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Abstract

Abstract

We study the working of monetary policy in an estimated two-country model with be-
havioral expectations (BE). We first show that the data favors this setting compared with
the standard rational expectations assumption. Then we document several findings related
to monetary policy in the open-economy framework. First, under BE the Taylor principle
depends on the size of the economy - determinacy regions are larger for the small country.
Second, both in the small and large economies, monetary policy is less powerful when agents
are behavioral. Third, the sacrifice ratio faced by the central bank increases with agents
becoming more behavioral (more in the small country). Fourth, BE help to partly solve
the puzzles of excess foreign currency returns (UIP puzzle) and of international monetary
independence.

JEL: E30, E43, E52, E70

Keywords: behavioral agents, monetary policy, open-economy model
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Chapter 1

1 Introduction

In spite of the mounting evidence that people do not act rationally, most monetary
economists (including some of this paper’s authors) have been constructing models with the
central assumption of agents forming expectations in a rational fashion. To make sure, this
was not necessarily wrong. Building models is always an act of striking a balance between
simplicity and adequacy for answering the question at hand. Simplifying assumptions are
warranted (even welcome) as long as the findings are robust to them. In the context of
monetary policy research the problem with rational expectations (RE) is that, in spite of
extensively using this assumption, we still know little how robust our conclusions are in this
context.

One of the main, well known problems, with dropping the RE assumption is, that while
one can be rational in one way only, one can be non-rational in a huge number of fashions.
As a consequence modeling away from RE includes a great deal of discretion and possi-
ble confusion. Nevertheless, recently a number of studies emerged that try to explore the
consequences of non-rationality in various areas of economics, including monetary issues.
Section 2 reviews the key recent directions of research, here we concentrate on the path
that shaped our paper. This path, introduced by Gabaix (2020) assumes an informational
(cognitive) friction that makes people myopic with respect to future developments. Gabaix
(2020), as discussed below, showed in a closed economy model that such deviation from the
RE assumption helps solving several counterfactual findings from the business cycle litera-
ture, including overly strong effects of forward guidance (Del Negro et al., 2012), restrictive
determinacy conditions for monetary policy rules as well as overly low fiscal multipliers. He
calls his agents “behavioral”, and we follow this terminology.*

We find the framework promising enough to test whether its implications are as path-
braking in the open-economy context. To this end we construct a two-country model, which,
apart from the behavioral features is a standard New Keynesian framework with sticky prices
that has been frequently used for monetary policy analysis. Leaving a detailed literature re-
view to the next Section it is worth mentioning, that the open-economy aspect of behavioral
expectations (BE) has so far been almost untouched by the profession. The closest paper
to ours is Kolasa et al. (2022), which however works with a calibrated, small open economy
model, leaving questions that only a multi-economy or an estimated framework can handle
unanswered. In asking and answering such questions, related in particular to the work-
ing of monetary policy and the solution of open economy macro puzzles we see our main

contribution to the literature.

IThis may be slightly confusing, as the term “behavioral expectations” has also been used in the literature
with an alternative meaning. Hommes et al. (2019) call “behavioral” agents who follow a heuristic switching
model when forming expectations.
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We estimate the model using data for Poland (small economy, SE) and the euro area

(large economy, LE). Bayesian estimation and comparison with a similar model with RE

assumed shows that the BE assumption is strongly favored by the data. Then we conduct a

number of experiments, which show that:

under BE determinacy regions for monetary policy are not only larger than under
RE, but also depend on the size (openness) of the economy. In general more passive
monetary policy is allowed if the economy is small. This is a consequence of the real

exchange rate acting as an additional stabilizing device under BE,

under BE reactions to monetary policy shocks are weaker in the short run and more
persistent in the longer term then when agents act rationally. This is true both for small
and large economies and mainly the consequence of agents not properly anticipating

the future consequences of contemporaneous monetary policy shocks,

with expectations becoming more behavioral, the monetary policy trade-off worsens:
in both the small and large economies stabilizing inflation comes at an increasing cost
of destabilizing output (i.e. the sacrifice ratio increases), but the effect is much more
pronounced in the SE. This results from the reduced role of the expectations channel

of monetary policy,

BE allows to solve one of the most important puzzles in open-economy macroeconomics
(the UIP puzzle): after an unexpected increase of the domestic interest rate excess
returns on the domestic currency can be achieved for several periods (which stands in

contrast to the conclusion stemming from RE that excess returns are unforecastable),

the BE model takes a step towards aligning theory and practice of international mon-
etary policy independence. Under RE in response to a contractionary monetary policy
shock in the LE, policymakers in the SE lower interest rates. This is inconsistent with
empirical evidence. In the BE model monetary policy in the SE is tightened, although

the effect is not strong enough to solve the puzzle completely.

All in all we show that the behavioral framework is strongly preferred by the data in the

open-economy context and that it brings a number of implications and improvements that

both policymakers and modelers of open economies should find important and interesting.

The rest of the paper is structured as follows. Section two presents a review of the relevant

literature. Section three describes the model and section four its calibration/estimation.

Sections five and six discuss the implications of agents being behavioral for monetary policy

in the small and large economies as well as for open-economy macro puzzles. Section seven

discusses the robustness and Section eight concludes.
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Chapter 2

2 Literature review

The rational expectations hypothesis, proposed by Muth (1961), significantly impacted the
macroeconomic literature. It assumes that economic agents use all available data to construct
statistically optimal and consistent expectations about the future. Muth argued that even
if people are not perfect forecasters, they generally do not waste information and that all
behavioral biases have only a short-term and non-significant impact on the decision-making
process. Lucas (1972) and Kydland and Prescott (1982) helped to implement this approach
into mainstream macroeconomic modeling and claimed that even if rational expectations are
an abstract concept, they allow economists to discipline the discussion about expectations
and modeling. As a consequence, the rational expectations assumption shaped economic
modeling for the decades to come.

However, a growing behavioral economics literature, initiated by Daniel Kahneman and
Amos Tversky, argues that people are prone to systematical cognitive biases that significantly
affect economic agents’ decision-making process. Kahneman and Tversky (1972) showed
that while making judgments, people systematically deviate from the Bayesian probability
distribution, a behavior they called heuristics. Heuristics are simplified processes of reasoning
and decision-making based on "rule of thumb” behavior used by all people on a daily basis.
This phenomenon is generally beneficial as it allows us to make quick decisions instead of
conducting an in-depth analysis of each situation. However, heuristics lead also to cognitive
biases such as the anchoring bias, confirmation bias, conjunction fallacy, base rate neglect,
or overreaction.

After the 2007-08 financial crisis, it became clear that not only do those biases have a
short-term impact on people’s decisions but also can exert serious macroeconomic pressures.
Non-rational forecasts are seen as an important cause of the growth of financial bubbles
(Greenwood and Hanson, 2013; Baron and Xiong, 2017; Fahlenbrach et al., 2017) whose
burst can lead to deep recessions (Lépez-Salido et al., 2017; Jorda et al., 2015; Greenwood
et al., 2020). The over-reaction to information plays an important role in this phenomenon
because, on the one hand, it sustains bubbles before the crisis and, on the other, leads
to a stronger economic collapse than in RE models (Gennaioli and Shleifer, 2018). The
non-rationality of expectations also occurs at the level of enterprises, which construct too
optimistic expectations in times of good economic conditions (negating the risk) and too
pessimistic expectations when the economic situation is poor (assuming too much risk),
which can effectively lead to more severe recessions and longer economic recovery (Gennaioli
et al., 2015; Bordalo et al., 2021; Coibion and Gorodnichenko, 2015).

Against this background, several approaches have been taken to accommodate non-
rational expectations in macroeconomic modeling. A relatively early approach, adaptive

learning, assumes agents acting as econometricians that perform ordinary least squares re-
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gressions based on available data (Evans and Honkapohja, 1999; Eusepi and Preston, 2011;
Pintus and Suda, 2019). Learning models match the data better than RE models but are
not based on psychological discoveries. Recently more attention is being paid to approaches
that refer to cognitive limitations of agents. An early example of such an approach is the
rational inattention theory proposed by Mackowiak and Wiederholt (2015), where decision-
makers are rational; however, they have limited attention to information that they have to
allocate between different decisions. Using rational inattention in DSGE models provides
several predictions, including the result where households pay less attention to an interest
rate which impacts the way prices respond to different shocks.

More recent examples of accounting for cognitive limitations include theories of k-level
thinking, diagnostic expectations and cognitive discounting. K-level thinking, derives from
the artificial intelligence field, especially from advanced chess programs (Woodford, 2019).
Such programs, after each move, create an advanced decision tree that includes future moves.
However, obtaining a tree that includes all possible future moves is impossible, therefore chess
engines are designed to forecast a finite number of moves. The same reasoning is adapted
to model non-rationality of economic agents that create rational forecasts, but only for a
finite k-number of periods. Implementing k-level thinking to economic modeling leads to
modification of monetary policy effectiveness, as k-level agents are less sensitive to forward
guidance (Garcia-Schmidt and Woodford, 2019; Woodford, 2019). However, a possible prob-
lem related to this approach is that it primarily relates to artificial intelligence rather than
the achievements in the psychology field. One can claim that such behavior (decision trees)
can be found in the humans’ decision-making process; however, the connection between such
approach and psychology is not well investigated.

In contrast, strongly nested in psychology is the diagnostic expectations theory (DE),
based on the representativeness heuristics that leads people to pay too much attention to
the most accessible information (Tversky and Kahneman, 1974). Therefore, DE assumes
that while making decisions, economic agents attach too much weight to information from
the nearest preceding periods, constructing expectations based on a nonobjective set of
information. For this reason, diagnostic agents overreact to shocks, which contributes to
stronger economic fluctuations (Bordalo et al., 2020). Models with DE can explain much
more volatility than models with RE, especially in the case of boom-bust cycles analysis
(L’Huillier et al., 2021). Therefore, DE is well-designed to model short-term macroeconomic
fluctuations in models with financial markets. However, implementing them to the New
Keynesian model does not fundamentally change its properties.

In this paper, we focus on the concept of behavioral agents proposed by Gabaix (2020),
featuring economic agents who construct forecasts in a myopic fashion. Gabaix calls this
phenomenon cognitive discounting and provides microfoundations based on noisy information

processing. As compared to RE, agents shrink their simulations of the future towards the
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Literature review

steady-state of the economy (Gabaix and Laibson, 2017; Gabaix, 2019). Gabaix (2020)
incorporates behavioral agents into the New Keynesian closed economy model to check if it
can help explain some economic puzzles. Accordingly, in the NK model with myopic agents
(i) fiscal policy is more powerful than in rational models, as agents fail to anticipate future
tax increases after receiving government transfers, (ii) the Taylor principle is modified and
allows the central bank to be passive in response to inflation shocks, (iii) it is possible to
explain the stability of economies stuck at the zero lower bound (ZLB), (iv) the impact of
forward guidance is reduced.

A literature that implements behavioral agents into macroeconomic models follows. For
instance Bounader and Traficante (2022) show that under non-rational expectations mon-
etary policy should act more aggressively to stabilize the economy. However most results
come from closed economy frameworks, and therefore the question of the impact of cognitive
discounting in open economy models remains open. So far open economy issues have been
taken up by Kolasa et al. (2022), who use a calibrated, small open economy model with
behavioral agents. They show that implementing behavioral agents allows for solving eco-
nomic puzzles, including the forward premium (UIP) puzzle (Fama, 1984), the predictability
reversal puzzle (Bacchetta and Van Wincoop, 2010), the Engel puzzle (2013) and the for-
ward guidance exchange rate puzzle (Gali, 2020). Moreover, cognitive discounting lowers the
efficacy of forward guidance. Our paper complements the existing literature by allowing for

conclusions from an estimated two-country model with behavioral agents.
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Chapter 3

3 Model

We study the working of monetary policy in a two country model with imperfect rationality.
To this end we employ the cognitive discounting approach of Gabaix (2020) (for exhaustive
technical details see the aforementioned paper). The main idea of this approach is that agents
perceive future deviations form the steady state imperfectly. Let us express the interest rate
in period t + k as 1.y = T + 711k, where 7 denotes the steady state value and 7,y its
deviation from the steady state. Behavioral expectations (denoted by EBF) of the future
deviations from the steady state are shrunk by a factor m*, relative to rational expectations,
where m € [0,1] captures the extent of cognitive discounting EPFry,, = EPE(F + 7,4) =
Ei(T) + mFEy (o).

Other than for cognitive discounting, our framework is a standard two country DSGE
model with nominal rigidities. We call one of them domestic and the other foreign. Measure
w of agents reside in the former and w* = 1 — w in the latter one. Both economies are
populated by households, producers of consumption goods for domestic and foreign markets,
monetary authorities and governments. Prices are set as proposed by Calvo (1983). In this
paper we employ the following notation convention: variables without an asterisk refer to
the home country, while variables with an asterisk pertain to the foreign one. Since both
countries have a symmetric structure, we describe the problems of agents in the home country
only. Throughout the paper variables with bars denote the steady state values, variables with
hats denote deviations from the steady state. We employ the convention that the variables
denoted with small letters denote the real value of their nominal analogs denoted with capital

letters. Selected derivations are presented in more detail in the Appendix.

3.1 Households

Households supply labor, consume goods and trade domestic and foreign bonds. They form
expectations about future variables via cognitive discounting. The representative household’s

preferences are as follows

o0 oo it
EBE o Gt ( L ) 1
0 tz_;%tﬁ 1_0_ n7t1+7 ()
where 8 denotes the discount rate. ¢; and n;, denote consumption and labor supply, respec-
tively. The inverse of the intertemporal elasticity of substitution in consumption is denoted
by o, while ~ is the inverse of the Frisch elasticity of labor supply. Furthermore, there is
an intertemporal preference shock ¢, following an AR(1) process, with persistence p, and

standard deviation of innovations o,,.

10 Narodowy Bank Polski



Model

Each household has access to both domestic and foreign bond markets. Domestic bonds
By, offer a risk free nominal interest rate R, and foreign bonds® Bj;, offer a risk free
nominal rate I?}x;, where R; denotes the interest rate abroad and x; a risk premium. The
risk premium is a function of the aggregate domestic debt (as in Schmitt-Grohe and Uribe,

2003) and each household takes it as given

-5, B*
K¢ = exp (—X (# - d)) €ty (2)

where S, and g, denote the nominal exchange rate and GDP, respectively. The constant d is
calibrated so that there is no risk premium in the deterministic steady state. e, denotes a
risk premium shock that follows an AR(1) process with persistence p,, and standard deviation
of innovations o,. We also assume that households own all domestic firms in the economy,
which pay them dividends with real value I';.

All domestic households have the same budget constraint in each period

PtCt -+ BH7t + StB}k_I’t + H/I;j S tht -+ Rt—lBH,t—l + St/{t—lele}k—Ltfl + ,PtFt (3)

where W; and P, denote the nominal wage and the consumption good price, respectively. T;
denotes the real value of lump sum taxes levied by the government.

Households maximize preferences (1) subject to the budget constraint (3). In order to
solve their problem it is convenient to define the real values of domestic and foreign bond
holdings as by = Bp,/ P and by, = By, /P;. Inflation is denoted as m, = P/ P,_;.

3.2 Linearization

While linearizing the model we introduce the following notation. To allow for the case of
zero bond holdings in the steady state, domestic and foreign bonds are expressed as level
deviations from the steady state, e.g. I;H’t = by —by. The remaining variables are expressed
as percentage deviations from the steady state, i.e. X; = (X, — X)/X. The solution of the
household problem? gives rise to the following Euler equation expressed in linearized form

. . 1 - . . .
¢ = mEciyq — ;(Rt — mETt41) + ;(&m —mEi,11)

TP

M

1 ~ - s A
(E + lz) (bH:t + bH,t + bH/{t) (4)
ny

This features two key modifications as compared to the RE version. First, as in Gabaix

(2020), expectations of next-period variables are discounted in line with the myopic behavior

2We calibrate the model to match the data, so that the home country is a borrower in the neighborhood
of the steady state and the foreign country is a lender.
3The details of the derivation are presented in the Appendix A.1.
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of agents. Second, asset holdings appear in the Euler equation. However, in the two-economy
case this includes not only domestic, but also foreign assets. As a result financial asset hold-
ings exert an impact on agents decisions, breaking not only Ricardian equivalence, but also
its open-economy counterpart. Our interpretation is that behavioral households accumulate
additional domestic and foreign assets (as compared with rational agents), as they myopi-
cally underestimate future income. This has a bearing on current-period consumption. For
instance, if future income is expected to deviate positively from the steady state, behav-
ioral agents expect a smaller increase than rational agents and respond with raising their
consumption by less than rational households would have done. In general equilibrium this
results in additional asset holdings, that would not materialize under RE.

Furthermore we derive an uncovered interest parity (UIP) condition, modified for myopic

behavior (as compared with the RE counterpart)

Ry, — mE; T = R} + ke — may, + mEGi 1 — G

—_—— - _ —_————
behaviorally expected domestic behaviorally expected foregin ~ behaviorally expected
real interest rate real interest rate RER depreciation rate

where ¢ = S P}/ P, denotes the real exchange rate (RER). Behavioral agents discount the
deviations of the expected exchange rate and inflation rates from the steady state. Note that
the equilibrium conditions collapse to standard ones with the behavioral parameter m set to

unity. Hence the model nests the standard RE benchmark as a special case.

3.3 Producers

The production process takes two steps. Final consumption good producers use intermedi-
ate goods of domestic and foreign variety to manufacture their product. Monopolistically
competitive intermediate goods producers employ labor to produce differentiated goods for

both domestic and foreign markets. All firms are owned by households.

3.3.1 Consumption good producers

Perfectly competitive final consumption good producers purchase domestic and foreign va-
rieties of differentiated intermediate goods yy (i) and yg(i) to produce a homogeneous good

according to the following technology

Py—1 1 py—1 Py

= '1/ 7y Y by—1
Y = ((1 — )" YRy N Y ) ! (6)
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Model

where

1 1 Ep,t
e =( [ ymeli) e )
0

1 1 Ep,t
e =( [ urali) ) 0
0

In the formulas above, 7y determines the home bias in consumption, ¢, is the elasticity
of substitution between domestic and foreign goods, while ¢,,; denotes the price mark-up
(which depends on the elasticity of substitution between differentiated intermediate goods).
The markup is assumed to follow an AR(1) process with mean ¢, persistence p, and standard
deviation of innovations o,,.

From this problem we obtain the demand for intermediate good varieties yp.(i) and

Yr(i) B
. P 7 Ep»tp;tl
s = (D) )
t
(P
eeli) = (%) s (10)
't

where Py, denotes the price of the home variety good and Pp; of the foreign variety good.

3.3.2 Intermediate goods producers
Intermediate goods producers, indexed by ¢, use the following technology

1—w

yra(i) + Y (1) = 2n4(7) (11)

This production function gives rise to the formula determining marginal costs
Wy
mcy = —
z

where w, = W,/ P,.

Next, we specify the firm problem. First, notice that the marginal cost is constant and
independent of the production volume. Therefore, we can separate the firm problem into the
one in the domestic market and the one in the foreign market. Intermediate goods producers
operate in a monopolistically competitive environment and set their prices according to the
Calvo scheme. In each period, a producer i receives with probability 1 — 6y a signal to
reoptimize her price. Otherwise, prices are indexed according to 75" = (ym_ + (1 — )7,
where (y controls the degree of indexation to past inflation. It is also convenient to denote

inflation between periods ¢ and t + j as w4y = M1 - Mg - ... - Ty as well as indexation
: : GH _ _(H _(H ¢.H S Gy
between periods ¢ and ¢ + j as w4 = iy - Wiy - T, Let also Ayyyy = i be the
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stochastic discount factor. In period ¢ the producer who obtained the Calvo signal sets the

price ISHﬁt to maximize the following problem:

> . ]5H¢ (1) o ‘
) max EPP Z(ﬂeH)]At,m‘ —— " mc |y (i) (12)
Pt o(6).{ym,e4 (0}, s Pryj
subject to the demand function given by modified equation (9)
. —epit
. Pry (i) mp i\
Y+ (1) = (P—ttﬂ YH t+j (13)
H,t+j

Following Gabaix (2020), we solve the problem and obtain the following behavioral
Phillips curve

O (Pt — Pt + Tt — CaTte—1) =
(1 =0m)(1 = BOu)(mce — prs + Epe) — (1= 0m)B0u(1 —m)(Prs — Cue)
+ BOum(Epr i1 — Pue + Erften — Cue)  (14)

Note that it implies that under behavioral expectations price setters are more responsive to
current variables (like marginal cost) and less responsive to expected inflation as compared
to rational agents.

The problem of the home good producer producing for the foreign market is analogous
with the exception that prices are expressed and sticky in the foreign currency. Solving it

results in the following behavioral Phillips curve

9?—[(ﬁ?{,t - ]5;1&1 + 7%: - ;17%:71) =
(L= 05)(1 = BOy)(mee — G — Dy + €p4) — (1 — 03) 805 (1 — m) (D — A7)
+ ﬁezm(Etﬁ;I,tJrl - ﬁ;{,t + Etﬁfﬂ — (7)) (15)

Finally, the zero profit condition for the final good producer implies

NP+ (1 —n)pre =0 (16)

3.4 Government and the central bank

The government uses lump sum taxes to finance government expenditure. The government’s

budget constraint in this economy is given by

gt + Ribg i1 = Ti + b . (17)
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Model

where b, = B/ P denotes the real value of government debt Bg ;. We assume that the

fiscal rule on taxes is given by the following formula

T,—T ba:t — ba
v _

T ba

Government expenditures are assumed constant

9t =9 (18)

We assume that the central bank sets the policy rate according to the following Taylor
rule responding to GDP and inflation

()] e

where 7, and 7, control the strength of policy rate response to inflation and output respec-

tively, while v controls the degree of interest rate smoothing. y denotes GDP and ep, is an

i.i.d. monetary policy shock with standard deviation og.

3.5 Closing the model
3.5.1 GDP and Balance of Payments

We define aggregate output (GDP) in the standard fashion
Yo =+ g + nay (20)

where net exports nx; are given by

_ * Wk
nry = QtpH,t—w Yut — PFtYFy

The balance of payments can be written as

qt

b*HJ =nx; + -
q—17y

b1 Ry 1pia (21)

3.5.2 Market clearing

We impose a standard set of market clearing conditions. Final good market clearing implies

Ce+ 9t =Y (22)
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The labor market clears when

1
0
Finally, the markets for bonds clear as well
WBH,t + (1 — W)BF,t = WBth (24)

The full set of linearized equilibrium conditions is presented in Appendix A.3.

16 Narodowy Bank Polski



Chapter 4

4 (Calibration and estimation

4.1 Calibrated parameters

As it is standard in the literature, we calibrate most of the parameters affecting the model’s
steady state equilibrium. We use as targets the averages of key macroeconomic proportions
observed in the data over the period 1999-2021. The values of all calibrated parameters are
presented in Table 1 and the targeted steady state ratios are reported in Table 2.

Our model features two countries: Poland and the euro area (EA). We calibrate the size
of Poland to 5%, which roughly corresponds to its share in total GDP. We set the share
of home-made goods in Poland’s consumption basket at 0.7, which is consistent with the
estimates of Bussiere et al. (2011). Adjusting this number for the relative size of the two
countries leads to the corresponding share in the euro area of 0.98.

To calibrate the steady state shares of government debt we calculate the average GDP
ratios of government debt held by domestic agents in Poland and in the euro area. The
numbers are 31.7% and 48.4% in annual terms, respectively. Poland’s steady state foreign
debt-to-GDP ratio is calibrated to the net (i.e. liabilities minus assets) debt securities held by
domestic agents according to the international investment position statistics. The calibrated
debt is 15% in annual terms.

Since in the data we neither see strong evidence of long-term differences between Poland
and the euro area as regards the remaining steady state ratios, nor the observed heterogeneity
is important for our main results, we keep the rest of our calibration symmetric across the two
regions. The share of government spending in GDP is fixed at 0.25. As in Brzoza-Brzezina
et al. (2014), we assume that the elasticity of substitution between good varieties equals 3
(implying an average gross markup of 1.33). We set the discount factors to 0.995 to match
an annual real interest rate of 2% and fix the inverse of the Frisch elasticity for labor supply
at 1.

4.2 Data and prior assumptions

We estimate the remaining parameters using time series covering the period 1999q1-2022q2,
giving us 94 quarterly observations. The starting point coincides with the introduction of
the euro and adoption of inflation targeting in Poland. We use the following three pairs of
data series for the the EA and Poland: real private consumption, HICP inflation and the
short-term interest rate. We also treat as observable the real exchange rate between Poland
and the EA.

To estimate the model we use Bayesian methods. Our priors of most parameters are
based on the previous literature. For the behavioral parameter m we assume a beta prior

with mean 0.85, a number proposed by Gabaix (2020).
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Our model is driven by seven stochastic shocks. These include the pairs of time preference,
price markup, and monetary policy shocks in both economies and an international risk
premium shock. All shocks are modeled as first-order autoregressive processes, except for
the monetary policy shock that is assumed to be white noise. We set the prior means of
shock inertia to 0.7, with fairly large standard deviations. The prior distributions of shock
volatilities are centered around 0.01. A smaller prior mean of 0.0025 is assumed for the

monetary policy shocks, consistently with the previous literature.

4.3 Estimation results

We estimate the model using Dynare version 4.5.7. The posterior mode in the first pass is
obtained with Christopher Sims’ optimization routine. We next run the Metropolis-Hastings
algorithm with two blocks, each consisting of 250,000 replications. Convergence was con-
firmed by a set of diagnostic tests proposed by Brooks and Gelman (1998). Finally, the
posterior distributions are approximated using the second half of the draws. The posterior
moments are reported in Tables 3 and 4. Our dataset is informative about all of the esti-
mated parameters. The posterior modes are broadly consistent with earlier estimates in the
literature obtained for the euro area and Poland.

On top of our BE model we also estimate a model that features rational expectations.
We assume the same prior distributions, the only exception being the behavioral parameter,
which we calibrate to unity. The goal of this exercise is to compare how well the data fits the
two frameworks. To this end we use the standard tool of Bayesian model comparison and
compare the marginal log-data densities of the two models. These are 2324 and 2305 for the
BE and RE models respectively, giving a posterior odds ratio of 1.7 - 10®. Assuming equal
prior model probabilities this result points towards the behavioral model being much more
likely than the rational expectation model. To check if the BE model marginal likelihood
does not depend on the prior assumption we also estimated it with m fixed at the previously
estimated value (i.e. m = 0.71). The obtained marginal log-data density of this model is
2328, which gives us an even higher odds ratio (in comparison to the RE model) of 8.3 - 10°.
We conclude that the data clearly favors the BE framework and, in what follows, we will
treat is as the benchmark model.

Estimating both the BE and RE model allows to take a deeper look at an important and
interesting question: which features of the framework are affected by allowing agents to act
behaviorally? The last columns of tables 3 and 4 present the posterior means of parameters
estimated under RE. Comparing these to the BE model shows that structural (so called deep)
parameters remain mainly untouched. What changes between the two models are processes
driving the stochastic components. In particular in the BE model standard deviations and
autoregression coefficients of preference shocks and the risk premium shocks are substantially
smaller. In other words, the BE model relies less on exogenous forces and more on internal

propagation to explain the data. This should be seen as a welcome feature.
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Chapter 5

5 Consequences of behavioral assumptions for mone-
tary policy

Let us now move to discussing our main findings. We begin with discussing the conse-
quences of agents’ behavioral features for monetary policy. In the next section we move to
the more general questions, in particular an assessment whether BE can help solve selected
puzzles in open economy macroeconomics.

We start with describing the working of monetary policy in our framework and compar-
ing it with the RE benchmark. Then we focus on the following questions: (i) how is the
effectiveness of monetary policy affected by the behavioral/rational nature of agents? (ii)
does the monetary policy trade-off change? (iii) how does the behavioral nature of agents

affect the determinacy principles for monetary policy?

5.1 The working of monetary policy

We begin with comparing how monetary policy affects the economy in a world with behavioral
and rational agents. To this end we plot impulse response functions to a contractionary
monetary policy shock for three variants of our model: the estimated model with behavioral
agents, the estimated model with rational agents and a counterfactual model estimated
with behavioral agents and a counterfactual assumption imposed ex post that m=1. The
first model is the benchmark according to our Bayesian model comparison exercise. The
second model is the “wrong” one according to the same criterion, but it is the kind of
model frequently estimated by economists and used by policymakers. Its properties allow
to answer the question what an economist would believe about the economy if he/she sticks
to the RE assumption. In contrast, the last model offers an answer about a counterfactual
world. It shows how monetary policy would work if agents became rational (instead of being
behavioral).

Figures 1 and 2 show the impulse responses for the small and large economy respectively.
The main conclusions seem not to depend to a large extent on the size and openness of the
economy. Under behavioral expectations contractionary monetary policy lowers output and
inflation in the usual fashion (blue solid line). If instead of being behavioral agents were
rational, monetary policy would be much more powerful (counterfactual scenario, yellow
dotted line). This happens, since behavioral agents take future developments (and hence the
persistently higher interest rate) into account to a limited extent. To check this intuition we
counterfactually assumed the persistence parameter vz = 0. In this case impulse responses
differ between the BE and RE model only slightly. The last (red dashed) line shows that
estimating the wrong model (with RE instead of BE) can lead to quite substantial mistakes
in the assessment of the effectiveness of monetary policy. Under the wrong model mone-
tary policy seems more powerful in the short run than the benchmark model indicates. As

mentioned, all these conclusions hold both for the small and large economy.
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5.2 The monetary policy trade-off

The implications of behavioral expectations for the effectiveness of monetary policy described
above were derived for a given parametrization of the monetary policy rule. Now we go one
step further and look at a wider set of policies. In particular, we optimize the behavior of
monetary policy and analyze the trade-off it faces. Following much of the literature, the
Taylor rule given by (9) is assumed to respond to deviation from the steady state of both
output 7, and inflation m; with the parameters denoting the respective strength of response
vy and ;.

We study the trade-off between stabilizing these two variables. To this goal we construct
an efficient policy frontier by finding aforementioned coefficients of the Taylor rule that
minimize a simple loss function with a full spectrum of weights on output vs. inflation
stabilization. More specifically, to obtain the monetary policy frontier we solve the following

set of minimization problems indexed by A € [0, 1]

min{AD(m) + (1= A) D(5)}
where D(z;) denotes the ergodic standard deviation of z;.

The obtained policy frontiers for both the small and large country are presented, respec-
tively, on Figures 3 and 4 by plotting the standard deviation of GDP against that of inflation.
The blue line represents the estimated model with behavioral expectations, the red one the
same model but with behavioral parameter m set to 0.8, the yellow one the model with m set
to 0.9, and the violet one with m set to 1 (thus representing the case with rational agents).

One result that stands out corresponds to the slope of the frontiers. This is the sacrifice
ratio in our economy, as it shows how much of GDP volatility needs to be sacrificed in order
to lower the inflation volatility by 1 p.p. Both figures show that as the degree of cognitive
discounting increases the sacrifice ratio goes up. Stabilizing inflation with behavioral agents
is thus more costly, both in the small and large economy (though the impact of cognitive
discounting is stronger in the SE).* Intuitively, it follows from the fact that price setters
respond less to expected inflation than in case of rational expectations. It means that the
expectation channel of monetary policy is weaker and, as a result, monetary policy needs
to generate larger movements of GDP in order to stabilize inflation. Therefore, lowering

inflation volatility is more costly in terms of GDP volatility.

4In order to ensure that the latter finding depends indeed on the size of the economies we ran an additional
simulation with all parameters but size set symmetrically to prior means (as in Section 5.3.
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Consequences of behavioral assumptions for monetary policy

5.3 Determinacy of monetary policy

Stabilizing properties of monetary policy rules have been widely discussed in the economic
literature, both in the context of the New Keynesian modeling framework (Bullard and Mitra,
2002) and of historical developments (Sargent et al., 2006). It is well known that in the New
Keynesian framework, on which we build, the Taylor principle states that the reaction of the
interest rate to inflation ought to be strictly larger than one. However, as shown in Gabaix
(2020), under the behavioral assumption used in this paper the stability conditions are less
strong, and reactions (somewhat) below unity can also ensure determinacy.

In what follows we check whether this finding goes through in the open-economy behav-
ioral environment and whether the Taylor principle differs for small and large economies.
To make the exercise as telling as possible about the role of economic openness, we make
an exception and calibrate the two economies completely symmetric (except for size and
related openness of course). To this end we set all debt ratios to zero, and set all structural
parameters to their prior mean values. Additionally, to concentrate on the role of 7, and
we set the remaining Taylor rule parameters v, v,, 7r and 73 to zero.

With such calibration we check the determinacy boundaries. On Figure 5 we plot the
boundary values for 7, and +* as functions of m (each time fixing the reaction to inflation
in the other economy at 1.25). The stability regions clearly increase as agents become more
behavioral, but interestingly this effect is stronger in the small country. For instance for
m = 0.85 the monetary policy can be passive, with reaction in the SE as weak as 0.03, while
in the LE the central bank has to respond to inflation with 7 > 0.56. Of course, as is well
known, under rational expectations the boundary is unity independently of the size of the
economy.

Two questions emerge. First, why are stability regions larger under BE than under RE?
Our understanding is that this is the consequence of the steady state being an attractor for
agents expectations to a larger extent than under RE. As expectations affect decisions (in
particular pricing decisions), this mechanism has a stabilizing property that partly substi-
tutes for the weaker reaction of the central bank.

Second, why are stability regions larger in the SE? The explanation above sheds light
on this puzzle. Under BE also the expectations of the exchange rate are attracted towards
the steady state. This generates an additional stabilization mechanism for import prices.
However, given the different openness of the two economies, this additional stabilizing force

is much more important for the small economy, hence its larger determinacy regions.
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Chapter 6

6 Behavioral agents and open-economy puzzles

There is a number of findings related to open economies where empirical evidence and struc-
tural models do not align. Does incorporation of the behavioral nature of agents help to
bring models closer to reality? In what follows we concentrate on two issues, where BE
improve upon the RE framework. The first is the well-known uncovered interest rate parity
(UIP) puzzle identified by Fama (1984). Then we discuss the disconnect between model-
ing outcomes and empirical findings regarding the independence of monetary policy under

flexible exchange rates.

6.1 Excess returns (UIP puzzle)

One of the important puzzles in macroeconomics is related to the behavior of the exchange
rate (Fama 1984; Engel 2013). Empirical evidence shows that after an unexpected increase
of the domestic interest rate positive excess returns can be achieved on the domestic currency
(or negative on the foreign one) for several periods. This stands in sharp contrast with the
conclusion found under rational expectations, that after an interest rate shock the exchange
rate adjusts immediately so that further gains on the domestic bond are exactly matched by
expected exchange rate depreciation and, hence expected excess returns are zero.

Let us define excess returns (on the foreign currency):

XRyst = (R{ - Rt> 4 (Spr — S) (25)

where R{ denotes the foreign interest rate. Following Fama (1984) the empirical literature

usually estimates an equation like:

XRt+k:a+b(Rt—R{)+et k=1,2,.. (26)

where a and b are estimated parameters. If UIP holds, both estimated coefficients should
be zero at any horizon k. However, as mentioned, empirical studies usually find substantial
deviations from UIP, in particular with b being negative, suggesting that excess returns can
be achieved systematically. For instance Candian and DeLeo (2022) report a panel estimate
of b to rise from approximately —2 for k = 1 to zero for k = 20 (and then becoming positive
for some time). Burnside et al. (2006) report negative values of b in the 1 and 3 month
horizons for nine advanced economies.

Let us now check how things look like in our estimated model. As was shown in Section
3 under BE the UIP condition is modified, which suggests that the relation between interest

rates and the exchange rate may differ from the rational world (see also Kolasa et al. (2022)
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for analytical results). Figure 6 shows how the exchange rate, excess return® and expected
excess return behave after a domestic monetary policy shock that raises the interest rate
differential. Clearly, under RE excess returns are achieved only on impact (as interest rates
increase by surprise). Expected excess returns are hence always zero. In contrast, under BE
excess returns exist for a number of quarters after the shock and in particular they can be
forecasted (assuming an agent forecasts rationally).

To offer a quantitative comparison with the empirical literature we simulate data from
our model and estimate® equation (26) for k = 1,...,20. Figure 7 shows the estimated b
coefficients for the BE and RE models. As can be expected under rational expectations b
is never significantly different from zero. In contrast, under BE the coefficients are negative
rising from —0.5 on impact to zero after approximately 3 years. So, the effect seems of

magnitude comparable to, though somewhat weaker than, documented in empirical studies.

6.2 International monetary policy independence

Standard macroeconomic theory states that under flexible exchange rates and liberalized
international capital flows monetary policy in a small open economy is insulated from foreign
monetary policy shocks (Obstfeld et al., 2005). However, in practice monetary policy rates in
small open economies usually track interest rates in larger countries, even when the exchange
rate is allowed to fluctuate freely. Of course, this might be the result of common cyclical
fluctuations, but several research studies have documented that interest rates co-move also
as a consequence of exogenous monetary policy shocks in the large economy (see e.g. Frankel
et al. (2004), Borensztein et al., 2001 and Moder (2021) for an international comparison and
Crespo Cuaresma and Wojcik (2006) and Goczek and Mycielska (2019) for Poland).

In what follows we check how a monetary policy shock in the large economy affects interest
rates in the small economy. Figure 8 documents our findings. Under rational expectations
(whether estimated or counterfactual) the SE interest rate declines in response to a monetary
policy tightening abroad. This seems inconsistent with the empirical evidence cited above.
However, under behavioral expectation monetary policy in the SE is tightened, in line with
empirical evidence. This is due to the inflation reaction being much spread over time (in
contrast to the very sharp decline under RE). It should, however be admitted that the effect
is relatively weak, so that in spite of moving in the right direction its quantitative relevance

is not sufficient to explain the puzzle in whole.”

5Since our model features a well-defined risk premium, we include it in the definition of the foreign interest
rate, so that R{ = R} + K.

6We generate 1000 simulations of 200 period long samples

"For instance Borensztein et al., 2001 and Moder (2021) report elasticities of domestic to foreign (US or
EA) interest rates in selected flexible exchange rate countries of 1/3 to 2/3. In contrast, in our BE case the
elasticity hardly rises to 1/10 in the long run.
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Chapter 7

7 Robustness

How robust are our findings? We answer this question by performing an additional estimation
of our model. As we stated above in our baseline estimation we decided to use data that
includes the COVID-19 period. However, as the pandemic period was highly volatile, we
decided to check if such an economic shock does not change the conclusions drawn from our
model. To check if that is the case, we estimate our model with data that end in 4q2019, just
before the COVID-19 outbreak. Moreover, in our baseline estimation, we use the EA short-
term interest rate. An alternative is to use a shadow rate which may be a better reflection
of the monetary policy stance in the Eurozone during the ZLB period. To check also such a
case, we also use the shadow rate taken from Wu and Xia (2020).

The posterior distribution of estimated parameters is not significantly different from that
of our baseline estimation. The differences can be found in the shock standard deviations,
which is not surprising, as we cut a significant part of volatility from the data by not con-
sidering the COVID-19 period. The conclusions drawn from simulations that were repeated

using the second estimation are consistent with those based on the baseline dataset.
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Chapter 8

8 Conclusions

Since the seminal papers of Muth (1961); Lucas (1972) and Kydland and Prescott (1982) the
rational expectations assumption has dominated in the macroeconomics literature. However,
there is mounting evidence that agents do not always act rationally. Moreover, an increasing
number of papers documents that deviations from rationality may exert a significant impact
on macroeconomic processes. In this paper we consider a two-economy macroeconomic
business cycle model with behavioral expectations a la Gabaix (2020) and use it to take
a fresh look at several important topics related to monetary policy in the two-economy
framework. Not only do our findings confirm the importance of the behavioral expectations
assumption in the open-economy context, but they also have the potential to change the
way we think about the effectiveness of monetary policy and the alignment of the standard
open-economy framework with empirical regularities.

First, model estimation on data for Poland and the euro area confirms that the assumption
about agents acting in a behavioral fashion is strongly preferred by the data.

Second, we derive a number of conclusions about monetary policy. Under behavioral
expectations determinacy regions for monetary policy are substantially larger than under
rational expectations (passive policy can also ensure determinacy) and additionally depend
on the size of the economy. Our novel finding is that stability regions are larger for small
(more open) than for large economies. This draws back to the altered behavior of the
expected exchange rate which acts as an additional stabilizing device in the small economy.
Third, with agents acting in a behavioral manner the monetary policy trade-off worsens.
The sacrifice ratio increases both in the small and large economy, so that the real cost of
stabilizing inflation is higher, but the effect is stronger for small economies.

Moreover, our framework delivers some interesting findings related to the performance
and properties of microfounded open-economy macro models. As is well known these models
generate a number of puzzling effects, in particular the lack of excess returns (UIP puzzle) and
a strong independence of monetary policy in small economies from that in large economies.
We check whether our estimated behavioral framework can contribute to solving these puzzles
and report partial success. Excess returns exist under BE in line with empirical evidence.
Monetary policy shocks in the large economy leads to an equally-signed reaction in the small
economy (though weaker than suggested by empirical evidence).

All in all, the open-economy behavioral framework is strongly supported by the data and
delivers a number of findings which both policymakers and modelers should find interesting

and important.
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Tables and figures

Tables and figures

Table 1: Calibration - parameters

Parameter Value Description

w 0.05  Agents residing in the small economy (Poland)
B, B* 0.995  Discount factors
v, v 1 Inverse of Frisch elasticity of labor supply
Eps €p 3 Elasticity of substitution between good varieties
N 0.7 Home bias in consumption (Poland)
ne 0.98  Home bias in consumption (EA)
v,v* 0.1  Semi-elasticity of taxes

Table 2: Steady state ratios

Steady state ratio Value
Export to GDP ratio (SE) 0.30
Export to GDP ratio (LE) 0.016

Government spending to GDP ratio  0.25
Gov. debt to GDP ratio (Poland) 1.27
Gov. debt to GDP ratio (Euro area) 1.74
Foreign debt to GDP ratio (Poland) 0.60
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Table 3: Prior and posterior distribution: structural parameters

Parameter | Prior distribution | BE posterior distribution || RE posterior distribution
type Mean St. Dev. | Mean St. Dev. Mean St. Dev.
m beta 0.85 0.05 0.71 0.04 - -
05 beta 0.75 0.1 0.89 0.03 0.88 0.03
0 beta 0.75 0.1 0.83 0.7 0.89 0.6
0 beta 0.75 0.1 0.86 0.03 0.87 0.03
0% beta 0.75 0.1 0.89 0.02 0.90 0.02
Ch beta 0.25 0.1 0.17 0.07 0.19 0.08
Cr beta 0.25 0.1 0.24 0.09 0.23 0.10
Cr beta 0.25 0.1 0.22 0.09 0.23 0.10
C; beta 0.25 0.1 0.11 0.05 0.11 0.05
X beta 0.01  0.005 | 0.01 0.01 0.01 0.01
o beta 2 0.25 2.15 0.23 2.22 0.23
o beta 2 0.25 1.96 0.24 2.00 0.24
Vr beta 0.7 0.1 0.91 0.01 0.90 0.01
Vo norm 1.25 0.1 1.33 0.09 1.34 0.09
o beta 0.125  0.05 0.16 0.05 0.17 0.05
v beta 0.7 0.1 0.96 0.01 0.92 0.01
vE norm 1.25 0.1 1.23 0.10 1.23 0.10
", beta 0.125  0.05 0.13 0.05 0.13 0.05
Table 4: Prior and posterior distribution: shocks
Parameter | Prior distribution | BE posterior distribution || RE posterior distribution
type Mean St. Dev.| Mean St. Dev. Mean St. Dev.
Pp beta 0.7 0.1 0.72 0.08 0.70 0.08
Jos beta 0.7 0.1 0.47 0.07 0.53 0.07
Pr beta 0.7 0.1 0.79 0.05 0.85 0.05
Pe beta 0.7 0.1 0.70 0.07 0.88 0.07
p: beta 0.7 0.1 0.58 0.07 0.69 0.07
T4 invg 0.003 Inf ]0.0014 0.0001 0.0015 0.0001
oy invg 0.003 Inf  |0.0009 0.0001 0.0009 0.0001
op invg 0.003 Inf 0.23 0.06 0.15 0.05
o, invg 0.003 Inf 0.26 0.08 0.24 0.09
o invg 0.01 Inf 0.016 0.0021 0.079 0.0016
Oc invg 0.01 Inf 0.037 0.0046 0.055 0.0064
o invg 0.01 Inf 0.037 0.0050 0.045 0.0053

NBP Working Paper No. 353



Figure 1: Impulse responses to a contractionary monetary policy shock (small economy)
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Figure 2: Impulse responses to a contractionary monetary policy shock (large economy)
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Figure 3: Efficient monetary policy frontier in the small economy
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Figure 5: Determinacy boundaries for different levels of cognitive discounting
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Figure 6: UIP puzzle - impulse responses

Interest rate differential Real exchange rate

0.15 0F ‘ PP
0.1 7
/
-0.5¢ 7 1
0.05F /
/
0 P ‘ ‘ ‘
0 0 5 10 15 20
0 Excess return 0 Expected excess return
o5 ! ] -0.05] ]
I
] - Behavioral agents
1 = =Rational agents (estimated)
e ‘ ‘ ‘ 0.1k ‘ ‘ ‘ ]
0 5 10 15 20 0 5 10 15 20

Note: The figure shows impulse responses to a monetary policy shock in the small economy. Interest rate reactions in

34

percentage points. Remaining variables in percent

Narodowy Bank Polski



Tables and figures

0.4

Figure 7: UIP puzzle - estimated coefficient b

Estimate of b from the behavioral model

0.2+

-0.8 '

10
k

15 20

0.4

0.2

-0.2

-0.4

-0.6

Rational expectations

.
e,
.

0
Tearttegaete,,,
. CETTL L
Tepgannt

ety e
. Tag et

PEPTL LN
.--..'ll.. . RS v, -
ammtagentTre,, pRTALRRS

.
AL

= median
==*** 90% confidence bounds

5 10 15
k

20

Note: The figure reports estimated values for coefficient b from equation (26) for different values of k together with 90%
confidence bounds.

Figure 8: Monetary policy independence in the SE
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Appendix A

Appendix A

A.1 Derivation of the Euler and UIP equations

Households maximize their utility (1) subject to the budget constraint (3). While choosing
consumption in period ¢, ¢; they also choose’ future consumption for all future periods and
all possible states of the world in the future, ¢;;44. This optimization yields the following

first order conditions. First, we show a formula for intratemporal consumption-labor choice
O'ét :’lZJt — ’}/ﬁt

Next, we show equations obtained from differentiation with respect to domestic and foreign

assets, respectively

R . 1 s - L R
& = Bl — ;EtBR(Rt — 1) + ;<5u,t — B 41) (A1)

. . 1 A . 1 . ~ 1 .
&= B0 — ;EtBR(Rt + R — ) — E(EfRCIm —Gr) + ;(Su,t — EPe,1) (A2)

where EtBRétytH denotes expected (over all possible states of the world tomorrow) consump-
tion in period ¢t 4+ 1 'chosen’ in period t. It is obtained from the problem with behavioral
expectations about future variables (including incomes). Actual consumption in period ¢+ 1,
cr+1 can be different (even ignoring the occurrence of shocks), because the consumer’s deci-
sions in period t + 1 are based on expectations formed in period ¢ + 1.
UIP. Combining (A.1) and (A.2) yields the modified uncovered interest parity (UIP) con-
dition

R, — mE T = R: + Ry — mET MG — G

Linearized budget constraint. Linearizing the budget constraint (3) yields

. _ . 1 U
Eét + bH,t + b;Ith + b;[,t - p(UAJt + ﬁt) + FFt - Tﬂ
1- A A 1. 1 Tk [ Pk ~ ~ ~ 1 7%
+E5H(Rt71 — 7)) + BbH,tq + BbH(Rt—l + Rer — 7+ q) + EbH,t—l (A.3)

where 1/pu = wn and R/7 = R*/7* = 1/.
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Euler. Aggregating (A.3) yields

c 11, . 1- - R 1. S 1 -, =, . ax oA
(; + ;;)Uct =(1- 5){EbH(Rt71 — ) + E(bH,tfl + V1) + quH(Rt—l + R — 7 + )
= Sly+1 A A

+ (1 — 5)[2(”’65) (ﬁ By +TEL — TET )
=0
c 1-p ( -1 A i
— = — = — 0g T 40y - m tdl 14 — T LTy
(1=5)( 3 (by + qbly) +M Zﬂz E.R Eifryi))
=1
c 1 1
+(1_5)(; ;; Zﬁ 8ut_m Etgut+‘r)]} (A4)

T=1
Next, after some algebra we can express the above equation (A.4) recursively

. . A . 1, .
¢t = mBEy Gy — ;(Rt - mEﬂTtH) + ;(Eu,t - mEtﬁu,tﬂ)

1 (-9
+<é+,%$> B

(1= m)(bus + th + by
where ¢ =1+ 1 qb* g

A.2 Derivation of the Phillips curve

Here we present derivation of the Phillips curve for home country production for the domestic
market. All four Phillips curves are obtained in a similar fashion. Maximizing the interme-
diate good producer’s profit (12) subject to the demand function (13) yields the following

formula for the real price of domestic variety set in period ¢, pg 4

]%H,t (1—p6u Etz BOr) Im? (Mcis + €pits) + Z (m" T4 — m” T 14+v)]  (AD)
s=0

v=1

and after some algebra can be expressed recursively
]A;’Hﬂg = (1 — 69}[)(7710,5 + épﬂg) + BQH [mEtﬁH,tH + mEtht_H — Chﬁ-t . (A6)

Note that in this step, following Benchimol and Bounader (2021), we deviate from Gabaix
(2020) while deriving equation (A.6). Next, from the zero profit condition of the final good

producer we get

Py, = { /0 1 P, () dz} - (A7)
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which after linearization and some rearranging yields

2 o 1 N 9H
PHt = 1_ GHpH’t 1— 0,

(Pr—1 + Curp—1 — Tr) (A.8)

Substituting for py from (A.8) into (A.6) after some algebra results in the following Phillips

curve

Ou(Pre — Pri—1 + 7 — CuTty—1) =
(1 —=0g)(1 = B0y)(mc; + Ept — ﬁH,t) — (1 —=0gm)B0u(1 - m)(ﬁH,t — ()
+ BOumE (Epp i1 — Pry + B — Camry))  (AL9)

A.3 Model equations
A.3.1 Households

Euler equation. From (1), (2), (3) we obtain

. ) 1 4 . .
¢ = mECip — ;(Rt —mET) + ;(1 — MPy)Eut

1 (1-5

+ (c+12) B (1 m)(i’Ht + (A’yf{t + byhe) (A.10)
ey

G = MG — (1 — M) + (1= mal)és
FrTe G (A1)
UIP condition.
Ry — R = mEyGro1 — G + mEyft 1 — miay, + (A.12)
Labor supply.
oty + 1, =i, (A.13)
A T M (A.14)

A.3.2 Producers

. PH,t — PF,t — P;I,t ES — P*,
Denote pH,t - P, pF,t - P, pH,t — 17 pF’t = Pt_* .
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Demand for homogeneous intermediate goods. From (9) and (10) we obtain

Yt = — 1—i_TMﬁHt + U (A.15)
Yrt = — Sl Pri+ U (A.16)
R (A17)
i = = L+ (A1)

The inflation of intermediate goods prices. From the definition of relative price py; =

%’t and inflation of sector d intermediate good prices 74, = Pfii -, d € {H, F'} we obtain.
Tt =Tt + Pt — PHi-1 (A.19)
Tt =T+ Pre — DFt-1 (A.20)
and
ﬁ;,t :ﬁ: + Iﬁ*Ft - ﬁ;,tfl (A-Ql)
7AT}k{,t :ﬁ: + ﬁj’{t - ﬁf{,tfl (A-22)
Inflation of consumption good prices.
A N T N N T ~
T =n0n) " (Fue + Prg—1) + (1 = n)(0r) * (Fre + Pre-1) (A.23)
~ R A~k N N Ak
7 =0 (PF) (s + Pre1) + (L =0") Do) ™ (Rrrs + Do) (A.24)
Marginal costs of intermediate goods.
MCt :ijt (A25)
me; =wy (A.26)

Prices of intermediate goods. Prices of home goods follow from (12)

O (Prs — Pt + 7 — Cufe1) = (1= 0u)(1 — BOn)(mcy — Py + Epi)
— (1= 0)BO0u(1 —m)pu,
+ B0 Empr i1 — mpry + My g (T — Came)] (A27)
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and

O (Priy — Pra—r + 70 — i) = (1= 0) (1 — BOy) (micy — G — Py + €,4)
— (1= 0y)B0,(1 —m)py,
+ ﬁGEEt[mﬁ}LtH - mﬁ’;u + M;,H(ﬁ;-l —Cum)] (A.28)

where 1 6
_ _ _— —PYH
MfyH—mGH—l—m(l GH)I—BQHm
1 — 50y
* — * 1— *x\_—  MYH
M} g mby + m( 9H)1—6«9;Im

Prices of foreign goods

Or (Dre — Dryor + 70 — Cpftp_q) = (L= 0p)(1 — B*0%) (mcy — pry + E54)
— (1= 0p) B 0p(1 —m)py,
+ B 0R B [mﬁ},tJrl - mﬁ*F,t + M;,F(ﬁ:+1 —(r7y)] (A29)

and

Or(Pre — Pri—1 + T — Crty—1) = (1 = 0p)(1 — B%0p)(Mc; + ¢ — Pry + Epit)
—(1=0p)B 0p(1 —m)pp,
+ B 0p Ey[mprpyi1 — mpry + My p(n) — Crry)]  (A.30)

where 1 o
* * * - F
1—f"0p
M =mb 1—0p)—————
f.F mF+m( F>1—ﬁ*9pm
Aggregate production function. Home industry:
Yuins + (1 = Yu )i, =1, (A.31)
and foreign industry
Grdre + (1= Gp)ih, =1 (A.32)
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A.3.3 Government
Government expenditures and taxes.
1. T. be. 1. X
=bg:+ =T, = ?GTt + ==bai1+ =0 (A.33)
y y y b
1. T . by 1 - g
b, 4+ =T = S —b, 4 =0 A.34
Foet T Gt T e Gt T ( )
TT, = vhe, (A.35)
T} = v'bghe, (A.36)
A.3.4 Central Bank
Taylor rule. From (19) we obtain
Pbt :’YRRt—l + (1 —vRr) (vx7te + ’Yy?jt) + ¥t (A.37
Ry =vpBi + (1= R) (] +70;) + ¢} (A.38)
A.3.5 Closing the model
Goods market.
c. 9. .
—C + ggt =Yt (A.39)
Y Y
E* Ak g* Ak Ak
—C, + =g, =y A .40
Tt T ( )
Balance of Payments. From (21) we obtain
qu{,t@?},t l-—w, ., . ok 1.,
7 (G: + Py + yH,t) EbH,t =
WiVl —w  1=Fby
( Hé 2 w - ﬁﬁ?prF’t + Jr)
by
+ =
yp*
Risk premium. From (2) we obtain

A~

(Gr — q—1 + R,il + K — 7)) —

1 -
—b}, A 41
yﬁ Hit—1 ( )

Ky = —X(ES =+ EH?jt) + Eny
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GDP. From (20) we obtain

. 1= . @il —w
o= (122 Py 4 Ptalne

Py + 05 +a) — (

Y
2y L—fB" -, Py | 1—B*
Jr= (1= =g+ (R =
where B*H = —“ py.

qﬁ%,t@?f,t l1-w . 1-8 BH

Y

~

) (Pr+0r — ) —

W

*

WP Y

B

(p

Ak
H

7)(}% +9r)
(A.43)
+iy) (A44)
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