the global
financial cycle. European and Chinese monetary policy while not affecting the global financial
cycle as much does affect the global trade and commodities cycle.

Next, consider the effects of a real match productivity shock on the two countries i.e. changes
to A;. As A; falls, the expected value of a filled vacancy E'V; falls and thus unemployment in
the country-i rises. Trade linkages between countries implies that demand shifts to country
J # %, and trading partner country’s unemployment u; falls. With financial linkages, the effects
on u; will be dampened as r{ adjusts.

Result 4 (Match productivity shocks): An increase in match productivity in country-i
leads to a fall in unemployment in country-i and a rise in unemployment in country-j. Given
financial linkages, the effect on uy is dampened as r{ adjusts. If there are no trade linkages but
only Financial linkages then there is no effect of A1 on ug, but As still leads to a fall in uy via

a fall in r{.

27



References

Cacciatore, M., & Ghironi, F. (2021). Trade, unemployment, and monetary policy. Journal of
International Economics, 132, 103488.

Ca’Zorzi, M., Dedola, L., Georgiadis, G., Jarocinski, M., Stracca, L., & Strasser, G. (2020).
Monetary policy and its transmission in a globalised world.

Chahrour, R., & Valchev, R. (2022). Trade finance and the durability of the dollar. The Review
of Economic Studies, 89(4), 1873-1910.

Dedola, L., Rivolta, G., & Stracca, L. (2017). If the fed sneezes, who catches a cold? Journal
of International Economics, 108, S23—S41.

Degasperi, R., Hong, S. S., & Ricco, G. (n.d.). The global transmission of us monetary policy.

Diamond, P. A. (1982). Wage determination and efficiency in search equilibrium. The Review
of Economic Studies, 49(2), 217-227.

Gopinath, G., & Itskhoki, O. (2022). Dominant currency paradigm: A review. Handbook of
international economics, 6, 45-90.

Gopinath, G., Itskhoki, O., & Rigobon, R. (2010). Currency choice and exchange rate pass-
through. American Economic Review, 100(1), 304-336.

Gopinath, G., & Stein, J. C. (2021). Banking, trade, and the making of a dominant currency.
The Quarterly Journal of Economics, 136(2), 783-830.

Helpman, E., & Itskhoki, O. (2010). Labour market rigidities, trade and unemployment. The
Review of Economic Studies, 77(3), 1100-1137.

Krishnamurthy, A., & Lustig, H. N. (2019). Mind the gap in sovereign debt markets: The
us treasury basis and the dollar risk factor. In 2019 jackson hole economic symposium,
stanford university graduate school of business research paper.

Lagos, R., & Wright, R. (2005). A unified framework for monetary theory and policy analysis.
Journal of political Economy, 113(3), 463-484.

Lagos, R., & Zhang, S. (2022). The limits of onetary economics: On money as a constraint on
market power. Econometrica, 90(3), 1177-1204.

Manova, K. (2013). Credit constraints, heterogeneous firms, and international trade. Review

28



of Economic Studies, 80(2), 711-744.

Matsuyama, K., Kiyotaki, N., & Matsui, A. (1993). Toward a theory of international currency.
The Review of Economic Studies, 60(2), 283-307.

Melitz, M. J. (2003). The impact of trade on intra-industry reallocations and aggregate industry
productivity. econometrica, 71(6), 1695-1725.

Miranda-Agrippino, S., & Rey, H. (2020). Us monetary policy and the global financial cycle.
The Review of Economic Studies, 87(6), 2754-2776.

Miranda-Agrippino, S., & Rey, H. (2022). The global financial cycle. In Handbook of interna-
tional economics (Vol. 6, pp. 1-43). Elsevier.

Mortensen, D. T., & Pissarides, C. A. (1994). Job creation and job destruction in the theory
of unemployment. The review of economic studies, 61(3), 397-415.

Mukhin, D. (2022). An equilibrium model of the international price system. American Economic
Review, 112(2), 650-688.

Rey, H. (2013). Dilemma not trilemma: the global financial cycle and monetary policy inde-
pendence (Tech. Rep.). JacksonHole Paper.

Rocheteau, G., & Wright, R. (2005). Money in search equilibrium, in competitive equilibrium,
and in competitive search equilibrium. Econometrica, 73(1), 175-202.

Zhang, C. (2014). An information-based theory of international currency. Journal of Interna-

tional Economics, 93(2), 286-301.

29



	Introduction
	Model Environment
	Households
	Firms
	Traders

	Open economy equilibrium
	Dominant country Households
	Non-dominant country Households
	Dominant country Firms
	Non-dominant country Firms
	Labor market
	Aggregation 
	Trade flows in the heterogeneous goods sector
	Equilibrium

	Results
	References

