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Abstract

Limited asset market participation (LAMP) and trade openness are crucial features
that characterize all real-world economies. We study equilibrium determinacy and op-
timal monetary policy in a model of a small open economy with LAMP. With low
enough participation in asset markets, the conventional wisdom concerning the stabi-
lizing benefits of policy inertia can be overturned irrespective of the constraint of a
zero lower bound on the nominal interest rate. In contrast to recent studies, in LAMP
economies trade openness can play an important stabilizing role. We also show that
the central bank must balance the opposing influence of openness and LAMP on the
aggressiveness of optimal policy, and that the equivalence between efficient and equi-
table optimal allocation found in closed economies breaks down in open economies. We
derive targeting rules and demonstrate the superiority of commitment over discretion

in implementable optimal interest rate rules.
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1 Introduction

Limited asset market participation (LAMP) is a well documented feature of both develop-
ing and developed economies. While its implications for monetary policy have recently been
studied, the focus has been limited to closed economies. This paper seeks to address this
gap. Our results suggest that trade openness and LAMP have important consequences for
the design of monetary policy. First, we challenge the conventional wisdom on the benefits
of inertia in monetary policy rules in preventing indeterminacy and self-fulfilling expecta-
tions. Second, we show that optimal monetary policy faces a difficult trade-off whereby

openness requires an aggressive response to inflation, but LAMP a cautious response.

LAMP is commonly introduced into two-agent New Keynesian (TANK) models by allowing
for a share of ‘rule-of-thumb consumers’, a concept coined by Mankiw (2000) and further
popularized by Gali et al. (2004).! Often referred to as ‘hand-to-mouth consumers’ (e.g, by
Kaplan et al., 2014), these households differ from Ricardian consumers in that they hold no
assets and consume all current income. The empirical evidence supports the inclusion of a
large share of hand-to-mouth (H2M) behaviour. For example, Aguiar et al. (2020) estimate
that 40% of US households are H2M based on the Panel Study of Income Dynamics. This

share is likely to be significantly higher in middle and low income countries.?

This paper makes two main contributions to the literature. First, we examine the deter-
minacy properties of a small open New Keynesian (NK) economy with LAMP, focusing on
the role of monetary policy inertia and trade openness for indeterminacy of Taylor-type
feedback rules both with and without the zero lower bound on the nominal interest rate.
Then in the second half of the paper, we replace the feedback rule with a microfounded
welfare criterion and examine the implications of LAMP and trade openness for optimal

targeting and implementable interest-rate rules under both discretion and commitment.

1.1 Policy Inertia and Trade Openness

As shown by Bilbiie (2008), LAMP can either reinforce or overturn the contractionary
aggregate demand effect of a real interest rate increase in a closed economy. This can lead

to an ‘inverted aggregate demand logic’ (IADL) that requires an ‘inverted Taylor principle’

'Tt has been shown that for many purposes TANK models provide an appropriate theoretical shortcut to
fully heterogeneous-agent New Keynesian models. See, e.g., Debortoli and Gali (2017) and Bilbiie (2020).

2For example, Boerma (2014) reports that half of all adults in upper middle income countries do not
even have a bank account. This number rises to over 80% for low income countries.
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for determinacy. The presence of IADL depends on whether the profit channel has a larger
role than labor income. When asset market participation is low, the profit channel via
the interest rate dominates the wage effect, leading to an expansionary effect of increasing
interest rates. Boerma (2014) and Buffie and Zanna (2017) examine determinacy in the
open economy with LAMP, but limit attention only to simple inflation targeting rules. We
add to this literature by focusing on the role of monetary policy inertia, a well-documented
feature of central bank behavior, including price-level targeting rules (so-called Wicksellian

rules).

We find that interest-rate inertia has contrasting effects on the determinacy properties of
standard and TADL economies. In the standard case, policy inertia reduces the possibility
of indeterminacy, whereas it increases the likelihood of indeterminacy under IADL. This
highlights an important caveat concerning the potential benefits of adopting Wicksellian
rules. In the absence of LAMP, several studies find that price-level targeting improves the
determinacy and stability properties compared to inflation targeting.?> More recently, these
benefits have been described in terms of “make-up” strategies for central banks (see Powell,
2020; Svensson, 2020).* Indeed, while determinacy is always possible under a price-level
targeting rule in the standard case, under IADL, there are many degrees of LAMP for
which determinacy is not possible. These findings are shown to be robust to a variety
of popular specifications for the interest-rate rule, including the choice of inflation target
and a policy response to output, and generalize to a medium-scale NK model with capital,

incomplete asset markets, and positive trend inflation.

Trade openness is also found to have contrasting effects on determinacy in the standard
and IADL economies, although this depends on both the degree of LAMP and interest-rate
smoothing. While trade openness reduces the determinate policy space in the standard
case, under TADL, openness increases the policy space when the degree of LAMP is high.
Indeed, we find that under price-level targeting, closed [ADL economies are more prone to

indeterminacy than open IADL economies.

3See, e.g., Carlstrom and Fuerst (2002), Woodford (2003), Vestin (2006), Gaspar et al. (2007), Dib et al.
(2013), Giannoni (2014), Bernanke (2017), and McKnight (2018). As Holden (2016) shows, these benefits
extend to a zero lower bound setting.

4Under such strategies policymakers seek to redress past deviations of inflation from its target. Assum-
ing a make-up rule enjoys credibility, undershooting (overshooting) the target will raise (lower) inflation
expectations, lower (raise) the real interest rate and help to stabilize the economy. Inertial Taylor rules
have by design the make-up feature as they commit to a response of the nominal interest rate to a weighted
average of past inflation with the weights increasing with the degree of interest-rate smoothing.

Page 3 of 43



In an extension of Bilbiie (2008) to the open economy, Boerma (2014) and Buffie and Zanna
(2017) show that the Taylor principle is more likely to hold because the terms of trade
channel of monetary policy can exert sufficient contractionary pressure after a rise in the
real interest rate. It follows that monetary authorities could mistakenly adopt a ‘passive’
policy stance if they do not take into account the impact of both trade openness and
LAMP on the monetary policy transmission mechanism. In contrast, we find the benefits
of openness in restoring the Taylor principle are undermined by policy inertia. The scope
for active policy is limited due to a lower bound on the inflation response coefficient, which
becomes very large with even a small amount of inertia. While a policy response to output
can help for some degrees of LAMP, this requires the central bank placing a large weight

on output stabilization.

Following the analysis of the linear model, we examine the determinacy conditions in the
presence of a zero lower bound (ZLB). We show that policy inertia can increase indetermi-
nacy in standard economies under a ZLB, and the determinate region generated in IADL
economies under the Taylor principle is found to be extremely unstable under a ZLB. While
price-level targeting can be effective in preventing indeterminacy stemming from the ZLB,
in general policy inertia is not effective in inducing determinacy unless the policy rule

responds to a lagged ‘shadow rate’.

1.2 Optimal Monetary Policy

Our second contribution is to extend the optimal monetary policy analysis of Bilbiie (2008)
to the open economy dimension. In addition to the three market imperfections standard
in the literature,® a behavioral constraint is also present in our model. This constraint has
three aspects; namely, the inability of LAMP consumers to invest in either (i) domestic or

(ii) foreign shares, and (iii) to pool risk in complete international markets.

We consider three welfare-relevant output gap concepts and three corresponding equilib-
rium baseline allocations around which to approximate a social welfare function. These
are: the flexible-price decentralized equilibrium allocation; the efficient social planner al-
location; the equitable social planner allocation. We show that the equivalence between
the efficient and equitable equilibrium allocation in the closed LAMP economy of Bilbiie

(2008) breaks down in open economies. The efficient allocation is not equitable in the

5Market power, relative price distortion and terms-of-trade manipulation incentive - see, e.g., Gali and
Monacelli (2005).
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open economy; it should use only employment subsidies to firms, as in Gali and Monacelli
(2005), which do not restore equality across households. Furthermore, with trade openness
the equitable allocation is not efficient; it adds the wage subsidy to the constrained house-
holds, but this is similar to an unemployment benefit, which introduces a labor market

distortion and implies a trade-off between efficiency and equality.

We derive optimal monetary policy under an equitable allocation using government trans-
fers.% Solving for the optimal targeting rules, a trade-off emerges regarding the degree of
aggressiveness of the response of monetary policy to inflation, under both discretion and
commitment. While higher trade openness requires a stronger response, a higher LAMP
mitigates it. The intuition is as follows. The more open the economy, the less the output
gap depends on domestic inflation, so the central bank needs to be more aggressive. In
contrast, the higher the degree of LAMP, the larger is H2M behavior, and the more the

output gap depends on domestic inflation, reducing the need for aggressiveness.

Finally, we derive implementable optimal interest-rate rules. Our results demonstrate that
commitment is superior to discretion for two main reasons. First, commitment enhances
welfare by avoiding the inflation bias in the steady state typical of discretion. Second,
the targeting rule under commitment can be implemented as a saddle-path stable, robust

interest rate rule, whereas the targeting rule under discretion cannot.

1.3 Road-Map

The rest of the paper is structured as follows. Section 2 sets out the SOE model with
LAMP. For the determinacy analysis in Section 3, we take a linear approximation around
a zero inflation, equitable steady state. We also consider a richer medium-scale model that
allows for capital and investment spending, incomplete asset markets, and positive trend
inflation to test the robustness of our analytical results. Section 4 derives a welfare-theoretic
social loss function for the SOE LAMP model focusing on the equitable allocation. We first
analyze optimal monetary policy in the form of targeting rules under both discretion and
commitment, before deriving the corresponding implementable interest-rate rules. Finally,

Section 5 concludes. Detailed derivations and proofs are provided in an online appendix.

5Tn doing so, our normative analysis relates to empirical studies which find that consumption inequality
tracks closely income inequality (Aguiar and Bils, 2015).

Page 5 of 43



2 A Small Open Economy Model with LAMP

This section presents our theoretical setup. It nests both the influential SOE framework
of Gali and Monacelli (2005) and the closed-economy LAMP model of Bilbiie (2008). The
economy is comprised of perfectly competitive wholesale firms that produce a final good and
monopolistically competitive retailers that sell intermediate tradable goods under Calvo
(1983) price setting. There are two types of households in the economy. In addition to
standard Ricardian households, we include an exogenous fraction of constrained households

that do not have access to asset markets.

2.1 Households

Households are divided into two types. A fraction of households, A\ € (0,1), participate
in domestic and international financial markets; these are referred to as Ricardian house-
holds and are denoted by superscript R. The remaining households 1 — A, referred to as
constrained households and denoted by superscript C, have no assets and must consume

out of wage income without borrowing or risk-pooling options.

For both household types, i = {C, R}, single-period utility is assumed to be:

(e p"™

vi-veiy = GG,y
i\ 1+
. N}
- log(C;)—(lt_i)_(p; as o — 1 (2.1)

where C} is real consumption by household type i, o is the coefficient of relative risk

aversion (CRRA), N} is labor supply of type i, and ¢ is the inverse of the Frisch elasticity.”

2.1.1 Ricardian Households

Ricardian households solve an intertemporal consumption problem:

max [E;
R R
t 7't

ZBSU(Cﬁ&Ntﬁs)] (2’2)

s=0

"If o — 1 the functional form is consistent with a balanced growth path concept of the steady state.
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subject to a sequence of nominal budget constraints given by:
PPBy, + PP 6By, = Buy—1 + EBjy_y + PWNf — PCE + 1. (2.3)

Byt and Bl*w,t are domestic and foreign bonds, denominated in the respective currencies,
bought at the nominal price P® = 1/R; and PP = 1/R}, where R; and R} denote the
domestic and foreign nominal interest rate, respectively. P; is the consumer price index
(CPI) and & is the nominal exchange rate, measured as the domestic price of a unit
of foreign currency. Finally, W; and I'; denote the real wage rate and nominal profits,

respectively.

Maximizing (2.2) subject to the budget constraint we obtain:

AR
PP =FE, | 2|, (2.4)
1
AR €
pB* =, | b HL 25
K N & (2:5)
UJI\?,t R\CO R\®
7 = (C) (N;*)" = =W, (2.6)
Ucy

. . v . .
where IT; ;41 = Pf;trl denotes the CPI inflation rate and Af,, = 3 Gr is the stochastic
’ Ct

discount factor for Ricardian consumers.

2.1.2 Consumption Demand

Households demand consumption goods from domestic H and foreign F retailers (imports):

HC

1 kot 1 kol we-1

Co= |we Oy + (1 —we)re Cpe (2.7)
The corresponding price index and CPI inflation rate are given by:
1

Py = [wo(Py)' ™ + (1 —we)(Ppy)tHe]ore (2.8)

1 1 1
Pt “He Pri_q —Hc | 1-rC

Iy = |we <HH,t—17t : ) + (1= we) (e , (29

Py P
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Pyt P
here Illg;_14 = : :
where UH,t—1. Py Prpi 1

attached to domestic consumption demand is a measure of home bias (where wo = 1

and Hp;_q1; = . The weight w¢o in the consumption basket

is the autarky case). Maximizing total consumption (2.7) subject to a given aggregate
expenditure P,Cy = Py Cp + PpiCry yields:

P —HC
CHJ =W¢C <H’t> Ct, (210)
P
P —HC
Cre =(1—wc) < Jf’t> Ci. (2.11)
t
Foreign aggregate consumption C} is given by an exogenous process. The real exchange
rate is defined as the relative aggregate consumption price @y = Pj;ft. Then the foreign

counterpart of the import demand schedule (2.11), which determines the export demand

of the home good, is

*

Ciro=1-we) (4] Ci=(-wo) (pg) o @

P;Lt and P/ denote the respective prices of home-produced (i.e., imported) consumption
goods and of aggregate consumption goods in the rest of the world (RoW) in foreign
currency, and we have used the law of one price for differentiated goods, &Pj{u = PH,.

We impose perfect exchange rate pass-through for imports and because the home country

Pr
P

is small, the law of one price implies that P} = P}7t, EtPF = Pry, so Q¢ = . We can

then write (2.12) as:
Che=(1—we) <S> ‘> (2.13)
t

Fit

where S; = gH’t are the terms of trade (ToT). Finally, total exports per capita is defined
as FX; = I*{,t.

2.1.3 Constrained Consumers

Constrained consumers have no income from monopolistically competitive retail firms and

must consume out of wage income. Their nominal consumption is given by:

P,CE = P,W,. (2.14)
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Constrained consumers choose CF and N to maximize an analogous utility function to
(2.2) but subject to (2.14). The first order conditions can be written as:

Uzgt ONT [ A7\ @ Ug,
—= =—(CY) (NY)" = == = -W,, (2.15)
Ucs Uty

which has the same form as eq. (2.6) for the Ricardian consumers, but as we shall discuss

further below CC and N are not generally the same as Cf* and N/
With both Ricardian and constrained households, aggregate consumption and hours sup-

plied are given by:

Cy =ACE+(1-NCF, (2.16)
Ny = ANE + (1 = \)NE. (2.17)

2.2 Firms

There are wholesale and retail firms. The former act in perfect competition producing
a homogeneous final good, whereas the latter are monopolistic competitive that produce

differentiated intermediate goods.

2.2.1 Wholesale Sector

Wholesale firms hire labor N; to produce homogeneous output Y, using the standard

labor-augmenting constant returns to scale production technology:

Y = F(Ny, Ar) = ANy (2.18)
Profit maximization implies:
Y P\ Y
PWy =PV Fn,=P" - = W,=MC|—5") 2.19
tWe t TNt t N, t t A ( )
where MCy = If;j/t is real marginal cost in units of domestic retail output.
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2.2.2 Retail Sector

A retail firm m converts an amount of wholesale output ¥;"Y (m) into a differentiated good
of amount Y;(m) — F(m), where F(m) = F are fixed costs assumed to be equal across
retail firms. The retail differentiated goods are combined into the final good Y; using a

CES-aggregator production technology:
1 =
Y, = /Yt (m) T dm| . (2.20)
0

The CES technology implies demand schedules for each intermediate input j given by:

P S
¥ ( >—[ fg(m)] Y, (2.21)
Ht
Nominal profits of the retail firm m can be written as:
Q(m) = Pui(m)[Yi(m) — F — MCyY;(m)], (2.22)

where real marginal cost M C; is common to all retail firms.

Following Calvo (1983), in every period each retail firm m faces a fixed probability 1 — &
of being able to optimally set their price to P?Lt(m). If the price is not re-optimized, then
it is held fixed. Using (2.22), the objective of a retail producer m at time ¢ is to choose

Pp,(m) to maximize discounted real profits:

o0
Ativr
B> ¢ Pt’t+ Yeir(m) [Piry(m) = PrryxMCry] (2:23)
k=0 s
subject to
—C
Pp 4(m)
Yipre(m) = (Pt Yiik, (2.24)
Ht+k

where Ay = gk % is the stochastic discount factor over the interval [t,¢ + k]. This

leads to the usual optimal price condition and aggregate law of motion for aggregate infla-
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tion:

P, _ 1 By S0 Ak (Ma k) Yier MChig (2.25)
B (I =1/0) By 3520 & Arpsn (HH,t,t—i-k)Cil Yiik
P\
1=£@M¢Lg<1+u—f)<P’> ) (2.26)
H t

where the m index is dropped as all firms face the same marginal cost so the right-hand
side of the equation is independent of firm size or price history. Aggregate output Y; is

given by:

AN, - F

Y
t At 3

(2.27)

—<
where A; = fol <P75;(T)) dm > 1 is the degree of price dispersion of retail goods which

can be shown to follow the dynamic process:
0 —C
Atzgng¢4¢At1+(1§)<H¢> . (2.28)

2.3 Output Market Clearing

Output market clearing for retail firm m is:
Yi(m) = Cp(m) + Cy, (m).
Aggregating yields the following resource constraint:
Yi = Chy+ Cpy, = Cy + EX, (2.29)

and using the demand conditions (2.10) and (2.13) yields:

P —pe 1\ He
Y, = we < ]ff’t> Cy+ (1 —wh) (s) s (2.30)
t t
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2.4 Monetary Policy

The nominal interest rate R; is a policy variable given by a standard Taylor-type rule:®

Ry\ Ry I 141 Y:
log (R) = prlog< 7 ) + E; [@rlog( 0 > + 6, log (Y)] , (2.31)

where p;., 07,0, > 0. We focus on forward-looking rules as many central banks target fore-

casted inflation in practice due to the observed time delay in the transmission mechanism
of monetary policy.’
2.5 Foreign Bond Accumulation

In nominal terms and measured in the home country currency, foreign bond holdings evolve
according to:
PP & By, = &Bpy_y + PTB,,

where the nominal trade balance P, T B; = Py ;Y; — P;C} is the difference between domestic

. . . &t By, .
output and private consumption. Defining Br; = ! PtF £ to be the stock of foreign bonds
in home country consumption units, it follows that
" 0,
PP Bpy= ——"Bp; 1 +TB,, (2.32)
Il 14

where Hf_u = gi

= Is the (gross) nominal depreciation of the SOE currency.

2.6 Equilibrium of Small Open Economies with Risk Sharing

Up to now we have modeled the SOE in an environment consisting of the RoW, which from
its own viewpoint is closed. We now amend the environment to consist of a continuum of
i € [0, 1] identical open economies of which the ‘home’ economy is just one. We assume
there is international risk-sharing in this version of the model so the risk premium is zero.
The first-order conditions (2.4) and (2.5) lead to the standard risk-sharing condition:

.1
Cft = (Cf'Qy, (2.33)

8This is in ‘implementable’ form as proposed by Schmitt-Grohe and Uribe (2007). The conventional
Taylor rule replaces the output level relative to its steady state % with the output gap % where Y;" is
t

the natural rate, i.e., the level of output that would have prevailed if all prices were perfectly flexible.
For further discussion, see Batini and Haldane (1999) and McKnight and Mihailov (2015).
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where Q;+ = gi}f,fg is the home country (or SOE) vis-a-vis country (or SOE) 7 bilateral real

exchange rate, with &;; now the corresponding bilateral nominal exchange rate between
these two countries (both identical SOEs). Naturally, the risk-sharing only applies to

Ricardian and not constrained households. Corresponding to using (2.33), we now have

1 1 P —HE )
Chy = /OC’}Ltdi:(l—w*C)/o ( H’t> Cydi

PQiy
P —HC 1
= (1-w5) ( ;;”) LT IO+ (1 - e (2.34)
b
in a symmetric equilibrium with uc = pg, A = A, and Qy = 5}1,?*.

2.7 Equilibrium

An equilibrium is defined in the model variables given the conditions outlined above to-
gether with the interest rate rule (2.31) and three structural exogenous shock processes Ay,
Cf and R}, which are assumed to follow stochastic AR(1) processes. Appendix A of the

online appendix provides a summary of this equilibrium.

2.8 Extended Medium-Scale Model

As a robustness check on the analytical results, we run numerical computations of stability
and determinacy for an extended medium-scale LAMP model that includes capital and
investment spending, government spending, incomplete asset markets, and positive trend

inflation. Appendix B of the online appendix summarizes this model version.

3 Stability and Determinacy Analysis

The model is linearized around a non-stochastic steady state where net inflation is zero,
ie., I = 1, and prices P = Pg = Pr = P* = 1. Then by definition the steady state
terms of trade and real exchange rate are e = @) = 1. For the LAMP aspects of the model
we also impose an equitable outcome C* = C¢ and N = N¢ which from (2.22) can be
achieved by assuming that free entry drives profits to zero in an equilibrium in the steady

state with £ = (1 — MC) = %.10 Since the focus of this section is on (local) stability

10 As we discuss later in the paper, alternatively a subsidy scheme for the optimal equitable allocation in
Proposition 6 in Section 4.1 can support this outcome.
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and equilibrium determinacy, we consider the deterministic perfect foresight case with all
shocks set equal to zero. In what follows, all lower-case variables in this section denote

percentage deviations from the steady state.

We can describe the non-policy aspects of the model using a New Keynesian Phillips

Curve (NKPC) and an intertemporal IS curve, both expressed in terms of consumption by

Ricardian consumers:!!

Tt = B + YYef, (3.1)
wC

off = Cﬁﬂ T, (e — TH 1), (3.2)

Yt = E.Ci%, (33)

where the parameters are defined as:

s(l—we) Me+0) [wep+a(1+H)] +ol—wo)p+0) [1+£2]

T= we Ay + o) (1—1—%)—(1—/\)90 {wc(l—i—tp)—i—(a—l) <1+%>]7 34
= =wed + (1 — we) 1+;"Vﬂ +wc(1—A)(;ii) <T—V;’C+a>, (3.5)

U= (1_5)(5;’35) >0, and w = we(uc — 1/0) + pe = pe(l+we) —we /o > 0, if po = pé.

The threshold for the proportion of Ricardian households A below which the inverted
aggregate demand logic (IADL) occurs is the point at which T changes sign. From (3.4)
this is given by

© [Wc(l—l—go)—l—(a—l) (l—l—%)]

P st e (14 )]+t (14)

(3.6)

Then replacing A* = A\*(w¢) we have the following result:

Proposition 1. (IADL threshold) The threshold below which IADL occurs, \* = \*(w¢),

HGee appendix C.1 for derivation of the minimum state-space representation of the model. Alternative
NKPC and IS expressions, written in terms of total consumption in deviations from baseline allocations,
and hence in standard output gap terms, are discussed in Section 4.
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increases with we and therefore decreases with trade openness 1 — we
Proof: See appendix C.3.

Consequently, trade openness decreases the possibility of IADL.'? To understand the IADL,
notice that we can write Ricardian labour supply as: nft = é (T - WLC) cf”, which implies
that hours fall in consumption for Ricardian households provided T < WLC When asset
market participation is low, the profit channel dominates the wage effect, and increases
in the real interest rate 7y — m11 = w¢ (1t — Tg4+1) can have an expansionary effect
on output y;. For example, in the closed economy (wg = 1) it follows from (3.5) that
EWe=l = % < 0 under IADL. From (3.2) and (3.3), a rise in the real interest
rate increases output by reducing Ricardian consumption cft, exerting upward pressure
on inflation from the NKPC. This contrasts with the standard aggregate demand logic
(SADL) where both output and consumption respond negatively to real interest rate rises.
In open economies, it follows from (3.4) and (3.5) that = > 0 when Y > 0, so that cf* always
increases in y; under SADL. However, under IADL, ¢} can either increase or decrease in

1y depending on the degree of LAMP.

The parameter T is a function of A and the other model parameters w¢, @, o, and w, but
is independent of the monetary policy rule. For this, we initially assume the policymaker

follows a simple inertial rule of the form:
Tt = prre—1 + O miga, (3.7)

where p, > 0 is the degree of interest rate inertia and 6, > 0 is the inflation response
coefficient. Note that the integral rule with p, = 1 yields a price-level (Wicksellian) rule.
The interest-rate rule (3.7) can be expressed as:

o(l1—we)lr g n o(l —we)bx

R
Te=perie1— —————— ¢+ —————— ¢4 + T (3.8)
we we

Equations (3.1), (3.2) and (3.8) imply the minimal state-space representation of the model:

/
Zip1=Az, 7= | cf Ty Tt—l}- (3.9)

12 This result is consistent with the findings of Boerma (2014) and Buffie and Zanna (2017).
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3.1 Determinacy Analysis
We start by examining the stability properties of the model for the policy rule (3.7).

Proposition 2. (Role of interest-rate inertia) For the standard SADL case \ >
A*, interest rate inertia increases the policy space for 6, for which there is equilibrium
determinacy. An equilibrium ezists for all X\ € (\*,1] with an appropriate choice of 0.
Under IADL, there exists some value of X\ € [0,\*) for which a unique stable equilibrium
exists. Interest rate inertia in this case reduces the policy space for 0., and for some values
A€ [0, %) if

20(1+ B) 20(1+ B)(1 — we)
B ‘I/’U)C <T<- \IJ’LUC

then a unique equilibrium does not exist for 6, > 0.

Proposition 3. (Role of trade openness) For the standard SADL case A > \*, trade
openness 1 —we decreases the policy space for 0, for which there is equilibrium determinacy.

Under IADL, the policy space for 0. increases with 1 — we for some values A € [0, \*) if

20(1+ B)(1 — we)

<Y <O0.
Ywo

The results given in propositions 2 and 3 follow from the necessary and sufficient conditions

for equilibrium determinacy:13

Case TA: T > 0: o < 0 < Ty and py > (156 ) [ grroiisrey | where

1= (1+p,) [1+ 2L+ Plowo ];

UweY 4+ 20(1 4+ 8)(1 —we)

Case IB: If T > 0: 1 — p, < 0; < min { T—wo ,Fl} and one of the following inequalities

is satisfied:

1 Pr UweY (0 — 1)
- > 3, 3.10
‘ B - (—wo)] " Bell- (1 - wo)] (3.10)
_ Pr pr(1—0 \I/W T Or—1 .
L= A T gy A + 8= b+ B (14 i )| > o
(3.11)

13See appendix C.4 for the derivation of these conditions.
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Case ITA: If T < — 20(1+5 20(145) . and one of the following is satisfied:

(i) 1—pr<9ﬁ<min{1 o T

(i) T1 <0 <1—=pr, (1—=p)1+ Bowe + [20(1 + B) + Ywe Y] pr > 0 and one of
the inequalities given by (3.10)—(3.11) holds,

(iii) 17%‘,0 <O <Tq, pr > (IXVVCIC) [\Ilwctljrvigiuﬁ)}’ and one of the inequalities

given by (3.10)—(3.11) holds;

Case IIB: If — QU(H'B) <T< W 0 < 1 — p,, and one of the inequalities
C

given by (3.10)7(3.11) is satisfied;

Case IIC: If —%&WC‘) < T < 0: one of the inequalities given by (3.10)—(3.11) is

satisfied, and either 0, < 1 — p, or 6; > max { —wg I‘l}

In the absence of interest rate inertia (p, = 0), the Taylor principle (6, > 1), which implies
an ‘active’ policy feedback to future inflation, is a necessary condition for determinacy in the
SADL case (T > 0). In contrast, for the IADL case (T < 0) a ‘passive’ policy stance (6, <
1), or the inverted Taylor principle, is consistent with determinacy for closed economies.
The determinacy conditions indicate that increasing interest rate inertia increases the range
of determinacy under SADL (Case I), while it reduces the determinate policy space under
IADL (Case II). Trade openness has contrasting effects. By reducing the upper bound I'; on
the inflation response coefficient, the determinacy region shrinks in open SADL economies
(Case I). However, the region of determinacy can actually increase under IADL (Case I1C),
as the economy becomes more open. For sufficiently low values of A, determinacy arises
under the Taylor principle provided the inflation response coefficient is set sufficiently high
Fl}

1
971' > max T—wo>

The above results are illustrated in Figure 1 for a standard quarterly parameterization. We
set the discount factor § = 0.99, the CRRA coefficient ¢ = 2, ( = 7, implying a markup
of 16 percent, and the real marginal cost elasticity of inflation ¥ = 0.086, consistent with
an average price duration of one year. The open economy parameters are set with home
bias wgo = 0.6 and an elasticity of substitution puc = 0.62 in line with the estimates of
Boehm et al. (2019). By inspection, while policy inertia has a stabilizing effect on the
SADL economy, trade openness has a destabilizing effect. Under IADL, determinacy can

also arise under the Taylor principle, as openness exerts a stabilizing effect, whereas policy
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Figure 1: Determinacy regions (white areas) for the baseline LAMP model. ¥ = 0.086, ¢ = 2,
c=2 =099 (=7 we = 0.6, and uc = 0.62 for the open economy in the top panel and
wc = 1 for the closed in the bottom panel. The red vertical line gives \* below which IADL holds.

inertia now destabilizes the IADL economy.

Under a price-level targeting (p, = 1), determinacy is easily achieved in the SADL case. For
instance, consider the closed-economy version of the model (wo = 1). Case IB simplifies to
0< O <2+ w, where the upper bound is non-binding within the empirically-relevant
interval 0, € [0,10], except for A very close to the threshold A\*.1* In contrast, determinacy
is only possible under IADL from Case ITA:

1
1— A< A< A
20(1+p) 1+
1+ U\II )U—l—i)

For the baseline parameter values, there exists a very small interval of A for which deter-

minacy is possible (0.986\* < A < A*). As highlighted in Figure 1, the determinacy region

“With our baseline parameter values, the upper bound on 6, lies in the interval [2, 10] for A €
[0.644, 0.684].
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is barely visible under a price-level rule for both closed and open IADL economies. This is
in stark contrast to the case of no rule-of-thumb consumers (A = 1), where determinacy is

easily induced.'®

For some intuition, first consider a sunspot-induced increase in inflationary expectations in
a closed economy. For the SADL case, the Taylor principle induces a rise in the real interest
rate, resulting in a fall in consumption and output. This exerts downward pressure on real
marginal cost, which lowers inflation from the NKPC, contradicting the initial inflationary
expectations. Similar to Bullard and Mitra (2007), interest-rate inertia helps to enlarge the
determinacy region, as the long-run nominal interest-rate is 1/1— p, times more responsive
to permanent changes in inflation compared to the non-inertial case. Under a price-level
rule, any increase in inflation results in a rise in both the nominal and real interest rate.

For any 6, > 0, the Taylor principle is always satisfied and indeterminacy is not possible.

In TADL economies, Ricardian consumption falls but output rises in response to a higher
real interest rate. Consequently, real marginal cost increases and the initial inflationary
belief becomes self-fulfilling under the Taylor principle. In this case, a passive policy re-
sponse by letting the real interest fall in response to higher expected inflation, leads to
lower demand and deflation from the NKPC, contradicting the initial inflationary expec-
tations. However, interest rate inertia reduces the determinacy region under the inverted

Taylor principle, which becomes nearly impossible under a Wicksellian rule.

In open economies, first note that the next-period consumer-price inflation rate depends

on both the rate of future domestic price inflation and changes in the terms of trade:

1—we
Ter1 = T+ + (1 = Wwe) (8t41 — 8t) = T + 0 < we ) (el —cff).

For the SADL case, a real interest rate rise results in an expected deterioration in the terms
of trade s¢11 — s¢ > 0. Consequently, indeterminacy can arise under the Taylor principle
provided the upward pressure on consumer-price inflation, generated by the adjustments in
the terms of trade, is sufficiently strong to offset the reduction in domestic-price inflation
generated from lower domestic demand. As the degree of trade openness 1 — w¢ increases,

the economy becomes more prone to indeterminacy. However, in stark contrast to closed

5For example, there exists a unique stable equilibrium in the closed economy after setting A = 1 iff

20(148)
0< 0, <2[1+FED].
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economies, determinacy can be consistent with the Taylor principle under IADL. While rises
in the real interest rate now result in an increase in domestic-price inflation, the upward
pressure exerted on consumer-price inflation can be more than offset via a reduction in

Ricardian consumption (cfH — ¢ < 0) arising from the adjustment in the terms of trade.

Below we examine the robustness of these findings using several variants of the policy rule

(3.8) commonly found in the literature.

3.2 Domestic-Price Inflation Targeting

We now consider the determinacy implications of rule-of-thumb consumers under a domes-

tic price inflation rule with policy inertia:

Tt = prri—1 + OxTH 141, (3.12)

where setting p, = 1 yields a domestic-price-level rule.

Proposition 4. (Domestic-price inflation) For the standard SADL case A > \*, inter-
est rate inertia increases the policy space for 0, for which there is equilibrium determinacy.
Under IADL, interest rate inertia decreases the determinate policy space for 0. The effect
of trade openness is ambiguous. However, for a standard range of parameter values, trade

openness enlarges the determinate policy space under SADL and reduces it under IADL.
Proof: See appendix C.5.

Under a domestic-price inflation rule, the role of trade openness can be reversed. For the

SADL case, the upper bound on the inflation response coefficient is now given by:

PP = (14 p,) {1 L l+h) ﬂ)}

Uwe Y

which can either increase or decrease with trade openness 1 — wo depending on the value
of A > \*.16 For the IADL case, the large determinacy region that arises under the Taylor

principle in open economies is no longer available if domestic-price inflation is targeted.!”

Interest-rate inertia has similar implications for determinacy regardless of the choice of

16Close to the TADL threshold, A\*, the upper-bound I'Y ¥! is decreasing with 1 — we and in the case of
no rule-of-thumb consumers (A = 1), it is increasing with 1 — we provided 1 — opuc > 0.
Plots of the determinacy regions are shown in Figure 8 in appendix C.5.
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inflation target. For example, consider a domestic price-level rule by setting p, = 1 in
(3.12). The necessary and sufficient condition for equilibrium determinacy is given by:
do(1+ 5)
0<§6 24+ ——~.
<Or <2+ TweT
Therefore, determinacy is impossible in IADL economies provided —20(1+f)/¥we < T <
0, which using the baseline parameter values suggests A < 0.63 for a closed economy and
A < 0.55 with we = 0.6. In both cases, this threshold is a value approximately 0.01 below

A\*, emphasizing the narrowness of the region for which determinacy is possible.!®

3.3 Output Stabilization

We now consider the determinacy implications of a policy response to contemporaneous

output (or the output gap). Since y; is linear in cﬁ, the Taylor rule can be expressed as:
Tt = PrTi—1 + 071—7Tt+1 + HyECf, (313)

where 6, > 0 is the output response coefficient and E is given by (3.5).

Proposition 5. For the standard SADL case X\ > X*, a policy response to output 6, > 0
increases the policy space for 0, for which there is equilibrium determinacy. Under IADL,
there exists some values of A € [0, \*) for which the Taylor principle is restored. However,
in this case, the equilibrium is indeterminate regardless of the value of 0 if 0, < 0,, where

0y is increasing with interest rate inertia and decreasing with trade openness.
Proof: See appendix C.6.

Under SADL, both closed and open economies are less prone to indeterminacy with a

policy response to output. Since = > 0 with T > 0, it follows that the slope (1\;@)5 of the

long-run NKPC is positive and the generalized (or long-run) version of the Taylor principle

is given by:
(1-pB)E
UY

Increasing p, results in a parallel inward shift of the long-run Taylor principle on the plane

0 + 0, >1—p,. (3.14)

8 As shown in appendix C.7, similar conclusions are obtained under a contemporaneous-looking interest-
rate rule: 7+ = ppri—1 + Oxme.
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(ye, m), and the upper bound I'Y on the inflation response coefficient is increasing in 6,

21+ B)owe . weo(l+ B)= 0
UweY +20(1+ 8)(1 —we) Uwe +20(14 B8)(1—we) ¥

Y= (1+p) [1+

With a policy response to output, the IADL breaks down in closed economies. Since
E < 0 with T < 0 (after setting we = 1), determinacy can only arise under the inverted
Taylor principle when 6, = 0. Instead, determinacy requires the central bank to follow
the generalized Taylor principle (3.14) and place a sufficiently large weight on output:
0y > (9’*&%) % — @. However, as illustrated in Figure 3(b), determinacy requires
0, to be large suggesting that indeterminacy is likely to arise in a closed economy when
T < 0 for empirically realistic output responses 6, € [0,2]. Moreover, since the lower
bound on 6, is increasing in p,, policy inertia further undermines the ability of a policy

response to output to help restore the Taylor principle when A < A*.

In open economies = can be positive or negative under T < 0. This switch is clearly
shown in Figure 2 by setting A = 0.2,0.5, since = > 0 for any A < 0.3 under the baseline
parameter values. Thus, for low levels of A, the IADL is maintained and determinacy arises
under the inverted Taylor principle. Figure 3(a) highlights the role of trade openness and
policy inertia under T < 0 when Z < 0. By inspection, openness not only improves the
determinacy properties of the IADL economy by lowering \*, but for the case A < A\*, the

determinate policy space is also much larger in the open economy.

0 1 2 0 1 2
6 6
Yy Yy

Figure 2: Determinacy regions (white areas) under TADL for the baseline LAMP model. Parameter
values are A = 0.2,0.5, ¥ =0.086, p =2, 0 =2, 5=0.99, ( =7, uc = 0.62, and we = 0.6.
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Figure 3: Determinacy regions (white areas) under IADL for the baseline LAMP model. Param-
eterization is A = 0.5, ¥ = 0.086, p =2, 0 =2,  =0.99, ( =7, pc = 0.62, and weo = 0.6 for the
open economy in the top panel and wo = 1 for the closed in the bottom panel.

3.4 Exchange Rate Stabilization

We can show the results are also robust to a modified interest-rate rule that incorporates a
policy response to either the real exchange rate ¢; or changes in the nominal exchange rate
Hf—l,t- Because the UIP condition holds, the exchange rate depreciation is equal to the
lagged interest rate. Choosing the weight on this term is therefore equivalent to choosing
pr, leaving the results unchanged. For the real exchange rate, it is straightforward to
show that under complete asset markets ¢ = o (cf‘ — cf *> It follows directly that the

determinacy conditions are equivalent to those with a policy response to output.

3.5 Determinacy Analysis in the Medium-Scale Model

Similar conclusions to the baseline model are obtained for the medium-scale LAMP model
discussed in Section 2.8. For the inertial feedback rule (3.7), Figure 4 depicts the effect

of adjusting the proportion of rule-of-thumb consumers, 1 — X, using the parameter values
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Figure 4: Determinacy regions (white areas) for the medium-scale LAMP model. Parameterization
is given in Table 1 of appendix B.6. wg = w; = 0.6 for the open economy in the top panel and
we = wy = 1 for the closed in the bottom panel.

summarized in Table 1 of appendix B.6. In the absence of inertia, determinacy is not
possible in the SADL case. However, by increasing the value of p,, determinacy easily arises

under the Taylor principle, although the region is relatively smaller for open economies.

For the IADL case, determinacy requires the inverted Taylor principle in the closed econ-
omy, which shrinks as p, increases and completely disappears under a price-level targeting
rule. This is in stark contrast to the case of no rule-of-thumb consumers, where it is well
known that by increasing the degree of interest rate inertia (see, e.g., Duffy and Xiao, 2011)
or adopting a Wicksellian rule (see, e.g., McKnight, 2018) leads to significant determinacy
gains in NK models with capital and investment. Similar to the baseline (labor-only) LAMP
model, the Taylor principle can achieve determinacy in open IADL economies provided A

is sufficiently small and 6, is sufficiently greater than 1.
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3.6 Zero Lower Bound Considerations

Suppose that the interest rate is subject to a zero lower bound (ZLB) such that:
r + 7 =max {0,7 + ppri—1 + Ormig1 ) (3.15)

The presence of a ZLB can alter the determinacy properties of the model and introduces
the possibility of both dynamic and steady-state indeterminacy.'® Consider the following
intuition for a sunspot shock induced by the ZLB. The expectation that the ZLB will bind
in the future is equivalent to the expectation that for some period the nominal interest
rate will be elevated above the level otherwise set by the policy rule. The higher future
interest rate will have a deflationary effect and induce a cut in the interest rate today. If
either the fall in inflation or the response of current monetary policy is large enough, then

the interest rate can reach zero and the ZLB episode would be self-fulfilling.

Such a sunspot shock can be contemporaneous; even if agents expect to be away from the
ZLB in the following period, an expectation of the ZLB binding in the current period can
be self-fulfilling. If indeterminacy is possible when agents expect to be away from the ZLB
in the next period, then the model is always indeterminate irregardless of whether there is
a horizon, T, after which agents expect to escape the ZLB. However, if indeterminacy is
shown to be possible when agents expect to be away from the ZLB after some number of
periods T > 1, then it is not sufficient proof that indeterminacy is possible when 7' < 1.20
Using the tests discussed in Holden (2019), we check the determinacy properties of the
model for different horizons, beyond which the ZLB is not expected to bind.?! A detailed

discussion of the tests is provided in appendix C.8.

While a full check of all the necessary and sufficient conditions is too computationally
expensive for large values of T', we can check some sufficient conditions with a horizon
T = 200, which is equivalent to agents expecting to have escaped the ZLB within 50

years. This exercise reveals that when a determinate policy rule is available under IADL,

191t is easily verified that two deterministic steady states exist in the standard NK model with a ZLB;
one when the nominal interest rate is at zero and inflation is below target, and the second with a positive
interest rate and inflation on target. See Benhabib and Uribe (2002) and Ferndndez-Villaverde et al. (2015)
for a detailed analysis of dynamic indeterminacy under a ZLB.

20This is discussed in detail by Holden (2019) who outlines the necessary and sufficient conditions for
determinacy in an otherwise linear model with a ZLB.

2In principle, T could be set large enough that the risk of the ZLB binding at this future point should
not plausibly affect current inflation.

Page 25 of 43



10 p=0 10 p=0.5 10
) sg ) 5! B
0 0 0
0 0.5 1 0 0.5 1 0 0.5 1
A A A
(a) Open economy
10 2= 10 p=0.5 10
) 5! ) 5! B
0 0 0
0 0.5 1 0 0.5 1 0 0.5 1
A A A

(b) Closed economy

Figure 5: Uniqueness results for the baseline LAMP model with a ZL.B. The black areas represent
indeterminacy in the linear model, the white areas indicate there is always a unique equilibrium
conditional on agents expecting to be away from the ZLB in 20 quarters. Uniqueness can only be
guaranteed in the red areas when the economy escapes the ZLB in the following period. In the blue
areas, self-fulfilling ZLB episodes are always possible.

uniqueness is always guaranteed except for high values of 0, > max {l%wc, I } However,
we cannot rule out multiplicity under SADL except in the absence of interést rate inertia.??
Restricting our analysis to a shorter horizon T = 20, such that agents expect the economy
to have escaped the ZLB in 5 years, allows us to check the full set of necessary and sufficient

conditions by employing the recursive test proposed in Tsatsomeros and Li (2000).%

Figure 5 shows the results of these tests. For open IADL economies, the determinate
blue region arising from a sufficiently large inflation response 60, suffers from the risk of
equilibrium multiplicity. Here, the nominal interest rate responds negatively to a positive

contemporaneous monetary policy shock and self-fulfilling ZLB episodes are always possible

221t turns out that uniqueness under SADL with no policy inertia is a knife-edge result that does not
hold in the medium-scale model.

#3We rely on the implementation of these tests in the dynareOBC toolkit (see https://github.com/
tholden/dynare0BC) as described in Holden (2019).
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Figure 6: The role of trade openness and policy inertia for the baseline model under a ZLB
setting A = 1. The black areas represent indeterminacy in the linear model, the high values in

yellow correspond to better determinacy properties and low values in blue to worse properties.
Values >1 truncated to 1, and values < —0.4 to 0.4.

due to the aggressiveness of the policy rule. The red area shows the region in the parameter
space for which indeterminacy arises from the ZLB in open SADL economies. Although
not quite as severe as the blue region of the IADL economy, multiple equilibria arises unless
the economy is expected to be away from the ZLB in the following period. Consequently,
the determinate policy space shrinks in open SADL economies with policy inertia, where

multiple equilibria can occur as a result of future news of the ZLB binding.

While it does not seem that policy inertia has much of an impact on the indeterminacy
stemming from the ZLB, note that the lag of the interest rate in (3.15) will be zero when
at the ZLB. Any price-level information stored is therefore lost when the ZLB is binding.

We can retain this if we include a shadow interest rate 7} in the interest rate rule:

re +7 = max {0,r; + T} (3.16)
Ty = prri_q 4 Or i1
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Under this policy rule, determinacy is restored to the red regions highlighted in Figure 5.

We can look further at how policy inertia and trade openness affect the determinacy prop-
erties of the model under a ZLB using other indicative statistics. Figure 6 shows the
minimum determinant of a principal sub-matrix of M, where M is a 5 X 5 matrix con-
taining impulse response functions to a positive monetary policy news shocks at different
horizons up to 7' = 5. When this determinant is positive, uniqueness is guaranteed (up to
T =5)24

We focus on the SADL case and set A = 1.25 For the interest-rate rule (3.15), except for
small values of p,, higher policy inertia worsens the determinacy properties of both the
closed and open economy versions of the model. However, by including the lagged shadow
rate (3.16), policy inertia tends to improve the determinacy conditions, except for a small

interval of 8, in the open economy.

Consider the following intuition. As previously discussed, the presence of self-fulfilling Z1.B
episodes depends on the current impact of future monetary policy news shocks. Policy
inertia can have two competing effects in this regard. On one hand, policy inertia increases
the persistence of monetary policy shocks, implying the ZLB binding is more contractionary
in the presence of inertia, increasing the risk of sunspots. On the other hand, under inertia,
a change in the interest rate will move long-term interest rates, thus having a larger impact
on current inflation through the expectation channel. As in the case of a shadow rate rule,
the higher inflation expectations under policy inertia offsets the contractionary effect of

news of future ZLB episodes.

4 Optimal Monetary Policy

As is standard in the NK literature, in order to derive analytical results we define an
approximate linear-quadratic optimal policy problem. We follow Gali and Monacelli (2005),

among others, and restrict our welfare analysis to the special case where o = pc = ug = 1.

24To understand why, consider that the determinant of M can be thought of as equivalent to a measure of
volume. The sign of the determinant gives information on the positivity of the response of monetary policy
to news shocks at different horizons. Recall from the earlier intuition of a ZLB-induced sunspot shock that
a self-fulfilling ZLB episode relies on a negative response of monetary policy to a positive monetary policy
shock at some horizon.

Trade openness and policy inertia do not affect the outcomes under IADL, since we always have unique-
ness under IADL unless we are in the blue regions highlighted in Figure 5, when we always have multiplicity.
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Assumption 1. (Restricted parameterization) We hereafter assume: (i) log utility in
consumption (o = 1); (ii) unit elasticity of substitution between home and foreign goods
(ne =1); (i) unit elasticity of substitution between goods produced in the RoW (ug =1);
(iv) no fized costs (F = 0) so without subsidies, the steady state is not equitable.

In our model there are three market distortions. In addition to market power arising from
monopolistic competition and relative price dispersion arising from nominal price stickiness,
the terms of trade can be influenced to the benefit of domestic consumers. Moreover,
with LAMP, there is an additional behavioral distortion which creates inequality across

household types.26

4.1 The Distorted, Efficient and Equitable Allocations
We define three optimal allocations.

Definition 1. (Welfare-relevant output gap) We consider three definitions of the
welfare-relevant output gap: (i) the flexi-price (decentralized) equilibrium; (ii) the efficient
(social planner) allocation; and (iii) the equitable (social planner) allocation. The stochas-
tic and time-varying levels of output associated with these forms are denoted by Y;" (the
natural level), Y, (the efficient level), and Y; (the equitable level).

We show below how allocations (ii) and (iii) can be decentralized by coordinated fiscal and
monetary policy to enhance (i).
4.1.1 The Decentralized Flexi-Price Equilibrium

The model conditions outlined in Section 2 are adjusted to allow flexible price setting. This
replaces the optimal price setting condition with a constant mark-up giving a fixed real

marginal cost MC; = 1 — % With uc = 1, we can express the conditions characterizing

the open economy aspects as: 27
Py 1-w
—= =25 © 4.1
Pt t ’ ( )
Cre(CfH)!Te = ve(vy) Ve, (4.2)
Y; = C,S} Ve, (4.3)

26This distortion arises from three sources preventing constrained households from (i) owning domestic
shares, (ii) owning foreign shares, and (iii) trading in international state-contingent securities.
ZTWhere equation (4.2) follows from the assumption that there are no constrained consumers in the RoW.
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We subsequently refer to this equilibrium as the economy’s natural rate allocation.

4.1.2 The Social Planner’s Problem and the Efficient Allocation

Given exogenous processes for A; and Y;*, the social planner’s problem for the SOE with
LAMP is to choose C} and N/ for i = C, R to maximize aggregate utility A\U(CF, Nf*) +
(1 = NU(CF, NF) subject to the resource constraint (4.2) with C;, Ny, and Y; given by
equations (2.16)—(2.18). Since the first-order conditions for the optimal choice of hours
of labor supply lead to an equivalent expression for both agent types, Nf' = N& = u3 +

(14 Ay, the relevant first-order conditions are those for consumption, Cf* and C¢:

NUgg + 11 (1 — we) O (CF)™Ve — ) =, (4.4
Uth — M2 = 07 (45)

where u;, i = 1,2, 3,4, are the Lagrange multipliers. It follows from the FOCs that the effi-
cient allocation is not also an equitable allocation (see Section 4.1.3 below). This contrasts
with the closed economy case (wc = 1), where the efficient allocation is also equitable, as
in Bilbiie (2008).
4.1.3 The Social Planner’s Problem and the Equitable Allocation
The optimal equitable allocation with C; = Cff = CF and N, = Nt = NF follows from
optimizing the same aggregate utility function but subject to the following constraint:
Cy = (AN Ve (v) Ve (4.6)
The FOCs imply:
" C R C 1
CtNt = Wcﬁ = N;* = Nt =Ny = (WC) I+e, (47)
t

This is the baseline about which the first-order solution of the model and the second-order
approximation of the welfare criterion are conducted.

How then can the decentralized flexi-price SOE with LAMP support this optimal and

equitable allocation? We seek two tax instruments, a firm subsidy 7; and a household
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subsidy 7, financed out of lump-sum taxation, such that:

Uyi

Wil —7j) = ——-t.  i=R,C, (4.8)
UCi,t

CC¢ = W,(1+7,)NE. (4.9)

From the flexi-price decentralized equilibrium this requires tax subsidies that satisfy:

wd1—q):1—2, (4.10)

1
C

The next proposition directly follows.

Proposition 6. (Optimal Subsidies for an Equitable Allocation) Given the flexi-
price equilibrium (2.16), (2.17), and (4.3), the social optimum is not an equitable allocation.
An optimal equitable flexi-price allocation is sustained following (4.10) and (4.11) which
determine tax subsidies for the firm 7y and household 1j,. These subsidies are financed by

lump-sum tazes, introduced in the budget constraint for Ricardian households (2.3).

Note that the LAMP dimension, via A\, does not appear in (4.10) and (4.11). The optimal
employment subsidy paid to the firm is influenced (negatively) by the degree of trade
openness, (1 — w¢), in addition to its standard (positive) dependence on the inverse of
the markup, (1 — 1/{). By contrast, the optimal wage subsidy paid to all households is
positively related to the degree of trade openness. These results generalize the results
of Bilbiie (2008) for the closed LAMP economy (we = 1), where no household subsidy is
required, and Gali and Monacelli (2005) for the open economy case without LAMP (A = 1).

4.1.4 Discussion

Consider the three allocations derived above. The decentralized equilibrium is a distorted
allocation, neither efficient nor equitable (indeed, ‘laissez-faire’). The efficient allocation is
not equitable; it should use only the employment subsidy, as in Gali and Monacelli (2005)
and Bilbiie (2008), but unlike the closed LAMP economy, it is now not enough to attain
equality across agent types. In open economies, the equitable allocation is not efficient; it

adds the wage subsidy to the C-types, but this is akin to an unemployment benefit and,
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by introducing a labour market distortion, implies an efficiency and equality tradeoft.

Why is the efficient allocation not also equitable? The key difference is the imposition
of equality in the resource constraint (4.6), while (4.2) implies an inequality across agent
types due both to foreign profit ownership and risk insurance available to R-types in the

open economy.

Another result that we establish here is that the optimal equitable hours of work (4.7)
depends on the degree of trade openness: the more open is the economy, the less R and
C' agents work. The result arises because of the same risk-sharing condition (4.2) across
Ricardian consumers in the SOE and the RoW. Our interpretation is linked to the role of
the open-economy dimension in risk-sharing seen clearly here: the benefit of foreign profits
and international risk-sharing, originally going only to the Ricardian types in the LAMP
SOE, now gets shared between both types via the redistribution that makes the allocation

equitable. The more open an economy, the wider the range of risk-sharing.

4.2 The Optimal Policy Problem

The optimal policy problem consists of minimizing the second-order approximation to
social welfare loss, given the constraints embodied in the model economy, summarized by
the intertemporal IS equation (NKIS) and the NKPC of Section 3. For the remainder of the
optimal policy analysis we choose the steady state of the determinacy analysis of Section
3 corresponding to the optimal equitable allocation. As is standard in the literature, we

rewrite these equations in terms of the output gap x; and the natural rate of interest r}:

1
vy = K41 — g (Tt - Etﬂ'H,t—i-l - 7“?) > (4-12)
Tt = BETh 441 + Ky, (4.13)

where

1_ (1 —
5:(1—)\)\<p>wc; k=VA > 0; WE%>O;

A=1+[1-(1-Nwel$>1,  (414)
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with & denoting Calvo price stickinesss and %, % < 0.2 Recall from Section 3 that the

sign (hence, TADL) and slope of the NKIS curve, —1/§, are affected both by A and w¢.
In light of Proposition 6 we now choose our social welfare criterion and by implication the

welfare-relevant output gap.

Assumption 2. (Social welfare criterion) Our social welfare criterion is a second-
order approzimation of the sum of the Ricardian and constrained households utility weighted
by their mass in the region of the optimal equitable flexible-price allocation Y; with a welfare-

relevant output gap x; = Yt%th supported by the subsidy scheme of Proposition 6.
The form of this welfare criterion is given by the following proposition:

Proposition 7. (Social welfare loss with a flexi-price equilibrium) For the non-
linear model of Section 2 and welfare-relevant output gap x:, given Proposition 6, the

micro-founded social welfare loss criterion for the LAMP SOE is approximated as:

e [1
QO = Eogﬁt |:2(771%{,t + wxf) — Axxt , (415)
where w = w(\) = ‘I’(éj\“"), U= %7 A, = w.

Proof: See Appendix D.1.

The linear term in x; captures the fact that any marginal increase in the output gap relative
to its steady state value has a positive first-order effect on social welfare, since output is

below its efficient level at that steady state.

We now turn to the policy implications of our results with respect to the central bank oper-
ating first under discretion, and then under commitment, before deriving the corresponding

targeting rules and the inflation outcomes.

4.3 Discretionary Equilibrium and Implied Inflation Dynamics
Under discretion, in each period ¢ the monetary authority chooses output and inflation

according to the following optimization problem:

min 77%“ + wx? — Ay s.t. Tt = KUt + BE«TH 141, (4.16)
Tt,TH ¢t ’

28This is shown with further detail in appendix D.7.
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where Kk = k(A we) = VAN we) with A = AN\ we) as defined by (4.14), ¢ = y¢ — y7',
where yi' is the above flexi-price equilibrium (natural level) in log-linear deviation and is
a function of the three exogenous shock processes: a; = log (A:/A), ¢; =log (C;/C*), and
r{ =log (Rf/R*). The form of this function has no bearing on the optimal policy analysis

for discretion and commitment.

For our welfare-relevant output gap, z: = v+ — 4+ = y+ — yi' + y3* — Ut = Ut + y;* — Y. Hence

we can write the constraint in (4.16) as:
THt = KTt + BET 1 + ue, (4.17)

where u; = k(yr — i) is a cost-push shock process, which will be zero with the restored
optimal equitable flexi-price equilibrium z; = 0. Following much of the literature, the

disturbance is assumed to evolve as an exogenous AR(1) stochastic process: u; = pyui—1 +
2

€u,t, Where p, € [0,1) and {e,.} is a white-noise innovation with constant variance o;.
In the discretionary equilibrium, the inflation expectation ;7 411 is taken as given since
there are no endogenous state variables and therefore is a function of future output gaps

which cannot be contemporaneously influenced by the policymaker.

Proposition 8. (Targeting rule and inflation under discretion) Under discretion,
a higher degree of trade openness and a lower degree of LAMP require an increased degree

of aggressiveness of the optimal targeting rule:

A
Ty = — e+ =2 (4.18)
w w

with a domestic inflation stabilization rule given by:

B kA, N w
THE= ey 1-Bw K2+ (1-ppu)w

Uy (4.19)

Proof: See appendix D.5.

The usual interpretation of (4.18) is that when facing inflationary pressure arising from
a cost-push shock, the optimal monetary policy response is to generate a negative output
gap to dampen the rise in inflation. However, via the composite parameter k/w, the

interaction of trade openness and LAMP imply competing influences with regard to the
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optimal degree of ‘aggressiveness’ of the targeting rule under discretion. Our interpretation
is that trade openness requires a more aggressive response to inflation by the central bank
since the more open the economy, the less x; depends on domestic-price inflation, so the
central bank needs to be more aggressive. By contrast, LAMP contributes to lowering the
aggressiveness since the higher the LAMP, the more z; (via the spending of total current
income of C types, without any saving or insurance options available to them) depends on
domestic-price inflation, so the central bank needs to be less aggressive. These results stress
the point requiring optimal monetary policy to strike the right balance between the opposite
influences of trade openness and LAMP on the degree of central bank aggressiveness in the

targeting rule.

In (4.19), A, > 0, and therefore discretion leads to a positive steady state domestic inflation
rate, or an ‘inflationary bias’ as well established in the literature. Further inspection reveals
that the inflationary bias increases in both the degree of LAMP and trade openness.?”
The second term in (4.19) is a stabilization term specifying how domestic-price inflation
responds positively to a cost-push shock. Notice this term is a function of the loss function
weight on output gap deviations, w, and the slope of the NKPC, . As has already been
established, @ and k both depend on the population share of constrained consumers and
k also on the degree of trade openness. Further analysis reveals that either higher trade
openness (1 —w¢) or a higher degree of LAMP (1 — \) leads to a more aggressive inflation

response to cost-push shocks.3°

4.4 Commitment Equilibrium and Implied Price-Level Dynamics

We next discuss optimal monetary policy assuming commitment with full credibility. Under
credible commitment, the central bank implements a policy plan announced at ¢ = 0.
Formally, the central bank now is assumed to choose a state-contingent sequence {x, 7 5o

in order to:

o0
min EOZﬂt (W%Lt + @z} — Ayay) (4.20)

{-'Et 77rt}?io =0

subject to a sequence of NKPC constraints:

st. 7wt = ke + BETH 41 + ug, for t =0, .., 00. (4.21)

29Gee appendix D.7.1.
39This is shown in appendix D.7.
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Proposition 9. (Targeting rule and price level under commitment) Under commit-
ment, a higher degree of trade openness and a lower degree of LAMP require an increased

degree of aggressiveness of the optimal targeting rule:

K . A
Ty = ——PHt+ == (4.22)
w w

and a price level rule for Dg i = pat — pH,—1 and output gap dynamics x; given by, respec-

tively:
~ ~ ¥ v kA,
PH{t = VPHt-1 + up + ; (4.23)
1 —vBpu -8 w
1—v)Az
Tt = YTt—1 — m'&t, t= 1,2, ey X = _w(lf’zﬁpu)uo + ( ;) ) t= 0, (424)

1—/1—4Ba> .
where v = Tﬁa €(0,1) and a = =072 © (0,1).

Proof: See appendix D.6.

DH,t is the relative deviation between the price level and an ‘implicit target’ given by the
price level prevailing in the period just before the central bank committed and chose its
optimal plan. Our interpretation is analogous to the case of discretion,*! but now, with
commitment, steady-state inflation is zero, not positive. The results in (4.23) and (4.24)
in Proposition 9 can be viewed as targeting rules that the central bank must follow period
by period, in a way parallel to the case of discretion, in order to implement the optimal

monetary policy under credible commitment.

The deterministic path for (4.23) displays a positive jump at the beginning and then

YA,
(1—B)=
with commitment the long-run domestic inflation rate is zero. Note that the stabilization

follows a path given by ~/*! at time ¢ relative to a constant steady state. Hence

component of the price-level rule is very different from that under discretion with an

inflation rule.

4.5 Implementation of Optimal Policy with Interest Rate Rules

Optimal monetary policy up to now has been expressed in terms of targeting rules (4.18)
for discretion and (4.22) for commitment. The question now is whether these rules can be

implemented in the form of nominal interest-rate rules of the kind studied in Section 3. To

31This is shown in appendix D.7.
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address this question we combine the targeting rules with the NKIS equation (4.12), which
we write as: 5
re =1y + BT + o (Epzi—1 — ). (4.25)

4.5.1 The Interest Rate Rule for the Case of Discretion
From (4.18) and (4.19) we have:

T = —mpy+ 7, (4.26)
w

w
_ - 4.27
TH 4 oy Bpu)wm + Ty (4.27)

where T and 7y are steady state values in deviation form about the original steady state.

Hence: (1 )

k(1 —

7puEt(7"H,t+1 — TH)- (4.28)
WPy

Eirip — e =

From (4.25) and (4.28), we arrive at the following nominal interest rate rule:

g 1-— U 4] 1-— n
Tt =1y + (1 + M) Eimr 1 — <M> TH, - (4.29)

wWo WPy Wo WPy

There are two points to make about this rule. First, it depends on the persistence of the
AR(1) shock process p, € [0, 1] and, second, it follows that there must be some parameter
values for which the conditions for saddle-path stability found in Section 3 fail. It then
follows that, in general, the discretionary optimal monetary policy cannot be implemented
as a nominal interest rate rule, a result that carries over from the closed-economy case of
Bilbiie (2008).

4.5.2 The Interest Rate Rule for the Case of Commitment

However, for the commitment case, optimal policy can be implemented as a Taylor-type
rule. To see this we combine the NKIS curve (4.25) and the NKPC (4.17), and find:*?

k2 4+ w

w W W
THt + = *0(52 +w@)(re — i) +up + [5+ 70(}{2 + )| Eymp i1 +

0K 0K
32This follows the logic of Woodford (2003), Chapter 7, for the closed economy without LAMP.

Eiwi1
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from which we arrive at the interest rate rule:

0K
we (k2 + w)

w

0K 0
ry = 7’? + Ut + <1 + B )> Etﬂ'HJ-‘rl + %Et$t+1 + C( Ti—1-

wo (k2 + @) we (k2 + @)

(4.30)
Then, following the reasoning behind Woodford (2003) and Bilbiie (2008), the rule (4.30)
implements the optimal commitment solution as a unique saddlepath stable RE solution
for the open LAMP economy. An important feature of (4.30) is that it is robust in the
sense that its stability properties hold for any shock process for u; unlike the rule (4.29) for
the case of discretion. Thus, for the open LAMP economy, two benefits from commitment
emerge. First, welfare gains are enhanced by the avoidance of an inflation bias in the
steady state; and, second, the targeting rule under commitment can be implemented as a
saddle-path stable RE robust interest rate rule, a result that carries over from the closed

economy and non-LAMP cases in the literature.

Finally, we note that the optimal robust interest rate rule (4.30) is one without policy
inertia. How can this feature be reconciled with the emphasis on “make-up” strategies
and their extreme form, price-level or nominal interest rate targeting rules discussed in
the Introduction and analyzed in Section 37 Following Woodford (2003), Levine, McAdam
and Pearlman (2008), and Deak et al. (2020), inertia in the optimal policy rule arises from
penalizing the variance of the nominal interest rate in the objective of the central bank. The
weight on this penalty can be chosen to achieve a form of the ZLB constraint that imposes
a given low probability of hitting the ZLB, as opposed to the absolute constraint considered
in Section 3.6. Then a welfare-optimized interest rate rule can be found computationally

with respect to the feedback parameters in the rule and the penalty weight.33

5 Concluding Remarks

This paper examines the role of limited asset market participation and trade openness
in the design of monetary policy. These features are empirically-relevant and important

considerations for policy.

Our first key contribution relates to the equilibrium determinacy of commonly employed

33See Mirfatah et al. (2021) who carry out such an exercise in an estimated SOE model. They find that
optimized rules have very high degrees of policy inertia and indeed can be closely mimicked by price-level
or nominal interest rate rules. Their computational findings complement our analytical results.
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interest-rate rules. We challenge the conventional wisdom that policy inertia and price-
level targeting reduce the likelihood of indeterminacy. For IADL economies, determinacy is
undermined if the central bank reacts aggressively to interest rate inertia. In contrast, we
find that trade openness, which typically exacerbates indeterminacy in standard models,
exerts a stabilizing effect in IADL economies. This highlights an important caveat con-
cerning the potential benefits of “make-up” strategies for central banks regardless if the

nominal interest rate is close to the zero lower bound or not.

Our second key contribution concerns optimal monetary policy. We first show that the
equivalence between the efficient and equitable equilibrium allocation in closed economies
with LAMP breaks down in open economies. Focusing on the equitable allocation we derive
targeting rules under optimal discretion and commitment and highlight the competing
forces that trade openness and LAMP exert on their aggressiveness. Our results stress
the point that the central bank has to strike the right balance between these opposing
influences. Finally, we derived implementable optimal interest rate rules, and showed that
commitment is superior to discretion for two reasons. First, welfare gains are enhanced by
the avoidance of an inflation bias in the steady state; and, second, the targeting rule under

commitment can be implemented as a saddle-path stable, robust interest rate rule.

Our paper has some limitations, which should be explored in future research. One such
avenue is to generalize our SOE model with LAMP to a corresponding two-country analysis.
Another extension is to replace complete exchange rate pass-through with incomplete pass-

through. A third dimension is to introduce some form of bounded rationality.
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Technical Appendix: Derivations and Proofs (for online

publication)

A  Equilibrium Conditions for Baseline LAMP Model

A.1 Households: Aggregate Consumption and Labor
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A.5 Deterministic Zero-Growth Steady State

In a non-zero-net inflation steady state given Bp = Bp, II = IIg = IIp = II*, with

appropriate choice of units such that I%H = I%F = % = 1 we have:

(o)

JJIC—11-¢3(Iy)
J ¢ 1-¢p(Im)°
:M
€ (Iy)*
cc :NCW
YW =N
Yw _F
A

Y
|/|/ = —[\/1
N ¢

1 II°
TB:<—>BF

MC = "> L

Y:

R 1I
C=Y-TB
Cyg=wcC

Page 3 of 43



Cr=(1-we)C
1 A
RS S
1 A
ot = 1—)\0_1—)\00
Py _ J
Py JJ
C—leMC'
-
S Y
1—¢B (!
EX=Y -Cy

NR

NC

Cy =EX

B Equilibrium Conditions for Medium-Scale LAMP Model

B.1 Households: Aggregate Consumption and Labor
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B.2 Households: Consumption, Investment and Export Demand
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%R
Y; Pry
Wi=(1-a)—MC, :
t=(1-a) N MG
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Phe _ I
Puy  JJy

Y: =

JJ, = : E 1Y,5MStMCt + (R [Aft-'rl (T g041)° JJt+1}

Py
Jip = Y, E
t P, r + EEy s

)

(Mg 41)°
Aﬁtﬂijtﬂ

PW
MC, = —t
Cr Py
K= (1—6) K1 + (1 — S(X),
/ R / It2+1 PtI
Qi1 = S(Xe) = XeS(X0)) + B | A1 QS (Xe1) =5 | = 5N
i

B.4 Market Clearing

i =Cuy+Cry+ I+ Iy + Gy
EXt - Cf{vt + I;i[’t

Pry Py
TB; = Y, — Cp — —1; — :
t Pt t t Pt t Pt

Gy

* t1,
PP By = Bri1+TB;
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B.5 Deterministic Zero-Growth Steady State

In a non-zero-net inflation steady state and constant Q; given Il = Il = IIp = II*, with

appropriate choice of units such that I%H = I%F = P?f = % = 1 we have:
Q=1
II
If = —
H*
N=N
NY=1
NR_N—ANC
D)
S —
AR =5
Q:
II
R=—
p
H*
R = —
B*
6= R I g~ p*

R*IIE H*Hsﬁ )
k

7o)

JJ(—-11-¢ ,B(HH
T - ep S
( (JJ) —¢

MC =—

11— ()¢

A
1/(1—a)
g B P”T 1 — 5}()
K MCa (1 —71F)

v-n (1) ue

c¢ = N°w
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YW:Kalea
I =0xK
YW _F
Y =-——
A
Br =
1 s
TB = - — | B
<¢R* H) "
G =gyY
C=Y-I1-G-TB
Cyg =wcC

Cr=(1-we)C

1 A
R _ _
N _1—AN 1—A

IH :W]I

_Y1g(9) & i g > g
¢ -

NC

IF:(l—W])I
1 A
DTS S
by _ T
Py JJ
:Z%YMC

1—¢B(m)°
P S

1—¢B(ID)°
EX=Y -Cy—Iy—-G

CC

CR

Cy = EXc = EXc(1) = cseapEX
I} = EX; = EX;(1) = iseapEX

Page 8 of 43



B.6 Calibration of the Medium-Scale LAMP Model

The baseline calibration of the medium-scale LAMP model is given in Table 1.

’ Parameter ‘ Description ‘ Value
B (=B Home (foreign) discount factor 0.99
II (=1I%) Steady-state home (foreign) inflation rate 1.005
o Relative risk aversion 2
% Inverse of the Frisch elasticity of labor supply 2
« Cost share of capital 0.3
Or Depreciation rate of capital 0.025
o1 Investment adjustment costs 10
£ Degree of price stickiness 0.75
1—-A Degree of LAMP A€ 0,1]
pe (= pé), Elasticity of substitution between 0.62
pr (=) home and foreign goods
1—we, 1 —wy Degree of trade openness 0.4
OB Bond adjustment costs 0.001
¢ Elasticity of substitution of differentiated goods 7
gy Government spending share of output 0.1

Table 1: Parameter Values Used in the Numerical Analysis of Determinacy

C Equilibrium Determinacy: Derivations and Proofs

C.1 Derivation of the Minimal Form of the Dynamic System

The model is linearized around a zero-growth, zero-inflation steady state so II = 1 and
prices P = Py = Pr = P* = 1. Then by definition the steady state terms of trade and
real exchange rate are £ = () = 1. As discussed in the main text, we assume an equitable
steady state.3? All lower-case variables denote percentage deviations from the steady state.

All shocks are set equal to zero.

Aggregate demand:

Yy =woe + (1 — Wc)(cf2 + wsy), (C.1)
where w = WC(J“C(;lHU“Z‘ = U“C(H‘;VC)_WC, if e = ug.

34Therefore, we need either the zero-profit condition, F//Y = 1/¢, or the subsidy scheme that supports
the welfare-relevant choice of the output gap x:.
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Aggregate supply:

Tt = Brai+1 + Yme,

mer = wy + (1 — we)st,

yt:A<1+2>nf+(1—/\)<1+1)ntc,

where ¥ = (1_5)(5;55) > 0 and

m=ma+ (1 —we)(s — si—1).

Household optimality conditions:

wy = g +ocf’,

wy = pnf +ocf,

e = A+ (1= N)C,

th = w + ntc,
g
R
St = 7Ct s
wC
R R
¢ = Cip1 — ;(Tt — 1)

Combining (C.5), (C.10), and (C.11), we obtain:

It follows that

from which

Tt — M1 =Tt — THp41 — (1 — WC)W*C(H — T41)

Tt — 41 = WC(Tt - 7rH,t+1)~
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The intertemporal IS equation (C.11) can be expressed as:

R we we R
Ci11 + 77TH¢+1 — 77} =C . (Cl4)

Using (C.6) to eliminate w; and (C.10) to eliminate s;, equations (C.3), (C.7), and (C.9)

become:

me; = onlt + icf, (C.15)
we

ond = pnlt + ocf — o8, (C.16)

& = onf 4+ oclt +nf. (C.17)

Using (C.8) and (C.10) to eliminate ¢; and s; from (C.1) yields:
R c wo | R
Yy = ’LUC)\Ct + Wc(l — )\)Ct —+ (1 — WC) |:1 + W:| Ct y (C18)
C

and rearranging (C.4)

ng . (C.19)

Combining (C.16) and (C.17) gives:

1- 1-
nd = ol =0) nf 4 o G)cf. (C.20)
p+o p+o

Combining (C.17), (C.18), and (C.20) yields:

(1+¢)

p+o

yr = wedel + we(l— \) [onf + ocf] + (1 — we) [1 + :}VU] . (C.21)
c

Combining (C.19), (C.20), and (C.21) gives:

weAp+0)+ (1 —we)(p + o) [1 + v%é] +(1=A)o [WC(l +¢)+(0c-1) (1 + %)} o

ngt =
Me+0) (1+2) = (1= N [we(l+¢) + (0= 1) (1+1)]
(C.22)
Finally, combining (C.2), (C.15), and (C.22) results in
BWH¢+1==WH¢—-WTEE, (C.23)
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where

T:0+<p)\wc(<,0+a)+g0(1—wc)(¢’+a)[1+ ]—i—goa(l—)\){ c(1+0)+ (0 — 1)(1+m

we )\(go—l—a)(l—i—%)—(1_)‘)80[“70(1_‘_('0)_‘_(0-_1 ( )} |

ol —we) Ap +0) [WcsoJra( %}—i—gpl—wc )¢ +0) [1+Vv‘%]
wo )\(<P+0')(1+ ) (1-— )cp[wc(1+<p)+(g_1)<1+%)]

The interest-rate rule is given by:

=7T=

e = prri—1 + OnTes1. (0.24)
The dynamic system given by (C.14), (C.23), and (C.24) can be expressed as:

R /
zZir1 = Aszy, 2zt = [Ct TH,t 7’t—l] )

1_ YWeT(0,—1) Wo(0-—1) prWo
Bol-(1-W)0x]  Boll-(1-Wc)b-]  o[I-(1-We)0x]
ras| ; :
YW YO, WcOn pr
Bl1-(1-Wc)0x] A-(1-Wc)bx]  [1-(1-Wc)0x]

C.2 The NKIS and NKPC Equations when o =1

Setting o = 1 implies n{’ = 0 from (C.20) and thus nf* = }y,; from (C.19). Therefore:

1
yr = AeF+(1=N)c = Aef4-(1-Nw; = AcF (1—A)(<pnﬁ+c§):Acﬁ+(1—A)(ngyt+cf),

and hence:

- A
of = (1 - w) Yt = Oy, (C.25)

and from (C.14):
W
Yt = Y41 — TC (re — TH+1) - (C.26)

In the flexi-price case, 7y, = 0, and hence:

n wo

U =Y — Trf‘ (C.27)
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Figure 7: Role of A and openness on supply and demand curves for we = 0.5 (blue), 0.7 (red),
0.9 (black). Left panel: NKIS (§). Right panel: NKPC (A)

Finally, in terms of the output gap z; = y: — y;* we have

Ty = Tpy1 — % (re — TH 41 —77) - (C.28)
For any given we and inverse Frisch elasticity ¢, when gradually increasing the degree of
LAMP from nil (at A = 1), at some point the sign of the NKIS curve becomes positive
(as 6 becomes negative). The intuition is that the more open the economy or the higher
the degree of LAMP, the less domestic output depends on the domestic real interest rate.
The latter is because constrained consumers spend their current income irrespective of the

interest rate.

The role of trade openness and LAMP in the NKPC, operating via the composite parameter
A, is illustrated graphically in the right panel of Figure 7. Observe that the slope, but now
not the sign, of the NKPC is affected by A and w¢, so that the output gap exerts greater
influence on domestic inflation in the SOE with LAMP than in the RANK SOE. The
intuition is that the more open the economy, the more domestic inflation depends on the
domestic output gap due to the aggregate demand effect of increased spending on imports;
and the higher the degree of LAMP, the more domestic inflation depends on the domestic
output gap due to a greater share of constrained households consuming all current income,

thus strengthening the link between output and inflation.
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C.3 Proof of Proposition 1

Differentiating (3.6) we obtain

. p(l+¢)(p+0) (1+1)

5
dwo [gp [Wo(l—i-cp)—i-(a—l) <1+%>} +(p+o0) <1+%>]
Hence - >0 from which the proposition is proved. [

C.4 Proof of Propositions 2 and 3

The minimum state-space representation of the model is z;11 = Agz; where Ag is given

by (C.1). The three eigenvalues of A3 are solutions to the cubic equation 73 + agr? 4+ a7 +

_ _ 1 - YWeY(0r—1) _ 1 (14+-B)pr
ap = 0, where ag = -1 — 5 — [17(1fwc)9ﬂ] + ga[kcfkwc)eﬂp a =5+ Wvé)c)m +

%’ and ag = —m. With one predetermined variable r;_1, determi-
nacy requires that one eigenvalue is inside the unit circle and two eigenvalues are outside
the unit circle. By Proposition C.2 of Woodford (2003), this is the case if and only if either
of the following two cases is satisfied: Case I: 1+as+ai1+ag < 0, —1+as—aj+ag > 0, Case

II: 14as+a;+ag >0, —1+as—a1+ag <0, and either |ag| > 3 or a%—a0a2+a1—1 > 0.

For Case I, the two inequalities reduce to:
UweX (0 — 1+ py)
Bo [l —(1—we)bx)

Pr \I/WcT(eTr —1- p,«)
—2(1+ B) <1 + (- Wc)97r]> +— 1= (1 —wo)d] > 0. (C.30)

<0, (C.29)

First assume that T > 0. Condition (C.29) requires either (i) 0 < 6, < min {1 — Pry ﬁ}

or (ii) max<1 — p,, —— ¢ < 0. By inspection, (C.30) can never be satisfied under (i).
1-W¢e

For (ii), first note that the lower-bound 1 — p, is redundant since 1 —p, < 1—%7&/0 and (C.30)

requires:
1 UweoY 4 20(1
UweY +20(1 4 B)(1 —we)
For the determinacy region to be non-empty requires (1 Wc) [\chqénggl ag | <P Now

assume that T < 0. Condition (C.29) requires that 1—p, < 0, < 17WC and (C.30) requires
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O [YweY +20(1+B)(1—we)] > (1 + pr) [¥weY + 20(1 + 5)]. The latter can only be
satisfied if YweY +20(1+ 8)(1 —we) < 0 and YweY + 20(1 4+ 8) < 0, which requires an
additional upper-bound on 6, given by (C.31).

For Case II, the first two inequalities reduce to:

Bo 1= (1 —wo)fs] > 0, (C.32)
Pr \IJWCT(GW —-1- Pr)
2040 (1 ) e e < O

First assume that T > 0. Equation (C.32) requires that 1 — p, < 0, < ﬁ and (C.33)
requires the upper-bound on 6, given by (C.31). The remaining inequalities give (3.10)
and (3.11). Now assume that T < 0. Condition (C.32) requires either (i) 0 < 6, <
min{l —pr,ﬁ} or (ii) max{l —pr,ﬁ} < 0. For (i), first note that 1 — p, <
ﬁ, and (C.33) requires 0, [YweY + 20(1 + 5)(1 — we)] < (1+pr) [Ywe Y + 20(1 + 5)],
which is always satisfied if YwcY 4+ 20(1+ 5)(1 —we) < 0 and YweY +20(1+ 8) > 0. If
UweY 4+ 20(1+ 8)(1 — we) > 0 and YweX + 20(1 + 8) > 0, the upper-bound (C.31) is
redundant. If UweY + 20(1 + 8)(1 — we) < 0 and UweY + 20(1 + ) < 0, the following

lower-bound on 6, is needed:

0 (1+ p) [TweY +20(1 + B)]

™ WweX +20(1+ B) 1 —we) (C.34)

In this case, for the region to be non-empty requires (1—p, ) (1+8)owc+[20(1 + 5) + we¥Y] p, >
0. The remaining inequalities give (3.10) and (3.11). For (ii), the lower-bound 1 — p, is re-
dundant and (C.33) requires 0 [TweY + 20(1 + 5)(1 — we)] > (1+pr) [TweY + 20(1 + B)],
which can never be satisfied if YweY 4 20(14 5)(1 —we) < 0 and YweY +20(1+5) > 0.

If Ywe Y +20(14+8)(1—we) > 0 and ¥Ywe Y +20(148) > 0, an additional lower-bound on

0~ given by (C.33) is required. If Ywe Y +20(145)(1—we) < 0 and YweY+20(14+3) <0,
requires the upper-bound on 6, given by (C.31). For the determinacy region to be non-
empty requires (1?;50) [\IJWC%YS:(I | <P The remaining inequalities give (3.10) and
(3.11). This completes the proof. [J
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C.5 Determinacy Conditions under a Domestic-Price Inflation Feedback
Rule

Proposition 10. (Domestic-Price Inflation) Under a domestic-price inflation rule

with interest-rate inertia, the necessary and sufficient conditions for equilibrium determi-

nacy are:
20(1
Case I: 'If T >0:max{0,1—p,} <br < (14 p,) 1+M :
YweY
and one of the following inequalities is satisfied:
1 VweY (0 — 1) ’
Sl et | >3, C.35
‘ B P Bo ( )
pr(l_ﬁ) 1 YweY ( Qﬂ—l):|
1—5+r{+6—+ 1+ > 0. C.36
S ER Z (C.36)
20(1
Case IIA: Y <0, and max{0,1—p,} <0< (1+p) 1+ M )
YweY

20(1+ B)
YweY

and one of the inequalities given by (C.35) and (C.36) is satisfied.

Case IIB: Y <0, (1+py) [1—1— ]<9W<1—pr,

Proof. The dynamic system is given by:

we we
CEH + Ty THA+1 T T = o, (C.37)
B =mmg — Ve, (C.38)
Tt = prrt—1 + OnTH 41 (C.39)

This can be expressed as:

R /
Zo1 = Agzy, 2= [¢ T i),
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1_‘IIWCT(07T—1) We(0r—1) prWeo

Bo Bo o

— _yT 1
A= o ;o0
—B v Pr

The three eigenvalues of A4 are solutions to the cubic equation 7® + asr? + a1r + ag = 0,

\\ T(O—1 1 I I r :
where ag = —1 — 4 — p, + %, a = §+ ( +§)” + ZWeXer and ag = —2. With

one predetermined variable r,_1, determinacy requires that one eigenvalue is inside the
unit circle and two eigenvalues are outside the unit circle. By Proposition C.2 of Woodford
(2003), this is the case if and only if either of the following two cases is satisfied: Case I:
l1+as+ai+ag <0, —1+as—ai+ag >0, Case II: 1+as+ai+ag >0, —1+as—ai+ag <0,
and either |ag| > 3 or ag —agag + a1 — 1 > 0. For Case I, the second inequality can never
be satisfied with T > 0. With T < 0, the first inequality of Case I requires 1 — p, < 6, and
the second inequality yields 6, < (1 + p,) [1 + \I,(Hﬁ )}. For Case II, the first inequality
requires either Y >0 and 0, >1—p,,or T <0 and 0, <1 — p,.. With T > 0, the second
inequality is automatically satisfied if 6; < 1+ p,. Otherwise, the following upper-bound

O < (1+ pr) [1 + Wé}ﬁ@] is additionally required. With T < 0, the second inequality

yields 6, > (1 + p;) [1 + \I,(Hﬁ)} The remaining inequalities of Case II give (C.35) and
(C.36). This completes the proof. O

The analytical conditions indicate that increasing policy inertia enlarges the region of
determinacy under Case I and ITA, and shrinks the determinacy region under Case IIB.
For a standard range of parameter values, Case ITA only holds for a small range of A < A*
and the combined impact of increased inertia on the bounds of Cases ITA and IIB results in
an overall reduced policy space. The effect of openness is ambiguous from these conditions,
however from numerical results, we find that openness appears to enlarge the determinate
policy space under SADL and shrink it under TADL for standard parameter. Determinacy

regions are shown in Figure 8.

C.6 Determinacy Conditions with a Policy Response to Output

Proposition 11. (Output gap targeting) If the interest-rate rule reacts to future consumer-
price inflation rule and contemporaneous output with interest-rate inertia, the necessary

and sufficient conditions for equilibrium determinacy are:

YW T—(1— =0
Case A max i1 = e~ (550 ) < 6o < Twand e > () [MGamistig =
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(a) Open economy

p=0.5 p=0.75

10 10

-

(b) Closed economy

Figure 8: Determinacy regions for small model with domestic-price inflation targeting. Parameter
values are ¥ = 0.086, p = 2,0 =2,( =7, 8=0.99. wg = 0.6 and puc = 0.62 for the open economy
in the top panel and we = 1 for the closed in the bottom panel. The red vertical line gives \*
below which TADL holds.

Case IB: max{(), 1—pr— (1\;@59?!} < 0 < min {ﬁ,rl} and one of the following

inequalities is satisfied:

‘_1 1 o VueT(l—1) weEH, 4
B =00 -we)bz]  Bo[l—(1—wc)bx o[l —(1—wc)ba] ’
(C.40)

1-6+ 1-(1 fir we)0x 6[11)(1(?152)0#J +h- % T % (1 T m)}
e e Sl

(C.41)
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where

2(1 + B)ouwc ] we(l+ B)=
I'i=(@1 r) |1
1=14p) |1+ VweY +20(1+ B)(1 — we) * VuweY + 20(1+ B)(
Case ITA: T < 2 éUC) (pto
ing:

g 1+We ) (1—w,
wc(l—)\)()l-i-tp) [wc)\+ pc w%)( c)
; 1-8)=
() 1_p"_( TY E

} and one of the follow-

o(1-Wc)

Y (A+pr) (WY 20
et e }— = (m + uT)
1— /3_ o(1—w I4p) (WY | 20
( ) Oy, 1= wc}> y < E [1+ﬁ+ (wc C)]_( Ep) (W"‘%)
and one of the mequalztzes given by (C.40)—(C.41) is satisfied.
(iii) 9W>max{1—pr y,%},e > b mju%(lujcwc)}
and one of the inequalities given by (C.40)—(C.41) is satisfied
Case IIB: 2U-Wc) _ __(¢t0)
P
following:

ouc (14+W, 1—w,
(1 )\)(1 ) |:'ch)\+ C( u)CC)( C)
(’L) 1_pr (1 )

0y < On < g and 0, > % |
(ii) 0 < 6 <min{1l—p, — 0
)

_a-pzE,

YT

_ (I+pr)

Y 2
) (55 + 22 )

]<T<Oandoneofthe

Oy < 0n < =5 w s Pr > _(1\;@)301}_1?@%0 and 0, < % [1+5 + 24 ch)}
(1+Pr)
1-B)E 1-B)E 1
(i) =g < Or < 1*Pr*7( @ Oy, pr < ! q/ff) Qy*ﬁﬁc and 0, > %T [1+5 + 24 cwC)}
(A+pr) (ﬂ + 270')
= 8 " we )
(iii) 0 < 0 < min<1— p, — (13,’?59@,, 171w } and one of the inequalities given by
(C.40)—(C.41) is satisfied
. 1— o(1— 1+p,
(iv) 0 > maxq1— p, — ( \mﬁf) Oy, 1= wc} 0, <& 1+,B + (waC)}—( +Ep ) (%—i—%)
and one of the inequalities given by (C.40) (C.41) is satisfied
Proof. The dynamic system is given by
Ct-‘rl +

— THt+1 — 77} =G

T R

(C.42)
Brp i1 =Ty — U,
o(l—wce)0
- ﬂcm _

wC

OrTH 11 = prre—1 + |20y —

(C.43)
M k. (C.44)
we

Page 19 of 43



This can be expressed as:

R /
zZiy1 = Aszy, 7t = [Ct TH,t 7’t—l] )

1— ‘I’WCT(QW—I) + WCEGy Wc(eﬂ-—l) prWo
Bo[l-(1=-Wc)bx] = o[1-(1-W¢)bx]  Bo[l-(1-Wc)bx] o[1-(1-Wc)bx]
As = vy 1 0
5 B B
_ YW TO0x + E@y Wobr Pr
Bll—-(1-W¢)0x] 1-(1-W¢)0x Bll—-(1-W¢)0x] 1-(1-W¢)0x

The three eigenvalues of As are solutions to the cubic equation 7 + asr? + a1r + ag = 0,
g

_ 1 - YWY (0-—1) W E6, 1 (1+8)pr
where a?r— -1 3~ 17(1€Wc)9,r + 50[170(17\7\/0)0”] o a[lf(lc;Wé)Oﬂ]’ a1=73 +m +
YW Tpr W6, B : . . .
60[1—(1C—wpc)9ﬂ] + 60[1_(10_\;0)9#], and ag = —m. With one predetermined vari-

able r,_1, determinacy requires that one eigenvalue is inside the unit circle and two eigen-
values are outside the unit circle. By Proposition C.2 of Woodford (2003), this is the case
if and only if either of the following two cases is satisfied: Case I: 1 + as + a1 + ag < 0,
—1+4+as—a1+ayg>0,Casell: 1 +as+a;+ayp >0, —1+as—ay +ag <0, and either
lag| > 3 or a8 — apaz +a; —1 > 0.

For Case I, the two inequalities reduce to:

Y (0r —1+pr) + (1 = B)EG,

1= (1= wo)fs <0, (C.45)
Pr YwoY (0 —1—pr) —wo(l + /8)591/
~21+4) (1 Tiea- wa) oL~ (L —we)f] > 0. (C46)

First assume that T > 0. If UY(0r — 1 + p,) + (1 — 5)Z6, > 0, conditions (C.45) and
(C.46) require:

Ly~ (dp) [FweT +20(1+ B)] wo(l+ B)E

1—-w¢ ™ UweY + 20(1 + ﬂ)(l — WC) TweY + 20,(1 T l@)(l — WC’) Qy. (C47)

W > |:\I/WcT—(1—Wc)(1+6)59yi| <
1-W¢ YW Y+20(145)

pr- HYY (0 —14p,)+(1—B)Z0, < 0, condition (C.46) can never be satisfied since = > 0.
Now assume that ¥ < 0. If ¥Y (0, — 1+ p,) + (1 — 5)Z6, > 0, condition (C.45) requires:

For the determinacy region to be non-empty requires (

ouc(l+we)(l —we)
we

_ o(1—we) (p+0) [
E>07T> — A+
wo  we(l-N(1+e) €

| (cas

Page 20 of 43



and e

A== 0, — W¢

T T—wo> while condition

For the determinacy region to be non-empty p, < —

(C.46) requires:

7

™
—
—
—

0, >

(C.50)

=
—

[\IJT +20’(1—Wc)]_(1+0r) < oY +20>
1—{—[3 wo = 1+B wWo ’

If VY (0r — 1+ pr) + (1 — B)Z6, < 0, condition (C.45) requires that 1 — p, — (1\;@593/ <
0r < ﬁ and (C.46) requires (C.50) if = < 0. Otherwise

O [ ¥T  20(1-— WC)] (1+pr) < vY 20 )
Yo = [1 + 5 wo = 1+6  we ( )

and p, > — (1\;@59@, — 13‘;‘50 for the determinacy region to be non-empty.

For Case II, the first two inequalities reduce to:
UY (0 — 1+ pr) + (1 - B)Z6,
0 C.52
1= (1—wo)0r s (C:52)
Pr \IIWCT(QW —-1- pr) — Wc(l + ﬁ)EHy

—2(1+ 1+ + <0. (C.53
a+0 (1 =) 71— (1~ we)f] (€59

First assume that T > 0. Equation (C.52) requires that 1 — p, — (1\;@5931 <Or < ﬁ

and (C.53) requires the upper-bound on 6, given by (C.47). The remaining inequalities
give (C.40) and (C.41). Now assume that T < 0. Condition (C.52) requires either (i)
0 < 0 < min {1 — pr — (1;5)50% 17%‘,0} or (ii) max{l — pr — %Hy, 17%‘10} < 0.
For (i), (C.53) is always satisfied if & > 0. Otherwise, the upper-bound on 6, given by
(C.49) is needed. The remaining inequalities give (C.40) and (C.41). For (ii), condition
(C.53) requires (C.51) if = > 0 and (C.50) if Z < 0. The remaining inequalities give (C.40)
and (C.41). This completes the proof. O
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C.7 Determinacy Conditions under a Contemporaneous-Looking Feed-
back Rule

Proposition 12. (Current-looking rule) If the interest-rate rule reacts to current-
looking CPI inflation rule with interest-rate inertia, the necessary and sufficient conditions

for equilibrium determinacy are:

Case I: T >0, 0 >max{0,1— p,}, and one of the following inequalities is satisfied:

—1- ; —pr = 0z(1 —we) — YucY < =3, (C.54)
0x(1 —we) + pr] |[0x(1 — we) + pr] a ;B) + 08— ; _ \I/;Ug'r

+1-8+

Yo Ontp0) (C.55)
g

Case ITA: Y <0, 0 >max{0,1—p,}, and T < _ 2004814 pr40x(1-Wo)]

\ijC(1+P7'+97r)
Case IIB: T <0, 0<0,<1—p,, T> —2‘7(1+§2{£§(r1p_12f_’;(9;w0)}, and either (C.55) or
the following inequality
1 Ywe Y
—1—B—pr—0w(1—wc)— 65 < -3 (C.56)
is satisfied.
Proof. The dynamic system is given by:
w w
Cﬁu + 7C7TH,t+1 ~ =S = cff, (C.57)
o o
Brpi1 = ns — UYcf, (C.58)
Tt = ppri—1 + Oz = [pr + 02(1 — we)| re—1 + Webrmm s (C.59)

This can be expressed as:

R /
Zop1 = AeZi, 2y = (¢ THy -1
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Figure 9: Determinacy regions for small model with current-CPI inflation feedback rule.
Parametrization is ¥ = 0.086, ¢ = 2, 0 =2, ( =7, 5 = 0.99. wg = 0.6 and puc = 0.62 for
the open economy in the top panel and we = 1 for the closed in the bottom panel. The red vertical
line gives A* below which IADL holds.

1+ ‘P\ZiacT We (chﬂ — %) %[Pr +97r<1 _WC)]

g

Ag = _yr 1
6 3 3 0
0 chw Pr + 97r(1 - WC)

The three eigenvalues of Ag are solutions to the cubic equation 72 + agr? + a1r + ag = 0,

where ay = —1 — % —pr — 0:(1 —wg) — ‘I"ZET’ a; = % + 9#(1—WE)(1+5) + \IJWEUTQW I
Or (1 + % + \I/vgg‘r)7 and ag = —w — %’“ With one predetermined variable 7,

determinacy requires that one eigenvalue is inside the unit circle and two eigenvalues are
outside the unit circle. By Proposition C.2 of Woodford (2003), this is the case if and only if
either of the following two cases is satisfied: Case 1: 1+as+ai1+ag < 0, —1+as—ai+ag > 0,
Case 2: 14ags+ai+ap > 0, —14+az—a1+ap < 0, and either |ag| > 3 or ag—aoag—i—al—l > 0.
For Case I, the second inequality can never be satisfied with T > 0. With T < 0, the first

inequality of Case I requires 6, > 1 — p, and the second inequality yields reduces to
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20 (14+8)[1+pr+07(1-W¢ )]
T>- YW (1+pr+0x) c

provided Y > 0. The remaining inequalities give (C.54) and (C.55). If T < 0, the first

20 (148)[1+pr+0-(1-W¢)]
YW (1+pr+07) )

The remaining inequalities give (C.55) and (C.56). This completes the proof. O

. For Case 11, the two inequalities are satisfied if 0, > 1 — p,,

inequality requires 0 < 6, < 1— p, and the second inequality T > —

The analytical conditions generate similar conclusions to a forward-looking domestic price
inflation rule. As shown in Figure 9, policy inertia shrinks the determinate policy space,
whereas trade openness enlarges the determinate policy space under SADL and shrinks it
under TADL.

C.8 Determinacy Analysis at the ZLB

This subsection overviews the environment and tests used to study the determinacy prop-
erties of the model with a zero lower bound (ZLB) on the nominal interest rate. The
necessary and sufficient conditions are discussed in detail in Holden (2019). First, note

that the interest-rate rule with a ZLB can be written as:
Tt = prrt—1 + Ox Tl + N, (C.60)

where 7, is a partially anticipated add-factor defined as:
ne = max {0,7 + ppri—1 + Oxmip1} — 7+ prri—1 + Or it (C.61)

Because 7, is partially predictable it can be considered as a monetary policy news shock;

information that the ZLB will bind in & periods ahead is equivalent to news that ny4, > 0.

Starting with a path for r, ignoring the ZLB up to horizon T, the problem of computing the
sequence of 7; to impose the ZLB can be characterized as a linear complimentarity problem
(LCP). This is convenient because it is a well-studied problem in the mathematics literature
and so we can use existing tests to check the uniqueness and determinacy properties of a
particular interest-rate rule (see Holden, 2019). Let vector ¢ = [q1,--- ,qr| be the path
of ry + 7 ignoring the bound up to horizon T', and let M be a T x T matrix where the
nth column gives the values of [r,--- 77| conditional on an anticipated news shock, 7,
of size 1 in period t = n. Given the otherwise linearity of the model, conditional on a

path ignoring the bound ¢, and sequence of news shocks 1 = [n1,--- , 07|, the path of the
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interest rate is given by:
r+7=q+ Mn, (C.62)

where r = [ry,- - ,rT]'. M and q are readily solved using the linear model without a ZLB.

The LCP(gq, M) is to solve the vector 7 to satisfy the following constraints:

n =0, (C.63)
q+ Mn >0, (C.64)
v (¢ + Mn) =0. (C.65)

The above conditions are that news shocks must always be positive (C.63), the ZLB must

not be violated (C.64), and the complimentary slackness condition (C.65) which requires

10 p=0 10 p=0.5 10
) sg ) 5! B
0 0 0
0 0.5 1 0 0.5 1 0 0.5 1
A A A
(a) Open economy
10 2= 10 p=0.5 10
) 5! ) sg B
0 0 0
0 0.5 1 0 0.5 1 0 0.5 1
A A A

(b) Closed economy

Figure 10: Initial tests for multiplicity. The black area represents indeterminacy in the baseline
linear LAMP model, the white area indicates there is always a unique equilibrium conditional on
households expecting to be away from the ZLB in 200 quarters. Multiplicity cannot be ruled out
for the blue area.
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that news shocks are only non-zero when the ZLB is binding. To determine whether there
are multiple equilibria or explosiveness (infeasibility) requires checking the properties of

matrix M.

Cottle, Pang and Stone (2009, ch. 3) show that uniqueness is guaranteed if, for all z € RT*!

with z # 0, there exists t € {1,...,T} such that z (Mz), > 0. Following the notation of
Cottle et al. (2009) and Holden (2019), we refer to a matrix satisfying this condition as a
P-matrix. This is a particular definition of positivity and to gain some intuition, if M is a
P-matrix in our model, then monetary policy shocks must increase nominal interest rates.
This is consistent with the above description of a self-fulfilling ZLB episode which relies
on news shocks lowering nominal rates. A full test to determine whether M is a P-matrix
may be infeasible for a large horizon T', however it is possible to check other necessary and
sufficient conditions. For example, M is definitely a P-matrix if it is symmetric positive
definite and it is definitely not a P-matrix if it has any complex eigenvalues outside the
interval (—7r + 5, = %,) (see Holden, 2019).3° Figure 10 shows the results of the initial
checks where, as before, the black area represents calibrations leading to indeterminacy in
the baseline linear LAMP model. The white area now represents calibrations for which
uniqueness is guaranteed providing the economy is expected to be away from the ZLB in 200
quarters. These initial checks show that when a determinate policy rule is available under
IADL, uniqueness is always guaranteed except for high values of 6, > max {l%wc,l“l}.
Under SADL, we cannot rule out multiplicity except when interest rate inertia is absent.
As an alternative, we can look to other indicative statistics such as the minimum deter-
minant of a principal sub-matrix of M. When this is positive, M is a P-matrix. This is
useful as it is a continuous measure and so allows us to gain insight as to whether a pa-
rameter worsens or improves the multiplicity properties of the model. Figure 11 presents
the results of this. A visual check of this reveals that policy inertia worsens the problem of
multiple equilibria under SADL. Increasing the response of policy to inflation also worsens
this problem. The reason being that a more aggressive policy stance will cut the interest
rate further if a future contraction is expected. It is this mechanism that can lead to a
self-fulfilling ZLB episode.

35Refer to Corollaries 4 and 5 in appendix C of Holden (2019) for the necessary and sufficient conditions.
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Figure 11: Minimum determinant of the 5 x 5 leading principal sub-matrix of M. A positive
values implies M is a P-matrix.

D Optimal Policy: Derivations and Proofs

D.1 Proof of Proposition 7

Under LAMP, the SOE government chooses monetary policy to maximize a utilitarian
social welfare given by A\U(Cf, NF) + (1 — \)U(CE, NF), where from (2.1) as o — 1
. (N
U(Cy,N}) =logC} — ————, i=R,C. D.1

(Ct, Ny) gLy 1+ (D.1)
To approximate this welfare criterion we implement the standard algorithm of Taylor-series
expansion, in particular following the steps in Woodford (2003), Benigno and Woodford
(2004), Gali and Monacelli (2005), Bilbiie (2008), and Levine, Pearlman and Pierse (2008).
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D.2 Step 1: Taylor Series Expansion

Taking a second-order Taylor linear expansion we get:

U(CLN}) = U(CLN,) +Uo (G = Cr) + Uns (N = W)
+ % [UCiCi <C'tZ —ﬁt> +2Uciyi <CZ ﬁ) (Ntl —NQ + Unipi (NtZ —Ni)g}
i = R,C up to second order terms. (D.2)

Defining ci = C%_ict and n} = % to be relative deviations about C} or N}, which can
t t
be steady states or flexi-price equilibria, (D.2) becomes

U (Ci,Ni) =~ U(éﬁ,ﬁi) + UgiChcl + Uy Ny
+ 5 [Ucici(ct)z(ct)2 + QUC”N’C N CyTy + UNZNl(N )2(nt)2 , 1= R, C.
(D.3)

(D.3) is completely general Adopting our partlcular choice of preferences (D.1), we have
that UCzNz - O, UC’L — (Ct) 1, UCICZ — (Ct) 2, UN’L — (Nt)so UNZN’L — _QO(N;)W_l

Then (D.3) becomes:

U(CHLN]) = U(CLN) +c = (N ]

U
@2 ey, i=re

Hence the social welfare criterion, wel;, is given approximately up to second order terms
by:
L = U(CE NE)+(1-NUCC,NO)~ U@, N+ (1-NUCT N
wely = (Ces NgY) + ( JWU(Cy Ny ) = U(Cy, Ny )+ ( WU(Cy,Ny)
+ Xl 4+ (1= 0 = ANHERR 4+ (1= NN ) enf
1 R —C
= 5 P (e + e ) + (1= ) (92 + e B+ (nf)?) |
(D.4)
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(D.4) holds for our particular choice of household preferences for any baseline U (6i,ﬁi),
about which the Taylor series expansion (or approximation) is based. In our paper this
is the distorted equitable steady state. We now choose the optimal equitable flexi-price
equilibrium with a welfare-relevant output gap 1, for which (Nf Yy = (Wf)lw = we.

Then (D.4) becomes:

wel; = AU(CE,NE)+ (1 - NU(CE,NE) ~ AUCT, N + (1 - WUCY, NE)

+ A+ (1 =Nl —we [Anft + (1= A)nf]
1

= S D +owef)?) + (1= ) () + pwenf )] (D.5)

D.3 Step 2: Use of the Resource Constraint in Linearized Form

To express this as a quadratic form we now impose the resource constraint which can be

expressed for our purposes as:

cre(efyiVe = ye(yr)tve, (D.6)
. AtNt

}/t - At bl (D'7)

Ny = ANE+(1-MNFE, (D.8)

Cy = MNCE4+(1-NCFC. (D.9)

Denoting any variable Z; in log-deviation form 2z; = log (Zt / Zt) and in relative deviation

form by 2 = (Z; — Z;)/ Z;, a Taylor series expansion gives
~ 1y
2R 2+ 5% (up to second order). (D.10)

In what follows we take Z; to be the equitable flexi-price equilibrium supported by tax

subsidies set out in Proposition 3. Then z; = (Y; — Y;)/Y; becomes the output gap.

Taking logs, (D.6) and (D.7) can be written exactly as:

weer + (1 —we)ell = weZi+ tip. (D.11)
T, = M —0i+ tip. (D.12)

where terms independent of policy (t.i.p.) are those only involving shock processes y; and
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Q.

Now consider the linear term in (D.5) which can be written simply as ¢, — weny = ¢ —

we (x4 6¢) plus t.i.p.. Using (D.10) we have up to o(2):

ce—weng = Aef 4 (1= Nef —we [Mnff+ (1= Mnf]
~ A+ (1= N —we AR+ (1 - \)A¢]
b3 @+ (1= @~ we AR+ (1 - N @)

Then (D.5) becomes

wely = wel + ¢, — wony — % [)\ ((1 + gp)wc(nf)Q) +(1=2X) ((1 + gp)wc(nf)Q)] . (D.13)

Using the exact log-linear resource constraint (D.11) we then have

. ~ - 1
g —wery = (1—we) <£L‘t — cf)
wo

1-— ~
= we (WeZy — cf)

wC
1—w ey
= C (weFy — G + ¢ — cF). (D.14)
wC
Hence solving for ¢; — wo; we arrive at
o —wery = (1—we)(e — Eﬁ) (D.15)

To complete the transformation of (D.15) into second-order terms we recall relevant results

for the linearization of our model in log-deviation form from Appendix C.1:

{Et = SoﬁtR—i_O-EtRa
@t = @ﬁ?‘i‘()’@?,
1—0 o(l—oc
nl = o( )ni%*‘ ( )cf”,
p+o p+o
Ty = Ny — 0+ tip..
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Hence with o = 1 we have:

o~ = —pnf —nf) = enf,
T = AnF =6 +tip..
Using these results we obtain:
a—wery = (1—we)(e — EtR)
= (I-we)(a—cf +0(2) = (1—we)(1 =N (cf —cff +0(2))
1—we)(1—=A

= (1 wo)(t - Nenf +02)) = LN o 4oy

In what follows we consider the case where w is small®® and of the same order as

deviations of variables about the baseline flexi-price equilibrium allocation or steady state.
For example, even for a small open economy the share of imported consumption goods
(1 —w¢) is typically less than 0.3. Further, if the share of RoT consumers (1 — ) < 0.2
and ¢ = 2, then (1 — wg)(1 — A)p/A < 0.15. For economies with these features we can
then treat (1 — we)(1 — A)@/Az; as 0(2).37

Gathering our results together we can now write (D.13) up to o(2) as:

— _ ~ 2
(L-wo)l-Ng o Lwo(lte)d

| TS (D.16)

wely — wel =

Note that with our distorted equitable steady state, standard derivations lead to an addi-

tional linear term %xt as in the closed economy (see, for example, Gali (2015)).

36Notice that this term vanishes in the closed TANK economy (of Bilbiie (2008)), with we = 1, as well
as in the SOE model without LAMP (of Gali and Monacelli (2005)), with A = 1.

3TThis is analogous to the way small distortions in the steady state are incorporated into a quadratic
approximation in the literature.
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D.4 Step 3: Quadratic Approximation of Dispersion Term

The remaining step is to obtain a quadratic approximation for the price dispersion term ;5;

in (D.16). To do this we use the following results:

J —¢
Ay o= 0 A+ (18 () (D.17)
’ JJt
_ -1
AN 1— €10y, D.15)
JJ 1-¢ 7 '
0
where Jijt = ig’z is the optimal reset price. This results in Ay = A(Ilgy).

We now use a second order Taylor series expansion about a zero net inflation II =
IIgy = 1 to show that

6 = &1 + 2(155 3 T - (D.19)
Proof
First write (D.17) and (D.18) as:
1— a1y, e
Ay = €A+ (1) (1_§t>
1 =
= &G A+ (1- )T (1 - fHQ}{_,;) -
= eF(Ipe, Aro1) + (1 — €)TCG(Iy). (D.20)

Next we expand F(Ilg¢, Ay—1) and G(Ilg¢) as Taylor series up to second order:

F(HH¢, At—l) = F(H, A) + FH(H, A)(HH,t — H) + FA(H, A)(At_l — A)
1 ( Frn(IL A) (g — )2 4 2Fg AT A) (g — )(Ay_q — A) )
2 FEAA(IL A))(Arg — A)?
Gy) = GOT)+ G ()M~ T1) + G (1) (g — T 4+

)
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Subtract A = ¢F(II,A) + (1 — {)ﬁG(H) from both sides of (D.20) to give

Ap—A = £<FH(H A)(ILgy — 1) + Fa(IL A)(Ap_q — A)

+ 3 L (Furn (I A) (I, — T2 + 2Fn A (I A) (I — (A1 — A) + Faa(IL A)) (A1 — A)?) )
+ (- 97 (G, — 1)+ 36" ()~ 02)).
Hence:
5 = AtA_ A _ g(FH(H AV 7 + Fa(TL A)A S,
n %(anm AT 3+ 2B A (T AYIA 76 1) + Fa (I A)A%57,) )
+ (1-gTe (G/(H)HWHﬂg—i-;G”Z?T?{’t), (D.21)

up to second order terms.

From the definitions

2

3

[
A‘J\

(1)
we have

Fr(IL,A) = ¢I'A,
FA(ILLA) = TIS,
Fun(IL,A) = ¢(¢—DI2A
G/C—Z (1 _ é-HC—l)CTl
G2 (26D (1 _ 51'[4_1) S —EC(C — 2)IIS3 (1 _ gHg—1>ﬁ

About a zero net inflation steady state, II = A = 1 and we have:

FH(l’l) = G,
FHH(l’l) = C(C*l),
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G1) = —&(1-TT
GPCA—TT —g(C—2)(1—g)TT

Hence the terms in mg ¢, (§FH(1, 1)+ (1-— {)TICG’(l)H> 7t = 0. In other words about a
zero net inflation steady state only second order terms in inflation affect dispersion. Then,
with a little algebra, (D.19) follows from (D.21) and the derivatives above.

Now we complete the quadratic approximation using (D.19):

Y Bo=) B0 =071 ) B0 =671 B0~ 6). (D.22)
t=0 =1 t=1 t=0

Then assuming that prior to the optimization exercise the economy is at its steady state,
0_1 =0, and using (D.22), we have that

Y B =8> B =D B0 &) =(1-€8)> B (D.23)
t=0 t=0 t=0

Hence from (D.19) and (D.23) up to o(2) we have

We can now write the intertemporal social welfare loss as:
U1+
Qo = EOZBt [ (1 —we)(1 =Nz + W%{’t + ((P)I‘2:| ,

D.25
S (D.25)

where U = % The terms in z; in (D.25) can be written as W(mt — glliss)?
where z; has a bliss point x; = :Ci)liss = % This confirms the non-social-

optimality of the optimal equitable allocation emphasized in Proposition 3. The bliss

U=We) ¢\ = 1

point as a function of A reaches a maximum of Wolte) 5. For typical values

wo = 0.7 and ¢ = 2 this gives 22/ = 5%.
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D.5 Proof of Proposition 8

Under discretionary policy, in each period ¢ the monetary authority chooses output and

inflation according to the following optimization problem:

1
min = [7, + wai] — Apm
T, 2 ’

subject to the constraint of the economy embodied in the NKPC with already formed by
the private sector, i.e., taken as fixed and given by the policymaker, next-period inflation
expectations [E; [my 41], and with the current-period cost-push shock process u; already

materialized and observed:

Ty = ko + BE [mH ] + e, (D.26)
Ut = PulUt—1 + Eu,t- (D27)

Writing down the Lagrangian function for this problem and combining its first-order con-

ditions with respect to mp ; and z; results in the targeting rule:

1
Tt = 7(Ax — KZTFHJ). (D28)
w

This is identical to Gali (2015), p. 140, eq. (19), but embodies our richer composite param-
eters, such as xk and A, as well as the three measures we introduced for the welfare-relevant
output gap, z;. Substituting (D.28) into (D.26) leads to domestic inflation dynamics given
by

THt = (kg + wuy + oy [Th11]) - (D.29)

 w+ kK2

Solving forward iteratively, with (D.27) and using the law of iterated expectations gives,

kA w w
Ty pu2ut+ B i
w+ K w+ K w+ K

Et [mpi41] = E¢ [7h 142

and, plugging the above expected inflation term in the initial equation (D.29), one further

obtains

o (1 P N m (1 Py (O 2IE[ )
Ty = — u - '
™ o k2 w + K2 w + K2 o+ r2) " @ + K2 t |TH, t+2
(D.30)

Page 35 of 43



Next, expressing mg ¢4 from (D.29),

kA,
w + K2

" w " w E [ ]
THt+2 = Ut+2 T — 5 Lt+2 [TH t+3
+ k2 T o2 s

taking conditional expectations and applying the law of iterated expectations,

kA wp? Bo
Belmmeal = g+ o matt o e

E [75,643]

and, plugging E; [mg 2] back in (D.30)
KA, Bw Bw \2
= 1
TH w+/€2< +w+n2+<w+n2>

Ty, B (Beum 2 (8= 31@:[ |
U T .
w + K2 w + K2 w + K2 t w + K2 ¢ LTH,+3

Up to here, we've got 2 periods ahead. Moving forward to n periods ahead, we get (by

analogy)

kA B Bw \2 Bw \"
= 1
THY w+n2< +w+/€2+<w+m2> L e
2 n n+1
@ Bpuw Bpuw@ Bput Bw
1 E .
+w—|—/<52< +w+”2+(w+”2) * +(w+m2 ue + w + K2 t [Tr,043]

Taking the limit when n — oo, and noting that, for realistic calibration, 0 < wﬁ_’zQ <1,

since
8w - /3‘1’(1_1'%0)
@ + K \Ij(g@ +U[1+£(1—(1-XNwe)]
p

1+ 1+ 201 -(1-Nwe)]
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with a numerical check, for ¢ = 2, § = 099, ¢ = 6, £ = 0.75, we = 0.5, A = 0.5,

B —01 1
T [ 2 (- (-0 W) 0.198 < 1, and so

KA, Bw Bw \?
= 1
THE w—l—/fQ( +w+ﬁ2+<w+n2> *

w Bpuw 5puw 2
5[ 1+ 5 + 5| e |
w+ K w+ K w+ K

and using the formula for an infinite sum of a geometric sequence, gives

_|_

KAy w + K2 " w w + K2
w+r22+(1-0)w w+r2Kr2+(1-0p,)w

THt = Ut

and finally
kA, w
= D.31
e T R R T T (D31
as in (4.19).
O

D.6 Proof of Proposition 9

The Lagrangian function for the optimization problem under commitment is given by
C _
LY (e, mebiZo s {mbiZo) =

S
EOZBt [% (W%I,t + TDl'tQ) - A$$t + [ (WH,t — KTy — BWH,H-I)] + t.i.p. (D32)
t=0

for the welfare-relevant output gap x;, where {1}, is a sequence of Lagrange multipliers

for t =0,1,2,..., and where the law of iterated expectations has been applied to eliminate

the conditional expectation that appeared in each constraint. Then, differentiating the

Lagrangian function with respect to the decision variables, we obtain the respective FOCs
LY ({we, mratesy: e dico) w A

=wry — kit — Mg =08y = —2p — —,
Oxy K K
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OLY ({we,mritie g {medico)
87’[‘}]715

=7t e — pe-1 =0 iy = 1 — TH,

that must hold for ¢t = 0,1,2, ..., and where p_; = 0.8

Combining, as we did under discretion earlier, the two FONCs into a single equation by
eliminating the Lagrange multiplier, we obtain an optimal policy price level targeting rule
that parallels (D.28) for the case of discretion:

K A,
Tt =——PpPHt+ —, (D.33)
w w

where g+ = ppt — pHt—1 and Py = P+ — pa,—1 is the deviation between the (log) price
level and an ‘implicit target’ given by the (log) price level prevailing in the period just
before the central bank committed and chose its optimal plan. Substituting (D.33) into
the NKPC (4.16), we obtain the following difference equation for the (log) price level as

deviation from the ‘implicit target’:

arx,

Py = apui—1 + aBEpy 41 + + auy,

w

where a = m € (0,1). The stationary solution to the equation above describes how
the price level evolves under optimal policy with commitment:

Y . v KAy

Ut )
1 —vBpu 1-98 w

ﬁH,t = ’VﬁH,t—l +

ey
28y
(D.33) — as in Gali (2015), p. 143, but with our much richer composite parameters, such

for t =0,1,2,..., where v = € (0,1). Combining the preceding equation with
as k and A,, and three versions of the welfare-theoretic output x; — one can obtain (after

some algebraic manipulation)

Ky
w (1 - ’Y/Bpu)

38The last equality results because the inflation FONC corresponding to period —1 is not an effective
constraint to the monetary authority when choosing its optimal policy plan in period 0.

Tt = YTt—-1 — Ut,
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for t =1,2,3, ..., with the initial condition at ¢ = 0 given by:

Ky (1-7)As

Ti0 = — up +
' @ (1 = 7Bpu) @

The two last equations specify the corresponding path for output under optimal policy

with commitment.

This completes the proof.
d

D.7 Effect of Openness and Asset Market Participation on Optimal Pol-
icy
We now examine the effect of openness 1 — we, and the degree of LAMP 1 — A, on the

classical inflationary bias and the strength of optimal stabilization for both discretion and

commitment, as operating via the composite parameters summarized in Table 2.

Policy Feature Commitment Discretion
Steady State Inflation 0 % >0
Output Gap Stabilization Ty — T4 = —STHy Ty = —ZTHy
Price Level or Inflation Stabilization pg; = ypm -1 + %ut THt = mut
Table 2: Summary of Optimal Policy
First, we gather the parameters involving wo and A:
P(1
o) = Y1) (D.34)
CA
1— 1-—A
Avwe) = WC)A( )% 5o, (D.35)
1
A\we) = 1+ % (1= (1=Xwe) = (A +p(1 = (1= Nwe)) >0, (D.36)
k(A we) = YANwe) >0, (D.37)
w
a(A,w = —— €(0,1), D.38
(we) = g €0 (D.39)
1—+/1—4Ba?
Y\ we) = Qﬁaﬁa €(0,1). (D.39)
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In determining the effects of trade openness and LAMP on the composite parameters in
Table 2, most of our results are shown analytically, and these are explicit next. Some of
our results have been checked numerically, and these are just reported next. We proceed
with the case of discretion, first, and then follow with the case of commitment, in the
order of the respective columns in Table 2 from top down to bottom. Second, we begin by
clarifying analytically the effects of trade openness and LAMP on the SOE NKPC with
LAMP. Differentiating (D.36) with respect to the home bias, we have
0A o(1—=A)

=— 0 D.40

that is, the sensitivity of the SOE NKPC with LAMP to the output gap increases with
trade openness, 1 — w¢, i.e., its curvature becomes less bowed. And differentiating (D.36)

now with respect to asset market participation, we obtain:

oA F 4 — (1= Xwe)] x A= [A+ (1 — (1= Nwe)] x ZA
o\ A2
(1 —we)

that is, the sensitivity of the SOE NKPC with LAMP to the output gap increases with the
degree of LAMP, 1 — ), i.e., its slope becomes steeper.

D.7.1 Signing of Terms under Optimal Discretion

Steady State Inflation The composite parameter expressing steady state inflation un-

der discretion in Table 2:
KAy

oG gy

can be written in terms of structural parameters (by appropriate substitutions):

>0

1401 — (1= 9 —wc)(1-N)e
{ + [ ( )wC] )\} X >0

p— —_ 2 .
(1 E)(gl BE) (1 +[1— (1= X we] %) +(1- ﬁ)(lz-)fp)

Numerical checks for plausible parameter values setting ¢ =2, 8 =0.99, ( =6, £ = 0.75,
confirm that SS inflation under optimal discretionary policy increases with both the degree

of LAMP, 1 — A, and the degree of trade openness, 1 — w¢.
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Output Gap Stabilization The composite parameter, — =, expressing output gap sta-
bilization under discretion in Table 2, can be written in terms of structural parameters (by

appropriate substitutions):

K WA _ A O3Oe(-(-0We)) _ (tel-(-NWe)) _ A | o Ce(l-Nwe _

w ‘I’(Z;rtp) T 14 T 1+¢ - 1+ T 14y ' 149 1+ -
Py _ e .

% 1%0 - % + Cgfiiwf and so = = —%@A) < 0: hence, output gap stabilization

under optimal discretionary policy is stronger (in absolute value) for higher degrees of

oL .1 .
trade openness; and 5% = Cﬁgﬁg’c = C(I;rf;w) > 0: hence, output gap stabilization under

optimal discretionary policy is weaker (in absolute value) for higher degrees of LAMP.
Inflation Stabilization We express the composite parameter in

w
%2 =+ (1 - Bpu)w

THt = Ut

in terms of the underlying structural parameters (by appropriate substitutions):

_ U(1+ )
W2 (141 = (1= N we] §)* O+ (1 - Bpu) U(1 + @)

7TH,t Ut.

We find that the strength of domestic-price inflation stabilization following a cost-push

shock under optimal discretion decreases with the degree of trade openness. Formally:

Y (14p)
W2 (11— (1-Nwe] £ ) “OH(1-Bpu) ¥ (1+¢)
owe

{202 (1-2) (£)*[1 - (1= N wo] QU1+ )

(\112 (T+[1—(1—=Xwc] %)20\—% (1—Bpu)¥(1+ @))2

>0

since 0 < (1 — A we < 1.

The strength of domestic-price inflation stabilization following a cost-push shock under
optimal discretion depending on the degree of LAMP can be analyzed formally too, as
follows:
V(14p)
W2 (11— (1-Nwe] £ ) “O+(1—Bpu) ¥ (1+¢)
o\
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- (12
LS4 0) C T+ )% — 20(1 + @) Cwe — 20 (1 + )2 UL 2, o
- 2

(2 (14 1= (1= N we] §)* O+ (1 - Bp) (1 + )

’ 21 2 22= (1= 5, 9.2
WA+ )+ 20A + )t ggluo + 2+ P T piue > WL+ ely
%‘1’2S02A2+wc+\11(1+g0) -2—(1—)\)2- g o> 1
%qﬂﬁ)\z +U(1+9) 2 (-0 Md > 1-we
2 r -
;[<1—5)(€1—6£)] ¢2A2+(1—§)(£1—6§)(1+¢) 2 (-0 > 1w

The final inequality has been checked numerically for plausible parameter constellations as
earlier, namely, setting ¢ =2, 8 =0.99, ( =6, £ = 0.75: it is satisfied for 0 < weo < 0.94.
This means that for usual degrees of trade openness (but not in a nearly closed economy),
the strength of domestic-price inflation stabilization following a cost-push shock under

optimal discretion increases with the degree of LAMP.

D.7.2 Signing of Terms under Optimal Commitment

Steady State Inflation Steady state inflation is now 0, so the inflationary bias of dis-
cretion vanishes under commitment, due to the anchoring of inflation expectations that

has been pointed in the literature.

Output Gap Stabilization

Ty — Tg—1 = —%WH,t
Our results for the case of optimal discretion earlier are valid here again, but now, under
optimal commitment, concerning the first difference of the output gap (or its short-run
dynamics), z; — x;—1. This is analogous to ‘speed-limit’ Taylor-type rules, introduced by
Walsh (2003), where output growth enters as well, in addition to the output gap or in place
of it.
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Price Level Stabilization It is clear from the respective expression in Table 2,

g

DHt = YPHt—1 + — Ut
1 = Bpu
that the response of the domestic-price level to a cost-push shock

8Z?H,t _ vy
Our 1 —Bpy

increases with v, 5, and p,. For the plausible parameter values we used already, i.e., with
p=2, =099, (=06,¢&=0.75, and now with also p, = 0.5, numerical results show that
the response of price level stabilization under optimal commitment to a cost-push shock

decreases with both trade openness, 1 — w¢, and the degree of LAMP, 1 — .
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