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Abstract

In this paper, we analyze the effects of money-financed (MF) fiscal stimulus and compare
them with those resulting from a conventional debt-financed (DF) fiscal stimulus in a small
open economy. We find that in normal times which is a period when a zero lower bound (ZLB)
on the nominal interest rate is not applicable, MF fiscal stimulus is effective in increasing
output. In a liquidity trap where the ZLB is applicable, even though the decrease in both
consumer price index (CPI) inflation and output is more severe than in a closed economy when
there is no fiscal response, MF fiscal stimulus is effective in stabilizing both. Accordingly,
we show that even in an imperfect pass-through environment including a liquidity trap, an
increase in government expenditure under MF fiscal stimulus is effective. In contrast, our
policy implications concerning an increase in government expenditure under DF fiscal stimulus
lie opposite to Gali, Jordi (2020), “The Effects of a Money-financed Fiscal Stimulus,” Journal
of Monetary Economics, 115, 1-19, assuming a closed economy. In normal times, an increase
in government expenditure under the DF scheme in a small open economy is more effective
than in a closed economy, although Gali (2020) argues that it is much less effective. In a
liquidity trap, an increase in government expenditure under the DF scheme is less effective,
also in contrast to Gali (2020). We find that even in an imperfect pass-through environment,
an increase in government expenditure under DF' fiscal stimulus is not effective. Thus, in
a small open economy, MF fiscal stimulus is not always essential in normal times, and in a
liquidity trap, MF fiscal stimulus is more important than what Gali (2020) suggests because
DF fiscal stimulus is not effective, irrespective of nominal exchange rate pass-through.
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1 Introduction

Gali[13] instituted a theoretical framework concerning money-financed (MF') fiscal stimulus and
demonstrates that it is effective in stabilizing both gross domestic product (GDP) and inflation,
even in an economy becoming stuck in a liquidity trap. Currently, while US Federal Reserve Board
officials expect the Federal Funds Rate to rise to 0.6% by the end of 2023, the overnight rates in
member countries of the Organization for Economic Co-operation and Development (OECD) (ex-
cept for countries in the Eurozone comprising the 19 member countries of the European Monetary
Union) and the Eurozone in Quarter 1, 2021 are all less than 1%, except for Colombia, Turkey, and
Mexico, as shown in Table 1, which details the share of GDP to gross world product (GWP) and
the overnight interest rate in the OECD countries and the Eurozone (Column 7, Table 1).} On this
basis, many OECD countries could become stuck in a liquidity trap, and this policy implication is
then potentially very timely.

However, one problem is that Gali[13] derives his MF fiscal stimulus policy implication under
the assumption of a closed economy. This provides our motivation to extend his analysis by
applying a more plausible assumption concerning the openness and size of economies, especially
as the share of GDP in GWP for most countries is less than 1%, or 2% at the most, except for the
United States, the Eurozone, Japan, and the United Kingdom (Column 2, Table 1). Unfortunately,
we cannot always decide which countries are a small open economy using just their share of GDP in
GWP because the definition of one is a country that is sufficiently small compared with its trading
partners such that its policies do not alter world prices, interest rates, or incomes. However, a
country whose share of GDP in GWP is negligible could be regarded as a small open economy
because it is very difficult for it to alter world prices, interest rates, or incomes. Instead, a country
like this is affected by the world economy in a more one-sided fashion. For this reason, nearly all
countries in the OECD are small open economies and therefore assuming a small open economy in
analyzing MF fiscal stimulus is a logical step forward.

We extend the model in Gali[13] to a small open economy model and calculate the responses
under MF fiscal stimulus, conventional debt-financed (DF') fiscal stimulus, and the case of no
response in which there is no fiscal stimulus such as a tax cut or an increase in government
expenditure to an adverse demand shock that causes the nominal interest rate to become stuck
at the zero lower bound (ZLB) or in a liquidity trap. Note that the cost of the fiscal stimulus is
financed by the issuance of money and the balance of government debt is unchanged under the
MF fiscal stimulus scenario. In contrast, the cost of the DF fiscal stimulus expense is financed
by changing the real balance of government debt. The scenario we use for the liquidity trap is
identical to that in Gali[13] where an adverse shock strikes a small open economy six periods in
succession.

Our findings are as follows. To start, we find that in the case of no response, the cumulative
decrease in output in a small open economy is 1.77 times larger than in the closed economy
assumed by Gali[13] under our benchmark parameterization where the openness of the economy
takes a value of 0.4. Likewise, the fall in consumer price index (CPI) inflation when an adverse
shock strikes a small open economy is some 3.24 times larger than in a closed economy. The reason
for this more serious decline in GDP and CPI inflation stems from the ‘negative’ repercussions of
a decrease in domestic goods inflation and appreciation in the nominal exchange rate. When an

1See Board of the Governor of the Federal Reserve System[10] and The New York Times[22].



adverse demand shock strikes, output diminishes through a decrease in consumption from shifts in
the Euler equation. This decrease in output then decreases domestic goods inflation through an
increase in the average markup (i.e., a decrease in marginal cost).

This decrease in domestic goods inflation then applies downward pressure on CPI inflation
in a small open economy, unlike a closed economy where there is no further influence because
there are no import goods and domestic goods inflation is then the same as CPI inflation. In a
small open economy, the nominal exchange rate is an important factor for deciding CPI inflation
because the nominal exchange rate is related to the CPI through purchasing power parity (PPP).
Although PPP is not applicable in every period in a small open economy, PPP is applicable in
the long run in our model similar to the small open economy model in Gali and Monacelli[15].
Thus, successive decreases in CPI inflation decrease (i.e., appreciate) the nominal exchange rate,
and this causes further decreases in CPI inflation. This results in a severe fall (i.e., improvement)
in the terms of trade (TOT), being the price of import goods in terms of the price of domestic
goods, because import goods inflation (or the price) has no nominal rigidity and only depends on
the nominal exchange rate (provided there is perfect nominal exchange rate pass-through). This
decrease (i.e., improvement) in the TOT again decreases output through the expenditure-switching
effect and decreases domestic goods inflation further through an increase in the average markup
(i.e., a decrease in marginal cost). Further changes ensue, resulting in severe decreases in output
and CPI inflation. Notice that this severe decrease in the CPI inflation amplifies the burden of
redeeming government debt and makes government debt larger than in a closed economy.

Similar to Gali[13], in our model, during the period when the adverse demand shock strikes,
money growth falls in the case of no response. However, unlike Gali[13], which shows that the
nominal interest rate is stuck in the ZLB as long as the adverse demand shock strikes a closed
economy, we find that the nominal interest rate is hiked and exceeds its steady-state value, that
is, it overshoots, before the adverse demand shock disappears in the case of no response. This
response of nominal interest rates is then reminiscent of the lifting of the zero-interest-rate policy
in August 2000 in Japan. This was based on the view of many members of the Bank of Japan
policy board that deflationary concerns were dispelled, even though it was considered a premature
decision by at least one government official.?

Although we find that the fall in CPI inflation is more severe in a small open economy in the
case of no response, its pace of recovery is fast because the recovery in import goods inflation, which
has no nominal rigidity and only depends on the nominal exchange rate, is very fast. This rapid
recovery in CPI inflation makes fiscal reconstruction faster than a closed economy because the
burden of redeeming government debt is mitigated by rapid recovery in CPI inflation. Similarly,
higher tax revenue, resulting from larger government debt due to severe decrease in CPI inflation
and a simple tax rule intending to adjust path of taxes to attain the long run debt target, contributes
to fiscal reconstruction. Then, seignorage is no longer necessary. The nominal interest rate is hiked
and money growth decreases. This increase in the nominal interest rate occurs before the adverse
demand shock disappears, as mentioned, and results in an increase in the real consumption interest
rate and so the recovery in consumption is weaker than in a closed economy. As a result, cumulative
decrease in output in a small open economy is more severe than in a closed economy. A small open
economy thus faces the peril of a severe depression made more terrible by the absence of fiscal

stimulus, and this is one of our most important findings.

2See Bank of Japan[3] and Nihon Keizai Shimbun[23] for details.



However, MF fiscal stimulus is effective regardless of whether the means is a tax cut or an
increase in government expenditure because the ‘negative’ repercussion is mitigated by a ‘positive’
repercussion in which the direction of the repercussion is opposite to the ‘negative’ repercussion.
The MF fiscal stimulus does this by applying pressure to increase (i.e., depreciate) the nominal
exchange rate through an increase in both CPI and domestic inflation. As a result, the TOT
returns to stability and output and CPI inflation recover without delay, similar to that in the
closed economy in Gali[13]. The increase in the nominal interest rate in the middle of the adverse
demand shock striking a small open economy has then gone owing to issuing money to finance a
tax cut or an increase in government expenditure. Instead, recovery or an increase in the nominal
interest rate begins after the adverse demand shock disappears, and the pace of recovery is slow.

Conducting DF fiscal stimulus is then not effective in preventing the ‘negative’ repercussions
brought about by the adverse demand shock. A tax cut is definitely not effective because of Ricar-
dian equivalence and this result is identical to Gali[13]. However, although Gali[13] appreciates the
increase in government expenditure under DF' scheme in a liquidity trap, the responses to an in-
crease in government expenditure we identify are closer to those under no response in a small open
economy. Different from a closed economy, there is ‘negative’ repercussion that causes a severe
decrease (i.e., appreciation) in the nominal exchange rate. Given PPP in the long run, a severe
decrease (i.e., appreciation) in the nominal exchange rate causes a severe decline in CPI inflation.
This amplifies the burden of redeeming government debt, and an increase in the burden of debt
redemption makes the balance of real government debt higher than in a closed economy. Given the
simple tax rule which has mentioned, tax revenue increases so that the government has incentive
to reduce seignorage, similar to the case of no response. Then, the real consumption interest rate
increases, and consumption stagnates. In addition, the severe decrease (i.e., appreciation) in the
nominal exchange rate causes a decrease (i.e., improvement) in the TOT through a decrease in the
import goods price and output also stagnates because of the expenditure-switching effect. Thus,
an increase in government expenditure under DF scheme is no longer effective in stabilizing output
and CPI inflation. Our result on the effectiveness of an increase in government expenditure under
DF fiscal stimulus contrasts with that in Gali[13] and is another of our most important findings.

Additionally, we focus on how the nominal exchange rate pass-through affects our results. As
argued by Monacelli[20], there is a known limitation in assuming perfect pass-through because of
two well-established empirical facts: the overwhelming failure of the law of one price for tradables,
and more rapid exchange rate pass-through with wholesale import prices. To consider this limi-
tation, we introduce into our model foreign retailers that choose their optimal prices to maximize
their profits following Calvo pricing and sell their goods in a small open economy. This enables
us to analyze the effectiveness of MF fiscal stimulus in a small open economy with an imperfect
nominal exchange rate pass-through environment where the changes in the nominal exchange rate
are less effective in changing the import goods price as well as import goods inflation. In an im-
perfect pass-through environment, import goods inflation has nominal rigidity and the decrease in
CPI inflation is mitigated, even in the case of no response, when the adverse demand shock hits a
small open economy.

An increase in government expenditure under MF fiscal stimulus is then effective in stabilizing
output and CPI inflation, similar to existing analysis assuming perfect pass-through. However,
the increase in government expenditure under DF scheme is not necessarily effective in stabilizing

output and CPI inflation. This is because the increase in government expenditure decreases (i.e.,



improves) the TOT through an increase in domestic goods inflation in the imperfect pass-through
environment and this decrease (i.e., improvement) offsets the pressure to increase output through
the expenditure-switching effect. Our result that the increase in government expenditure under
DF fiscal stimulus in a perfect pass-through environment is even applicable in an imperfect pass-
through environment is yet another of our most important findings. Overall, the presence of the
TOT peculiar to an open economy interferes with the materialization of the policy implication
derived by Gali[13] in a closed economy.

Following Gali[13], before deriving the responses in a liquidity trap, we obtain those for normal
times when the ZLB does not apply. Unlike Gali[13], we find that the increase in government
expenditure under DF fiscal stimulus is more effective in boosting output because of less crowding-
out in consumption in a small open economy than in a closed economy. This result is opposite
to Gali[13] in showing that the effects of this policy are much less than those for an increase in
government expenditure under MF fiscal stimulus. This is also an important finding. However, like
Gali[13], we reveal that MF fiscal stimulus is effective in boosting output but that a tax cut under
DF fiscal stimulus is definitely not effective because of Ricardian equivalence. We then calculate
fiscal multipliers under various degrees of openness in normal times. We find that except for a
tax cut under the DF scheme in which Ricardian equivalence applies and multipliers are definitely
zero regardless of the degree of openness, the fiscal multipliers increase as openness increases.

Overall, we conclude that in normal times in a small open economy, MF fiscal stimulus is not
necessarily essential for increasing output, and an increase in government expenditure under DF
scheme remains effective. However, the MF fiscal stimulus is more important than what Gali[13]
suggests in a small open economy in a liquidity trap. This is because the absence of a fiscal response
is more dangerous, especially in a perfect pass-through environment, and because an increase in
government expenditure under DF scheme is no longer effective regardless of nominal exchange
rate pass-through.

The remainder of the paper is organized as follows. Section 2 discusses the related literature
and Section 3 formulates the model. Section 4 provides the steady state and the set of equilibrium
dynamics and defines the fiscal and monetary policies examined. Section 5 details the effects of
fiscal stimulus in normal times when the ZLB is not available and calculates the fiscal multipliers.
Section 6 considers the effects of fiscal stimulus in a liquidity trap where there is a ZLB. Section 7

concludes the paper.

2 Related Literature

We extend Gali[13], which previously extends Auerbach and Obstfeld[1] and Buiter[5]. Auerbach
and Obstfeld[1] study the effects of open market operations in raising inflation and output when the
economy is at the ZLB as a result of some temporary adverse shock. These effects are dependent on
whether the increase in liquidity is permanent and expected to be so by agents. Buiter[5] analyzes
the impact of the MF transfer to households in a relatively general setting and emphasizes the
importance of the irredeemability of money as the ultimate source of the expansionary effect on
consumption of such a policy. Turner[26] conceded the effectiveness of the MF fiscal stimulus.® In
addition, Turner[26] shows that while political issues such as the excessive use of money financing

may result, these can be managed by rules, norms, or belief systems. All these studies derive

3 A not necessarily formal analysis.



positive results concerning MF fiscal stimulus, as we do here.

Alternatively, several studies focus on the case in which MF fiscal stimulus fails to stabilize the
economy. Drawing on Gali[13], Tsuruga and Wake[25] analyze how an implementation lag modifies
the effectiveness of MF fiscal stimulus and find that it can result in a recession in normal times. In
addition, with a liquidity trap, the recession will deepen. English et al.[9] develop a conventional
macroeconomic model and address the credibility of the central bank. They show that MF fiscal
stimulus is effective if communicated successfully and seen as credible by the public. However, if the
public doubt the central bank’s commitment to the policy, MF fiscal stimulus will be ineffective.

Similar to Gali[13], the present paper relates to the literature on monetary policy in a New
Keynesian framework in the presence of a ZLB, as do Jung et al.[18], Eggertsson and Woodford[§],
Werning[27], Buiter[4], Svensson[24], Nakajima[21], and Fujiwara et al.[12] who examine monetary
policy in an environment similar to that in Section 6 demonstrating the perils associated with the
absence of fiscal stimulus and the effectiveness of MF fiscal stimulus in a liquidity trap. Among
these studies, Buiter[4], Svensson[24], Nakajima[21], and Fujiwara et al.[12] assume an open econ-
omy as here. Elsewhere, Buiter[4] analyzes monetary policy in a liquidity trap in a small open
economy by developing a general equilibrium model without a micro foundation while Svensson|[24],
Nakajima[21], and Fujiwara et al.[12] derive well micro-founded models, similar to our analysis.
However, unlike this analysis, their focus is only on monetary policy.

To extend the closed economy model in Gali[13] to a small open economy, we refer to Gali
and Monacelli[15]. The models in Gali and Monacelli[15] are quite precise and to simplify these
without loss of generality, we refer to Gali and Monacelli[16] as it succeeds in aggregating individual
behavior in a more simplified manner.* An alternative way of deriving a small open economy model
is by following De Paoli[7] who derives a small open economy model by reducing a two-country
model which includes home bias. However, to simplify the derivation, we straightforwardly follow
Gali and Monacelli[15].

As noted, we include additional analysis of an imperfect pass-through environment. To generate
this, we refer to the analysis of monetary policy in a small open economy with imperfect pass-
through in Monacelli[20]. Corsetti et al.[6] also derive a local currency pricing model that generates
incomplete pass-through. However, we choose to follow Monacelli[20] as Corsetti et al.[6] assume

a two-country economy.

3 The Model

We extend the closed economy model in Gali[13] to a small open economy model using the seminal
New Keynesian small open economy model in Gali and Monacelli[15].> However, unlike Gali
and Monacelli[15], our model consists not only of households and domestic producers but also a
government issuing government debt and money to finance expenditure. As discussed in Section 2,
because the model in Gali and Monacelli[15] is very precise, to simplify it without loss of generality,
we also refer to Gali and Monacelli[16], which succeeds in aggregating individual behavior in a
more simplified way. The presentation of the model and the notation closely parallels the model
in Gali[13].

4Their purpose is to analyze the effectiveness of wage rigidity in a currency union.
5See the corresponding author’s website https://www.econ.nagoya-cu.ac.jp/ ~eiji-okano/papers.e.html for details
of the derivation.



3.1 Households

There is a representative household in a small open economy and the household has a continuum
of members indexed by j € [0, 1].
The household’s utility function is given by:

Z/BtEO [L{ (Ct,Lta Ny; Zt)] ) (1)
t=0

WC}{}”C};J denotes a consumption index, C; = {fol Cu+(j)~ dj} “isan

e—1 =
index of domestic goods consumption, Cr; = { fol Cre(4) dj} " is the quantity consumed of

a composite foreign good, L; = %ﬁ is the households’ holding of real money balances, M; is (non-

where C; =

interest-bearing) money, P, = P;I_t”Pf;’,t is consumer price index (CPI) in units of domestic cur-

1
1—e

_1
rency, Py = [fol Py (j)lf6 di] " is the domestic price index and Pp, = [fol Pry (GH di}
is the price of import goods in units of domestic currency, € > 0 is the elasticity of substitution
between goods, v € [0,1] is a measure of openness, N; = fol N (j) dj is hours of labor and Z; is an

exogenous preference shifter, 3 € (0,1) denotes the subjective discount factor, and p is the

pu— L
=T
rate of time preference.

Period utility is given by:
U (Cy, Ly, Nis Zy) = [U (Cr, L) =V (Ni)] Z,

with V' (-) increasing and convex and U (-) increasing and concave.
The optimal allocation of any given expenditure within each category of goods yields the

demand functions:

) P N\~ € ) Pri(5)\ ¢
e I &~ I @
PH,t PF,t
for all j. The optimal allocation of expenditures between domestic and foreign goods implies:
Crp=(1-v)8{C, 5 COre=vS; "7, (3)
where §; = Ilzg = denotes the terms of trade (TOT) which is the price of foreign goods in terms of

the price of domestic goods.
The sequence of budget constraints has the following form:

PCy+ B+ &B; + My =By (1 +i4-1) + & By (1+1i;_1) + My—1 + WyN; — PTR; + Dy,

where B; denotes a nominal riskless one-period domestic government bond in units of domestic

currency, B; is the nominal riskless one-period foreign government bond in units of foreign currency,

iy is the domestic nominal interest rate, i; is the foreign nominal interest rate, £ is the nominal

exchange rate, which is the price of foreign currency in units of domestic currency, W; is the

nominal wage, T'R; are lump-sum taxes, and D; are the nominal dividends paid by firms.
Dividing both sides of the previous expression by the CPI P, yields:

* — . *\— * -k — 14
Co+Bi+ QB + L = I;'Bioy (1+i1) + () QuByy (L+14f ) + 1 ' Loy + PtNt
t
Dy
—TR — 4
t + Pt, ( )



where B; = & denotes real domestic government debt, B} = g—f: is real foreign government debt,

QO = St—tt is the real exchange rate, that is, the ratio of the CPIs expressed in domestic currency,
Iy =
(gross) CPI inflation.

Under the assumption of complete international financial markets, the equilibrium price (in

(gross) foreign inflation, P;* is the foreign price index, and II; = % is

units of domestic currency) of a riskless bond denominated in foreign currency is given by & (1 + 4})
E; (Qt1+1&1+1) where E; (Q¢+1) denotes the price of a one-period discount bond paying off one
unit of domestic currency. The previous pricing equation can be combined with the domestic bond
pricing equation, (1 + it)fl = E; (Q¢,t+1) to obtain a version of the uncovered interest parity (UIP)

condition:
m{Qmﬂ[a+n>—u+wn<%;>}}=o (5)

Let us define A; = {(1 +ir—1) Bio1 + Qi1 Bf 15 (1 +i 1) + L 1} II; * as the representa-
tive household’s real financial wealth at the beginning of period ¢. Then, Eq. (4) can be rewritten

as:

=A, + —Nt TR + —, (6)

1
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W D,
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1 + Zt
where we assume a standard solvency constraint llmk_>ooAt kAt > 0 with Ay pyp = Hk ! Rt_ i
being the domestic discount factor and R; = (1 + i;) II;}* 1, thus ruling out a Ponzi scheme.

Households maximize Eq. (1) subject to Eq. (6) and we have optimality conditions as follows:

Z
Uer = BA+i) I Uerpa tZH’ (7)
t
Wt Vnt
We _ Vo 8
Pt Uct ( )

with A (é—i) = gii h (%) = ii is a continuous decreasing function and satisfies h () = 0 for
some 0 < ¥ < 0o, which guarantees that the demand for the real money balances is bounded as the
interest rate approaches zero with a satiation point attained at L = xC. Egs. (7), (8), and (9) are
the consumption Euler equation and the intertemporal optimality condition that determines the
labor supply under the assumption of a competitive labor market and money demand schedule,
respectively. These optimality conditions must be complemented with the transversality condition

limg 00 At i1k At = 0.

3.2 International Risk-sharing Condition

Given the assumption of complete financial markets, a condition analogous to Eq. (4) must also
hold for the representative household in the foreign country. Combining that condition and Eq.
(7) together with the UIP and the definition of the real exchange rate, we have an international
risk-sharing condition as follows:

Ul=vUz,)" gzw (10)

-1



where Uy, denotes the counterpart of U, in the foreign country and Z; denotes the foreign
exogenous preference shifter and ¢ is a constant that depends on initial conditions.

We assume the law of one price (LOOP), that is, P (j) = &Pp, (j) for all j where Pg, (5)
denotes the price of foreign good j in units of foreign currency. Integrating over all goods, we
obtain:

Ppy = &EPpy, (11)

where Pr, denotes the foreign currency price of foreign goods. Our treatment of the rest of the
world as an (approximately) closed economy (with goods produced in the small open economy
representing a negligible fraction of the world’s consumption basket) implies that the foreign price
index coincides with the foreign currency price of foreign goods, namely, P} = Pr .

By plugging the definition of the CPI into that of the real exchange rate, we have:

Q=8 (12)

which implies that the assumption of complete markets at the international level leads to a simple
relationship linking consumption at home and abroad and the TOT. In fact, by plugging Eq. (12)
into Eq. (10), we have:

Zy

Ul=9 (U;t)‘lstl—vz—:.

c)

(13)

3.3 Domestic Producers
A typical domestic firm produces a differential good using the technology:
Y () = N (),
where Y; () is the output of generic good j and « denotes the index of decreasing returns to

e—1 =T
labor. Note that an index for aggregate domestic output is given by Y; = { /i 01 Y (5)7F dj B By
integrating the previous expression, we have:

1 . _ e l—a
P Ta
NS‘“—YtU (—’;t(")) dj] : (14)
0 H ¢
Pt (j)

where f01 (W)—m dj is price dispersion.

In each period, a subset of firms of measure 1—6, with 6 € [0, 1] being an index of price rigidities
drawn randomly from the population, reoptimizes the price of their good, subject to a sequence
of isoelastic demand schedules for the latter. The remaining 6 firms keep their price unchanged.
That is, firms are subject to Calvo pricing. Prices are set in domestic currency and are the same
for both the domestic and export markets and the LOOP also applies to exports.

The first-order necessary condition (FONC) for domestic producers is given by:

o0 1 N
> o [At,t+k <P_> Yiikpe (PH,t - MMCtrL+k|t>:| =0, (15)
o t+k

where M = —5 denotes the constant (desired) price markup, Y; z; = Y; ( Pi ka ) s output in

period ¢+ k for a firm that last reset its price in period t, ]51“ is the price set in period t by firms

reoptimizing their price in that period, MC}, Kt

firm that last reset its price in period ¢, and MC}* = W, (

is the nominal marginal cost in period t + k for a
NG
-«

) is the nominal marginal cost.



3.4 Demand for Exports and Global Shocks

The demand for exports of domestic good j is given by:
P . —€
£x, )= () px, (16)
H,t
where E X, denotes an aggregate export index.
Following Gali and Monacelli[16], the aggregate export is assumed to be given by:
EX, = vS,Y}, (17)

where Y;* denotes (per capita) world output.

3.5 Government

Like Gali[13], we assume the government (consisting of fiscal and monetary authorities acting in a
coordinated way) finances its expenditures through lump-sum taxes and the issuance of a riskless
nominal one-period bond with a nominal interest rate and (non-interest-bearing) money. Thus,
the consolidated budget constraint is given by:

Py Gi+ By—1 (1 +it-1) = PTR; + By + AM;, (18)

e—1 =
where A is the difference operator, and G; = ( fol Ge(4) dj) " denotes the (real) government
expenditure index.

Like Eq. (2), the optimal allocation of government expenditure is given by:
) P N\ ©
6iti) = () (19)
H,t

We assume that government expenditure is fully allocated to domestically produced goods.
Dividing both sides of Eq. (18) by the CPI P; yields:

AM,
P’

St_VGt +Bi_1Ri—1 =TR; + B; + (20)

where Ali\:[‘ represents the seignorage in period ¢, that is, the purchasing power of newly issued

money. Similar to Gali[13], the analysis below focuses on equilibrium near a steady state with zero
inflation, no trend growth, and constant government expenditure, taxes, and government debt.
Constancy of real balances requires that AM = 0 and hence zero seignorage in the steady state.
Note that any variables without time scripts are the steady-state values of those variables.

3.6 The Market-clearing Condition
The market-clearing condition is given by:
Y (4) = Cuye (4) + EX¢ (j) + G (4) -
Plugging Eqgs. (2), (3), (16), (17), and (19) into the previous expression, we have:
Y = (1—v)S/C, +vS:Y] + Gy, (21)

. —€
where we use the optimal allocation of the output Y; (j) = (PIZ'T‘(;)) Y;. Note that we assume

Y, = C} where C} denotes (per capita) world consumption.



3.7 Trade Balance
Similar to Gali and Monaceli[15], we define the real trade balance as follows:

NX,
P,

E}/t—S:Ct—Gt, (22)

with VX, being the nominal trade balance.

4 The Steady State, Equilibrium Dynamics, and Fiscal and
Monetary Policies

The analysis below considers equilibrium in the neighborhood of a steady state with zero inflation
and zero government expenditure, that is, II = 1 and G = 0, similar to Gali[13]. In addition,

Z = Z* =1 is assumed.

4.1 The Steady State
Egs. (5), (7), (8), and (9) imply in the steady state as follows:

.k

T = 1,
o= p,
(1-a)U, = V,N°M,
Ly _ _»p
h<5> - 1+p]

where the former two equalities imply no changes in the nominal exchange rate in the steady
state, while the latter two equalities are identical to the steady-state conditions in Gali[13]. In
this steady state, world output equals world consumption, Y* = C* and C = C* = Y are
applicable. In addition, & = 1 is applicable. That is, the TOT (and the real exchange rate) is
pinned down uniquely and is unity in the perfect foresight steady state. We obtain the condition
S = 1 by applying the technique in Gali and Monacelli[14].6 This feature of the steady state, which
implies that purchasing power parity (PPP) Q, = 1 is applicable in the long run, is important for
considering our equilibrium dynamics.

4.2 Equilibrium Dynamics

Letting §: = log (1), & = log (%), & = —log (Z—t), sy = logSy, 97 = logGi‘*), Jt

t
Ue,t — PN - i _ I
Et log (U_j)’ Tt = 1OgHt7 Pt = —log (Zé_tl), 1t = 10g (%), my = IOth, lt = log(
NX;
bt = Bt;Ba tTt = TRt;TRv ﬁit = 1Og (%)7 PH,t = logPH,tv DPFt = 1OgPF,t7 p;k = logPt* and
H
e: = log&;. Then, the equilibrium around the steady state can be approximated as follows (ignoring

e

)

)

the zero lower bound (ZLB) constraint at this point):

— VvV

o1
Ct = Y +

1
St + — Cta (23)
g

6 Additionally, to obtain this condition with certainty, we assume that the steady-state wedge between the
marginal rate of substitution from consumption to leisure and the marginal product of labor is common throughout
the world. See Benigno and Woodford[2] for details.
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g = v(2—-v)ss+ (1 —v)é + vyl + G, (24)

& = &G+ (275 — 41 — ﬁt) ; (25)

& = —aé +oly, (26)

Tt = BTH+1 — K, (27)

e = ét 2 + goy Vst, (28)

-

At = & - mt» (29)

i1 = I +m— Amy, (30)

by = (L+p)bemr + (1+p)big—r — (1+ p) by + Ge — try — xAmy, (31)

T = 7THt+V(5t —5t-1), (32)

nry = G —vsy — & — gy, (33)

st = e +Dpi—Dput (34)

THt = DPHt — PHt—1; (35)

TFt = DPFt— PFt-1, (36)

TRt = St — St—1+ THy, (37)
Wlthﬁ—w @_m’uflog/\/l,@: VMN LU= U{]lCL,U: Uffc where n = <
with €, = = +U and 0; = U”L denotes the elasticity of substltutlon between consumption and real
balances, x = L is the inverse income velocity of money, b = Y denotes the steady-state share of

government debt to output, g = loglly, with Iy, = Pth’il denotes (gross) domestic goods

inflation, 7r; = logllp; with IIp, = PIZI'; 'il is (gross) import goods inflation and iy = pu — p

with pu; = —logM C} being the logarithmic average markup, MC; = A}/,Igf being the real marginal
cost, is the price markup gap. Note that we assume Z; = 1 and Z;; = Z{ with ¢ = 0. Thus,
pr = logZy = (;.

Egs. (23) to (25), (27), (29), (31), and (33) are derived by log-linearizing Eqs. (13), (21),
(7), (15), (9), (20), and (22), respectively. Egs. (26), (28), (30), and (32) are derived by the
log-linearized marginal utility of consumption, a combination of the log-linearized Eq. (8) and the
definition of the marginal utility, the logarithmic first differential of the definition of the real money
balance, and a combination of the logarithmic first differential of the definition of the CPI and the
TOT. Egs. (34) to (37) are derived by log-linearizing the definitions of the TOT, the domestic
goods inflation, the import goods inflation, and combining the (logarithmic) definition of the TOT
with the (logarithmic) definition of domestic and import goods inflation. Although Eqs. (34) to
(37) do not have an essential role in deciding the dynamic paths, they are necessary to calculate
the nominal exchange rate and the import goods inflation. Note that a logarithmic definition of
the LOOP pr; = e; + pf, is used to derive Eq.(34). Plugging this into Eq.(34), Eq.(34) becomes

= prt — PH,t, which is the logarithmic definition of the TOT.

4.3 Fiscal and Monetary Policies

4.3.1 Government Budget Constraint and Financing Regime

As in Gali[13], we assume a simple tax rule throughout the analysis as follows:

t?"t = wbl;t—l + &, (38)
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which shows that tax variations have two components. One is wbl;t_l, which is endogenous and
varies in response to deviations in the debt ratio from its long-run target where 1 is a tax adjust-
ment parameter. The other is {, which is independent of the debt ratio and should be interpreted
as the exogenous component of the tax rule.

Plugging Eq. (38) into Eq. (31) yields:

by=(1+p— ) b1+ (L+p)big_1 — (1+ p) by + G — & — XAmy, (39)

which replaces Eq. (31) in the equilibrium. Note that ¢, > p guarantees that limg_, o E; (byr) = 0,
that is, the debt ratio converges to its long-run target. Accordingly, the government’s transversality
condition limy_, oo Ay ¢4 By = 0 will be satisfied for any price level path, as long as the discount
factor A;+1p converges to zero as kK — oo, which is the case in all the experiments considered
below. The previous property, often referred to in the literature as Ricardian (or passive) fiscal
policy (e.g., Leeper[19]), is assumed in standard specifications of the New Keynesian model, and
must be combined with an active monetary policy (as implicitly assumed below) to guarantee a

local unique equilibrium.

4.3.2 Experiments

Below we analyze two stylized fiscal interventions, using the basic New Keynesian model with a
small open economy setting as a reference framework. The first intervention consists of an exoge-
nous tax cut while the second takes the form of an exogenous increase in government expenditure.
Both interventions are announced in period zero and implemented from that period onward, similar
to Gali[13]. For concreteness, in the case of a tax cut we assume as follows:

& =6 <0,

for t =0,1,2,... where § € [0,1) measures the persistence of the exogenous fiscal stimulus. Sym-

metrically, in the case of an increase in the government expenditure, we assume as follows:
N st
gt = 0" > 0,

for ¢t = 0,1,2,.... Note that in both cases the size of the stimulus is normalized to correspond
to 1% of steady-state output in period zero. The effects of each type of fiscal intervention are
analyzed under two alternative regimes, which jointly describe how the fiscal stimulus is financed
and how monetary policy is conducted. The first scheme, which we refer to as a money-financed
(MF) scheme is the main focus of the present paper, similar to Gali[13]. We define this regime as
one in which seignorage is adjusted every period to keep real debt B; unchanged. Plugging by =0
into Eq. (39), we have:

Amy — % [0~ + 1+ )b (i )] (40)

for t =0,1,2,.... Note that the previous assumptions, combined with Eq. (38), imply that under
the MF regime taxes need not be adjusted as a result of an increase in government expenditure,
either in the short or long run, relative to their initial level. Alternatively, in the case of a tax cut,
taxes are temporarily lowered by an amount §¢. In other words, under the MF regime, neither

taxes nor debt need to be raised in response to the fiscal interventions considered here. In both
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cases, however, monetary policy must give up control of the nominal interest rate, instead adjusting
the money supply to meet the government’s financing needs.

Under the second financing scheme considered, which we refer to as a debt-financed (DF)
scheme, the fiscal authority issues debt to finance the fiscal stimulus, eventually adjusting the
path of taxes to attain the long-run debt target B, as implied by the tax rule Eq. (38). The
monetary authority for its part, is assumed to pursue an independent price stability mandate. For
concreteness, we assume that if feasible, it conducts policy so that:

m =0, (41)

for all £. The money supply and as a result seignorage then adjust endogenously to bring about
the interest rate required to stabilize prices, as well as the regime generally assumed in the New

Keynesian literature on the effects of fiscal policy.

4.4 Calibration

Our parameterization is consistent with Gali[13] except for parameters that are peculiar to an
open economy, namely, the openness v, or that are not clarified in Gali[13], namely, the relative
risk aversion o (Table 2). Both parameters are set following Monacelli[20]. Our setting on the
subjective discount factor implies a steady state (annualized) real interest rate of about 2% and the
index of decreasing returns to labor corresponds to the average labor income share across Greece,
Italy, Portugal, and Spain from 1999 to 2014 (see Gali and Monacelli[16]). For the remaining
parameters, the elasticity between goods corresponds to a 12.5% steady-state markup, the velocity
is the inverse of the middle of the average (quarterly) MO income velocity in the US and the Euro
area (see Gali[13]), the interest semielasticity of money demand follows Ireland[17] (see Ireland[17]
and Gali[13]), the target debt ratio is consistent with the 60% reference value specified in EU
agreements (see Gali[13] and Ferrero[11]), and the openness roughly corresponds to the ratio of
imports to GDP in Canada.

Both our implied assumptions of perfect substitution between domestic and import goods and
our benchmark parameterization on relative risk aversion attain balanced trade, that is, nz; = 0
for all ¢ if the demand shock p; does not hit the economy.

5 The Effects of Fiscal Stimulus in Normal Times

We first show the effects of fiscal stimulus in normal times and how the assumption of a small open
economy changes the responses from those in the closed economy assumed by Gali[13]. Figures
1 and 2 illustrate the responses under a MF fiscal stimulus to a tax cut and to an increase in
government expenditure, respectively, while Figures 3 and 4 depict the responses under a DF
fiscal stimulus to a tax cut and an increase in government expenditure, respectively. The red line
with circles and the blue line with diamonds are responses in a small open economy in which v
is set to 0.4, that is, our benchmark, and in a closed economy in which openness v is set to zero,
respectively. Note that we only plot the quarterly rate-based responses that differ from those in

Gali[13] to conserve space.
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5.1 The MF Fiscal Stimulus
5.1.1 To a Tax Cut

Output increases after a tax cut in a small open economy, as in a closed economy (Panel 1, Figure
1). However, in contrast to a closed economy, the increase in consumption and the decrease in
the real consumption interest rate, defined as 7, = 7, — 741, are limited (Panels 3 and 4, Figure
1). In addition, CPI inflation rises more than twice as much as it does in a closed economy, the
nominal interest rate increases, and money growth declines. In a closed economy, the nominal
interest rate decreases and money growth increases (Panels 5, 8, and 10, Figure 1). Under the MF
fiscal stimulus, the tax cut is financed by an increase in money growth, even though money growth
is reduced, which is contrary to intuition.

To understand the reason money growth is reduced, we focus on the (logarithmic) government
budget constraint Eq. (31) or Eq. (39), which imply that an increase in CPI inflation mitigates the
burden of redeeming government debt through a decrease in the real consumption interest rate.
In other words, an increase in CPI inflation brings revenue of the so-called inflation tax to the
government. Then, we define $p, = iry— g+ (1 + p) brry as the fiscal surplus with the inflation tax

and Eq. (31) can be rewritten as follows:
S = = [be= (1 p) by = (L p)biuoa | — XAy,

which implies that an increase in CPI inflation applies pressure to reduce newly issued government
debt b, — [(1 +p) b1+ (1+p) b%t_l} and money growth through an increase in the fiscal surplus
with the inflation tax. Under the MF fiscal stimulus, the balance of the real government debt is
unchanged. Thus, an increase in CPI inflation provides an incentive to reduce the money growth
because of the increase in the fiscal surplus with the inflation tax (Panel 15, Figure 1). This
phenomenon that a decrease in money growth accompanies the increase in CPI inflation appears
even in a liquidity trap and causes the increase in the nominal interest rate while the adverse
demand shock is hitting the small open economy. As shown in the real money balance schedule
Eq. (29), a decrease in the real money balance accompanies the increase in the nominal interest
rate (Panel 8, Figure 1). Because of the increase in the nominal interest rate, the decrease in the
real consumption interest rate is limited and the increase in consumption is not so vigorous, unlike
consumption in a closed economy (Panels 3 and 4, Figure 1).

Now, we consider the reason why CPI inflation rises so much in a small open economy. Through-

out our analysis, the UIP Eq. (5) applies. By log-linearizing Eq. (5), we have:

1t = %: —+ (6t+1 — €t) 5 (42)

with 2} = log (1:{ ) Combining Eq. (42) with Eq. (34) yields:

St = (’2: — 71':4_1) — (7?15 — 7TH’t+1) + St4+1, (43)

with 7w} = logIly. The TOT (and the real exchange rate) is pinned down uniquely and is unity
in the perfect foresight steady state. This implies that PPP is applicable in the long run; i.e.,

limg oo S+, = 0. Hence, we can solve Eq. (43) as follows:

[ee)
5t = Z (iak - ﬂ:—&-k—&-l) - (itﬂc - 7TH,t+k+1) ; (44)
k=0
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which shows that the TOT is a function of the difference between the current and anticipated
foreign real interest rate and the small open economy’s real domestic interest rate, which is defined
as fg = %t —Ta++1. A tax cut applies pressure to increase CPI inflation through the government
budget constraint Eq. (31) or Eq. (39) and this increases domestic goods inflation and the TOT
through Eq. (32) (Panel 13, Figure 1). This increase (i.e., worsening) in the TOT causes a further
increase in domestic goods inflation through a decrease in the average markup (i.e., an increase in
the marginal cost) as shown in Egs. (27) and (28) (Panel 7, Figure 1). While the nominal interest
rate rises, this increase in domestic goods inflation makes the real domestic interest rate negative
(Panel 14, Figure 1). An increase (i.e., worsening) in the TOT coincides with an increase in import
goods inflation and this increase is higher than an increase in domestic goods inflation (Panels 7
and 11, Figure 1). As a result, CPI inflation rises more strongly than in a closed economy, as
noted. That is, a large increase in import goods inflation causes a large increase in CPI inflation.
In fact, the (logarithmic) definition of CPI inflation is given by m, = (1 — v) 7y, + v7p, and this
implies that CPI inflation increases with import goods inflation.

The large increase in import goods inflation is caused by a large increase (i.e., depreciation)
in the nominal exchange rate. In a small open economy, there is repercussion between domestic
goods inflation and the nominal exchange rate. A successive increase in domestic goods inflation
then increases (i.e., depreciates) the nominal exchange rate through an increase in the CPI (level).
Although the PPP is not applicable in every period in a small open economy, the PPP is applicable
in the long run in our model similar to a small open economy model in Gali and Monacelli[15].
Thus, this increase in the CPI (level) shifts the long-run nominal exchange rate upward (i.e., the
long-run nominal exchange rate depreciates) and the current nominal exchange rate increases (i.e.,
depreciates). The TOT increases (i.e., worsens) because the import goods price only depends on
the nominal exchange rate.

Further, this increase (i.e., worsening) in the TOT affects output. An increase (i.e., worsening)
in the TOT increases output through the market-clearing condition again and increases the do-
mestic inflation again through a decrease in the average markup (i.e., an increase in the marginal
cost). Further changes result and that causes a large increase in CPI inflation. This ‘positive’
repercussion between domestic goods inflation and the nominal exchange rate works well, even in
a liquidity trap under MF fiscal stimulus, to stabilize both output and the CPI inflation.

As shown, unlike in a closed economy, the increase in consumption in the small open economy
is smaller and does not seem to contribute much to boosting output. Instead, it is the increase
(i.e., worsening) in the TOT that contributes to increasing output. While the demand for foreign
goods weakens due to the increase (i.e., worsening) in the TOT stemming from an increase in
the import goods price, the demand for domestic goods increases and the production of domestic
goods then contributes to increasing output. That is, the expenditure-switching effect contributes
to increasing output. Thus, cumulative output is not lower rather higher than in a closed economy
and so MF fiscal stimulus is more effective in a small open economy than in a closed economy
(Panel 2, Figure 1).

Given the increase (i.e., worsening) in the TOT stemming from the increase in the import goods
price, the production of domestic goods becomes vigorous while households must pay more for
foreign goods. Under our parameterization, namely ¢ = 1 together with the assumption of perfect
substitution between foreign and domestic goods, the increase in the production of domestic goods

is canceled out by the increase in the purchase amount of foreign goods. Balanced trade is then
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attained. Note that balanced trade is applicable throughout our analysis if the demand shock does

not affect the small open economy.

5.1.2 To an Increase in Government Expenditure

Next, we discuss the dynamic responses to an increase in government expenditure, which are similar
to a tax cut under a MF fiscal stimulus. Output rises as in a closed economy, but with the increase
in consumption being smaller than in a closed economy and the increase in CPI inflation being
higher than in a closed economy (Panels 1, 3, and 5, Figure 2). The increase in CPI inflation is
accompanied by an increase (i.e., depreciation) in the nominal exchange rate due to the ‘positive’
repercussion between domestic goods inflation and the nominal exchange rate, and import goods
inflation increases (Panels 11 and 12, Figure 2). This increase in import goods inflation coincides
with an increase (i.e., worsening) in the TOT (Panel 13, Figure 2). This increase (i.e., worsening) in
the TOT increases output and cumulative output is then higher than in a closed economy (Panel 2,
Figure 2). Thus, in terms of the effect on cumulative output to a tax cut under MF fiscal stimulus,
MF fiscal stimulus is more effective in a small open economy than in a closed economy, regardless
if the means of stimulus is a tax cut or an increase in government expenditure.

It is noteworthy that money growth is reduced in period zero, similar to the tax cut under the
MF scheme in a small open economy (Panel 10, Figure 2). The large increase in CPI inflation
finances the increase in government expenditure through an increase in the fiscal surplus with the
inflation tax, rather than money growth (Panel 15, Figure 2). As discussed, this phenomenon
appears even in a liquidity trap. The decrease in money growth causes a larger increase in the
nominal interest rate and this hampers the decrease in the real consumption interest rate, unlike

the experience in a closed economy (Panels 4 and 8, Figure 2).

5.2 The DF Fiscal Stimulus
5.2.1 To a Tax Cut

Similar to a closed economy, a tax cut under the DF scheme has no effect on any variables except for
fiscal variables such as the real government debt, the fiscal surplus with inflation tax, and the taxes
(Figure 3). As Gali[13] notes, this neutrality result is well known and a consequence of Ricardian
equivalence given any assumption of lump-sum taxes and Ricardian fiscal policy. Any short-run
tax reduction is matched by future tax increases, leaving their present discounted value unchanged
and the households’ intertemporal budget constraint unaffected. As no other equilibrium condition
is affected by the tax cut and the increase in government debt, all variables other than the fiscal

variables remain unchanged in response to a tax cut under the DF scheme.

5.2.2 To an Increase in Government Expenditure

We first review the responses to an increase in government expenditure under the DF scheme in
the closed economy assumed by Gali[13]. In a closed economy, output increases (Panel 1, Figure 4).
This increase in output decreases the average markup (i.e., increases the marginal cost) through
Eq. (28) (the TOT is not involved given the closed economys; i.e., v = 0). This decrease in average
markup applies pressure to increase CPI inflation and decrease future CPI inflation through Eq.
(27) (note that there is no distinction between CPI inflation and domestic goods inflation in a

closed economy because of zero openness; i.e., v = 0). However, the policy authority must retain
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CPI inflation targeting Eq. (41) under the DF fiscal stimulus such that the authority attempts to
increase the marginal utility of consumption. To increase the marginal utility of consumption, a
decrease in consumption is required, as shown in Eq. (26). As shown in Egs. (29) and (30), the
decrease in money growth decreases consumption through a decrease in the real money balance.
Thus, the nominal interest rate is hiked to reduce money growth (Panels 8 and 10, Figure 4).
The real consumption interest rate increases and consumption decreases, that is, a crowding-out
of consumption takes place (Panels 3, and 4, Figure 4).

The responses in a small open economy are quite different from those in a closed economy.
There is still crowding-out in consumption in response to the increase in government expenditure,
but the decrease in the consumption in the small open economy is smaller than in the closed
economy (Panel 3, Figure 4). Given this smaller decrease in consumption, the increase in output
in the small open economy is about 5.88 times larger than in a closed economy in period zero
and cumulative output is higher than in a closed economy (Panels 1 and 2, Figure 4). In a small
open economy, we must be aware that CPI inflation and domestic goods inflation differ and that
changes in the TOT as well as the nominal exchange rate are involved in any responses. While
domestic goods inflation is stable in the closed economy, because it is identical to CPI inflation in
a closed economy, domestic goods inflation increases in the small open economy, and import goods
inflation decreases to cancel out any increase in domestic inflation (Panels 5 and 11, Figure 4). As
a result, CPI inflation is completely stabilized, even in a small open economy.

In a closed economy, with an increase in government expenditure the average markup (i.e.,
the marginal cost) must be stabilized to stabilize domestic goods inflation which is identical to
CPI inflation. To stabilize the average markup, the pressure to increase output in response to an
increase in government expenditure is canceled by the substantial decrease in consumption. Thus,
the nominal interest rate is hiked and money growth falls. However, in a small open economy, an
increase in domestic goods inflation is allowed and this increase decreases (i.e., improves) the TOT
with little increase in the nominal interest rate, as shown in Eq. (44) (Panels 8 and 13, Figure 4).
This decrease (i.e., an improvement) in the TOT coincides with a decline in import goods inflation
(Panel 11, Figure 4) and this serves to completely stabilize CPI inflation. Glaring changes in the
nominal interest rate as well as money growth are not necessary in a small open economy, unlike in
a closed economy (Panels 8 and 10, Figure 4). Thus, the crowding-out of consumption is smaller
in a closed economy and so output increases more.

Together with less crowded-out consumption, there is another notable feature of a small open
economy in its responses to the increase in government expenditure under the DF scheme. In
a small open economy, there is an increase in both government debt and taxes but less than in
a closed economy. Further, while money growth decreases in a closed economy, the response of
money growth in a small open economy is small. Thus, increases in government debt and taxes
are suppressed in a small open economy, unlike the experience in a closed economy (Panels 9 and
17, Figure 4).

Gali[13] highlights the effectiveness of MF fiscal stimulus, especially a tax cut under the MF
scheme, to boost output and argues that the increase in government expenditure under the DF
scheme is strongly subdued in comparison with the increase in government expenditure under
the MF fiscal stimulus. However, in a small open economy, given the smaller crowding-out in
consumption, the increase in government expenditure under the DF scheme is not meaningless;

rather, it is effective as it can boost output sufficiently. MF fiscal stimulus is then not necessarily
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essential for boosting output in normal times in a small open economy.

5.3 Sensitivity Analysis

We now discuss the sensitivity of some of the above qualitative findings regarding the effectiveness
of fiscal policies. The focus is the parameter measuring the degree of openness v, which is peculiar
to a small open economy and does not appear in a closed economy instead of focusing on the
degree of price stickiness 0 and the persistence of the shock ¢ which are focused upon by Gali[13].
Focusing on openness is important to understand how the assumption of a small open economy
affects the effectiveness.

Following Gali[13], we define the cumulative output multiplier (1 — 6) > o=, 4. Figure 5 depicts
the cumulative output multipliers for a tax cut and an increase in government expenditure as a
function of openness v. The multipliers are on the vertical axis and the level of openness on the
horizontal axis. The red line with circles and the blue line with diamonds are the multipliers
under the MF and the DF fiscal stimulus, respectively. Panel 1 depicts the response of the fiscal
multipliers to a tax cut while Panel 2 plots these for an increase in government expenditure. On the
left in each figure, openness is zero; that is, the multipliers shown on the extreme left correspond

to those in a closed economy, that is, ¥ = 0, as assumed by Gali[13].

5.3.1 Fiscal Multipliers and a Tax Cut

We first discuss the multipliers for a tax cut as a function of openness v. The multipliers are zero
regardless of the changes in v under the DF scheme (Panel 1, Figure 5). Ricardian equivalence
holds and there are no fiscal effects in the first instance.

In contrast, under the MF scheme, the multipliers strongly increase with a tax cut as v increases
(Panel 1, Figure 5). As discussed in Section 5.1.1, there is a ‘positive’ repercussion between
domestic inflation and the nominal exchange rate. A tax cut (as well as an increase in government
expenditure) increases domestic goods inflation through a decrease in the average markup (i.e., an
increase in the marginal cost) and CPI inflation increases. The increase in CPI inflation implies
that the CPI (level) shifts upward in the long run. Because PPP holds in the long run, the nominal
exchange rate in the long run increases (i.e., depreciates). This increase (i.e., depreciation) leads
to an increase in import goods inflation as well as the increase in the import goods price. As the
definition of the (logarithmic) CPI (level) p, = (1 — v) pu 1 + vpr, suggests, as openness increases,
the share of import goods price increases and the CPI (level) increases. That is, the greater the
openness, the higher the CPI (level) and the higher (more depreciating) the nominal exchange
rate because of PPP in the long run. Because an increase (i.e., depreciation) in the nominal
exchange rate causes an increase (i.e., worsening) in the TOT, the TOT increases (i.e., worsens)
with openness. In other words, the ‘positive’ repercussion between the domestic inflation and the
nominal exchange rate becomes stronger, as openness increases.

This increase in the TOT accompanies a (relative) increase in domestic output. Combining
Egs. (23) and (24) yields:

st =G —9) =g —(1—-v)G, (45)

where 0 = 1. Eq. (45) shows that a (relative) increase in domestic output accompanies an increase
(i.e., worsening) in the TOT due to the expenditure-switching effect together with the effect of an
increase in consumption through the risk-sharing transfer of resources (see Eq. (10)). Thus, the
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more open the economy, the higher its output because of the higher TOT. The multiplier continues
to increase with openness v.

5.3.2 Fiscal Multipliers for an Increase in Government Expenditure

Similar to the multipliers for a tax cut under the MF scheme, the multipliers for an increase in
government expenditure under the MF scheme increase with openness v (Panel 2, Figure 5). The
reason is that the TOT increases (i.e., worsens) as openness v increases, as described in Section
5.3.1. An increase in government expenditure instead of a tax cut then ignites the ‘positive’
repercussion, which becomes stronger with openness.

Finally, we discuss the relationship between the multipliers and openness regarding an increase
in government expenditure under the DF scheme in which the CPI inflation targeting Eq. (41) that
is, m; = 0, is applicable. To offset the pressure to increase CPI inflation stemming from an increase
in domestic goods inflation brought about by an increase in government expenditure, import goods
inflation must decrease through a decrease (i.e., an appreciation) in the nominal exchange rate. As
openness increases, the share of domestic goods inflation in CPI inflation decreases and the pressure
to increase CPI inflation brought about by an increase in the domestic goods inflation is mitigated.
Thus, as openness increases, the pressure to decrease import goods inflation must be mitigated.
That is, a decrease (i.e., an improvement) in the TOT must be mitigated as openness increases.
As shown in Eq. (44), the TOT relates negatively to current and anticipated nominal interest
rates. Thus, an increase in the nominal interest rate, which is identical to the real consumption
interest rate under a DF fiscal stimulus, is reduced as openness increases, such that the decrease
in consumption from openness is mitigated. In other words, the crowding-out of consumption
is alleviated as openness increases. As a result, the multipliers increase with openness (Panel 2,
Figure 5). This is consistent with the result in Section 5.2.2 in which we noted that the MF fiscal
stimulus is not necessarily essential for boosting output in normal times in a small open economy.
In a small open economy, the increase in government expenditure under DF is effective in increasing
output as long as openness is sufficiently high. Under our benchmark parameterization, openness
v is set to 0.4 and the corresponding fiscal multiplier is 0.44, which is about 3.50 times higher than
that in a closed economy (i.e., v = 0) and only 30.0% smaller than under MF fiscal stimulus with
a tax cut in a closed economy.

However, in a liquidity trap, the increase in government expenditure under DF' scheme is no
longer effective in stabilizing output and CPI inflation. This result for the increase in government
expenditure under DF fiscal stimulus is opposite to that derived by Gali[13]. Our results for an
increase in government expenditure under DF fiscal stimulus in a liquidity trap in a small open

economy are detailed in Section 6.3.2.

6 The Effects of Fiscal Stimulus in a Liquidity Trap

This section explores the effectiveness of MF fiscal stimulus in stabilizing the economy in the face
of a temporary adverse demand shock, similar to Gali[13]. We assume the latter to be large enough
to prevent the central bank fully stabilizing output and CPI inflation given the ZLB constraint on
the nominal interest rate. We compare the MF fiscal stimulus with two alternatives, the DF fiscal
stimulus and no response in which there is no fiscal stimulus such as a tax cut or an increase in

government expenditure to the adverse demand shock.
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Similar to Gali[13], the ZLB constraint takes the form #; > log and the experiment assumes
that p, = —y < logQ for t = 0,1,2,..T and p, =0 for t =T + 1,T + 2,.... In other words, this
describes a temporary adverse demand shock that brings the natural interest rate into negative
territory up to period T'. After period T', the shock vanishes, and the natural interest rate returns
to its initial level. The shock is assumed to be fully unanticipated, but once realized, the trajectory
of {p:} and the corresponding policy responses are known with certainty.

The ZLB constraint can be incorporated formally in the set of equilibrium conditions above by

replacing Eq. (29) with a complementary slackness condition:

(%t _ log,é’) (z} e+ nit) =0, (46)
for all ¢, where
iy > logB, (47)
is the ZLB constraint and
I, > ¢ — iy, (48)

represents the demand for real money balances.
In addition to the previous changes, under the DF fiscal stimulus, as well as the no response
benchmark, Eq. (41) must be replaced with

(it - 10gﬂ> =0, (49)
for all ¢, together with
Ty = 0, (50)

which is the zero-inflation target and is applicable for the period when the ZLB constraint on the
nominal interest rate is unavailable. By contrast, in the case of the MF fiscal stimulus, Eq. (40)
determines the money supply for all ¢. If the nominal interest rate is positive, Eq. (48) holds with
equality (but with inequality once the nominal interest rate reaches the ZLB and the real money
balances overshoot their satiation level).

Further, similar to Gali[13], we assume v = —0.01 and T'= 5. Thus, and given 8 = 0.995, the
experiment considered corresponds to an unanticipated fall in the natural interest rate to — 2% (in
annual terms) for six quarters and a subsequent revision back to the initial value of 2% (in annual
terms).

Figures 6 to 10 depict the responses in the case of no response, to a tax cut under the MF
scheme, to an increase in government expenditure under the MF scheme, to a tax cut under the
DF scheme, and to an increase in government expenditure under the DF' scheme, respectively. In
all figures, the blue line with diamonds shows the responses in a closed economy, that is, v = 0,
while the red line with circles shows the responses in a small open economy, that is, v = 0.4, being
our benchmark parameterization. In the case of no response to the shock, that is, g = ¢ = 0,
for t =1,2,3..., and with monetary policy described by Egs. (49) and (50), which is a familiar
scenario that is taken by Gali[13] as a benchmark. The scenario for the tax cut is that there is
a 1% tax cut lasting for the duration of the adverse shock (¢ = —0.01, for ¢ = 0,1,...,5) under
the MF and the DF fiscal stimulus, respectively, similar to Gali[13]. The scenario for the increase
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in government expenditure is that there is a 1% increase in the steady-state ratio to output in
response to the adverse demand shock and that this lasts for the duration of the adverse shock
(g: =0.01, for t = 0,1,...,5) under the MF and the DF fiscal stimulus, respectively, again similar
to Gali[13].

6.1 No Response

We start by considering the case of no response to the adverse demand shock as the benchmark.
When the adverse demand shock hits a small open economy, output decreases and the decrease in
output is larger than in a closed economy (Panel 1, Figure 6). The adverse demand shock then
decreases domestic goods inflation through the Euler equation Eq. (25) and the FONC for domestic
firms Eq. (27) (Panel 7, Figure 6). The fall in domestic goods inflation applies pressure on the
nominal exchange rate to decrease (i.e., appreciate) because of PPP in the long run (Panel 12,
Figure 6). This decrease (i.e., appreciation) in the nominal exchange rate decreases import goods
inflation (Panel 11, Figure 6), and this results in a decrease (i.e., improvement) in the TOT (Panel
13, Figure 8). This serves to decrease domestic goods inflation again because it also decreases
consumption and output and increases the average markup (i.e., decreases the marginal cost).
We refer to this decrease in domestic goods inflation and appreciation in the nominal exchange
rate as a ‘negative’ repercussion, in contrast to the ‘positive’ repercussion between the increase in
domestic goods inflation and depreciation in the nominal exchange rate shown in Section 5. Thus,
the pressure to decrease domestic goods inflation in a small open economy is more severe in a small
open economy than in a closed economy and the resulting fall in CPI inflation is correspondingly
more severe (Panel 5, Figure 6).

This severe decrease in CPI inflation amplifies the burden of redeeming government debt; in
other words, it makes the revenue from the inflation tax negative. Thus, government debt is higher
than in a closed economy (Panel 9, Figure 6). Given our simple tax rule, Eq. (38), the larger
balance of real government debt brings about higher tax revenue in a small open economy (Panel
17, Figure 6).

While there has been a decrease in CPI inflation, import goods inflation has no nominal rigidity
and the pace of recovery in CPI inflation to its steady-state value in a small open economy is fast.
This rapid recovery in CPI inflation as well as the higher tax revenue completes fiscal reconstruction
in period four (Panel 15, Figure 6). Then, seignorage is no longer necessary. The nominal interest
rate is hiked and money growth decreases (Panels 8 and 10, Figure 6). However, this increase in
the nominal interest rate overshoots and occurs in period five when the adverse demand shock is
still affecting the small open economy. This response of the nominal interest rate is reminiscent
of the lifting of the zero-interest-rate policy in August 2000 in Japan. This move was based on
the outlook of many members of the Bank of Japan policy board that deflationary concerns were
dispelled, even though the lifting was viewed as a premature decision by at least one government
official. This increase, more precisely, overshooting, in the nominal interest rate results in an
increase in the real consumption interest rate and so the recovery in consumption is weaker than
what it would be in a closed economy (Panels 3 and 4, Figure 6). As a result, there is a delay in
the recovery of output such that the decrease in (cumulative) output in a small open economy is
1.77 times larger than what it would be in a closed economy (Panels 1 and 2, Figure 6). That is,
the presence of a nominal exchange rate affecting CPI inflation amplifies the effect brought about
by the adverse demand shock. This exemplifies the problems of no fiscal response in a small open
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economy during a liquidity trap.

6.2 The MF Fiscal Stimulus
6.2.1 To a Tax Cut

A tax cut under the MF scheme in a small open economy stabilizes output and CPI inflation and
is at least as effective as that in a closed economy (Panels 1, 2, and 5, Figure 7). However, the
decrease in CPI inflation is larger than in a closed economy because of the ‘negative’ repercussion
between domestic goods inflation and the nominal exchange rate. However, this larger decrease
in CPI inflation provides for an increase in money growth that is larger than in a closed economy
because the larger drop in CPI inflation provides an incentive to finance the budgetary deficit
(Panels 5 and 10, Figure 7). Indeed, in a small open economy, the fiscal surplus with an inflation
tax is —4.49% in period zero, but only —3.03% in a closed economy. This higher money growth
mitigates the decline in consumption as well as that for domestic goods inflation. The ‘negative’
repercussion between domestic goods inflation and the nominal exchange rate is mitigated and the
decrease (i.e., appreciation) in the nominal exchange rate is smaller than in the case of no response
(Panel 12, Figures 6 and 7). Because the nominal exchange rate positively links with import goods
inflation, the decrease in import goods inflation is moderated in comparison with the case of no
response (Panel 11, Figures 6 and 7). Thus, recovery in CPI inflation in a small open economy is
faster than in a closed economy and this depresses the real consumption interest rate such that it
is lower than that in a closed economy until period four (Panel 4, Figure 7).

This faster recovery in CPI inflation also provides for a more rapid recovery in the fiscal surplus
with the inflation tax than in a closed economy (Panels 5, 6, and 15, Figure 7). As discussed in
Section 6.1, a rapid recovery in CPI inflation is problematic because it completes fiscal reconstruc-
tion and provides an incentive for the government to reduce money growth. However, under the
MF fiscal stimulus, the balance of real government debt is unchanged and obtaining seignorage is
an important way to finance a tax cut. In addition, the increase in government expenditure and
money growth is not reduced in period five, even if the fiscal surplus with inflation tax is larger
than in a closed economy (Panels 10 and 15, Figure 7). Thus, the nominal interest rate neither
starts to increase before the adverse demand shock nor overshoots it in period five and the real
consumption interest rate is still negative in period five, even though it is positive in the case of
no response (Panels 4 and 8, Figures 6 and 7).

Although the recovery in consumption in a small open economy is not necessarily more vigorous
than in a closed economy (Panel 3, Figure 7), the recovery in output in a small open economy is
more vigorous because of the response of the TOT (Panels 1 and 13, Figure 7). As noted, the
decrease in import goods inflation is eased with a tax cut compared with the case of no response.
This smaller decrease in import goods inflation reduces the decrease (i.e., improvement) in the
TOT compared with the case of no response (Panel 13, Figures 6 and 7). As shown in Eq. (45),
output increases with the TOT via the expenditure-switching effect and the smaller decrease (i.e.,
improvement) in the TOT contributes to suppressing the decrease in output. Thus, MF fiscal
stimulus is either as effective or more effective in a small open economy as in a closed economy.

In addition, this result—that the effect of monetary easing under the ZLB in a small open
economy is stronger than that in a closed economy—is consistent with the result in section 5.3.1
that the higher the openness, the higher the fiscal multipliers in the MF scheme. Mitigated decrease

in the import goods inflation contributes to mitigating a decrease (i.e., improvement) in the TOT
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and to making recovery in the output stronger.

6.2.2 To an Increase in Government Expenditure

An increase in government expenditure is more effective in stabilizing output than in a closed
economy, similar to a tax cut in a small open economy (Panels 1 and 2, Figure 8). Although the
decrease in CPI inflation is more severe in a small open economy, money growth is hiked more than
being in a closed economy, similar to a tax cut under the MF scheme in a small open economy
(Panels 5 and 10, Figure 8). Like a tax cut, recovery in CPI inflation in a small open economy is
faster than in a closed economy. Thus, a fall in the consumption real interest rate is larger than
in a closed economy, like a tax cut (Panel 4, Figure 8).

This more rapid recovery in CPI inflation makes recovery in the fiscal surplus with inflation
faster than in a closed economy, like a tax cut (Panels 5, 6, and 15, Figure 8). As discussed in
Section 6.2.1, under the MF fiscal stimulus, obtaining seignorage is the most important way to
finance an increase in government expenditure and money growth is not reduced in period five,
even if the fiscal surplus with inflation tax is larger than in a closed economy (Panels 10 and 15,
Figure 8). Thus, the nominal interest rate neither starts to increase before the adverse demand
shock nor overshoots it in period five and the real consumption interest rate remains negative in

period five, similar to a tax cut in a small open economy under the MF scheme.

6.3 The DF Fiscal Stimulus
6.3.1 To a Tax Cut

We do not compare the responses in a closed economy and a small open economy with those in the
case of no responses here. However, the responses to a tax cut under the DF scheme are identical
to those in the case of no response except for taxes, real government debt, and the fiscal surplus
with inflation tax (i.e., the blue line with diamonds and red line with circles in Figure 6 is identical
to those in Figure 9). Ricardian equivalence is attained and there are no effects on any variables

except for these variables.

6.3.2 To an Increase in Government Expenditure

Unlike the MF fiscal stimulus, an increase in government expenditure under the DF scheme in a
small open economy is not effective for stabilizing output and CPI inflation when compared with
a closed economy (Panels 1, 2 and 5, Figure 10). Gali[13] suggests that the increase in government
expenditure under the DF scheme has a strong impact on output and CPI inflation and that
their responses are quite similar to those for an increase in government expenditure under the MF
scheme. Thus, our finding concerning an increase in government expenditure under the DF scheme
is quite different from that derived by Gali[13].

To confirm how an increase in government expenditure is effective in comparison with no
response, Figure 11 plots the dynamic responses to an increase in government expenditure under
the MF scheme, those under the DF scheme, and those in the case of no response in a small open
economy with openness v set to 0.4. In Figure 11, the red line with circles is the response under
the MF scheme, the blue line with diamonds is the response under the DF' scheme, and the black
line with crosses is the response in the case of no response. (These three lines are identical to

the red lines with circles in Figures 8, 10, and 6, respectively.) If the blue line with diamonds is
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closer to the red line with circles, we can say that an increase in government expenditure under the
DF scheme is effective, even in a small open economy, and that Gali[13]’s finding concerning an
increase in government expenditure in a closed economy is also applicable in a small open economy.
However, we find that the blue line with diamonds in each panel is closer to the black line with
crosses in each panel (Figure 11). This suggests that the additional effects brought about by the
increase in government expenditure under the DF' scheme are quite small and that an increase in
government expenditure under the DF scheme is not effective in a small open economy. Clearly,
our finding differs from that in Gali[13].

The reason why the increase in government expenditure under the DF scheme is no longer
effective is the severe decrease (i.e., appreciation) in the nominal exchange rate (Panel 12, Figures
10 and 11). There is the ‘negative’ repercussion between domestic inflation and the nominal
exchange rate which causes a severe decrease in CPI inflation. This severe decrease in CPI inflation
amplifies the burden of redeeming government debt; in other words, it makes the inflation tax
revenue negative. Thus, the balance of real government debt is higher than in a closed economy
(Panel 9, Figure 10). This larger amount of real government debt brings with it more taxes because
of our simple tax rule Eq. (38), as it implies that tax revenue increases with government debt.
While the recovery in CPI inflation in a small open economy is not necessarily faster than in
a closed economy and there is a successive increase in government expenditure, the higher tax
revenue completes fiscal reconstruction more quickly (Panels 5, 6, and 15, Figure 10). This quick
fiscal reconstruction is even observed in the case of no response and is problematic, as mentioned in
Section 6.1 (Panel 15, Figure 11). Then, the seignorage is no longer necessary. The nominal interest
rate is hiked, and it overshoots, money growth decreases, and the real consumption interest rate
increases (Panels 4, 8, and 10, Figure 10). Thus, there is a delay in the recovery of consumption.

The severe decrease (i.e., appreciation) in the nominal exchange rate also causes a decrease
(i.e., improvement) in the TOT (Panel 13, Figure 10). Because the import goods price (level)
only depends on the nominal exchange rate, the import goods price (level) severely decreases.
Given this severe decrease in the import goods price (level) as well as import goods inflation,
the TOT decreases (i.e., improves) severely. This severe decrease (i.e., improvement) in the TOT
then decreases output through the expenditure-switching effect despite the increase in government
expenditure applying pressure to increase output. Thus, an increase in government expenditure

under the DF' scheme is no longer effective in a small open economy.

6.4 Comparing the Effects of the MF Fiscal Stimulus with the Case of
No Response in a Liquidity Trap

Figure 12 compares the MF fiscal stimulus with the case of no response in a small open economy
(i.e., v = 0.4). In Figure 12, the red line with circles, the blue line with diamonds, and the black
line with crosses are the responses to an increase in government expenditure under the MF scheme,
a tax cut under the MF fiscal stimulus, and the case of no response, respectively, to the adverse
demand shock. (These three lines are identical to the red lines with circles in Figures 8, 7, and 6,
respectively.)

To each fiscal stimulus, a decrease in CPI inflation and a decrease (i.e., improvement) in the
TOT is mitigated in comparison to the case of no response and this result implies that the ‘nega-
tive’ repercussion is mitigated by a ‘positive’ repercussion brought about by the MF fiscal stimulus

(Panels 5 and 13, Figure 12). In fact, a decrease (i.e., appreciation) in the nominal exchange rate is
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surprisingly mitigated (Panel 12, Figure 12). Thus, the effectiveness of stabilizing both output and
CPI inflation under the MF fiscal stimulus is obvious. A tax cut and an increase in government
expenditure reduce the decrease in cumulative output by 94.3% and 87.0%, respectively, compared
with the case of no response (Panel 2, Figure 12). Similarly, for an increase in government expen-
diture, the decrease in CPI inflation in period zero is 86.7% smaller than in the case of no response
(Panel 5, Figure 12). For a tax cut, the decrease in CPI inflation in period zero is 85.3% smaller
than in the case of no response.

As noted, MF fiscal stimulus in a small open economy is more effective than in a closed economy.
In addition, the MF fiscal stimulus is certainly more effective in stabilizing both output and CPI
inflation compared with the case of no response in a small open economy. It is also essential in
a small open economy because the DF fiscal stimulus (especially as an increase in government
expenditure under the DF scheme viewed as effective in Gali[13]) is no longer effective in our

model, as discussed in Section 6.3.2.

6.5 Additional Analysis: The Effects of an Increase in Government Ex-
penditure in a Liquidity Trap with Imperfect Pass-through

Monacelli[20] argues that there is a limitation on assuming complete pass-through because of two
well-established empirical facts, namely, overwhelming failure of the LOOP for tradables and more
rapid exchange rate pass-through on wholesale import prices. Thus, in this section, we introduce
foreign retailers with pricing-to-market behavior and generate an incomplete pass-through envi-
ronment and calculate only the responses to an increase in government expenditure for the sake of
brevity. This allows us to consider whether an increase in government expenditure under the DF
scheme viewed as effective in a liquidity trap in Gali[13] is effective in an imperfect pass-through

environment.

6.5.1 The Model and the Equilibrium Dynamics in an Imperfect Pass-through En-
vironment

We modify our model to generate an imperfect pass-through environment (see Appendix A for
details). To generate an imperfect pass-through environment, we must pay attention to the fact
that the LOOP is no longer available. Let ¥, = ﬁ;ftt denote the LOOP gap. Under the perfect

pass-through environment assumed in the previous analysis, ¥; = 1 for all ¢ is applied because of

StPI’fﬂ,t = P for all t. However, under imperfect pass-through, ¥, =1 as well as StPI’fﬂ,t = Pp; for

all ¢ is not applicable (Note that the definition of the TOT holds independently of the degree of
Pr,t
Pt

Similar to Monacelli[20], we introduce retailers selling import goods in a monopolistic compet-

pass-through; that is, S; = is still applicable).

itive market in a small open economy following Calvo pricing, similar to domestic producers in
a small open economy. While Monacelli[20] assumes those retailers are domestic retailers, that
is, they are residents in a small open economy, we assume that they are foreigners and thus they
maximize their profits in units of foreign currency and are subsidized by the foreign government.
If we were to adopt local retailers similar to Monacelli[20], they could not be subsidized by the
domestic government because we do not assume domestic government subsidization, similar to
Gali[13], and the steady-state conditions in the imperfect pass-through environment would become
more complicated because of monopolistic competitive power hampering the LOOP in the steady

state, that is, ¥ = 1. (The purpose of that subsidy is to cancel monopolistic competitive power.)
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Thus, we assume foreign retailers subsidized by the foreign government. Owing to this assumption,
not only ¥ = 1 but even § = 1 is applicable and PPP applies in the long run (see Appendix B for
details).”

Egs. (23), (24), (34), and (37) are no longer available as the equilibrium dynamics in an
imperfect pass-through environment in which the LOOP (i.e., ¥; = 1 for all ¢) is not applicable.
Egs. (23), (24), (37), and (34) are replaced by:

1—v

R | 1
& = Y+ =+ st + =G, (51)
o o o
g = v(2—v)si+ (1 —v)é + vy +vi; + Gty (52)
1-6
Tre = PUpiq1 + Ephe — or r (et+1 —€t), (53)
5t = e +p; — VU —DpHy, (54)

respectively, with kg = W and ¢, = logW; where 0 denotes the Calvo index of price

rigidities for import goods. In addition,

et =Y +pre — Py, (55)

is necessary to calculate the (logarithmic) LOOP gap. Therefore, the equilibrium dynamics in an
imperfect pass-through environment consist of Egs. (25) to (33), (35), (36), and (51) to (55). Note
that plugging Eq.(55) into Eq.(54) yields s; = pp: — pm, which is the logarithmic definition of
the TOT.

Note that Eq. (53) is derived by combining the Calvo pricing rule and

o0

pre—er=1—0pB)>_ (0pB)" [Wrsr + (Prasr — ersn)],
k=0
which is the log-linearized FONC for foreign retailers. In the previous expression on the right-hand
side, there are terms for the LOOP gap, the import goods price (level), and the nominal exchange
rate (which are logarithmic). Because the numerator of the LOOP gap is the (nominal) buying
price, which is identical to the foreign price, while the denominator is the (nominal) selling price,
which is identical to the import goods price (level) in units of domestic currency, the LOOP gap
corresponds to something like the real marginal cost. However, foreign retailers are foreigners
whose profit is evaluated in units of foreign currency. Thus, something like the real marginal cost
must be nominalized by multiplying the import goods price (level) in units of domestic currency
and dividing by the nominal exchange rate, which is the price of one unit of the foreign currency
in units of domestic currency. That is, the (logarithmic) variables within a square bracket are
(logarithmically) something like the nominal marginal cost in units of foreign currency. Thus, the
right-hand side is the discounted sum of (logarithmically) something like the nominal marginal cost
considered nominal rigidity. The left-hand side of the previous expression is the (logarithmic) price
set in period ¢ by foreign retailers reoptimizing their price in that period pr: in units of foreign
currency. Thus, the previous expression merely shows that foreign retailers choose the optimal
price that corresponds to the discounted sum of the marginal cost considered nominal rigidity and
the previous expression is not strange. Their profit is evaluated in units of foreign currency so that
the term for the changes in the nominal exchange rate appears on the right-hand side in Eq. (53).

7All the features in the perfect foresight steady state in a perfect pass-through environment in Section 4.1
appear in the perfect foresight steady state in the imperfect pass-through environment, as discussed in this section.
Additionally, in the perfect foresight steady state in an imperfect pass-through environment, there is a condition
W = 1, which is derived by the FONC for foreign retailers subsidized by the foreign government.
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6.5.2 The Effects of an Increase in Government Expenditure in a Liquidity Trap with
Imperfect Pass-through

Figure 13 illustrates the effects of an increase in government expenditure in the imperfect pass-
through environment in a liquidity trap. The red line with circles is the response under the MF
scheme, the blue line with diamonds is the response under the DF scheme, the black line with
crosses is the response in the case of no response in an imperfect pass-through environment, and
the magenta line with pluses is the response in the case of no response in the perfect pass-through
%
similar to the Calvo index of price rigidities for domestic goods 6. The other parameters are set
following Table 2.

In the case of no response with imperfect pass-through, in period zero when the adverse shock

environment, which corresponds to the red line with circles in Figure 6. Note that we set 0p =

starts to affect the small open economy, CPI inflation decreases similarly to the case of no response
in a perfect pass-through environment. However, the decrease in CPI inflation in the case of
no response in period zero in an imperfect pass-through environment is obviously small (Panel
5, Figure 13). The decrease in CPI inflation in period zero in the case of no response in the
imperfect pass-through environment is 77.8% smaller than in the perfect pass-through environment.
The reason the decrease in CPI inflation is so much smaller is obvious. In an imperfect pass-
through environment, the ‘negative’ repercussion between domestic goods inflation and the nominal
exchange rate is mitigated because import goods inflation has nominal rigidity. Indeed, the decrease
in import goods inflation in period zero in the case of no response is 88.4% smaller than in the
perfect pass-through environment and this smaller decrease in import goods inflation contributes
to mitigating the decrease in CPI inflation (Panel 11, Figure 13). As repeatedly noted, PPP applies
in the long run and the decrease in CPI inflation causes a decrease in money growth as long as
MF fiscal stimulus is not conducted (except for the MF scheme, there is no vigorous incentive
to increase money growth). However, in an imperfect pass-through environment, the decrease in
money growth is limited, even in the case of no response (Panel 10, Figure 13). Thus, the decrease
in output in the case of no response in an imperfect pass-through environment is limited (Panel 1,
Figure 13).

Interestingly, the TOT increases (i.e., worsens) after the adverse demand shock hits the small
open economy with an imperfect pass-through environment in the case of no response, unlike in
the case of no response in a perfect pass-through environment as discussed in Section 6.1. This
is because import goods inflation has nominal rigidity in an imperfect pass-through environment,
which prevents a further decrease (i.e., improvement) in the TOT (Panel 13, Figure 13). This
increase (i.e., worsening) in the TOT following the adverse demand shock in a small open economy
is consistent with the result that the decrease in output is mitigated with imperfect pass-through in
the case of no response because the increase (i.e., worsening) of the TOT increases output through
the expenditure-switching effect.

Even in an imperfect pass-through environment, the MF fiscal stimulus is effective in stabilizing
both output and CPI inflation (Panels 1, 2, and 5, Figure 13). In period zero when the adverse
shock starts to affect the small open economy, money growth is hiked and this contributes to
stabilizing both output and CPI inflation (Panel 10, Figure 13). However, the DF fiscal stimulus
is not so effective. The blue line with diamonds, which shows the response of output and CPI
inflation to an increase in government expenditure under the DF scheme, is close to the black

line with crosses, which shows the response of output and CPI inflation in the case of no response
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(Panels 1, 2, and 5, Figure 13). Thus, an increase in government expenditure under the DF scheme
is not effective, even with imperfect pass-through.

Intuitively, if import goods inflation has nominal rigidity like domestic goods inflation, the
response of CPI inflation is close to that in a closed economy. In a closed economy, the decrease
in CPI inflation in period zero is less and this mitigates the decrease in money growth and output
(Panels 5 and 10, Figure 9). This follows Gali[13]’s policy implication that an increase in gov-
ernment expenditure under the DF scheme is available, even in a small open economy, as long
as there is imperfect pass-through. However, our result differs from Gali[13]’s policy implication.
The increase in government expenditure directly increases output and this decreases the average
markup (i.e., increases the marginal cost) and domestic goods inflation increases, while the increase
in output does not change the import goods inflation directly. Thus, the TOT decreases (i.e., im-
proves), differently from the case of no response in the imperfect pass-through environment (Panel
13, Figure 13). This decrease (i.e., improvement) in the TOT applies pressure to reduce output
through the expenditure-switching effect. Thus, Gali[13]’s policy implication is not applicable,
even in an imperfect pass-through environment. The existence of the TOT, which is peculiar to an

open economy, interferes with the materialization of Gali’s policy implication in a closed economy.

7 Conclusion

We analyze the effects of MF fiscal stimulus compared with those resulting from conventional DF'
fiscal stimulus with and without the ZLB on the nominal interest rate in a small open economy.
In normal times when the ZLB is not applicable, the MF fiscal stimulus is effective in increasing
output, similar to a closed economy. With a liquidity trap, and in the case of no response, the
decrease in both CPI inflation and output is more severe than in a closed economy. Even with a
liquidity trap, MF fiscal stimulus is effective in stabilizing both output and CPI inflation, similar to
a closed economy. We provide additional analysis relating to imperfect pass-through in a liquidity
trap. In the case of no response, the decrease in both output and CPI inflation with MF fiscal
stimulus is mitigated and an increase in government expenditure under the MF scheme can stabilize
both.

We provide policy implications concerning an increase in government expenditure under DF
fiscal stimulus that differ or are opposite to those derived by Gali[13]. In normal times, we find
an increase in government expenditure is more effective in a small open economy than in a closed
economy whereas Gali[13] argues that the effectiveness of that policy is strongly subdued. In
a liquidity trap, the increase in government expenditure under the DF scheme is less effective,
although its effectiveness is highlighted by Gali[13] assuming a closed economy. Even with an
imperfect pass-through environment, an increase in government expenditure under the DF scheme
is not effective.

Regarding our results, it can be said that, in normal times in a small open economy, MF fiscal
stimulus is not necessarily essential for boosting output. An increase in government expenditure
under the DF scheme, which is a conventional form of fiscal stimulus, is still effective in normal
times in a small open economy. However, MF fiscal stimulus is more important than what Gali[13]
suggests in a small open economy in a liquidity trap because the absence of a fiscal response is
more threatening, especially with perfect pass-through and an increase in government expenditure

under DF fiscal stimulus is no longer effective, irrespective of nominal exchange rate pass-through,
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that is, pricing behavior.

Appendix

A Modification of the Model to Generate Imperfect Pass-
through

As Eq. (11) is not necessarily available in an imperfect pass-through environment, Eq. (12) is
replaced by:

Q= WS (A1)

Eq. (13) is replaced as follows:

Zy

)_1 qjtStl_VZ_:v

U =9(U; (A.2)

c,t

which is obtained by plugging Eq. (A.1) into Eq. (10). By log-linearizing Eq. (A.2), we have Eq.

(51).
CF,t+k|t} )

Foreign retailers face a maximization problem as follows:

= 1
k *
H}aXZ OF tt+k (P* )
Pr ¢ k=0 t+k

~ —€
Pry
Criti|t = ( : Critk,

Pr,

= Py (1= 1F)

s.t.

Pr ity

with PF,t being the price set in period t by foreign retailers reoptimizing their price in that period,
A ;1 being the foreign discount factor where 7 denotes the export subsidiary rate. The export
subsidiary is paid by the foreign government. The role of this subsidiary is analogous to the role
of the employment subsidiary in Gali and Monacelli[15].

The FONC for foreign retailers is given by:

o) . 1
>0t s ()
k=0 t+k

By log-linearizing Eq. (A.3), we have the log-linearized FONC for foreign retailers in Section 6.5.1.

Pry )
g—t _M(l_TF)PF,t+k

CF,t+k:t} = 0. (A.3)

Under imperfect pass-through, Eq. (21) is not available and is replaced by the following ex-

pression:
EX; =v8¥,Y/]. (A.4)
Eq. (21) is replaced by:
Yi=01-v)S§C+vS¥,Y" + Gy, (A.5)

because Eq. (A.4) replaces Eq. (17). Log-linearization of Eq. (A.5) yields Eq. (52).
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B The Steady State in an Imperfect Pass-through Environ-
ment

The FONC for foreign retailers Eq. (A.3) suggests as follows:

U= [M1-7p) ",

which implies that as long as 77 = % is chosen:

=1, (B.1)

is applicable. Eq. (B.1) implies that the LOOP is applicable in the steady state. If there is no
subsidiary, that is, 7= = 0, Eq. (B.1) is replaced by ¥ = M~! < 1 implying that monopolistic
competitive power remains in the steady state and the LOOP is no longer applicable, even in the
steady state.

Eq. (B.1) is essential to form the steady-state relationship C' = C*. In fact, Eq. (16) implies
in the steady state:

The previous expression implies that the steady-state relationship C' = C* is no longer applicable
if ¥ = 1 is not applicable. To attain C' = C* in the steady state with imperfect pass-through,
the assumption 77 = % is essential. Thus, we adopt foreign retailers instead of local retailers in
Monacelli[20].8 Owing to assumption 77 = %, all of the steady state conditions shown in Section
4.1 are inherited in the steady state in an imperfect pass-through environment as well as ¥ = 1.
Note that our strategy is not novel, having been already developed by Gali and Monacelli[14].

In addition, S = 1 remains applicable. That is, the TOT (along with the real exchange rate)
is pinned down uniquely and is unity in the perfect foresight steady state, even with imperfect

pass-through.
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Table 1: Share of GDP to GWP and Overnight Interest Rate

Country Share of GDP Overnight Interest Rate (%)
to GWP 2020 2021
(%, 2019) Q1 Q2 Q3 Q4 Q1
Australia 1.59 1.21 -0.05 0.12 -0.175 0
Canada 1.99 0.7406 0.2327 0.2181 0.1741 0.1529
Chile 0.32 1.64 0.49 0.38 0.3 0.3
Colombia, 0.37 4.25 2.73 2 1.76 1.7
Costa Rica 0.07 2.09 1.0633  0.7167 0.78 0.7267
Czech Republic 0.29 0.24 0.11 0.04 0.03 0.03
Eurozone 15.30 0.02 0.02 0.02 0.02 0.01
Hungary 0.19 0.83 0.62 0.41 0.55 0.65
Iceland 0.03 1.925 0.675 0.675 0.475 0.475
Israel 0.45 0.25 0.1 0.1 0.1 0.1
Japan 5.89 -0.068 -0.055 -0.051 -0.027 -0.018
South Korea 1.89 1.16 0.64 0.49 0.5 0.49
Mexico 1.45 6.5 5 4.25 4.25 4
New Zealand 0.24 0.65 0 0.2 0 0
Norway 0.46 2 1 1 1 1
Poland 0.68 1.26 0.05 0.02 0.02 0.02
Sweden 0.61 0.081 -0.036 —0.058 —0.058 —0.054
Switzerland 0.84 -0.91 -0.71 -0.71 -0.71 -0.57
Turkey 0.87 10.5086 7.4305 11.1654 15.17  17.4249
United Kingdom 3.24 0.2135 0.0636  0.0546  0.0487 0.0494
United States 24.54 0.656 0.143 0.14 0.138 0.023
World Economic
Source Outlook Database DataStream
April, 2021

Notes: Member countries of the OECD except for member countries of the European Monetary
Union (EMU) and Denmark, and a total of 19 member countries of the EMU.
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Figure 2: Dynamic Response to an Increase in Government Expenditure under the MF' Scheme
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Figure 3: Dynamic Response to a Tax Cut under the DF Scheme
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Figure 4: Dynamic Response to an Increase in Government Expenditure under the DF Scheme
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Table 2: Parameterization

Parameter Description Value Source
o Relative Risk Aversion 1 Monacelli[20]
v Openness 0.4
I} Discount Factor 0.995
%) Curvature of Labor Disutility 5
« Index of Decreasing Returns to Labor 0.25
€ Elasticity of Substitution among Goods 9
0 Calvo Index of Price Rigidities g
X The Steady State Inverse Velocity 2 Gali[13]
n Semielasticity of Money Demand 7
v Separability of Real Balances 0
Uy Tax Adjustment 0.02
b Target Debt Ratio 24
0 Persistence 0.5

Figure 5: Fiscal Multipliers for an Increase in Government Expenditure

To & Tax Cut

Cpeness
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Figure 6: Responses in the Case of No Response in

a Liquidity Trap
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Figure 7: Dynamic Effects of a Tax Cut under MF' Fiscal Stimulus in a Liquidity Trap
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Figure 8: Dynamic Effects of an Increase in Government Expenditure under MF Fiscal Stimulus
in a Liquidity Trap
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Figure 9: Dynamic Effects of a Tax Cut under the DF' Scheme in a Liquidity Trap
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Figure 10: Dynamic Effects of an Increase in Government Expenditure under the DF' Scheme in a
Liquidity Trap
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Figure 11: Dynamic Effects of an Increase in Government Expenditure under the DF Scheme in a
Liquidity Trap: Comparison of the MF Scheme, the DF Scheme, and the Case of No Response in
a Small Open Economy
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Figure 12: Dynamic Effects of an Increase in Government Expenditure under the DF Scheme in
a Liquidity Trap: Comparison of the MF Scheme with the Case of No Response in a Small Open

Economy
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Figure 13: Dynamic Effects of an Increase in Government Expenditure in an Imperfect Pass-
through Environment in a Liquidity Trap
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1 The Model

1.1 Households

Households are line-up [0,1] and openness is v.
(Nominal) Households’ budget constraint is given by:

RC,+B,+BE,+M,=B,_,(1+i,,)+B,(1+i,,)E +M,, +WN, +D, —RTR,.

Dividing both sides of the previous expression by P; yields:

EP _. P _ EP P, _. . P
C,+B, + ;’tt Bt+Lt:th1Bt1(1+/t1)+f7:;?1]3”(1+/t1)+ :D:LH
W, D '
+?tNt+?t—TRt

t

which can be rewritten as:

C,+B,+QB; +1,=IL"B, , (1+i,,)+Q (I ) B, (1+i,)+1L,L, ,
ey PR '
PR

which is identical with Eq.(4) in the text.

B + B E.P
with B,=—+, B,=—+ and Q =—*+.
P P

t t t

Alternatively, we have:

*

EP . P E P _E . . P
C 4B, +—SEB +L, =—LB, (14, )+~ B (147 )+ 2L
P P E., B P, P
w. D ’
+?tNt+?t—TRt

t
which can be rewritten as:

. ) 4 E
C,+B,+QB, +L, =H;1Bt,1(1+u,1)+ﬂfE :

* WK _ W
Q B, (1+i, )+, +=N,

t—1 t

D
+—+—TR,
t
Further, the previous expression can be rewritten as:
1 . . . .
¢ +F[<1+lt>Bt +(1+It>QtBt +<1+It>LtJ
i

t

. E * * _ W D ’
=B <1+lt—1> +E_tor—1Bt—1 <1+ lf—l)+Lt—1 I, ' +?tNt +Ft_TRt

t—1 t t



Further, the previous expression can be rewritten as:

1

B+ QB LA

C +
1

L1
1+it]

W, D
' +—tN, +——TR,
P, P,

t t

t

; E . "
= [Btl (1 + It71> + E —Q_,B,, (1 i ) +L

t—1

Let define A, = II;*. Then, the previous

. « E -
(1 + It71>Bt71 + Qtletfl E_t<1 tihy ) +L

t—1

expression can be rewritten as:

1 1 W, D
Ct +mAt+1Ht+1 +Lt [1_m]:At +7tNt +_t_TRt'

t t t

where we assume that the UIP. The previous expression is identical with Eq.(6) in the
text.
Households’ optimization problem is given by:
t
max U,
Ct rCr+1rNr :At+1 oLy ; ﬁ ‘

s.t.

U, =[u(c,L)-V(N,)|Z,

1 1 W, D
Ct +mAt+1Ht+1 +Lt [1_m]:At +7tNt +_t_TRt .

t

t t t

The Lagrangean is given by:

L=p3" (U(CtlLt)_V(Nt)>Zt —f—ﬁt“(U(Ct+1lLt+1)_V<Nt+1))zt+1 4

W, PR 1 1
+AB A, +—N, +—L—T, —C,—————A, II, , —L|1—
>\t/8 t Pt t Pt t t 1+it tH1T L t 1+it
W, PR 1 1
+>‘r+1ﬁtJrl At+1 + = Nt + - Tt+1 _Ct+1 - . At+2Ht+2 - Lt+1 [1_ X
t+1 t+1 1+ liia 1+ lia
P

FONCs are given by:

oL
—=p6U.,2, -3\ =0,
ac /8 c,t™—t ﬁ)\t

t



oL

t+1 t+1
=p Uc,r+1 t+1 >‘r+1 0,

aCt+1
oL
e ¢ Z -+ — =0
ON, 4 ( " ) )“ﬁ P
aL t 1 t+1
= — —1II ., + =0,
aAt+1 AT/B 1 + I.t t+1 Af+1/3

_BU,tZ 5&[1—“/ ]:o,

which can be rewritten as:

)\t ct t' (1 1)
/\t+1 :Uc,t+1 t+17 (1-2)

(1-3)

nt t’

>\t = ﬁ)‘rHH:l (1 + it) , (1-4)

-t
A\ =U,|——| z,(1-5)

t

where ), denotes Lagrange multiplier.

Combining Egs.(1-1), (1-2) and (1-4) yields:
U,z =B(1+i)I U, 2., .(1-6)

t+1" ¢, t+1

Combing Egs.(1-1) and (1-3) yields:

w Vv
—t =0 (1-7)
AU,
Combing Egs.(1-1) and (1-5) yields:
U i
Tt . (1-8)
u 1+/

c,t

Note that Egs.(1-6)—(1-8) are identical with Egs.(7)—(9) in the text.

1.2 International Risk sharing Condition

Under the assumption of complete markets for securities traded internationally, a
condition analogous to Eq.(1-6) must also hold for the representative household in the
foreign country:



U:,tz: = 5<1 + i: )(H:H )71 U:,tJrlZl:rl -(1-9)

Egs.(1-6) and (1-9) can be rewritten as:

B 1 U Z

ﬂ 1:<1+/t)Ht4:1 U:,tl%tl’

A
Uc,r t

Combining the previous expressions each other yields:

a1 Uerin Z, . - U:, 7
<1+It)]‘_‘[t-:l U:jlé_?:(l—“_lt)(l_[tﬂ) Uilf_j*l'

Dividing both sides of the previous expression by (1+it)H;+11 yields:

Ui Zipy _ 1+i, Py P Ui 2oy

* *

Uc,t Zt 1+it Pt Pt+1 Uc,t Zt
. 1+i, E., . . . . )
Plugging the UIP 1—:E— into the previous expression yields:
+It t

* *
UC,t+1 Zt+1 _ Qt UC,f+1 Zt+1

* *

Uc,t Zt Qt+1 Uc,t Zt

In the period —1, the previous expression is given by:

*

U, Z, Q, U, Z
Uc,fl 271 C2O Uc,fl 271

which can be rewritten as:

*

-1 — UC171 éi(u*o)fla{’ ZO )
“ Uc,fl 271 071 “ ZO
. U ..z, 1 o » . :
Let define E—Z—Q— as an initial condition. Then the previous expression can
c—1 =-1 —1

be generalized as follows:



Ut =0(U,) " Qé, (1-10)

t

which is identical with Eq.(10) in the text.

1.3 Optimal Allocation of Goods

Let define consumption indices as follows:

1 1-v
C=——77—"0¢C JCrL,
t (1—]/)17’/]/ F,t

with  C, E[f C,.(J j} " and Cm—[f C.(J dj}

By solving cost-minimization problems for households, we have optimal allocation of

(1-11)

-1

expenditures as follows:

—&

.
cH,f(f>:[f<’) C,.,(1-12)
H,t

and
(P
.- ¢, naa
F,t
with:

P z[ KD <f>“d] and £, —[f }

Now, we get total demand for goods produced in the SOE and the ROW. Optimization

problem is given by:

max C,,
CHt CFt

s.t.

Eq.(1-11) and X, —(P,.C,, +P.,C,)=0.

The Lagrangean is given by
1

(1 — y)lfy v’
The FONCs is given by:

L

C/}I;VC.‘I—'/,t + /\<Xt - PH,tCH,t - PF,tCF,t) .



oL 1
3CHII (1 — 1/)1_” v’

=(1-v) v GG = ARy,

1-v)C, C, — AP,
(1-v)Cy;

Ft~ “MHie

I
—~
=

|

A

)7(1—1/) Vlfycﬁl;l/cl;(lfu) _ )\P

,t F,t

These previous expressions can be rewritten as:

(1-v)'v7"C,iCl, =P

H,t?

17VC7(17V) —\P

Ht “F,t - Ft*

(1- u)f(lfy) Ve

Combining these expression yields:

P
(1 — V)lflC,;;CFlt =L,

F,t

which can be rewritten as:
P

H,t

—C
p H,t

F,t

v

F,t
1—v

. (1-14)
. 14

1—-v

Plugging Eq.(1-14) into Eq.(1-11) yields:

S, 'Cae

1 P Y
e et
v’ T
:m(l—l/> St CH,t (1-15)
1
= S Cyr

The definition of the PPl in the SOE is given by:
P =R, "P, . (1-16)

Eq.(1-15) can be rewritten as:
C,.=(1-v)s/c,.(1-17),

Which is identical with the LHS in Eq.(3) in the text.
Eq.(1-14) can be rewritten as:



C, =—5C

t-Ft e
1%

Plugging the previous expression into Eq.(1-15) yields:

1-v
1 1—v Y
Ct = 1-v [ StCF,t] CF,t
(1—1/) v v
1
= _StliycF,t
1%

which can be rewritten as:

c,. =vs, " c,, (1-18)

which is identical with the RHS in Eq.(3) in the text.
1.4 Domestic Producers

Production function is given by:

Y.()=N() " (1-29)

-1 e—
Combining Eq.(1-19) and Y, E[flyt<j>6dj] 1 with the definitions of the PPI indices
0

yields:
P,.(j) "
Y, <j) = ["’f_m] Y., (1-20)
H,t
Plugging Eq.(1-19) into Eq.(1-20) yields:

e(ﬁ]‘}

P v

H,t

o

which can be rewritten as:

N, (j) :[MJ =

P

H,t

1
Let define N, = f N, (j)dj. Plugging the previous expression into the definition yields:
0



= | Yiodj,
0 PH,I‘ t j

LAV g
0 PH,I‘ ‘

The previous expression can be rewritten as:
N =YQ", (1-21)

€

1 P A ) 1o
with Q:f [#] dj . Eq.(1-21) is identical with Eqg.(14) in the text.
0
H,t

Now we consider firms’ maximization problem following Gali (2015). The firms’

maximization problem is given by:

maxz HkEt {At,ﬂrk [Pi]

P
Hr k=0 t+k

'BH,th+k|t - Ct+k (Y1*+k|t )}} ’

P | P, U, z
with Y, = [L] Yoo @nd A, = Qt,t+k[ - ] =" +t_+l] being the real
H,t+k Pf UC,f+k Zf

stochastic discount factor where Q denotes the price of a one period discount

t,t+k
bond paying off one unit of domestic currency. The previous expression can be

rewritten as :

max
Pyt

The FONC for firms is given by:




1 D—¢pE n p—<c—1pe
At,t [F][(l - 6) PH,t P/—/,th - Mctlt <_6)PH,t 1P/—/,th]

t

1 P—¢pE n p—<c—1pe
+€At,t+1 [_][<1 - 8) H,; P/-;,t+1Yt+1 - Mct+1|t <_€)PH,t 1PH,t+1Yt+1] ,

t+1

t+2

1 p—<p¢ n p—<c-1pe
+62A“+2 [_J[<1_€)PH,t w2 e — MG, (_€>PH,t ' H,t+2Yt+2]+"':0

which can be rewritten as:

1) - (B € (P -~
At,t [_] PH,t [i] Y, _—Mct|t i] Y,
R PHrf e—1 PH,t
1 )5 (B | S B |
+9Af f+1[ ] P t[ = ] Y _—Mctnﬂlt L] Vi ’
Pis PH,t+1 e—1 PH,t+1
1) (A ) e (B
+92At,t+2[ ] PH,t - ] Yt+2 _—Mcr+2|r L] Yt+2 +---=0
Pr+2 PH,t+2 e—1 H,t+2

with mc" , =C’

e = Clie (YMM) being the nominal marginal cost.

By using the definition Y, E[PL] Y., the previous expression can be rewritten
H,t+k
as:
1= € n
At,t ;] PH,thIt _;Mctltyﬂtl
t
1 ||= € n
+9At,t+l . ’DH,th+1|t _—Mct+1|tyt+1|t ,
Pt+1 e—1
2 1 o € n
+0 At,t+2 T PH,th+2|t _—MCt+2|th+2|t +---=0
Pt+2 -1

which can be rewritten as:

10



1
At,t [_
R

1 ~ € n
+9At g4+l [ JYt+1|t [PH,t - —Mct+1|t]
P e—-1

Ytlt [ﬁ/-l,t e 1MC:|t]

1 D n
+6° At t+2 [ ]Yt+2|t [PH,t MCt+2lt] +---=0
P e—1
The previous expression can be compact expression as:

1 ~ €
At,t+k [_]Yt+k|t [PH,t _;Mct+k|t]

which is identical with Eq.(15) in the text.
Nominal marginal cost is given by:

0, (1-22)

n _ VVt+k
t+klt T
MPNt+k|t
oY, oY,
with MPN,,, =—< and MPN,,, =—
t+k t+k|t

Plugging the definition of the real marginal cost into Eq.(1-22) yields:

0 U, Z 1 - £ n
§ : - — ]Yt+k|t [PH,t - Mct+k|t =0.
k=0 Uc Jt+k Zt 'Dt+l< e—1

By multiplying U :Z: both sides of the previous expression yields:

> 1
3
t Pt+kUc,t1+k

k=0
which can be rewritten as:

1 'BH t 3 Mct+k|t Ht+k
1 Zt+1Yt+k|t ——
Pt+kUc,t+k PH,tfl e-1Fh ,

Zt+1Yt+k|t =0,

4kt

~ €
B, , ———MC"
H,t e 1 ]

NgE

(09)'E,

=0.

=
i

0

n

: t+klt PH t+k . .
Let define MC, . = and HHHH,{EP' . Then, the previous expression
H,t+k H,t—1

can be rewritten as:

Z;% P UL =0.

t+k~c,t+k

P £
Zt+1Yt+k|t [PL - —1Mct+k|tHH,tfl,t+k ]

H,t—1 €—

11



. P
Let define X, , =—""—. Then the previous expression can be rewritten as:

H,t—-1

S0/ [u2.) 2

k=0

PH,tfl v €
y Htlly _g—HH,t—l,t+kMCt+kIt =0 . Note that

t+k]t Ht
t+k -1

P

c—1 is multiplied on both sides of the previous expression. The previous expression

can be rewritten as:

which can be rewritten as:

ot tlt t|t

- P P |- P
ol et

t H,t 6_1PH,t71
-1 P P,. P ~ e P P
+‘96[ U;:+1 Zt+1 Yt+1|t e [XHt_ S MCt+1|r
( ) 'Dt+1 PH,t+1 PH,t e—1 PH,t PH,tfl ’
- P P P,. P ~ P P P
+(Qﬂ)2[(U;tl+2) 1Zt+2 Y, oo Hit2 "Hitt THe THia [XHt_ € Mutvr Thitr Thp MC, .,
Pt+2 PH,t+2 PH,t+1 PH,t 5_1PH,t+1 PH,t PH,t—l
4+..=0
which can be rewritten as:
Uz ly,g(s,) T X 2 Yo
( c,t) t r|rg( t) H,t H,t_; H,t tlt
_ -1 1 1l & 9
+96[(Uc,tl+1) Zt+1 Yt+1|tg(5r+1> HH,It+1HH,1t[XH,t_;HH,tJrlHH,tMCtJrllt]
(0] 2 rna(s)
HOBF|(Uite)  Zea] g (S ) T TALTLLTLE
_;HH,t+2HH,t+1HH,tMCt+2|t
4...=0
: T LT : : : ,
with g(St):P == |5 =S, . The previous expression can be rewritten as:
Ht Ht Ht

12



ct

1yt 1o € 1yt .
[(U 1) Zt]YtltSt HH,ltXH,t_E_l[<Uc,t1> Zt}YtItSt Mctlt

Y S—l/ H71

t+1t =t 17 H e+

1
HH,tXH,t

+05)(Uf) " 2

Y. 1S, AMC

t+1t 2t +1 t+1lt

e i 1 96 (U;t1+1 )71 Zt+1

(087 |(U) 2

3

5—1(06)
4+...=0

By moving the terms related to the marginal cost to the RHS yields:

Y SOOI TR

tH2)tt4+27 T Ht4+27 T H 41

1o
1_‘[H,l‘)(H,l'

Y .S, . ,MC

t+2)t~t+2 t+2[t

(U.L,) 2z,

[(U‘l)_lzt}v SUILAX,,

c,t tjt=t

1

+06)(U) " 2o

+(08) |(U:ka) " 20

Y ST

t+1t2t+11 T H

1o
HH,tXH,t

Y SUTI: ITE

tH2)t~t4+27TH,t+27 T Ht+1

I, X

H,t

€ 1 .
c— 1 [(UC,:-) Zt }Yﬂtst MCtlt

£ _ -1

— +8_19ﬂ[(uc,t1+1) Zt+1
€
e—1

Y. .S, AMC

t+1t =t +1 t+1]t

Y .S, ,MC

t+2/t2t+2 t+21t

_I_

(087 |(U:ts) 2.
4.
which can be simplified as follows:
(02) 2 ]psoms

—vy7-1 -1
VoS HH,t+1HH,t

t1e2t 41

)

Ht —i—gﬁl(U;tlﬂ )71 Zt+1

2 - -1 —vy— - -
+<0ﬁ> [(Uc,tlJrz) Zt+2 Yt+2|t5t+2HH,1t+2HH,1t+1HH,1t +--

(U) 2 ]ws e,

Y. 1S iMC

t+1e2t+1 t1lt

= +9ﬁ[<U;tl+1 )71 Zia

1yt .,
+(9ﬁ)2[<uc,tl+2> LY, S Mct+2|t+"'

tH2t~t+2

Then, we have:
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o0 _ 6 o0 1 ,
XHtZ l( ct+k> t+k t+k|t t+kHHHt+h e 12 [( ct+k) Zt+k Yt+k|tst+kMCt+kIt
k=0 k=0
or:
e — -1 -1
Z [( ct+k> Z Yt+k|tg(st+k) MCt+kIt -(1-23)
Y e-1'=
Xue == ) Lk
Z l( ct+k) Zt+k H»kltg( t+k> HHH t+h
k=0 h=0
Plugging
w,
MC:+k|f =Lt
MPNt+k|t
-1
_W aYt-«-k
- t+k 8N
t+k|t ’
a -1
=W, [(1— )N, ]
Wik
— Tk N(!
1_ t-+k|t
into the definition of the marginal cost yields:
w,
MC,,, =——N?, . (1-24)
PH,t+k (1_a)

1.5 Market Clearing Condition
The market clearing conditions in the SOE and the ROW are given by:
V(1) =Gy (1) +EX. () +6,(j), (1-25)

where EX,(j) is export demand for the good produced by firm jand G,(j) denotes

the government purchase for the good produced by firm j, respectively.

Combining G, = [f G ] - with the definitions of the PPIs yields:

G, - (1-26)

Similar to Eq.(1-12), we assume that the demands for C;,,(j) follows as:

14



EX,, (1-27)

Analogous to Eq.(1-18), demands for domestic goods in foreign country is assumed as:

* -1
P
EX, =v| £
A

. \—1
P .

:u[ ] v, (1-28)
P

F,t

)/t*

=uSsY,
which is identical with Eq.(17) in the text.
Plugging Egs. (1-12), (1-20), (1-26) and (1-27) into Eq.(1-25) yields:

PH,t<-I)] Yt: B(j) CH,t+ PH,t*(-I> EXt+ Pf.‘(-’) Gt
PH,t PH,t Ht Ht
P(H '
_[RU) (Cys +EX, +6,)
PH,t
PH,f (j)

. P
and P,_,lt:%. By dividing

t t

where we use the LOOP implying that P, (j)=

PH,t (-I)

H,t

both sides of the previous expression [ ] yields as follows:

Y, :CH,t +EX, +G,.
Plugging Eqgs.(1-17) and (1-28) into the previous expression yields:
Y, =(1-v)S/C, +vSY, +G,, (1-29)

F,t

P * *
where we apply the definition of the TOT S,=—= and Y, =(, . Eq.(1-29) is identical

H,t

with Eq(21) in the text.

1.6 Government Budget Constraint
The government budget constraint is given by:
P,.G, +B._, (1+i_,)=PTR, +B,+AM,, (1-30)

which is identical with Eq.(18) in the text.
Dividing both side of Eq.(1-30) by P: yields:

15



P _\P AM
46,4+ B, (1+i.,) ;1 =TR, +B, + p L.

t t t

P
Let define the (ex-post) real interest rate Ptz(1+it)—t. Then the previous
t+1

expression can be rewritten as:

-v AM
S$,'G,+B, P, ,=T.+B, + o -, (1-31)
t

P

P
where we use 2L =_"t __— g~ Eq(3-1) is identical with Eq.(20) in the text.
P BPL,

t H,t

The level of seignorage, expressed as a fraction of steady state output can be

approximated as:
AM, 1 _AM M, R 1
rRY R M,P,Y
— A,\/It Mtfl R‘fl 1
M_ Py RY
AM, P_, 1
:—_Ltﬂ_
M, _. P Y

t

.(1-32)

t—1
Quantity theory of money implies as follows:
MV =PY,

which can be rewritten as:

Vi=—
Y

Plugging the previous expression into Eq.(1-32) yields:
AM, 1
P

t

xAm,, (1-33)

with Y=V ' being the inverse of income velocity of money. Note that Eq.(1-33)
ignore changes in the inflation and the deviation of the real money balance from its
steady state.

If we do not ignore them, we have:

AM, 1AM, P, 1
Y M., P Y
o[ M s £
M_ | "t Ly
M, | oL,
=xIn : t—1 -
M, , L

16



1.7 Trade Balance

Similar to Gali and Monaceli (2005, RES), We define the real trade balance as follows:

NX
: :Yt _g(st)ct _Gt
P, , (1-34)

:Yt—StVCt—Gt

with NX, being the (nominal) trade balance. Eq.(34) is identical with Eq.(22) in the

text.
Note that:

Pt P.‘-:Il,;VP.‘:Vt v
g (St) 5 p St

2 The Steady State

We focus on equilibria where the state variables follow paths that are close to a
deterministic stationary equilibrium, in which II,, =II, =1. Further, we assume

Z,=7 =1 and G,=0.

Egs.(1-6) and (1-9) implies as follows:

1
ﬁ:1_+i
.(2-1
' (2-1)
1+i
Eq.(1-7) implies that:
W_Y (22
P U

c

Eq.(1-8) implies as follows:

%: Bi. (2-3)

ch.(1—23) implies:
o5+ 08y ] (U) ra(s) tmac,
1+05-+(05) +-- (v.") " |ra(s)

which can be rewritten as:

1=

17



MC=M", (2-4)
€
e—1
Eq.(1-24) implies:
1w

MC =———N". (2-5).
1-aP,

with N\ = being the constant markup.

Eq.(1-16) can be rewritten as:
v, WP,

Do =TT (2-6
U, PHP( )

Plugging Eq.(2-5) into Eq.(2-6) yields:

|4 1-aP
D 2" %0 (2-7)
U, N°M P

Let define:

g(s) zpﬂ: 5. (2-8)

H

Plugging Eq.(2-8) into Eq.(2-7) yields:

vV, 1l-«

U, N°Ms"’

which can be written as:

V== y . (29
N*MS”

Eq.(1-10) implies:
Ut =9(U) " q(S), (2-10)

c

with g(S)=Q. Note that:

* * 1-v
EP EP P P
Q=—=—""—=—"T—=1-F| =¢"" (2-11)
P PH VPF’ PH IPFV PH

Eq.(2-10) can be rewritten as:

ut=0(uU;) s,

c

where we use Eq.(2-11). The previous expression can be rewritten as:

*

s'=0(U) " su,.

c

Plugging the previous expression into Eq.(2-9) yields:

18



1-a M
vV, = —.(2-12)

N® s9(u;)

Let define H(S,U:)E V. N . Plugging this definition into Eq.(2-12) yields:

H(S,UZ)E(l—a)Wj)l.

Notice that H, <O, Isim)H(S,U:):—i—oo and IimH(S,UZ>:0.

S—o0

On the other hand, the market clearing Eq.(1-29) implies:

Y=(1-v)S"C+uvSY". (2-13)

Because of C :F<Uc’1> and Eq.(2-10), we have:

C:F[QS‘(U:)_lq(S)}

_ F[ﬁ(UZ )" 51”} ’

with F being the operator of function.
Plugging the previous expression into Eq.(2-13) yields:

Y= (1—1/)S”F[19(U: )_151‘”} +vSC’. (2-14)

*

Let define J(S,C*)E(l—y)S”F[ﬁ(UC)71517”]+1/SY*. Note that J.>0 |,

limJ(5,C")=0 and limJ(S,C")=+o0.

5—0 S—oo

Hence, given a value for €, ¥ and Y, Egs.(2-12) and (2-14), jointly determine the
steady state value for S and q(S), i.e., the steady state value of the TOT and the real
exchange rate (Figure TA-1). This way to show how the TOT as well as the real exchange
rate is pinned down in the steady state is almost same as Gali and Monacelli (2002,
NBER-WP).

Dividing both sides of Eq.(2-13) by C" yields:

Y* =(1-v)s" C +1S.
C o

For convenience, and without loss of generality, we can assume that initial conditions

19



(i.e., initial distribution of wealth) are such that ¢ =1 which implies that Q= ¢

)

Plugging this condition into the previous expression yields:
Y
C*

(1-v)s"Q+vs
(

1-v)S"S"™" +us,
S

which can be rewritten as:
Y =SY", (2-15)

by using Y =C" which is the steady state market clearing condition in the foreign

country.

Let assume symmetric labor market in the foreign country. Then, following condition is

applicable:
Yo 179 (2-16)
U (N)'M

similar to Eq.(2-7).
Dividing Eq.(2-16) by Eq.(2-9) yields:

* * \ &

%

n

%

n

N

N

_Yes (217)
U

c

Combining Eq.(2-10) and the initial condition yields:

*

Ye _stv, (2-18)
U

where we use Q=S"". Plugging Eq.(2-18) into Eq.(2-17) yields:

«

=5.(2-19)

*

%

n

vV

n

*

N

In the steady state, Eq.(14) in the text implies as follows:

N =Y.

Plugging the previous expression into Eq.(2-19) yields:
V(Y e

I =S,

Vn Y ]

where we use the foreign country has production technology identical to Eq.(14).
Plugging Eq.(2-15) into the previous expression yields:
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* 1
Yo _ g,
v

n

Let multiply (Uc )71 on both sides of the previous expression. Then, we have:

* 1—(1—a)(1-v)

v
n—§ 1o 1 (2-20)
UC UC

4
where we use Eq.(2-18). Let define U—"El—(I) where ® denotes the steady-state

c

wedge between the marginal rate of substitution between consumption and leisure

and the marginal product of labor (See Benigno and Woodford, 2005). We assume this

*

%

n

%
steady state wedge is common throughout the world, i.e., U—” =1-d= U

c c

Then, Eq.(2-20) boils down to:

$=1,(2-21)

which implies that the PPP is applicable in the long run.
Plugging Eq.(2-21) into Eq.(2-15) yields:

Yy=Y".(2-22)

Plugging Eq.(2-21) into the initial condition yields:
c=cC.

Combining the previous expression, the steady state market clearing condition in the
foreign country Y =C" and Eq.(2-22) yields:

Y=C.

Finally, Eq.(1-22) implies:

3

p= MC", (2-16)

e—1
which can be rewritten as:
-1
[ £ ] —MC,
e—1
which corresponds to Eq.(2-4).

3 Log-linearization of the Model

3.1 Log-linearizing the International Risk Sharing Condition
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By raising both sides of Eq.(1-10) to the power of —1, we get:

c, c, tQt 17‘9_

N|N*

t

which can be rewritten as:

Qt Uc_tluctﬁ_ 7t

Total derivative of the previous expression yields:

dQ, =—9'U.U U, dC, +9 U U, dC, + U U9 dz, + U U9 (—1)dz,

U U dC U U c dC u . U
=Pt le Tt gt 2 Za +91 C —dz, —yt= dz,

* * . d * * . *
=9 t==|— Yee —C SR (gt SRR s dz, —yt= az,

Let define o=— lljj“ C.Then:

c

Z*
_|Og _t

t

C C
logQ =olog|—+|—olog|—X|—
gQ g[c] g[c ]

where we use the fact that C=C". The previous expression can be rewritten as:

g, =oc, —UE: -, (3-1)

C, Z
| and (, =—log|—].
C ] Ct g[zt]

Total derivative of the definition of the real exchange rate is given by:
dP,

dP,
dQ =—-t+ ——t,
. P P

F
which can be rewritten as:
qt :pF,t _pt (3-2)
Dividing both sides of the previous expression by P yields:

where g, =logQ,, ¢, = og[%], ¢, Elog[
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P P, P
log|+|=(1—v)log| 2~ |+ viog| ££ |,
g[P] (1—v) g[P] g[P

H F

which can be rewritten as:

p,=(1-v)p,, +vp,,.(3-3)

Plugging Eq.(3-3) into Eq.(3-2) yields:

G = Pr _[(1_V)pH,t +VpF,t] (3-4)
:<1_V)(p/=,r _pH,t)

Total derivative of the definition of the TOT is given by:
dP.

ds,=—"—P.P*dP,,
H
dPF,t dPH,t ’
PP

F H

which can be rewritten as:

P P
logs, :Iog[i]—log[ﬁ].
P. P,
Then, we have:
St = Prt —Puy- (3-5)
Plugging Eq.(3-5) into Eq.(3-4) yields:
q,=(1-v)s,.(3-6)
Plugging Eq.(3-6) into Eq.(3-1) yields:
O e Z 1
G =C+——5 +_Ct'
o o
which is log-linearized international risk sharing condition. Plugging the log-linearized

market clearing in the foreign country )7: = 6: into the previous expression yields:

o ~ 1—v 1
¢, =y, +——s,+—¢, (3-7)
o o

which is identical with Eq.(23) in the text.
3.2 Log-linearizing the Market Clearing Condition

Eq.(1-29) can be rewritten as:

Y,=(1-v)S/C, +vS,C, +G,, (3-8)
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Total derivative of Eq.(3-8) yields:
dY, =|(1—v)Cv +vC’|dS, +(1—v)dC, +vdC, +dG, . (3-9)
By dividing both sides of Eq.(3-9) by Y yields:
Y, C, C, G,
lo 1-v)v+vilogs, +(1—v)lo +vlo +lo
o 1 g, 0o v 108
C, C, G,

2—v)logS, +(1—v)lo +vlo +lo

=v(2-v)logs, +1-v) g[C] g[C] g[Y]
where we use the fact that Y =C =Y =C". The previous expression can be rewritten
as:
y.=v(2—v)s,+(1-v)¢ +vy, +4., (3-10)
where we use Eq.(3-9) to derive Eq.(3-10). Eq.(3-10) is identical with Eq.(24) in the text.

3.3 Log-linearizing Euler Equation

Total derivative of Eq.(1-6) is given by:

du., =U.8d(1+i,)+U (-1)dIL,,, +dU,,., —U.dZ +U.dz,.,.
Note that 3=(1+i) " andi=p. Thus:
(1+l )
=U 6 <_1> dHt+1 + dUc,t+1 - Ucht + Ucht+1 :
+p

Dividing both sides of the previous expression by U, yields:

du,, d(1+i,) du

Uc 1+,0 dHt+1 + l;:H [_<dzr+1 _dZt )] ’
which can be rewritten as:
U 1+, U Z
log| —~|=lo —logIl, ., +log| -1 | —|—log| =2
g[ U, ] 8[1+p] gll g[ U, g z

A U - 14 Z,.
Let define §tEIog[U;'t], I, Iog[ +I‘], m, =logll, and pt——log[ 5 ] Then,
c t

1+p

the previous expression can be rewritten as:
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gt = £t+1 +;t — T _ﬁt, (3-11)
which is a class of log-linearized Euler equation. Eq. (3-11) is identical with Eq(6-5) in

the text.
3.4 Log-linearizing Marginal Utility of Consumption

Marginal utility of consumption can be depicted as:

u.,=u

c,t 1t

-1
Ziel(312)
u

c,t

Total derivative of Eq.(3-12) is given by:

-1 -2
U U 1 _, 0U,
dUc,t|U// U_: +U, (_1) U_: U_CU//+U/<_1)Uc2 oL ]st
+1U ul +U(—1)i7 Ly +U,(-1)u.? 2 O dc,
le UC / Uc UC Ic / c oC
uY 1, d U U, (U, . U U, )dc
:UIZ — _ZUCIL_t+ UIC_CC_UI —= LC CCC :
U ) Y L U, ullu uvu )¢
L dcC
=U, Ld—+ Ye —U.C—-U. U’CC—ﬁc :
L f U, U, C
Dividing both sides of the previous expression by U, yields:
du,, dc,
Ucl Ldl‘ + Ulc C_ﬁc_*_ « C
U, u L U, U, U, C
Uy U, dC
u. L u ¢

which can be rewritten as:

~ A

& =vl, —oc,,

which is identical with Eq(26) in the text.
3.5 Deriving the FONC for Domestic Producers

Total derivative of Eq.(1-23) yields:

[dMC,, +68dMC, .,

(Qﬂ) dMCt+2|t +--

dX,, = 81[1+96+(06)2+---}

+

~—(MC)[dIL, + 030l ., +(09) dIl, ., + ]

g —
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Note that 1+95+(95)2+---=ﬁ and Mc=E

— €
expression can be rewritten as:
dMC MC
dX 1-6 +0 “rl'f 4 (9p) /2
~(a-00) S 0s T (o B
+[dHH,t + QﬁdEt (HH,t+l) + (05)2 dEt (HH,t+Z > +- }
which can be rewritten as:
ISHt Py (1 95)[mctlt+96mct+llt+(96) mceior + -+ }
T e +967TH,H»1 +<‘96> Ty 142 +}

. - Mct+k|t

with mceike =log|————|=mc, . —mc , mc, =logMC,

e—1
mczlogMC:—Iog[ ]
€
Previous expression can be rewritten as:

p pHr 1 <1 Gﬁ)[mcut +05mct+1|t —{—(Hﬁ) mct+2|t +.. }

+

Pus = Pus-s +08(Purss =P )+ (08) (P = Pugis )+
=(1-6p9)
+(1=08)py +08(1=08)p 11 +(08) (1=08)py s ++-| = e s
— (1-08) e+ py, )+ 03(1— 08) (Mcise + Py

+(08) (1= 08)(MCesar + Pz )+ Pue s

r/n\cnt + Qﬁr/n\ctﬂlt + (95)2 r/n\ct+z|r 4. }

(3-13)
Note that:

—

MCeskit + Py ek = MCpiige T Prpie — logMC

=mc/ . —logMC

t+k|t

-1
3
= mchlt IOg [;] . (3-14)

n 9
:mct+k|t +|Og[5—1]

— n
- mct+k|t + H

Plugging Eq.(3-14) into Eq.(3-13) yields:
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Pug —Pue = (1—08)(mch, + 1) +08(1—08)(mc! 4, + 1)
+(08) (L=08)(MC] g + 1)+ = Py ,
= (1—08)|mcf, +08mc], +(08) Ml +++-| =Py
+(1-08)[1+05+(08) ++-|
= 1+ (1= 08)| mej, +68mel, +(08) Mcly +++| = Pus s

which can be rewritten as:

Ht:u+(1—9ﬁ)2(9ﬁ) mct+k|t (3-15)

k=0
(Corresponding to Eq.11 in Chap. 3, Gali, 2015)
Eq.(3-13) can be rewritten as:

p pHr 1 <1 Gﬁ)[mcut +05mct+1|t —{—(Hﬁ) mct+2|t 4+ }

+

P = P +08(Prcs = P )+ (08) (Procsa = sy ) -
=(1-6p9)
+(1=08)py +08(1=08)p 11 +(08) (1=08)py s ++-| = e s
= (1-08)(mcw + by, ) +05(1—08)(mCeiae + .11

+(08) (1=08)(MCesak + Pz )+ Pue s

r/n\cnt + Qﬁr/n\ctﬂlt + (95)2 r/n\ct+z|r 4. }

Eq.(3-13) can be rewritten as:
p “Pura= 1 0p Z 06 mct+’<|f +Z 95 Tk (3-16)
k=0

Eq.(3-16) can be rewritten as:

- .(3-17)
Bus — Puss=(1—08)mcu +7,, +(1-08)>_(058) mcene +Z 083) Tk

k=1
Forwarding Eq.(3-17) one period ylelds:

_ 1— 9
Pririr—Pue = Ay Z 03) mcr+k|r+ Zeﬁ T

Multiplying 05 on the both sides of the previous expression yields:
96<ﬁH,t+l_th> 1 op Z 95 mc“rk“ +Z ‘95 Ttk

k=1
Plugging the previous expression into Eq.(3-17) yields:

ﬁH,t Py = gﬁ(ﬁ/-/,tﬂ Py ) + (1 - Qﬁ) ;’\Cﬂf + Mg - (3-18)
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Calvo-pricing’s transitory equation is given by:

1

Py =|0P)  +(1—-0)R; |
Log-linearizing the previous expression around the steady state yields:

Py = HpH,tfl + (1 - e)ﬁH,t .

Subtracting ps:-1 from the both sides of the previous expression yields:

T = (1_ 9)(5/4; - pH,t—l) .(3-19)

Plugging Eq.(3-19) into Eq.(3-18) yields:

1 1 —
T g e =085 +(1=-08)mcu + .,
which can be rewritten as:

0 1

T g e =08 g men (1—68)mee .

Multiplying both sides of the previous expression by % yields:

(1-68)(1-0) —

Ty = ﬁﬂ-H,H»l + Tmcflf :

Let assume Y, = Nf;kC;tQ;(l,:“). Then, the (nominal) marginal cost for an individual firm

that last set its price is given by:

. ON,
MCt+k|t :VVt+k aYH :
t+k
= Wt+kMPN;rlk|t
-1
_ W 8Yi'Jrk
— "tk 8N
t+k|t
—a —(1-a) )
.Yy aNtl-s-kItQt-s(-k )
= Witk N
t+k|t
—a -1 1—a
:M/t+k[(1_a>Nt+klt] Q0

Note that the (nominal) average marginal cost is given by:
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ON,

MCtn+k = Vvt+k aYHk
t+k
~1
_ W aYl‘-‘rk
— Witk IN
t+k
—a -1 1-«
=W [(1 - a>Nt+k] Q0

Total derivative of the (nominal) marginal cost for an individual firm that last set its
price is given by:

n N*® —a]? —a—
dMCt+klt:Edm+k+w(—1)[(1—a)N | (1-a)(—a)N""dN

t+KIt
_ WN" dW, 1 (1-a)aN"™ dN,

l-a W (1—04)N7‘1 (1—04)N7a N
WA dW,

_ e | WN® o AN, g
- W 11—« N
Dividing both sides of the previous expression by MC" vyields:
dMCtn+kIt _ 1—a|WN* dVVt+k + WN* adNt+kIt
McC" WN (l—a W 11—« N

— dVVt+k + Q dNt+kIt
w N

which can be rewritten as:
mctn+k|t =W+ aﬁt+k|t - (3-20)

Log-linearization of the average (log) marginal cost is given by:

n

me_ =Wy, + O‘ﬁt+k -(3-21)

Subtracting Eq.(3-21) from Eq.(3-20) yields:

~ ~

n n __
Mme, e —MCyy = a<nt+k|t o nt+k) ’

which can be rewritten as:

n _ n ~ ~
M, e = MC iy + a<nt+klt o nt+k> :

Plugging the logarithmic production function y,. , =(1—a)A,,, and y, =(1—a)A,

tk|t

into the previous expression yields:

n _ n a ~ ~
mCH—kIt =mc, + 1—a yt+k|t Vi)
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—&

Y,

p
Plugging logarithmic demand function of Yr+k|r—[L .« Which is given by

H,t+k

9r+k|r = —5(;3,” —pH,t+k)+ V.., into the previous expression yields:

age /.
mCH—kIt =mc;, — m(pH,t - pH,t+k> .(3-22)

Plugging Eq.(3-22) into Eq.(3-15) yields:

Buw =1+ (1-08)>(69)
k=0

— B — P
t+k 1 —« H,t H,t+k
—. o€ aE .
1 Hﬂ [ t+k pH,t+k] - pH,t
k:O l-« l-«

which can be rewritten as:

l-a)tae . - n o7
% =p+(1— eﬁ);(eg)k mCt+k+EPH,r+k]
= Qe
+(1_95)Z<95)k pH,t+k Mgk +mpH't+k] ’
k=0 -
00 l—a)+ae
+(1-08)5(05) —Am%pw]
k=0 -
o0 l1—-a)+tac
1 03 Z /J’_/“Lt+k +%pH,t+k]
k=0

where we use the definition of the (log) desired markup s, E—(mct" —pH,t> which is

(log) inverse of the real marginal cost.
Let define i, =p, —p being the deviation between the average and desired marginal

cost. Plugging the definition into the previous expression yields:

o0

-« ~ 1.(3-23)
1 9 R
th B kZ:; pH,t+k (1—a>+a€ He ik

11—«
(1—0&)4—045'

Eq.(3-23) can be rewritten as:

with =
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00

ﬁHt Pyia= 1 9/8 Z <pH,t+k _@l[j’ﬂﬁk)_pH,tfl

k=0

:(1_9ﬁ) P +06pH,t+l +(96)2 P2 +"'}_pH,t 1 1 0 Z ‘96 G)Mt+k
k=0

Pu +08Pus1+(08) Py |08

=Py + P, + Q,Bp,_, t+1 (0/8)2 Prpia t }

—(1-08)>(68) Oh,.,
k=0

=Pur —Pria + eﬂ(pH,t+l “Pr ) + (eﬁ)z (pH,t+2 - pH,t+1) + (05)3 <pH,t+3 ~Phiti2 ) T+

_(1_9ﬁ) (‘96>k eﬁwk

k=0

=Ty, + 0571—/—/,&1 + (eﬁ)z T2+ (9ﬁ)3 Thera T 1 0o Z 05 elj’t+k
k=0

:i(eﬁ)kﬂ-mwk 1-— Hﬁ i eﬁ @/JHk

k=0
, (3-24)
Forwarding Eq.(3-24) one period yields:
ﬁH,t+1 - pH,t = 7T-H,lurl + G/BWH,tJrZ + (0/8)2 7TH,t+3 (eﬁ) H t+4
_(l_eﬁ)g{ﬂtﬂ +‘9B:&t+2 +(05) :[)’t+3 +(05)3 l&t+4 +}

1-08)0 P
L300 - B0 00

Multiplying 63 on the both sides of the previous expression yields:

95(@-{;4—1 Py ) = f: Ty esk — 1 Hﬂ)fxeﬂ)k @:&Hk '

k=1 k=1

Plugging the previous expression into Eq.(3-24) yields:
ﬁH,t Py =Ty T eﬁﬂ-H,er + (96)2 T t42 ((9ﬁ> Ty T
_(1 - Hﬁ)[@/}t + gﬂ@/ltﬂ + <9ﬁ)2 [)’H—Z + (Qﬁ)?’ ﬁ’t-&-S]

— e — (1= 08)07, + > (08) my s —(1-08)> (08) O,
k=1

k=1
Ty — (1 - 95)@,[% + 9ﬁ<'5H,t+1 - pH,t)
Plugging Eq.(3-19) into the previous expression yields:
1 R 1
19 e = e~ (1-08)04, OB e

which can be rewritten as:
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., :% _(1-08)04, +0ﬁ1_i97r,”+1 .

Then, we have:

Ty e = BTy oq — KL, (3-25)

(1-08)(1-0)
0

with k= ©. Eq.(3-25) is identical with Eq.(27) in the text.

3.6 Log-linearization of Intra-temporal Optimality Condition

Dividing both sides of Eq.(1-7) by Py ¢/Pn, yields:
w Vv

_t: n,t S;/ .
P U

H,t c,t

Plugging the previous expression into Eq.(1-24) yields:

V «
MC, =—=S/; Ne
U, (1—-a)

Total derivative of the previous expression is given by:

1 N 8V, V N° N° vV, N
amc, =| LN Vo o Ny Ny e N s
Ul-aON U l—-a N l1-a 7 U l-«a

A
Ul-«

VaulV
%

n

N, V. N® dU., V N°
o8N Yo ct I uds,
N Ul-a U Ul-a«

Plugging Eq.(2-9) into the previous expression yields:

o « _ « dU
avic, = 10 N (VN JldNe  1-a N dU,
NuS" 1—al V, N NuS"l—a U,
1—- N*
2 vds,
N uS" 11—«
VN dN du
-1 nn t -1 c,t -1
=t o | — 4 M dlS
v, N M U, K t

Multiplying both sides of the previous expression by p yields:

amc
MC

VaulV
%

n

t

du
leL . c,t —i—I/dSt,
N U

Cc

+«

which can be rewritten as:
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N )
log| —+|—log| —- |+ vlogs, .
o e

c

— mcC
By using the definition of mctzlog[MCt],

V_N . . .
2 the previous expression can be rewritten as:

Vn

'a

mc: = (p+a)n, —& +s,, (3-26)

where we use Eq.(3-9).
Eq.(3-14) implies as follows:

mc: + Py, =mc; +p
=l +pH,t + 1,
= _ﬂt + Py +

—~

or mc: =—[i,,

where we use mc, =—, +p,, which is derived by the definition of the desired

markup. Plugging the previous expression into Eq.(3-26) yields:
fie =& _<90+O‘>ﬁt V5.
Plugging the (log) production function y, :(1—a)ﬁt derived from Eq.(1-21) into the

previous expression yields:

N - +a .
:ut:ft_gp Ye =VS,
1-«

which is identical with Eq.(28) in the text.

3.7 Deriving the LM Equation

Eq.(1-8) can be rewritten as:
U

1t — it

U, 1+,

Multiplying —1 on both sides of the previous expression yields:
U/,t it

u, 14,
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Summing 1 both sides of the previous expression yields:

g Ju gk
Uc,t 1+it
o
C14Q, 140
1
14

Raise both sides of the previous expression to power —1 yields:

~-1
U
1+i, = M
Uc,t
Total derivative of the previous expression yields:
. U/ - -2 1 1 -2
d<1+lt):_ 1__ _UI (_1)UC Ucc__UIc dCt + __UII _UI (_1)UC Ucl st
UC UC UC
_ ) U U,
~(14p)" D e Delge, 4|0l D Dy
U u, U U U U U,
L
(1+p)2U Yep UelUepidC 1 Uy Ul
U, [\ U, U U, C U, u. L
U U U dc, Uu_ |d
(1t p)p||[ LYoo | B Gy Y
U UuU |C u U L
Dividing both sides of the previous expression by 1+ p yields:
d(1+i dc, dl,
< f>: ﬁc U UICC + UIIL+UICL
14p U U u | u U L
— Ucc C—iﬁC ﬂ_ _ﬂ[__|_ Zle 12t dl‘
U, U U, C U, u. )L
which can be rewritten as:
U u_ |dL U uu dc, 1d(1+i
—— |t =—|C——"EC .14l t»&ﬂ)
U u L U. U U. C p 1l+p
Iff —ﬂH—ﬁL— — ﬁc Y. U’CC =0, (3-28)
i c Uc Ul Uc
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U U U u u
——Lp 4= Cc——="C],(3-29)
i c Uc Ul Uc
is applicable.

Let assume U(C,L) :%(Clﬁﬁ )H . Then, we have:
— VUV

(L)
U —(1-9)h [CJ ,

L 9
UC,:ﬁ(l—ﬂ)(l—y)h’[E] L, (3-30)

B . L 9-1 .
U, =0—00 —(1-9)|h R

-V

with h'= (CHLﬂ)

Plugging Eq.(3-30) into the RHS of Eq.(3-29) yields:

[Yep VU
u - U U,

c

——[o(1-9)—d—(1-D)(1-v)

. (3-31)
=1

Plugging Eq.(3-30) into the LHS of Eq.(3-29) yields:

—%H%L:—[—m9—(1—19)]+q9(1—u)

i c

. (3-32)
=1
Plugging Eqgs.(3-31) and (3-32) into the LHS of Eq.(3-28) yields:

1—1=0.

Thus, Eq.(3-29) is applicable. Plugging Eq.(3-29) into Eq.(3-27) yields:
L C 1 1-+i
log|—|=— log| -+ |—=log| —|,
g[ L] g[ CJ g[ ]
L

p (1+p
d(1+i
where we use the fact that ﬂzlog[—f], Iog[&] and M:Iog
L L C 1+p

Uiy Yy
U )

1 c

Uy Yy

i c
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U U
By using definitions o, =——LL and ’UEU’CL, the previous expression can be

1 c

rewritten as:

~

(o, +U)it =(0,+v)E, —=I,,

p
which can be rewritten as:
a 1 R

| =¢c, ——i..

t t p(U,-i-U) t

By using the definition ¢, = , the previous expression can be rewritten as:

o,+v

=& —ni,, (3-33)

with 7 =Sk Eq.(3-33) is identical with Eq(29) in the text.
p
3.8 Relationship between Changes in the Real Money Balance

and Inflation

M
Total derivative of the definition of the real money balance L, E# is given by:

t

dm
dL, = Pf—i—(—l)P‘ZMdPt
_Mam, _mdp
PM PM
_,am,  dp
M M

Dividing both sides of the previous expression yields:
] M P

| =log|—-|—log|—|. (3-34)

o) el

First differential equation of Eq.(3-34) is given by:

N M M P P
| —1  =log|—|—log|—=|—|log|—+|—log|+
Co g[M] g[ M ] g[M] g[ M ]]

=logM, —logM, , —(IogR —|08PH) ’
= —’ﬂ't + Amt

which can be rewritten as:
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I, =1l +m—Am,.(3-35)
Eq.(3-35) is identical with  Eq.(30) in the text.

3.9 Log-linearization of the Consolidated Government Budget

Constraint

P P
By using the definition g(S,)=——=5; and P,=(1+i,)—, Eq(3-1) can be
PH,t F’f+1
rewritten as:

AM

t

9(S,) "G, +B,, (1+i )L =T, + B, +

t

. P, . . .
with II, =——. The previous expression can be rewritten as:
t—1

' . _ AM
B,=S,"6,+B,_,(14i_ ) ' —T,— p L,

t

Total derivative of the previous expression yields:

dB, =G(~v)dS, +dG, + (14 p)dB, , + Bd(1+i, ,)+B(1+ p)(—1)dII,
_th_d(AMt/Pt) '

Dividing both sides of the previous expression by Y yields:

dff = —gydst + dff - (1+p)%+%d(l+itl) —%(1+p)dﬂt
d1, d(AM,/P)
2
6, a1 , (3-36)

dB +i, )
1+ p)—L+ (14 p)b——2—b(1+ p)dIl
y )T (L )b P - b(1 4 ),

_dr, _d(AM,/R)
Y Y

where we use the definition b E% and the factthat G=0.

Seignorage can be rewritten as:
AM, . AM, P_, !

t—1

RooML R
AM,
= M - Ht 1Lt—1

t-1
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Total derivative of Eq.(3-37) yields:

d(AM, /P,)= ﬁdAMt —M?AMLAM, _, +A7ML(—1)dHt +A7Mst1

’

_ ﬁdAMt

where we use the fact that AM =0. Dividing both sides of the previous expression

yields by Y yields:

d(AM,/P) L dAM,
Y Y

, (3-38)

L
with y=—.
X Y
Plugging Eqgs.(3-9) and (3-38) into Eq.(3-36) yields:
b =8, +(1+p)b., +(1+ p)bi, , —b(1+ p)m, —tre — xAm, , (3-39)

~_dB, . _dG ~ _TR,—TR
with thTt’ g =—+ and tri=—1——

. Eq.(3-39) is identical with Eq.(31) in

t

the text.
A simple tax rule is given by:

{;t - 'L/}bb\t—l + ét ’ (3'40)

which is identical with Eq.(38) in the text.
Plugging Eq.(3-40) into Eq.(3-39) yields:

b, =(1+p—1,)b,_, +(1+p)bi, , —b(1+p)7, +§, —& — xAm,, (3-41)

which is identical with Eq.(39) in the text.

3.10 Relationship between the CPI Inflation and GDP Inflation
Eq.(3-3) can be rewritten as:

P, :<1_V>pH,t + VP,
= Py +Us,

First order differential equation of the previous expression is given by:
T = 7TH,t +V(St _st—1>l

which is identical with Eq.(32) in the text.
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3.11 Trade balance
Total derivative of Eq.(1-34) is given by:
d(NX, /P, )=dY, —vCdS, —dC, —dG, .

By dividing both sides of the previous expression by Y yields:

dNX,Be) _dY, s dC. dG,
Y Y C Y
which can be rewritten as:
NX, /P, ) Y C G
lo <t—Ht =lo —t]—lo S, )—lo [—t]—lo [—t]
g gy gg(S,)—log | log|

(NX, /P,

Let define nx: =log , which is the ratio of trade balance to the GDP. Then

the previous expression can be rewritten as:

nx: =y, —vs, — &, —§,, (3-42)

which is identical with Eq.(33) in the text.
Plugging Eqgs.(3-7) and (3-10) into Eq.(3-42) yields:

L ) Gt P
o

o
where we use ¢, =p, . Plugging o =1 into the previous expression yields:

—~

nx: = —Vﬁt ,

which implies that just the demand shock affects the trade balance under our
benchmark parameterization. As long as the demand shock hit does not hit the
economy, balanced trade attains (See Section 4.4 in the text).

4 Policy Regimes

Plugging tA)t =0 foralltinto Eq.(3-41) yields:

1 " b 1. 1.,
Amt :—<1+p)blt71 __(1+p)7rt +_gt — Sty
X X X X

which is identical with Eq.(40) in the text.
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5 Some Entities

The domestic and the imported goods inflation is given by:

which are Eqs(35) and(36) in the text, respectively.
The nominal exchange rate is calculated by:

S =€ TP “Prys

which is identical with Eq.(34) in the text.
Subtracting the first equality in Eq.(5-1) from the second equality in Eq.(5-1) yields:
Tt = Tt = Pre = Py — <pF,t—1 - pH,t—l)
=S5 751
which can be rewritten as:
Tee =S =Sy T Ty, (5-2)

Eq.(5-2) is identical with Eq(37) in the text.

6 Introducing Imperfect Pass-through

6.1 International Risk Sharing Condition

EP
Note that Q =—-* can be rewritten as in the imperfect pass-through environment
t

as follows:

Qt = EtPt*
P

t
— EtPF,t
PR ,
P.. EP

Ft t'Ft

= 1-vpv
RRe B
1-v

_St \Ilt

which is identical with Eq.(A.1) in Appendix A. Plugging the previous expression into
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Eq.(1-10) yields:

« \—-1 Z
Ul=9(U.,) ST =L, (6-1
L=0(U) s 7 &

which is identical with Eq.(A.2) in Appendix A.
6.2 Foreign Retailers
Consider a foreign exporter exporting good j at a cost (i.e., price paid in the world

market) EtP;t (j) . Like local producers, the same exporter faces a downward sloping

demand for such goods and therefore chooses a price P,

. (J) » expressed in units of

domestic currency, to maximize:

o N 1
k
rggg;;;@FEt {Amk [ % ]

t+k

@_Psﬁk (j)(l_TF)

CF,t+k (1)} ’

t

~ — x \—1

P (J . . [P U,) 2z
with G, ()= [”—(j) Crrve Where A, =Q,. |5 ] = (;)1&

PF,t+k R (Uc,t+k) Z

denotes the discount factor, Q denotes the price of a one period discount bond

*
t,t+k

paying off one unit of foreign currency and 7, denotes an export subsidiary. The

previous expression can be rewritten as :

<l

tt| A%
Pt Et PF,t

E CF,t _R:,t (1)(1_7-F)[M

* 1 é:,t (j) é:,t (/) * . ’E?f,t (j)
r’{],if))“ Orlhe e [Pt:rl ] E, | P, Cren—Fren (/) (1 T ) P Cr e

—€&

2 *
+0 Af,t+2 Ft+2 ~ TFt+1

[ 1 ]é,tw)[é,t(f)

) E |P

Ft+2

o F! (f)(l—ﬂ)[é’tm

+2 t

The FONC for firms is given by:
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) PGB (A=) () B () R

n-,“Uz

(1-2)2

. 1
A
ﬁFt € pe
+9A“+1[ 1 ](1 5)_0) PF,t+1CF,t+1
t+1

A=7)(=€)P () PsCrrs

-
~

N

SO

—P o (J
- (j) R:Et+2CF,t+2

1](1 €>t

o _P/:,t+2 (f) (1 —Te )(_5) ISF,t (j)% P.‘-'g,tJrZCF,tJrZ

which can be rewritten as:

F"\
+
i
o

+9 At 42 [

(1B ) )) e RO
A | = || AL e — 1—7.)P il C
[HELED ¢, - Za-nmoEl) .,
1B (B () e , 5. ()
O o I LAY o I
t+1 t Ft+1 - Ft+1
1 P J P j_E € P j_E
R LD Lo IO

P..(Jj)
P

C

Ft4k?
-k

By using the definition CFIH_kltE[

rewritten as:
1
p

1
o 1]

1
+0? At t+2[P

6 * .
g (1>CF,t|t - zu — Tk )PF,t (j)CF,tlt

T )Cona

t,t

e .
c 1 (1 T )PF t+1 (1>CF,t+1|t

F.t (j>CFt+2|t (1 T >PFf+1<j>CF,t+2|t 4+..=0

E, ’ e—1

which can be rewritten as:
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« |1 P J € x
At,t E CF,tIt F;t( >_ cc:_1<1_7—F>PF,t (/)
. 1 P.(j € . .
+0At,t+l : CF,t+1|t F'tE—t(>_;(1_TF)PF,t+1 (f)
. 1 P..(j € . .
T o e L

The previous expression can be compact expression as:

= . 1 P € x
k F, —
k§:o:9 E, At,t+k [ETH(]CF,tJrkIt [E_:_ 8_1(1_7-F)PF,t+k] =0,(6-2)
where we use the fact that A (j)=PF,, and P, (j)=P ., in the symmetric

equilibrium. Eq.(6-2) is identical with Eq.(A.3) in Appendix A.
U

 \—1
: . [P ) Zil .
Plugging A,, = Qtﬁk[ ;ﬁk]:ﬁk (;)1?" into Eq.(6-2) yields:
<Uc,t+k) t

t
1 P € .
: ]CF,t+k|t [i_ (1_7-F )PF,tJrk] =0.

ooye| el 2

0 (Uc,t+k )71 2

By multiplying U.:Z: both sides of the previous expression yields:

NgE

P

t+k

E, e-1

==
Il

- k 1 * ﬁ & *
Z<0ﬁ> El— 7| ek Cr ke %_ _1<1_TF)PF,t+k] =0.
k=0 P (Uc,t+k) e €
Multiplying both sides of the previous expression by _ yields:
F,t—1 t—1
Z(Qﬁ) Et‘ N N —1 Zt+kCF,t+k|t F't/ —— <1_TF> — LAtk =0,
k=0 P (Uc,t+k) e /Etfl e—-1 Pk R‘-’,tfl/Etfl
which can be rewritten as:
0 1 . P, E E.P., E P
Z(Qﬁ)k E, | * : - Zt+kCF,t+k|t Ft Eva € (1_7_F) trkTFitk Tea TRk L
k=0 P (UC,Hk) Piw B2 -1 Peoie  Eerr Preaa
E, P P E
Let define W, , =-—"EMC and I, =Ltk 1 Then, the previous
A,t—l,t-&-k P E
F,t+k F,t—1 t+k
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expression can be rewritten as:

(1 g )\Ijt+k]:[%,t—1,t+k

X, 1 . P.E., ¢
Z<0ﬂ> Et . N —1 Zt+kCF,t+k|t i
k=0 Pk (Uc,tJrk) R::ffl E, -1
. P. E, . . .
Let define XF/ E . Then the previous expression can be rewritten as:
E’

X%,t -

- 1 "
Zwﬂ)k Et * N -1 Zt+kCF,t+k|t
) e—1

k=0 P (U

t+k c,t+k

which can be rewritten as:

XF/E,t

i(‘%)kﬁ * 1 Z* C PFt+k Er+k Pt—l

< (1-7,)¥,,1

’

Fpt—1,t+k

1 | Stk F k|
k=0 (UC,H,() Et+th+k Pk B —6_1(1 TF) F/t Lk
. - E.iPr Prew E .
By using the definition W, , =—"F26 gnd T/ = LUtk —t1 | the previous
Ft+k B PF,tfl Et+k
expression can be rewritten as:
X
00 « 1 L %,t
2(9[3) Bl Zt+kCF f+k|t\I]f+kH’7t Lt+k € =0.
k=0 <Ucrf+’<) o e—1 <1_ TF)\I/HkHF/E,tfl,Hk

The previous compact form can be rewritten as:
Z,C, V', X,

i) ] zicegwm %,

* -1 -
+9ﬂ[<uc,t+1> } Zt+1CF t+1|t\Ilt+1H/l t+1 F/E

207, -1
—|—<9ﬁ) [(Uc,tJrZ) } Zt+2CF t+2|t\I]f+2H/1t+2HF/1t+1HF/E X

e ’
+"':€i1<1_7F)[(U:,t> '

z'c

F tlt

IRET .
+96[< “+1) } ZtHCF,tHItZ(l_TF)

N €
+<9ﬁ)2[<uc,t+2) } Zt+2CF,t+2|t;(1_7F>+“.
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P../E P.E
with HF/t = F't/ LAt . Rearranging the previous expression yields:
& Pthl/Et 1 E P
+ \71 171
[(Uc,t> ] Z CF t|t\I/ H/

o o))

Zt+1CF t+1|r\Ilt+1H/l tHH/El

X
& 2ty . 1 -1 “1
+(0ﬁ> [(Uc,t+2> } Zt+2 F t+2|t\1/t+2H/ t+2HF/E t+1H/t
I ’
« 1771,
[(Uc,t> ] Zt CF,tlt
g -1 £
:8_1<1—’7'F><+0ﬁ[( ct+1) } Zt+1CFt+1|t;<1_TF>
IR c
<9ﬂ> [( ct+2) } Zt+2CF,t+2|t ;(1_7})"’
which can be rewritten as:
« 1771,
[(Uc,t) ] ZtCF,tIt
S 3 -1 e
7% - 8—1(1_7})* +9F/8[< ct+1> ] Zt+1CFt+1|tZ(1_7—F>
1771 « IS
( F6> ( ct+2> Zt+2CF,t+2|t—(1_TF>+“'
e—1

Z,C. U, 1HF/1t

-1

(6-3)

AN

Z..C

Ll

H 1

+0F5[( " )‘1}

7 S A

-1

*

-1

2 * -1
+(0F/8> [(Uc,t+2) j| Zf+2 F t+2|t\:[jt+2]:[/1 t+2]:[/;.[ t+1]:[4.
+...

or:
~ c— Z [( ct+k } Zt+kCF,t+k|t : (6'4)
X%'t = = 1 [ ]

Z l( ¢ t+k) } t+k F t+k|t kgnp t+h

6.3 Market Clearing Condition

Demands for export in the PTM environment is given by:
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* -1
P .
EX,=v|-25| C|
R,
P
=y|-2L C:
PF,t
p -1
H,t
=v|l—= C,
EtPF,t ’ (6_5)
p.P. |
=y| LB
PF,t EtPF,t
P. \(EP . | .
— L] tUFt Ct
PH,t PF,t
= I/St\I/th*

which is identical with Eq.(A.4) in Appendix A where we use the definition of LOOP gap

U, =L aswellas C, =Y, .
F,t

Plugging Eqgs.(1-12), (1-17), (1-20), (1-27), (1-26) and (6-5) into Eq.(1-25) yields:

—€

Pud) Yr:[m] e L2101 RS 011
PH,t H,t H,t H,t
P .. (P
=(1—”>[M SZ’Cf+V”'+(j> AAASS at) G,
PH,t‘ PH,t‘ PH,t‘
p —€ * ’
— ;(D (1-v)S/C, +vS,TY, +6,]
H,t
P(j)| *
— ;(J> (1-v)s/C, +vs LY, +6,]
H,t
o NN N0 . P,
where we use the LOOP implying that B, (j)=— and PH,t:E—'. By dividing
t t
both sides of the [ i [P'“(j)]_E ields:
previous expression by yields:
H,t

Y,=(1-v)S/C, +vS.¥,C; +G,, (6-6)

which is identical with Eq.(A.5) in Appendix A.
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6.4 The Steady State

We focus on equilibria where the state variables follow paths that are close to a
deterministic stationary equilibrium, in which II, =II, =1. Further, we assume

Z,=7 =1 and G,=0.
Egs.(1-6) and (1-9) implies as follows:

1
f=—
1+

1
T
which is identical with Eq.(2-1).
Eq.(1-7) implies that:
wo v,
U

c

7

which is identical with Eq.(2-2).
Eq.(1-8) implies as follows:

) ,
! — I,
0 B

which is identical with Eq.(2-3).
Eq.(6-4) implies:

c -1

- 5_1(1—TF)[1+6ﬂ+(6ﬂ)2 +...H(U:)_1} c,,

[1+68+(08) +- -H(U:)ll_l Cut

which can be rewritten as:

-1

U=[M(1-7.)|

with N\ = € being the constant markup. As long as we assume M(l—TF): 1,
e—1

=1, (6-7)

which implies that EPF* =P, is applicable. Eq.(6-7) is identical with Eq.(B.1) in
Appendix B.

Due to Eq.(6-7), Q=S"" is applicable, then the other steady state conditions are
identical to those in the perfect pass-through environment, namely, Section 2 in this
appendix.
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6.5 Log-linearization of the Model

6.5.1 Log-linearizing the International Risk Sharing Condition

Total derivative of the definition of the TOT is given by:

1 _
dst = P_dPF,t +F <_> R, zdPH,t

H

_i&_ P. dP,,
P, P P, P
:SdPF,t B dp,,
hoTR
Dividing both sides of the previous expression yields:
as, _dh. ARy
s P P’
Which can be expressed as:
S =Pre— Py

Total derivative of the definition of the

ER EP, P o
o tH__A S isgiven by:
Pl.L PF,t PH,t PF,t

dQ =S""d¥, +¥(1— y)S’”dS

dv, ds,

=5t 7 L+(1-v)s—

which can be rewritten as:
g, = +(1-v)s,.(6-8)
Plugging Eq.(6—8) into Eq.(3—1) yields:

=—¢t s+ i C},

*

with ¢, = —Iog[j—t

t

real exchange rate

] which is log-linearized international risk sharing condition.

Plugging the log-linearized market clearing in the foreign country )7: :E: into the

previous expression yields:

P | 1 v
Ct:yt—i_—/(/}t S +— Ct'
g (2

which is identical with Eq.(51) in the text.
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6.5.2 Log-linearizing the Market Clearing Condition

Total derivative of Eq.(6-6) is given by:

dY, =[(1—v)vC+v¥'|dS, +(1—v)dC, + 1Y d¥, +vdY, +dG,
=v[(1-v)+1]yds, +(1—v)dC, + ¥ 'd¥, +vdY, +dG,
=v(2—v)YdS, +(1—v)dC, +vY d¥, +vdY, +dG,

By dividing both sides of Eq.(2-3-8) by Y, we have:

dy, dy, dG,

=v(2—v)dS, +(1—y)dcf +vdV, +v—-4—L,
Y C 14 Y

which can be rewritten as:
Y, C A G
Iog[—f]: v(2—v)logs, +(1—y)|og[—t]+ulog\lft +vlog| 4 -l-Iog[—‘],
Y C Y Y
The previous expression can be rewritten as:
Jo=v(2-v)s, +(1-v)¢ +vib +vf, +4,,

which is identical with Eq.(52) in the text.
6.5.3 Deriving the Import Goods Inflation Equation in Imperfect
Pass-through Environment

(0.)"] ze v

. B E IR _
+0F/8|:<Uc,t+1) :| Zt+1CF,t+1|t %l\lltjl]:[l’:jﬂ*lnf:;

)?F,t‘ t
2 * -1 -1 * E E _ _ _ —
+(9F6> [(Uc,t) } Zt+2CF,t+2|r EHZ - \I]HlZHF;JrZHF,iHHF;
t+1 Ft
4.
L -1 L -1 L
e [(Uc,t) } ZtCF,tIt +‘9F5[<Uc,t) } Zt+1CF,t+1|t
= 1-7
— -7

17171 «
+(6FB)2[(UC,L‘) 1] Zt+2CF,t+2|t T

Total derivative of Eq.(6-3) is given by:
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X, = [1 +0:8+(0,8) +-- -]U:CF (—1){[1 +0,8+(0,8) +- .}U:CF}‘Z

C,dU., +6,8C,dU. ., +(0.8) C.dU. ., +---

+U.C,dZ, +6,6U.C,dZ,., +(0.8) U.C.dzZ,,, +-

HULC, o +0,BU.dC, .y +(0.8) UdC, g+
xAH(—1)U.C,dT, +0,6(—1)U.C,dT, ., +(6,8) (—-1)U.C,dT,,, + -

H(-DUC 1465+ (6.8) +-- o, ,
+(-1)UC, [GFB +(0,8) +- -]dﬂ%m +(-1)UC [(9F5)2 +"']dﬂ%,t+z
‘_{_
-1
+{[1+0Fﬂ +(0F/8>2 +"'}U5CF}
¢ dU* « +0:0C; dUc tt (9F6>2C dU:t+2 +-
X|+UIC,dZ; +6,8U.C,dZ;,, +(0,8) U.C.dZ;,, +--

t+2

+UchF,t|t + eFﬁUchF,H—llt + (@ﬁ) UchF,t+2|t +-

which can be rewritten as:

ax,,, ={[1+0.5+(0,6) +---]u§cp}*l

U.C.dT, +06,8(~1)U.C.dT, , +(6.8) (—1)U.C,dT, , +-
+UC, [1+0,6+(0,8) +-- dil,,,
X4 >
* 2 * 2
FULC, |05+ (0.8) +--dIL, ., +UC,|(6,8) +--]dTl,
Further:

dU, +6,5dV, ,, +(6,8) d¥, , +---
+[1 + eFﬂ + (eFﬁ)z - ']dH%,t
+[0F6 + (eFﬁ)z +- .}dH%,tJrl +

—
|
-

X, , = [1+9F5 +(0,8) +

(6:8) +--|drL, .,

Note that 1+9ﬁ+(95)2+...:1 G Then, the previous expression can be

rewritten as:
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dU, +06,6dV,,, +(6,8) d¥,, +
(6.8)

d)?%,t :(1—‘9,:5) 1 0.3
+ dil,, + dil,,  +
1-6,3 7%t 1-6,3 7 1-6.3

= (10,3 d¥, +0,5d,., +(0,3)

+dll,  +0,6d1, +(6.8) dil, ., +

The definition of ;(7 can be log-linearized as:
et

dHF/E,tH +e

. (6-9)

dv,,, +-- }

dX,  =d

E

fof-

=d & —d _PFrH _
P

F F
Plugging the previous expression into Eq.(6-9) yields
erfl) = (1_9Fﬁ>[1/)t +9F/Bwt+l +(0Fﬂ)z ¢t+2 +"'}’ (6-10)
2
+[7T%,t +9F57T%,t+1 +<9Fﬁ> ﬂ-%,t+2 +- ]
], Ae, =

0

ﬁF,t _pF,tfl _( t

F t t—1

P

F

with — ;= —
W%'tzlogﬂ%t p;, =log

F

(@6)2 ¢t+3 +-- ]
-
Multiplying ¢ 5 on both sides of the previous expression yields
t )] = (1 - 9Fﬂ>[0F6¢t+l + <9F6>2 ¢t+2 + (‘9F5>3 ¢t+3
+[0F67T7E,t+1 < Fﬂ) 7t+2 ( Fﬁ) /t+3

Forwarding Eq.(6-10) one period yields
—€ ) = (1 - QFB) thrl + eFﬁ,L/)tJrZ +

2
[Tr%,t+1 + 9;577'%&2 + <9Fﬁ) 7TF/E,t+3

pF,t+1 - pF,t _( t+1

eFﬂ[ﬁF,tH Py — (eHl

Eq.(6-10) can be rewritten as
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=logk,.
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Pre = Pres— (& —€a)=(1=0:B)d + 7,
+(1-6.8){6.800 +(6:8) ¥ +}
+[9Fﬂ7r%m +(0:8) 7, ]
Plugging Eq.(6-11) into the previous expression yields:
Pre—Proa— (& —et)=(1=0:8)¢, +m, +0,8[Be s — P, — (e, —e, )| (612)

Calvo-pricing’s transitory equation is given by:
1

B = [0+ (-0 )8

Ft — |YFTFt

Log-linearizing the previous expression around the steady state yields:

Pey =UePp, y + (1 —0; )ﬁF,t .
Subtracting pr:-1 from the both sides of the previous expression yields:

T = (1 _QF)(ﬁF,t _pFI*l)’
which can be rewritten as:

- 1
Pr: = Pria :HT‘—F,t . (6-13)

F
Plugging Eq.(6-13) into Eq.(6-12) yields:
L
1-6

F

1
Tt _(et _et—i) :<1_9F6)wt +7T75't +6,8 Hﬁmﬂ _<er+1 _et)

F

P../E
Log-linearizing the definition of H/ = F't/t =_ft

E
£, =
et PF,tfl /Et71 E, P

F,t

. (6-14)

-1
E
=L =TI, [—f] yields:
g Et 1

-1

dE _
dil,,  =dIl,, —Tf +(—1)E(—1)E*dE, _,
E
—= dHF . £ _|_ u

' E E

Thus, Eq.(6-14) can be rewritten as:
1 1
Tee — (et - epl) = (1 - 0F/8>wt e — (et - et71> + 0, 8| —— e 0 — (er+1 - et) ’

1—6, 1-6,

which can be rewritten as:
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1
1-6

F

1
— 1]7‘('” = (1 — 9F6>1/Jt + eFﬂll——Hﬂ-F'tH - (et+1 - et> .

F

1 1—(1-6;)

Notethat 1 _p ~ _ . Thus, the previous expression can be rewritten as:
1-06, 1-6,

].

<et+1 _et>'

1-0, [, 1
{(1 60060\,

Tey = M1 — (et+1 - et>

F

Finally, the previous expression can be rewritten as:

T, :ﬁﬂ-F,tJrl + (1_0F )0<1_9F6> ¢t B 6(10_9F>

F

which is Eq.(53) in the text.

Plugging =T, —(e,—e,,) into Eq.(6-10) yields:
/L

Bre—Pres (€€ ) = (1= 0.0) 080 +(0.8) Yyt |+ — (e e, )
—I—QFﬂ[me —(ess —et)] +(6,8) [ﬂ,wz —(e— er+1)] T

= (1= 0,0)[s + 0,80 + (0, oy

H(Prs—Pres) (e —€a) 4 00|(prics—Pri)— (e =€)

(OB (Prrsn—Prra) (e = )|+

=(1- eFm[wthﬁm (0.3 )%ﬁ“']

Pro 1 +(1=0,8)p +(1-6.8)0,00; .1 +(1=0.8)(0.5) Pr.r.
p.
+e ., —(1-6.8)e, ~(1-0,5)0,0e., —(1-6.5)(6.5) e, -
Uy + 0,00, +(0.8) yy +--- :
=(1—0,0)4Pre + 0,80 11 +(0:8) Provo +-|—Pr o1 e
—e,—0,0e,.,—(6,3) e

Rearranging the previous expression on p., —e, yields:

ey = =(1=0.8)3_(0:) [t + (proe =€)
k=0

which is identical with log-linearized FONC for foreign retailers in Section 6.5.1 in the
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text.

6.5.4 Some Entities
The nominal exchange rate is calculated by:

S, =€ +p: _wt Py -

which is Eq.(54) in the text.
The LOOP gap is calculated via:

€, :wt +pF,t _p:'

which is Eq.(55) in the text.
6.5.5 The Steady State in the Case of No Subsidiary

We focus on equilibria where the state variables follow paths that are close to a
deterministic stationary equilibrium, in which II, =II, =1. Further, we assume

Z,=7 =1 and G,=0.
Egs.(1-6) and (1-9) implies as follows:

1
f=—
1+

1
141§

7

which is identical with Eq.(2-1).
Eq.(1-7) implies that:
w_Vv

’

P U

which is identical with Eq.(2-2).
Eq.(1-8) implies as follows:

U, .
! — I,
0 B

which is identical with Eq.(2-3).
Eq.(6-4) implies:

- 5_1(1—TF)[1+6ﬂ+(6ﬂ)2 +...H(U:)_1}1CF )

[1+608+(08) +- -H(U:)ll_l Cut

€

which can be rewritten as:

-1

U=[M(1-7.)|
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with N\ = € being the constant markup. As long as we assume 7.=0,
e—1
U =M".(6-15)
Eq.(1-24) implies:
e L W
1-aP,
Which is identical with Eq.(2-5).
Eq.(1-16) can be rewritten as:
Vi _WH

n

[T
which is identical with Eq.(2-6).
Plugging Eq.(2-5) into Eq.(2-6) yields:

v, 1-ah,

n

U NMP’

which is identical with Eq.(2-7).
Plugging Eq.(2-8) into Eq.(2-7) yields:

vV, 11—«
U, N°Ms"’
which can be written as:
1_
n = c Uc'
N°MS”

which is identical with Eq.(2-9)
Eq.(6-1) implies:

Ut =o(U)) s
Plugging Eq.(6-15) into the previous expression yields:
U:l _ 19<U: )*1 S\

B . (6-16)

=9(U]) " w(S)
Note that:
w(S) =Q
* * 1-v
A - i] M. (6-17)
P PH PF PF PH

— Slfllel

Eq.(6-16) can be rewritten as:
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s =0(U) SM U,
Plugging the previous expression into Eq.(2-9) yields:

1—« M
N 9(ur) sm

- . (6-18)

S—o0

Notice that H, <0, LiL"OH(S'U:): +o0o0 and lim H(S,UZ)zO (g, >0).
On the other hand, the market clearing Eq.(6-6) implies:
Y=(1-v)S"C+vM'SY’, (6-19)

whereweuse C =Y.

Because of C :F<U;1> and Eq.(6-16), we have:

c= F[ﬁ(UZ )" w(s)]
- F[ﬁ(uj )" s“Ml]
with F being the operator of function.

Plugging the previous expression into Eq.(6-19) yields:

Y= (1—V)S”F[19<UZ)_1 SMT

+vSC”. (6-20)

Let define J(S,C*>E(1—V)5VF[19(U:>71517’/1\/[71]—{-1/5\/*. Note that J,>0 ,
Isiir(\)J(S,C*):O and SILn;J(S,C*)Z—Foo.

Hence, given a value for €, ¥ and Y, Egs.(6-18) and (6-20), jointly determine the
steady state value for S and w(S), i.e., the steady state value of the TOT and the real

exchange rate.
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Dividing both sides of Eq.(6-19) by C" yields:

Y* =(1-v)s" C +uvM'S.
C o

For convenience, and without loss of generality, we can assume that initial conditions
C

P

(i.e., initial distribution of wealth) are such that ¢ =1 which implies that Q=

Plugging this condition into the previous expression yields:

2_/* (1-v)s"Q+vSs

(1-v)8"S"™ W +vs
(1-0)¥+4]s

where we use a steady state condition Q=S""T¥ which stems from Eq.(A.1).

which can be rewritten as:
Y =[(1-v)¥ +v|sY", (6-20)

by using Y =C" which is the steady state market clearing condition in the foreign
country. Eq.(2-15) is no longer applicable.
Eqgs.(2-17)—(2-20) is still applicable. Thus. Eq.(2-21), i.e., S=1 is applicable. However,
even if plugging Eq.(2-21) into Eq.(6-20), we cannot obtain Eq.(2-15) because ¥ =1 is
not applicable.
Plugging Eq.(2-21) into a steady state condition Q=S""U vyields:
Q=M"1, (6-21)
where we use Eq.(6-15). The PPP in the long run is no longer available.
Plugging Eq.(6-21) into the initial condition yields:
C=CM",(6-22)
Thatis, C=C" is no longer available.
Plugging Eq.(6-22) into Eq.(6-20) yields:
Y=|1-v)M* +v|cM
=(1—v)C+vCM
:[(1—1/)+1/M]C

Thus, Y=C isno longer available.
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Figure TA--1

H(S, Ux)

WS

S=QV-v) S=Ql/1-v)
(Relative) PPP in a Small Open Economy in the Steady State
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