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cations, monetary authorities convey their future intentions and provide insights into
their views on the economy’s future trajectory. For instance, a central bank might
commit to maintaining a fixed interest rate for a specific period before normalizing
its policy (forward guidance) or announce an upcoming adjustment to the inflation
target. Understanding the impact of such communication is crucial for evaluating the
effectiveness of monetary policy.

In this paper, we evaluate the impact of central bank announcements by examining
several monetary policies proposed in the literature as potential avenues for improv-
ing welfare. The policies under consideration include one-time and gradual antici-
pated changes, as well as more complex scenarios where different monetary policies
are implemented with specific probabilities. A key feature of our model, which in-
corporates communication, is that economic agents respond to policy announcements
even when the actual policy changes are scheduled to take effect at a future date. Our
findings reveal that these anticipation effects can be substantial.

Our analysis is conducted using a realistically calibrated, prototypical central bank-
ing model, which serves as a scaled-down version of the Terms of Trade Model
(ToTEM) employed by the Bank of Canada for projection and policy analysis. No-
tably, our “baby” ToTEM (bToTEM) closely mirrors the structure and implications
of the full-sized TOTEM model producing essentially similar impulse response func-
tions to the key shocks. See Lepetyuk, Maliar, and Maliar (2020, henceforth LMM)
for detailed description of bToTEM model and Corrigan et al. (2021) for the latest
description of TOTEM model.

The policy experiments we examine include the following: (i) a gradual adjust-
ment of the inflation target, scheduled to occur in the future either with certainty
or with some probability; (ii) the normalization of monetary policy with respect to
future nominal interest rates, when the economy is initially at a zero lower bound
(ZLB) on nominal interest rates; (iii) a switch to a more aggressive Taylor rule; (iv)
a shift from inflation targeting to price-level targeting (PLT); and (v) a move from
inflation targeting to average inflation targeting (AIT). Our findings are summarized
as follows:

1. Inflation target changes: An increase in the inflation target has a positive short-
term effect on output, and delaying this increase by 1 year further amplifies
the output gain during the transition to the new steady state. Even when the
announced policy is implemented with some probability, substantial anticipation
effects persist both before and after the uncertainty is resolved.

2. Forward guidance: When the economy is constrained by the ZLB on nominal in-
terest rates, the central bank employs forward guidance—policy announcements
about its future return to the standard interest rate rule—to guide the economy
out of the ZLB. Extending the timeline for this return results in greater output
expansion during the transition. However, the initial jump in output remains un-
affected by the length of the forward guidance period. This finding provides pol-
icymakers with valuable insights into the optimal duration for monetary policy
normalization following ZLB periods.
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3. Aggressive Taylor rule: A more aggressive (yet realistic) behavior of the cen-
tral bank in targeting inflation generates limited anticipation effects among eco-
nomic agents.

4. Price-level targeting: Transitioning from inflation targeting to PLT produces
smaller impacts when there are longer implementation lags. PLT has been shown
in the literature to improve welfare, and thus, delaying its adoption deprives the
economy of earlier benefits from higher output.

5. Average inflation targeting: Shifting to AIT yields modest anticipation effects,
as it represents a middle ground between inflation targeting and PLT.

In summary, our analysis reveals that the significance of anticipation effects varies
depending on the policy experiment. Substantial anticipation effects are evident in
scenarios involving changes in the inflation target (Experiment 1) and forward guid-
ance at the ZLB (Experiment 2). However, these effects are relatively muted in ex-
periments involving more aggressive monetary policy rules or targeting regimes (Ex-
periments 3-5).

On the methodological side, we argue that announcements about future economic
conditions and policies can be effectively modeled as anticipated non-Markov news
shocks. These shocks lead to nonstationary solutions (time-dependent optimal deci-
sion rules) that cannot be addressed using conventional numerical methods designed
for constructing stationary solutions (time-invariant decision rules). Within the frame-
work of perturbation analysis, we modify the traditional approach to enable the con-
struction of time-dependent decision functions. We call our approach the extended
function path (EFP), drawing a parallel to the extended path (EP) method introduced
by Fair and Taylor (1983). Unlike EP, which constructs paths for variables (time se-
ries), EFP constructs paths for decision functions. For further discussion and a review
of related literature, see Maliar et al. (2020, henceforth MMTT).

The EFP methodology is applicable to a broad and empirically relevant class of
economic models in which finite-horizon trajectories converge to infinite-horizon tra-
jectories as the time horizon extends—a property known as the turnpike theorem. Our
perturbation-based EFP method offers accuracy comparable to the global projection
method developed in MMTT (2020) while being significantly more computationally
efficient for high-dimensional problems, such as large-scale central banking models.

The implementation of our approach is user-friendly, as our MATLAB codes are
built upon the widely used Dynare software. This design ensures accessibility and
flexibility, allowing users to adapt the method for a variety of applications beyond
the scope of this study.

Other methods in the literature allow for the analysis of changes in the economic
environment, but these typically rely on the assumption of Markov shocks. For
instance, models with Markov regime switching (e.g., Davig and Leeper 2007) and
models with Markov news shocks (e.g., Schmitt-Grohé and Uribe 2012) are promi-
nent approaches. A key distinction between these methods and our EFP analysis
lies in the treatment of shocks. The Markov-based literature assumes shocks are
recurrent, random draws from a stationary Markov distribution, while we focus on
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shocks that represent a sequence of events occurring at predetermined dates. As
a result, the Markov literature approximates a single, time-invariant decision rule
corresponding to the given Markov process. In contrast, our EFP method constructs
an infinite sequence of optimal decision rules tailored to a specific sequence of
historical events. We view these two approaches as complementary: the stationary
Markov framework is well-suited for studying unanticipated, recurrent events such
as business cycles, whereas the EFP method is designed to analyze anticipated,
nonrecurrent historical events, such as Brexit.

In special cases, nonstationary solutions produced by the EFP method can resemble
stationary Markov solutions. For instance, a one-time, non-Markov parameter shift
is analogous to a regime-switching Markov model with an absorbing state or to a
news-shock Markov model with highly persistent (random walk) shocks. However,
more complex EFP scenarios—comprising nonrecurrent periods of growth, transi-
tions, shifts, or drifts—cannot be adequately captured by a single stationary Markov
process. To illustrate, we compared the EFP solution with the news-shock method of
Schmitt-Grohé and Uribe (2012) in the context of the bToTEM model and found that
the differences between the two approaches were economically significant. While it
may be possible to approximate complex non-Markov EFP scenarios by combining a
sequence of stationary Markov solutions, it remains unclear whether such construc-
tions would be computationally tractable.

The remainder of the paper is organized as follows: Section 2 provides an overview
of the EFP methodology using a neoclassical optimal growth model as an example;
Section 3 introduces a large-scale central banking bToTEM model; Section 4 presents
five policy experiments; Section 5 compares the solutions under Markov and non-
Markov news shocks; and finally, Section 6 concludes the paper.

1. ANTICIPATED NON-MARKOV EVENTS AND THE EFP METHOD AT A
GLANCE

We use an example of a stylized neoclassical optimal growth model to illustrate
the perturbation-based EFP methodology at a glance and to show how anticipated
non-Markov events affect the macroeconomy.

1.1 Anticipated Events

Anticipated events refer to occurrences that an individual or group expects to take
place in the future. In our analysis, economic agents may become aware of future
changes affecting the economy’s fundamentals (preferences, technology, economic
environment, equations, variables, parameters, expectations) or policies (legislative,
monetary, fiscal, social security). These future events can be deterministic or stochas-
tic, with dates that may be fixed or uncertain. Importantly, the events we consider
are non-Markov, meaning they are nonrecurrent and time-contingent (i.e., occurring
at specific dates). Our approach contrasts with mainstream literature, which focuses
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on Markov events that are recurrent and state-contingent. An example of an antici-
pated, non-Markov event is Brexit, which took place on January 31, 2020 following
a referendum held in the UK on June 23, 2016. Once Brexit was announced, rational
agents adjusted their behavior to optimally respond to the new environment before the
event actually took place. In contrast, an example of recurrent, unanticipated Markov
events commonly studied in the literature is the business cycle. Business cycles occur
at random dates with state-contingent probabilities. Rational agents respond to busi-
ness cycles by adapting their decision rules to the presence of uncertainty, such as by
engaging in precautionary savings. Below, we illustrate the difference between unan-
ticipated Markov and anticipated non-Markov events using the example of a stylized
optimal growth model.

1.2 A Growth Model with Markov and Non-Markov Shocks
We consider a stylized stochastic growth model

T
max E [Z ﬁ’u(c,)] (1)
=0

S.t. C[ + kf+1 == (1 - B)kl + Zlf(kl)’ (2)

where ¢, and k; are consumption and capital, respectively; the initial condition (ky, zo)
is given; the utility and production functions # : R; — R and f: R, — R, are
twice continuously differentiable, strictly increasing, strictly quasi-concave, and sat-
isfy the Inada conditions; z; is the exogenous productivity level; 8 € (0, 1) is a dis-
count factor; § € (0, 1] is a depreciation rate; E;[-] is an expectation operator condi-
tional on the 7-period information set F;; and lifetime utility (1) is bounded.

We assume that the time horizon is infinite, T = oco. A feasible path is a pair of

random processes {¢;, ki1 };2, such that, given information sets (Fo, Fi, ... ), they
satisfy ¢; > 0, k11 > 0, and (2) for r > 0. We assume that the set of feasible paths is
not empty.

An optimal path is a feasible path that maximizes (1). We focus on the case where
the optimal program of (1)-(2) is interior and satisfies the Euler equation:

u'(er) = BE [ (cryr)(1 = 8 + z1 f (ke )] 3

1.3 A Nonstationary Model with Anticipated Events

For the sake of illustration, we assume that z; in (arl) follows the usual first-order
autoregressive process with an additional term A, that represents anticipated events:

Inz; =A; +plnz_; +o¢, “4)
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where o > 0 and |p| < 1. Here, ¢, is a Markov shock defined by a probability distri-
bution g, ~ N(0, 1); A, is a non-Markov process defined by a time-path (Ag, Ay, ... ).
The impact of anticipated events depends on what information about the sequence
(Ap, Ay, ...)1is provided to the agent, and when.

In the absence of anticipated events (i.e., A, = 0 for all ), the model (1), (2), and
(4) is a business cycle model whose solution is given by a time-invariant (station-
ary) Markov decision function k1 = K*(k;, z;) satisfying a fixed-point property. If
we substitute the ¢ 4 1-period function K;;(k;+1, z;+1) into the right side of (3) and
compute the 7-period function K;(k;, z;) on the left side of (3), we obtain the same
fixed-point function K| = K, = K*.!

However, in the presence of non-Markov anticipated shocks, the decision rules are
generally nonstationary (time-dependent). Intuitively, if at# = O the agent is informed
of a shock A, = 1 at t > 1, she reacts immediately by adjusting her decision rules
K§, ..., K to take advantage of a future productivity change. Her decision functions
change over time; they depend on how many periods remain until the shock actually
happens, meaning Kj # - - - # K/

We can consider a variety of non-Markov scenarios designed to represent the his-
torical paths of actual economies. In particular, the economy may face multiple antic-
ipated events—say, in periods = 10, t = 17, and r = 23. These events may happen
with specific probabilities, such as 50%, 30%, and 10%. Anticipated shocks may
affect multiple equations and parameters and may be correlated with, or conditional
on, one another. Furthermore, this information can be revealed to the agent all at once

or gradually.
For stationary models, we only need to construct one fixed-point decision rule
K§ = K{ = --- = K* that corresponds to a given Markov process, as this rule works

for all time periods. Conventional global nonlinear solution methods iterate backward
on Euler equations until a fixed-point decision rule K* is found. Similarly, conven-
tional perturbation methods construct Taylor expansions by restricting the decision
rules to be identical at 7 and ¢ 4+ 1. However, these methods fail for the nonstationary
models we study because fixed-point decision rules either do not exist or are subop-
timal in the presence of non-Markov shocks. For our nonstationary model, we must
construct an infinite sequence of optimal decision functions K, K, .. ..

1.4 Turnpike Theorem

In the present paper, we develop a perturbation solution framework for approxi-
mating a sequence of decision functions K, K, ... in the presence of anticipated
non-Markov shocks for a broad and empirically relevant class of nonstationary mod-
els that satisfy the turnpike theorem. The turnpike theorem states that the trajectory
of a finite-horizon economy converges to that of an infinite-horizon economy as the
time horizon increases. Let us illustrate this theorem for the model (1), (2), and (4) un-
der a parameterization that yields a closed-form solution. Specifically, u(c) = In(c),

1. A Markov switching model (e.g., Davig and Leeper, 2007) and a recurrent news shock model (e.g.,
Schmitt-Grohé and Uribe, 2012) belong to the class of stationary models.
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flk)y=k* A =y;,andwesetd = 1,8 =0.99, 0 = 0.36, p = 0.95, 0 = 0.01, and
va = 1.01.

Here, A, is an anticipated deterministic technological progress (parameter drift),
where y4 > 1 is a growth rate. Let us compare the trajectories of the finite- and
infinite-horizon economies. In a finite-horizon model where life ends at 7 + 1, we
have k7| = 0, and the decision rules for the previous periods 7', T — 1, ... are given
by:

by = (2P KA k
T = (m)ZT—l T—1AT—1, T—1
_ ( af(l+apB)

_— kS SAT_o, tc. 5
1+ot/3(1~|—ozﬂ))ZT Hr—afir—2. €6 ©)

By extending the time horizon T to infinity, we obtain the solution for the infinite-
horizon economy. In Figure 1, we plot the capital series trajectories of economies
with finite horizons of 7 = 15 and T = 25 under identical realizations of shocks,
alongside the trajectory of the infinite-horizon economy (7 = 00). From the figure,
we observe the following: if all three economies start with the same initial capital
stock, they follow a virtually identical path for some time and diverge only in close
proximity to the terminal date. Thus, during the initial periods 7, the infinite-horizon
solution can be accurately approximated by the finite-horizon solution. This observa-
tion illustrates the essence of the turnpike theorem; see MMTT (2020) for a formal
discussion. We now have a foundation for our nonstationary analysis. Since a finite-
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horizon model is solved by backward iteration from a given terminal condition K7,
producing a sequence of time-varying optimal decisionrules K5 _,, K5 _,, ..., K, we
can introduce any anticipated non-Markov process that combines parameter shocks,
shifts, and drifts.

1.5 EFP Method

On the basis of the turnpike theorem, MMTT (2020) introduce a numerical
method—the EFP—for approximating a sequence of optimal decision functions in
an infinite-horizon economy (K7, K7, . ..) by a finite-horizon solution (K, ..., K;)
during the initial t periods, see Algorithm 1 below:

Algorithm 1: Extended function path (EFP)

Step 1: Terminal condition. Choose 7' > 7 and construct terminal condition K7.

Step 2: Backward iteration. Given the terminal condition K7, iterate backward

on the Euler equation to construct a path of (K7_i, ..., Kp).

Step 3: Turnpike property. Verify that the initial t functions (K, ..., K;)

are not sensitive to the choice of time horizon T and terminal condition K;.

Use (Ko, . .., K;) as an approximate solution and discard the remaining (K, ..., K7).

MMTT (2020) use the EFP method to analyze several challenging applications
with time-dependent decision rules, including unbalanced stochastic growth mod-
els, entry into and exit from a monetary union, information news, anticipated pol-
icy regime switches, and deterministic seasons. A shortcoming of the proposed EFP
method is its reliance on global projection-style techniques, which entail a high com-
putational expense. To mitigate this, MMTT (2020) employ Smolyak (sparse) grids,
but the method remains costly; it takes several minutes to implement even for the
simplest optimal growth model.

1.6 Perturbation EFP Method

In this paper, we analyze time-dependent scenarios in large-scale New Keynesian
models of central banking. The global EFP method proposed by MMTT (2020) is
prohibitively expensive, or even intractable, for such large models. Moreover, imple-
menting global solutions requires significant coding effort, which becomes particu-
larly challenging for scale. To address these limitations, we introduce an alternative
version of the EFP method that leverages relatively inexpensive and widely used per-
turbation techniques. To ensure our analysis is accessible to a broader audience, we
implement our approach using Dynare—a popular automated software for construct-
ing perturbation solutions in economics (see https://www.dynare.org).

The built-in Dynare perturbation software is designed to construct a stationary so-
lution to a Markov model. It uses the same deterministic steady state to expand the
decision rules for periods ¢ and # + 1, and it imposes a fixed-point restriction on the
coefficients of the decision rules to remain identical in periods ¢ and # + 1. However,
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Fig. 2. Anticipated events.

both of these restrictions are invalid for our nonstationary analysis, making Dynare’s
built-in solver unsuitable for our purposes.

We design an EFP perturbation framework that builds upon Dynare routines to ad-
dress three key points: (i) we solve for a time-dependent sequence (path) of states
around which the perturbation solutions are constructed—these points replace the
deterministic steady state; (ii)) we allow the decision rules to differ in consecutive
periods—this construction replaces the standard fixed-point solution; and (iii) we
modify the solver to construct the optimal sequence of decision rules instead of find-
ing a fixed-point limiting solution. In the remainder of the section, we illustrate the
solutions constructed by the EFP perturbation method.

In some nonstationary models, identifying the point(s) around which to construct
the Taylor expansion is straightforward. For instance, in our policy experiments with
the bToTEM model, a shift in parameters causes a change in the steady state. In
these cases, we construct perturbation solutions around the old and new steady states,
assuming the economy switches between the solutions when the parameters change.
However, this approach is not feasible in models with unbalanced growth. For such
models, we first construct a deterministic growth path that the economy would follow
in the absence of business-cycle shocks. This growth path serves as a set of points
around which the Taylor expansion is constructed. For a detailed example, see online
Appendix A.?

Hllustration 1: Anticipated events with uncertain outcomes. In the first experiment
shown in Figure 2, an unanticipated productivity increase at = 1 (solid blue line)
is compared with an anticipated productivity increase that is announced at ¢t = 1 but
occurs either 1 year later (at t = 5, dashed red line) or 2 years later (at ¢t = 9, dash-

2. Some nonstationary models admit variable scaling to render a scaled model with a deterministic
steady state. A well-known example is a growth model with labor-augmenting technological progress
alongside homothetic preferences and technology, which follows a balanced growth path and can thus be
converted into a stationary model; see King, Plosser, and Rebelo (1988). However, our focus is not on
these exceptional cases, but rather on more general, nonstationary scenarios.
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dotted green line). We observe well-pronounced anticipatory effects on the red and
green lines (the variables shown are in percentage deviations from the risky steady
state). Immediately after the productivity growth is announced, the agent takes ad-
vantage of the future productivity increase by reducing (or “eating up”) her capital
to increase consumption. The instantaneous increase in consumption is larger for the
earlier productivity increase because, in this case, the additional resources are spread
over a shorter horizon.

Lllustration 2: Anticipated events with uncertain outcomes. In the second experi-
ment shown in Figure 3, we consider the case where the agent is informed at# = 1 that
a productivity increase will occur in 1 year (period ¢t = 5). We compare the scenario
where the productivity increase is certain (dash-dotted green line) with the scenario
where it occurs with a 50 probability (the solid blue and dashed red lines show the
paths when the increase actually occurs and does not occur, respectively). We observe
that the anticipated growth in consumption is much larger for a productivity increase
that occurs with certainty (green line) than for uncertain ones (red and blue lines).
When the productivity increase is realized and the uncertainty is resolved, we see
an additional boost in consumption for the economy where productivity grew, and a
sharp decline in consumption for the economy where it did not.

Hllustration 3: Modeling a historical path with anticipated events. In the final ex-
periment shown in Figure 4, we consider an economy facing a sequence of anticipated
events (solid blue line), including a temporary positive shock, a prolonged but tem-
porary negative regime shift, and a permanent positive regime shift. Specifically, our
goal is to illustrate how our framework allows us to model a mixture of certain and
uncertain events to reflect the historical trajectory of an actual economy. For compar-
ison, we also show a naive solution (dashed red line) wherein future events are not
anticipated; at each moment, the agent believes that the current state of the economy
will persist forever and perceives each productivity change as a surprise. This solu-
tion is computed in a point-by-point manner by constructing the usual perturbation
around the current state. We observe that the anticipatory effects can be quite sizable.
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Fig. 4. Example path.

The EFP framework can also be used to model how economic agents learn about
the importance of future events. Learning has not been addressed in our analysis thus
far. Our primary goal is to study short-term boosts in economic activity following the
announcements of economic changes. However, certain announcements can serve
another purpose: to ensure that households, firms, and markets have sufficient time
to understand and prepare for future changes. This is particularly true for significant
shifts in policy frameworks, such as the adoption of PLT or AIT, as discussed in
Section 4.

There are different ways to model how agents learn about the importance of fu-
ture events. One possibility is to assume that the agent initially underestimates the
shock but gradually perceives its true size. For example, in period ¢ = 0, the au-
thority announces that at = 10, there will be a shock of unit size Ao = 1. How-
ever, the agent believes the size of the shock will be smaller; specifically, in periods
t=0,1,2,..., 10, the agent expects A to take values 0, 1/10, 2/10, ..., 1, respec-
tively, recognizing the correct size of the shock only at the end. Another possibility is
to model learning in terms of the probability of a shock, assuming the agent initially
underestimates the probability but improves her forecast over time. For example, in
periodst =0, 1,2, ..., 10, the agent understands that Ao = 1 will happen with prob-
abilities 0, 1/10,2/10, ..., 1, recognizing the correct probability only at the end. The
EFP framework allows us to model these and other learning schemes in order to ac-
curately represent the historical processes taking place in actual economies.

2. THE LARGE-SCALE CENTRAL BANKING MODEL

Today, central banks, leading international organizations, and government agencies
use large-scale macroeconomic models for projection and policy analysis. A promi-
nent example is the TOTEM employed by the Bank of Canada. This model includes
heterogeneous utility-maximizing consumers, multiple profit-maximizing production
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sectors, monetary and fiscal authorities, and a foreign sector. TOTEM is highly com-
plex; see Corrigan et al. (2021) and Dorich et al. (2013).

In this paper, we consider a scaled-down version of TOTEM developed by LMM
(2020). Like the full-scale model, the “baby” ToTEM (hereafter, bToTEM) is a
small open-economy model. It features multiple New Keynesian Phillips curves—
one driven by sticky prices in domestic production, one by sticky wages, and one by
sticky import prices. We incorporate rule-of-thumb price setters in line with Gali and
Gertler (1999). We assume quadratic adjustment costs for investment and convex
costs for capital utilization to generate more realistic model dynamics, particularly
concerning monetary policy transmission. International trade consists of exporting
domestic consumption goods and commodities, alongside importing foreign goods
for domestic production. Even though bToTEM is significantly smaller than TO-TEM
(comprising only 47 equations and unknowns, including 21 state variables), it gen-
erates realistic impulse response functions for the Canadian economy that closely
mirror those produced by the full-scale TOTEM model; see LMM (2020) for detailed
comparisons. In this section, we present the bToTEM central banking model and the
implementation of the EFP analysis.

Final-good production. Final consumption goods are produced in two stages. In
the first stage, intermediate goods are produced competitively using labor, capital,
commodities, and imports. In the second stage, final goods are aggregated from dif-
ferentiated goods, each produced by a monopolistically competitive firm using inter-
mediate goods and other final goods. These final goods can either be consumed by
households or transformed via linear technologies into other types of goods, specifi-
cally investment goods and noncommodity exports.

In the first production stage, a representative, perfectly competitive firm produces
an intermediate good by solving the following profit maximization problem:

o0
max E, Z Ro,(PZ' —W,L, — P'Il, — P“"COM{ — P"M,)
{2tz LK1, .cOM{ M, ;. } Py

o

1.2 = [BAL)T + 8K )T + 8m(COM) T 3,007 (©)
logAz = (Pa logA[_] + (1 — (pu)logA + éta’ (7)
Ki =1 —d)K, 1+ 1, ®)
d, =d0+d_ep(”f—|), o
2
Xi [z
Z":Zg—— __1 I, 10
1 t 2 (If_l ) t ( )
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where Z¢ and Z!" are gross production and net (of adjustment costs) production of
final goods; L;, K;, I COMld, M;, u;, and d; are labor, capital, investment, com-
modity inputs, imports, capital utilization, and depreciation rate, respectively; A,
is the level of labor-augmenting technology; & is a normally distributed variable,
and ¢, is an autocorrelation coefficient. The firm discounts nominal payoffs ac-
cording to household’s stochastic discount factor R;y; = B (Arj/M) (Pr/Pi+),
where A, is the household’s marginal utility of consumption, and P, is the final
good price. Investment goods and noncommodity exports are assumed to be pro-
duced from the final goods according to linear technology, P,’ = ;P and P = P,
where P’ and P are the price of investment goods and noncommodity exports goods,
respectively.

In the second stage of production, monopolistically competitive firms produce a
continuum of differentiated goods. These differentiated goods are then aggregated
into a single final good by an aggregating firm that solves the following cost mini-
mization problem:

1
min / P,Z;,di
{Ze} Jo

N
st.Z, = (f Z,s di) ,
0

where Z, and P, are given; Z; is a differentiated good i. The cost minimization implies
the following demand function for the differentiated good i:

P‘t —& 1 ﬁ
Zi = <_’) Z,, withP, = (f p&u{i) .
F 0

Each differentiated good is produced from the intermediate goods and from the final
goods using technology featuring perfect complementarity,

N
Zit =mn{\—,— |, (11)

1 —Sm Sm

where Z!! is an intermediate good and Z!" is a final good input, and s,, is a Leon-
tief parameter.

There are two types of the monopolistically competitive firms producing differenti-
ated goods: rule-of-thumb firms of measure w and forward-looking firms of measure
1 — w. Both rule-of-thumb firms and forward-looking firms index their price to the
inflation target 7, with probability 6 as Py = 7, P;,_;. The rule-of-thumb firms par-
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14 I MONEY, CREDIT AND BANKING

tially index their price to lagged inflation and target inflation with probability 1 — 6,

Py = (1) (7)) VP (12)

Forward-looking firms choose their prices P with probability 1 — 6 to maximize
profits generated when the price remains effective

00 J
H},/%X E, ZO TR+ Q_! TorkB Zigrj — (L= 80P Zisyj — SmPr+jZi,r+j)
J= =
(13)

The production in the first stage Z' and that in the second stages Z, are related via
price dispersion A,

1 1 1 Pl —€
Zt” = / Zz’;dl = (1 - Sm)/ Zitdi = (1 - Sm) <Fr> thl = (1 - S,”)A,Z,, (14)
0 0 0

1

where A, = fol (%’)ﬂ di.

Production of commodities. Commodities are produced by a domestic firm using
final goods and land as inputs. They are sold domestically or exported to the rest of
the world. The domestic firm solves

max {PtmmCOMf _ Ptzrcnm}
Zeom COM,

" Sz S, com ZCom : "
s.t. COM, = (Z7")* (A F)' ™ — XT(ZZ'OM - 1) zeom, (15)
t—1

where Z7" is the final good input, and F is a fixed production factor, which may
be considered as land. Similar to production of final goods, the commodity pro-
ducers incur quadratic adjustment costs when they adjust the level of final good
input. The commodities are sold domestically or exported to the rest of the world,
COM, = COM? + X™. They are sold at the world price adjusted by the nominal
exchange rate, P = e[P,”’mf , where ¢, is the nominal exchange rate (i.e., domes-
tic price of a unit of foreign currency), and P/ is the world commodity price;

COon com f COom —

in real terms, the latter price is given by p{®" =s;p; , where p{" = P‘”" /P, and
" = P /P! are domestic and foreign relative prices of commodities, respec-
tively, P/ is the foreign consumption price level, and s, = e,Ptf /P, is the real ex-

change rate.
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Production of imports. The representative perfectly competitive firm produces the
final imported good M, from a continuum of intermediate imported goods M;, and
solves the following cost-minimization problem,

1
min/ PI'M;di
(M} 0

em

em— em—1
o= ([ n=a)

where M;; is an intermediate imported good i. The demand for an intermediate im-
ported good i is given by

P —&m 1 —e ﬁ
M, = <;,ln> M,, withP" = (/ (Pl't“) mdi) .
P 0

Prices of the intermediate imported goods are sticky in a similar way as the prices
of the differentiated final goods. A measure w,, of the importers follows the rule-of-
thumb pricing, and the others are forward looking. The optimizing forward-looking
importers choose the price P"* in order to maximize profits generated when the price
remains effective

J
= 1%k
mafo§ O Resij| [ [ FesP M — e P My

Jj=0 k=1
Hj T P Em
Mo = A=t Tk M.
Lt+j — Pm t+J»
t+j

where Rmf is the price of imports in the foreign currency. All importers face the same
marginal cost given by the foreign price of imports.

Households. Households maximize the lifetime utility by choosing holdings of do-
mestic and foreign-currency denominated bonds, labor, and consumption, and they
are subject to habits in consumption. Each household supplies a variety of differen-
tiated labor service to the labor market, which is monopolistically competitive. The
representative household of type & solves the following utility-maximization prob-
lem:

max EOZ/S{ (G —6C1)'™ ex p(l’i(a;’;;/ L™ dh)n,}

Ci.Ly.Bi.B

B eB] ; !
SURGC 4+ 24 — B +eB  + / WiLidh + T1,. (16)
0

R, R{(1+K,f)
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16 . MONEY, CREDIT AND BANKING

logn; = ¢.logn,_; +&/, (17)

where C, Ly, By, B',f “are consumption of final goods, labor service of type &, holdings
of domestic and foreign-currency denominated bonds, respectively; C, is the aggre-
gate consumption, taken by the household as given; 8 € (0, 1) is a subjective discount
factor; u and 5 are the utility-function parameters; n; is a consumption demand shock,
&S is a normally distributed variable, and ¢, is an autocorrelation coefficient; R, and
R,/ " are domestic and forei gn nominal interest rate, respectively; K,f is the risk premium
on the foreign interest rate; Wy, is the nominal wage of labor of type 4; I, are profits
paid by the firms. The representative household supplies a variety of differentiated
labor service to the labor market, which is monopolistically competitive.

Labor packer. A labor packer aggregates differentiated labor services by solving

min / WL dh

L/z/

1 ew—1 S:ruil
st L= < / L, dh) :
0

where L, is aggregated labor demanded by firms in the first stage of production. Cost
minimization of the labor packer implies the following demand for individual labor:

W, —&y 1 t,,
Lht = (#) Lt, with ‘/Vt = </ ‘/V1 fw dh) . (18)
t

Labor unions. Labor unions set wages. There are two types of labor unions: rule-
of-thumb unions of measure w,, and forward-looking unions of measure 1 — w,,.
Within each type, with probability 6,,, the labor unions index their wage to the infla-
tion target 7, as follows W, = #W;,_,. The rule-of-thumb unions that do not index
their wage in the current period follow the rule

Wi = (7Tw ) (7)) Wit (19)

A forward-looking unions that do not index its wage solves

! 1 - ! sl i
maxE, Z(ﬁ@,,) { H(Gey—8Cy ) exp(Z((l +’; ; () dh)n;+,} (20)

o= «\ "o
1 T kW
St Ly = (M) Lij, 21)
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J
Py jCrpj = [ [ AW Lissjdh + W, @2)
k=1

where W, ; includes terms in budget constraints (16) other than C;; and Ly, ; ;.

Monetary authority. The central bank uses a Taylor rule to set the short-term nom-
inal interest rate,

R, =pRi—1+ (1 — pr)[Rt + por(r — 7)) + PY(loth —log Yr)] +n, (23)

where p, measures the degree of smoothing of the interest rate; R, is the nominal
neutral interest rate; p, measures a response to the inflation gap; 7, is the inflation
target; py measures a response to the output gap; Y is potential output; 1/ is an interest
rate shock following a process

n =em_ +&,

where & is a normally distributed variable, and ¢, is an autocorrelation coefficient.
Potential output changes with productivity according to

_ _ AY
logY, = ¢ log¥,_ + (1 — ¢;)log 7 )

If an effective lower bound (ELB) Rf”’ is imposed on the nominal interest rate, the
interest rate is determined as a maximum of (23) and Rf”’ :

R, = max {Rf”’, d>,}.

The ELB restriction was never binding in our experiments. However, our earlier
LMM (2020) paper studied a stationary version of bToTEM model with an occasion-
ally binding ELB constraint using IRIS perturbation software (see https://iris.igpmn.
org) , and Occbin perturbation toolbox of Guerrieri and Iacoviello (2015); these meth-
ods can also be used in the context of our nonstationary analysis.

Foreign demand for noncommodity exports. By analogy with the demand for im-
ports, the foreign demand function for noncommodity exports is assumed to be

f Pn(‘ 7¢ f
X" =y 4 Z, 24)
' e,P,f l

where P is a domestic price of noncommodity exports; ¥/ is the demand-function
parameter. In real terms, we have

ne f St ? f
X =y e Z;. (25)

t
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Balance of payments. The balance of payments in nominal terms is given by
e,B',f .

f f _ etB'tf71 — I)tnCthC +PtC0thCOm _ I)tht’ (26)
R; ( I+« )

where B‘,f is domestic holdings of foreign-currency denominated bonds, and R,f is the

f
nominal interest rate on the bonds. By normalizing the bonds holdings as b‘tf = ﬂf’—li’))_/,
+151
the balance of payments in real terms becomes :
b/ 1
t _ btf—l S T(pf:chnc + pEmXE — p;anZ)’ 27)
r (1 + & ) si-1 Y

where r,f is the real interest rate on the foreign-currency denominated bonds.

Rest-of-the-world economy. The rest of the world is specified by three exogenous
processes that, respectively, describe the evolution of foreign output Zf , the foreign

comf

real interest rate r,f , and the foreign commodity price p,”

logZ/ = ¢.;logZ | + (1 — ¢.s) logZ' + &7, (28)
log r,f = ¢, log ’{71 + (1 — (prf) log 7 + St"f, (29)
log Pfomf = Qcoms lOg prci”llf + (1 — Pcomf ) log ﬁmmf + érmmfa (30)

where é,zf B E,rf . and 5,"”'”" are normally distributed random variables, and ¢z7, ¢,/,
and @, are autocorrelation coefficients.

Uncovered interest rate parity. We impose an augmented uncovered interest rate
parity condition

. . 1—2¢
R{ (1 + /c,f )

R 3D

e, =E/| (e,~1)"| e

Stationarity condition for the open-economy model. The risk premium K,f is ade-

creasing function of foreign assets
K = (B - bl). (32)

where b/ is the steady state level of the normalized bond holdings. This assumption
ensures a decreasing rate of return to foreign assets.
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Summary of the model’s variables. For each period ¢, there are the following four
types of variables in this model: 47 endogenous (or non-predetermined) variables,
Fi, B By By B G s s

y=1L,K.1, COMrd, M, u;, d;, Zgg, Z,"- Z,CL Y,y rmey, Ay, 77,”,» s [771- R;, [7;, Wy,
MPK,, R, pl, i/ bl X[ X", COM,, ZE™ i, wit, AP T, i o, i, il
w w m m 1 3 1113

where {Fy;, F>}, {F“ , }, {Flt , B } are supplementary variables in Phillips curves

for prices, wages, and imports, respectively; g, is Tobin’s g; rmc, and MPK, are real

marginal cost and marginal productivity of capital, respectively; p/“ and p; are prices

of noncommodity goods and output, respectively. We have 15 endogenous state vari-
ables:

. ) ) 2 /oy
{Cot Rt s T A w7 AP e, 2 b Y K )
where 7", A"

2 AL, Py, M, are wage inflation, wage dispersion, and price and in-
flation of imports; we have 19 endogenous forward variables:

7

Flt+17 F2t+17 F]l;}+17 F2l;}+17 ]l:I+17 F2;+1v )‘t+17 qt+17 Mt+17 It+17
com s m w COm Z
Zf+] s 415 415 7Tf+1 s n[+17 pt+] ) p,+17 MPK),‘+17 St+1

and we have six exogenous state variables:
4= {At, nfonc i Zf}.

Our calibration procedure for bToTEM is described in online Appendix C, and it
closely follows the calibration of the full-scale TOTEM model.

The implementation of the perturbation EFP method for bToTEM model. LMM
(2020) construct conventional time-invariant solutions to the stationary bToTEM
model.? That paper finds that high-order perturbation solutions are sufficiently ac-
curate in the bToTEM model. Since our nonstationary analysis is more computation-
ally costly, we limit our attention to perturbation solutions only. Here, we construct
novel time-dependent (nonstationary) solutions to the model. We model announce-
ments about economic policies that will be implemented at future dates as anticipated
non-Markov news shocks, and we analyze the reaction of economic agents to such
announcements. Assuming that we are at# = 0 and that a given policy will be imple-
mented at 7 > 0, we construct a sequence of optimal decision functions for periods
t =0, 1,..., T that characterize the anticipatory effects. (Naturally, the optimal de-
cision functions will depend on how far the economy is from the moment the policy

3. LMM (2020) compare perturbation solutions with more accurate global projection solutions con-
structed using deep learning analysis.
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is introduced.) Below, we outline our perturbation-based framework for analyzing
economies with non-Markov news shocks.

We represent the bTOTEM model as an infinite-horizon nonstationary equilibrium
problem in which a solution is characterized by a set of equilibrium conditions for
t=0,1,...,

ENG i1, Y1, Vi1, 2 241D = 0, (33)

241 = Zi(%, €41)s (34)

where the initial condition (zy, y_ ) is given; E; denotes the expectations operator con-
ditional on information available at ¢; z; € R% is a vector of exogenous state variables
at t; Z, is a time-dependent law of motion for z;; y, € R% is a vector of endogenous
variables; &4, € R% is a vector of shocks; and G, is a continuously differentiable
vector function. Note that the latter function is time-dependent because the model is
nonstationary (due to, e.g., time-dependent parameters in policy rules, the produc-
tion function, or the utility function). A solution is given by a set of time-dependent
equilibrium functions y, = Y;(z,, y,—1) that satisfy (33), (34) in the relevant area of
the state space.

Our perturbation analysis proceeds in the following two steps:

Step I: Solving a T -period stationary economy. Assume that in a very remote period
T, the economy becomes stationary, that is, G,(-) = G(-) and Z,(-) = Z(-) for all t >
T. Therefore, the system (33) and (34) becomes:

EZ[G(yl—laytayl+|ale ZZ+])] =O5 (35)

21 = Z(Z, €141)- (36)

Solving (35), (36) allows us to find the terminal solution y; = Y7 (z7, yr—1)-

Step II: Constructing a function path. Using the T-period solution y; =
Yr(zr, yr—1) as aterminal condition, we iterate backward for T — 1, ..., 1 on the cor-
responding equilibrium conditions to construct a sequence (path) of time-dependent
value and decision functions {Y7_;(-), ..., Y1(-)}. For example, for period ¢, the sys-
tem on which we iterate backward is:

E (G (=1, Y6, Vi1 @1, Yi)s 25 241)]1 = 0,

241 =21z, €41)-

Here, we solve for today’s endogenous variables y;, given tomorrow’s functions
Zy1 = Zi(z, &r41) and yr = Y1 (21, Vo).

In both steps, we use perturbation to find numerical approximations of the decision
functions. In Step I, a Taylor expansion of the policy functions in a stationary model
is found around the deterministic steady state y of the model. In Step II, we consider
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two alternative options. The first option is to find solutions for y,.; and y, around y,
and y,_, respectively, such that y, = y,_; = y; in Dynare, this can be implemented
by coding y, and y; using the same variable names. The other option is to consider
Vi+1 and y, perturbed around y; and y,_, respectively, such thaty, = y,_1y,,—1, where
Vy.i—1 1s a time-dependent growth rate; in Dynare, this can be implemented by cod-
ing y, and y,; with different variable names. For the bToTEM model, we limit our
attention to the second option, but in online Appendix A, we compare both options
using the example of a neoclassical optimal growth model.

3. ANALYZING ANTICIPATED NEWS SHOCKS

In this section, we present a series of policy experiments in which we consider
anticipated changes in one or more of the model’s parameters. In all figures, the vari-
ables are shown as percentage deviations from the initial risky steady state, except
for the interest rate and the inflation rate, which are both shown as percentage point
deviations from the risky steady state and expressed in annualized terms.*

3.1 A Change in the Inflation Target

The inflation target in central banking models—particularly within the New Keyne-
sian framework—significantly influences the conduct and effectiveness of monetary
policy. By raising its inflation target, a central bank signals a greater tolerance for
higher inflation. In the short run, this policy can stimulate output by lowering the real
interest rate and encouraging spending; however, in the long run, it can lead to higher
actual inflation and its associated economic costs.

The optimal level of the inflation target remains a subject of ongoing research and
debate. It depends on various factors, including the structure of the economy, the
nature of shocks, and the effectiveness of unconventional monetary policy tools. Re-
cent literature has focused on the potential benefits and costs of raising the inflation
target above the commonly observed 2% level, particularly in light of persistent low-
interest-rate environments and the heightened risk of hitting the ZLLB. Nonetheless,
any adjustment to the inflation target must be carefully considered, weighing the po-
tential macroeconomic benefits against the risks to central bank credibility.

In our first bTOTEM experiment, we analyze an anticipated change in the infla-
tion target within the Taylor rule (eq:23). Specifically, we assume the central bank
announces in advance that it will increase the inflation target 77;, and that economic
agents consider this announcement to be fully credible. Why is this a relevant policy
experiment for the Canadian economy? During the Great Recession of 2007-2009,
many central banks lowered their nominal policy rates to levels they considered to be

4. By risky steady state, we mean the state to which a stochastic economy converges when the exoge-
nous shocks are set to zero.
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Fig. 5. A gradual increase in the inflation target.

the ZLB (see Witmer and Yang 2015 for an updated estimate of Canada’s ZLB). An
extensive literature argues that the inflation target is an effective policy instrument for
managing ZLB episodes. For example, Summers (1991) and Fischer (1996) suggest
maintaining an inflation target as high as 2% or 3% if the economy hits the ZLB, while
Krugman (1998) proposes a 4% inflation target for the Japanese economy to combat
persistent deflation. Similarly, Blanchard, Dell’ Ariccia, and Mauro (2010), Williams
(2009), and Ball (2013) argue that a higher inflation target could have prevented the
interest rate from reaching the ZLB.

Canada adopted an inflation-targeting framework in 1991, aiming for a gradual
decline in the inflation target to 2% by the end of 1995. Since then, the inflation
target has been consistently maintained at 2%. This inflation-targeting framework is
reviewed and renewed every 5 years. Notably, during the most recent review in 2021,
the Bank of Canada opted to keep the target at the 2% level; this renewal covers the
period through the end of 2026. This environment creates two types of possible an-
ticipation effects. First, if the Bank of Canada had decided to change the target in
2021, the policy implementation lag would have generated anticipation effects. Sec-
ond, even though the inflation target remained unchanged in 2021, anticipation effects
were nonetheless present, as there was a nonzero probability of a target adjustment
given Canada’s proximity to the ZLB at the time and the serious policy discussions
surrounding this possibility.

Figure 5 displays the dynamics of the main model’s variables. We present the re-
sults for the method that finds a perturbation solution obtained around a deterministic
steady state (labeled as Method 2 in online Appendix B; our sensitivity results for
other methods predict similar patterns of behavior).
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We consider two scenarios: First, the central bank makes an announcement that it
will gradually increase the inflation target w from 2% to 3% over a period of eight
quarters, starting at = 1. Second, the same gradual increase occurs but begins at
t =5 (i.e, in 1 year). In both cases, the inflation target remains at the new, higher
level once the adjustment is complete.

When the inflation-target change begins at r = 1, inflation mirrors the trajectory
of the target. This behavior occurs because, in our experiment, we assume full credi-
bility of the inflation-target policy. Inflation repeats the pattern of the inflation target
because the agents determining the behavior of inflation are primarily nonoptimizers
who index their prices to the inflation target. Consequently, the nominal interest rate
gradually increases over the first 15 periods by 1%, and it stays at the new level for-
ever (see Figure 5; note that the real neutral rate remains unchanged). Following the
announcement, output, investment, and commodity exports experience an immediate
increase. During the transition, the economy undergoes investment- and export-driven
growth, with output peaking at a 0.2% increase. However, output begins to decline
toward its original level after 1 year, resulting in only a temporary expansionary effect
on the economy from the higher inflation target.’

When the inflation-target change is delayed by 1 year, the variables exhibit quali-
tatively similar behavior to the immediate-change case. However, one notable differ-
ence is that most variables in the figure experience larger increases at their peaks. In
particular, output increases to about 0.3%, with the exceptions of the exchange rate
and noncommodity exports. This result suggests that announcing such a policy in ad-
vance benefits the economy, as output sees greater gains during the transition period.

The larger jumps in variables such as output, consumption, investment, and capital
are entirely driven by anticipatory effects. Agents expect the real interest rate to be
lower in the near future and choose to accumulate more capital ahead of the more
favorable economic environment. This forward-looking behavior positively impacts
the economy’s output even before the inflation-target change takes effect.

Table 1 contains the mean and maximum residuals in the model’s equations used
for computing the corresponding variables in the table. As shown, the maximum
residuals range between 107314 and 107>% that is, between 0.07% and 0.0001%,
which are exceptionally low.® For the remaining experiments, the residuals in the

5. Garin, Lester, and Sims (2018) analyze the impact of inflation-target shocks on output within a
canonical three-equation New Keynesian model. Their findings indicate that the output response varies
significantly depending on the persistence of the shock (see their Figure 2). For sufficiently persistent
shocks, the effect of the inflation target on output is quantitatively comparable to the results in our bTOTEM
model. However, because their shock is persistent but stationary, it differs from the nonstationary struc-
tures studied here. A closer alignment is found in Uribe (2022), who examines a permanent, nonstationary
increase in the inflation target within an estimated small New Keynesian model and identifies short-run ex-
pansionary effects on output. Importantly, neither of these studies explores the implications of postponing
the inflation-target shock, which remains a distinctive feature of our EFP analysis.

6. InLMM (2020), we reported larger residuals when the economy was hit by a large negative demand
shock and the ELB was reached.

85U017 SUOWWIOD A0 3|qedlidde ayp Aq pausenob are saoie YO ‘SN JO S3nJ 10y AreIq1 3UIUO /8|1 UO (SUOIPUD-PUe-SWISH WD  AB 1WA RRIq 1 U1 UO//SA1Y) SUORIPUOD PUe SWLB | 8U1 88S *[9202/60/0€] Uo AreiqiT 8ullUO A8IM ‘AlSRAIUN PIojUeIS AQ €800/ GOWI/TTTT OT/I0P/L00 A8 iM Areiq1jpuljuo//SdNY Woiy pepeojumoq ‘0 ‘9T9v8EST



24 . MONEY, CREDIT AND BANKING

TABLE 1
RESIDUALS IN THE MODEL’S EQUATIONS ON THE SIMULATED PATH, log,, UNITS

R 7t Y, G I beid xgom A L K

Average —4.75 =525 —-4.09 —447 =511 —-410 =317 =509 —442 -591
Maximum —4.40 —-5.19 —-4.04 —-440 -504 —4.09 -3.14 —-499 —438 —585

NoOTE: R, 717, Yy, Gy, Iy, X', X", My, Ly, K; are the nominal interest rate, inflation, output, consumption, investment, noncommodity export,
commodity export, imports, labor, and capital, respectively.
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equations are of simiilar size, meaning our solutions are highly accurate (tO save on

space, these residuals are not reported).

In the second experiment, we model a probabilistic setting in which agents ratio-
nally expect that the inflation target may take one of two possible levels with given
probabilities. Specifically, we assume a 50% probability that, starting from r = 5, the
inflation target 7, will gradually increase from 2% to 3% over eight quarters; other-
wise, the inflation target remains unchanged. Our computational method is straight-
forward to adapt to more complex anticipation scenarios such as the one considered
in this experiment. To compute policies in period ¢ = 4, we explicitly use the Dynare
macro language to set the period 4 expectations equal to the weighted sums of the
two possible outcomes in period r = 5.

This experiment is illustrated in Figure 6, showing two alternative transition paths
diverging from period 5 onward, one per each scenario— that is, with and without an
increase in 7T;. Similar to the previous experiment, inflation closely follows the behav-
ior of the inflation target: it gradually rises to the new steady-state level. Starting from
the risky steady state at r = 1, all variables exhibit mild increases, driven by anticipa-
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tory effects on the part of economic agents. Once it is revealed whether the inflation
target will change, variables rapidly revert to the original steady state if the target
remains unchanged. Conversely, if the target increases, variables display a more pro-
nounced hump-shaped adjustment before stabilizing at the new steady state. In online
Appendix B, we extend this experiment by varying the probability of switching to a
higher inflation target at r = 5, analyzing probabilities of 25% and 75% (instead of
50%). The results indicate that in the absence of an inflation-target change, the tran-
sition back to the old steady state is significantly faster when the ex ante probability
of switching is 25% compared to 75%.

3.2 Monetary Policy Normalization

Monetary policy normalization refers to the central bank’s actions to raise nom-
inal interest rates back to a standard rule after a period of being at the ZLB with
an accommodative monetary policy. It has several effects within the New Keynesian
model. First, monetary policy normalization leads to a decrease in output and a de-
crease in inflation in the short run because higher interest rates dampen aggregate
demand by making borrowing more expensive and saving more attractive. Second,
it can affect financial markets by leading to higher bond yields and potentially lower
equity prices, as higher interest rates make bonds more attractive relative to other
assets. Overall, the impact of monetary policy normalization within the New Key-
nesian model depends on various factors, including the initial state of the economy,
the pace and communication of the normalization process, and the credibility of the
central bank. If the economy is close to the ZLB, the effectiveness of monetary pol-
icy normalization may be limited. In such cases, the central bank may need to rely
on unconventional monetary policy tools, such as forward guidance and quantitative
easing, to stimulate the economy. By announcing their intentions to eventually raise
rates, central banks can guide expectations and influence economic behavior even
before the actual policy change occurs.

In Canada, as in many other countries, the nominal interest rate reached the
ZLB during the Great Recession of 2007-2009. Consequently, central banks were
unable to rely on Taylor rules to guide their monetary policy and instead turned to
forward guidance—an unconventional monetary policy consisting of announcing
future interest-rate changes. As emphasized in the literature, the primary mechanism
through which forward guidance influences the economy is the central bank’s
communication of its intended policy-rate path. Eggertsson and Woodford (2003)
demonstrate that a central bank’s promises to maintain low interest rates for extended
periods help alleviate the negative consequences of a binding ZLB. As agents expect
future interest rates to be lower than in the absence of forward guidance, they
increase current investment and consumption, thereby stimulating the economy in
the present. Campbell et al. (2012) identify two types of forward guidance: Odyssean
and Delphic. Odyssean forward guidance refers to explicit commitments by the
central bank to future policy actions, ensuring that its intentions are unequivocally
clear. In contrast, Delphic forward guidance involves the central bank providing a
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Fig. 7. Monetary policy normalization.

forecasted policy-rate path based on its information regarding the economic shocks
at play. Unlike the Odyssean approach, Delphic forward guidance reveals intended
future policy actions without committing to them, leaving agents to interpret the
guidance. 7 In this paper, we focus on Odyssean forward guidance.

Specifically, we assume that the central bank uses forward guidance to convey
a policy change when lifting off from an ELB on its policy rates. In particular,
we assume that the economy is initially at the ELB, and at r = 1, the central bank
announces its intention to maintain the interest rate at that level for T periods before
reverting to the standard Taylor rule (23). To model the central bank’s policy during
the ELB periods, we assume that the nominal interest rate is given by

elb
R, = R,

where R’ is the ELB level of the nominal interest rate. When the interest-rate policy
is normalized after T periods, the Taylor rule’s coefficients return to their normal
values, and the policy is described by the rule (23).

Figure 7 presents the results for this experiment when the solutions are approx-
imated around a deterministic steady state. The change in the interest-rate rule an-
nounced at ¢ = 1 is anticipated by agents. We compare three cases, depending on
whether the interest-rate policy returns to normal (i) in one quarter (7 = 1), (ii) in 1

7. Marinkov (2020) argues that during the ZLB period, agents may misjudge a central bank’s reaction
function and bias their expectations. In such cases, the central bank may want to use forward guidance as
a tool to correct agents’ beliefs.
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year (T = 4), or (iii) in 2 years (T = 8). In all cases, the initial interest rate is below
its risky steady state; however, it eventually returns to the steady state.

When the policy is announced, the exchange rate, inflation, and real variables jump
above the steady state. Local currency depreciation makes domestic exports more
competitive, leading to an increase in exports of both commodities and noncommod-
ity goods. Domestic firms benefit from increased sales, which leads to immediate
increases in output, labor, investment, and capital. On the other hand, as households
work more, they demand more imported goods, causing imports to rise as well. Ev-
idently, the output increase is largest when the announced policy is maintained for
the longest horizon of eight quarters. The differences in output dynamics across the
considered cases are only present during the transition, not in the initial period—in all
three cases, the initial output jump is roughly of equal size. The independence of the
initial reaction in output from the horizon of the forward guidance policy is related
to the well-known “forward guidance puzzle” in the literature. Even though there is
no such dependence in the figure, we still observe that the policy horizon matters for
the total effect on output: the economy reacts more strongly if the policy change is
postponed further into the future.

Our experiment contributes to the ongoing discussion regarding central banks’
communication strategies. Following the Great Recession of 2007-2009, as eco-
nomic conditions improved, a critical policy question emerged: how and when should
monetary policy normalization occur? Here, normalization refers to transitioning
back to a standard Taylor rule; see Yellen (2015). Specifically, the following ques-
tions arose post-crisis:

(1) Should the central bank normalize policy immediately or later?

(2) Should normalization be implemented gradually or all at once?

(3) Should the regime shift be announced in advance?

(4) Should policy normalization be time-dependent or state-dependent?

These questions are difficult to address within the conventional stationary New Key-
nesian framework because monetary policy normalization inherently involves nonsta-
tionary changes. However, the techniques developed in this paper allow us to study
these questions effectively. In our above experiment, we compare the economy’s be-
havior under policies with differing horizons for returning to standard rules, directly
addressing questions (1) and (3). Our findings indicate that announcing a future lift-
off in advance provides measurable benefits, and we quantify these gains for various
durations of forward guidance. Questions (2) and (4) can similarly be explored using
our methods; we leave them for future research.

An effective commitment to keeping the interest rate at the ELB implies that the
rate should be maintained at this low level for longer than a standard Taylor rule
would prescribe. Notably, during the COVID-19 pandemic, interest rates reached the
ZLB across a number of developed economies. Taylor (2021) argues that the Taylor
rules considered by the Fed in the February 2021 Monetary Policy Report implied
that the federal funds rate should have been higher than the actual zero level and
that the Fed “should now engage in a strategy or rule in which people and markets

85U017 SUOWWIOD A0 3|qedlidde ayp Aq pausenob are saoie YO ‘SN JO S3nJ 10y AreIq1 3UIUO /8|1 UO (SUOIPUD-PUe-SWISH WD  AB 1WA RRIq 1 U1 UO//SA1Y) SUORIPUOD PUe SWLB | 8U1 88S *[9202/60/0€] Uo AreiqiT 8ullUO A8IM ‘AlSRAIUN PIojUeIS AQ €800/ GOWI/TTTT OT/I0P/L00 A8 iM Areiq1jpuljuo//SdNY Woiy pepeojumoq ‘0 ‘9T9v8EST



28 : MONEY, CREDIT AND BANKING

understand that it would raise the policy interest rate if economic growth increases
and inflation rises as they are now forecast to do.” Our analysis, however, emphasizes
the paramount importance of commitment to the announced policy, upon which the
desired monetary expansion ultimately hinges.

3.3 Switching to a More Aggressive Taylor Rule

A more aggressive Taylor rule implies that the central bank responds more strongly
to changes in inflation and output, yielding several key implications for central bank-
ing models. First, a more aggressive Taylor rule (with a coefficient on inflation greater
than 1) is often crucial for achieving a unique and stable equilibrium. It anchors
inflation expectations and mitigates the risks of inflationary and deflationary spirals.
Second, while a more aggressive Taylor rule promotes stability, it can also lead to in-
creased volatility in output and interest rates in the short run. Because the central bank
responds more forcefully to economic fluctuations, these interventions can inadver-
tently amplify the initial shocks. Third, a credible commitment to a more aggressive
Taylor rule can enhance the central bank’s ability to manage expectations, leading to
lower and more stable inflation in the long run, even with a less volatile policy path.
Fourth, a stronger response to inflation can complicate the identification of policy
effects, as it becomes harder to disentangle the impact of the rule from other factors
influencing inflation dynamics. Overall, a more aggressive Taylor rule serves as a
powerful tool for achieving price stability and output stabilization; however, its imple-
mentation requires careful consideration of the associated trade-offs and challenges.

In our bToOTEM experiment, we consider a one-time change in the sensitivity of
the policy rate to inflation and the output gap within the Taylor rule (23), represented
by p. and py, respectively.® This experiment differs from our previous analyses, in
which the anticipated changes in the model’s parameters were implemented gradu-
ally. Figure 8 illustrates the economy’s responses to twofold increases in either p, or
pr, or both, relative to the benchmark parameterization. It is worth noting that this
change in the coefficient values is quite large relative to what a central bank would
typically consider. The switch to a more aggressive Taylor rule is anticipated att = 1
but occurs at = 2. Consequently, all model variables exhibit immediate anticipatory
effects in response to this scheduled policy adjustment.

Both policies—a higher p,, and a higher py —are inflationary. However, a twofold
increase in the sensitivity to inflation p, is more effective at expanding the econ-
omy. Output, consumption, investment, capital, and labor are visibly higher both at
their peaks and in the new steady state compared to the old steady state. Conversely,
commodity production slightly declines, likely due to reduced commodity exports.
In contrast, a twofold increase in the sensitivity to the output gap yields more mod-
est effects. When there is a stronger response to both inflation and the output gap
simultaneously, the quantitative magnitude of the effects falls roughly between the

8. Forexample, Taylor (1999) argues that the Taylor rule with p, = 0.5 and py = 1 is more reasonable
than the one advocated in Taylor (1993), where p, = 0.5 and py = 0.5.
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Fig. 8. A switch to more aggressive Taylor rules.

two individual cases. This outcome reflects the trade-off between inflation and the
output gap within the policy rule: a stronger response to the output gap offsets some
of the effects of a stronger response to inflation.

We also observe differences in the risky steady-state interest rate. When the Taylor
rule features a stronger response to the inflation gap, the risky steady-state interest
rate is lower. Conversely, it is higher when the response to the output gap is stronger.
The intuition behind this result is as follows: when the response to the inflation gap
becomes stronger, a smaller increase in the interest rate is required to achieve equiv-
alent inflation stabilization. Similarly, when the response to the output gap becomes
stronger, a larger increase in the interest rate is needed to achieve the same degree
of inflation stabilization. Overall, these total effects are not quantitatively significant.
Switching to a significantly more aggressive Taylor rule has only minor effects on the
economy’s behavior in the absence of shocks.

3.4 Switching from Inflation Targeting to PLT

Switching from inflation targeting to PLT has several implications for central bank-
ing models. First, PLT has the potential to reduce the volatility of output and in-
flation through automatic, self-correcting changes in inflation expectations, which
could be particularly beneficial during periods of economic stress. Second, PLT can
be especially useful at the ZLB, as it allows for a catch-up period of above-target
inflation following a period of below-target inflation, helping to stimulate the econ-
omy when conventional monetary policy tools are constrained. However, PLT re-
quires a strong focus on managing public expectations, as its effectiveness hinges
on agents’ forward-looking behavior and their understanding of the policy; this ne-
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cessitates greater transparency and communication from central banks. Furthermore,
the success of PLT depends heavily on its credibility. If the public doubts the cen-
tral bank’s commitment to the price-level path, the policy may not be as effective
in stabilizing the economy. Overall, while switching from inflation targeting to PLT
offers significant potential benefits—such as enhanced economic stability and better
management of ZLB scenarios—the transition poses challenges. Establishing public
understanding and building credibility for the new framework are critical and may
require significant time and effort.

In the literature, the seminal paper by Svensson (1999) argues that PLT is a “free
lunch” in the sense that it positively affects the short-run trade-off between inflation
and output variability (namely, it reduces inflation variability without an increase in
output variability). Hatcher and Minford (2016) and Ambler (2009) provide compre-
hensive surveys on this topic, further highlighting the advantages of PLT.

Bernanke (2017) proposes using a temporary price-level target when short-term
interest rates are at or near the ZLB. At the ZLB, policymakers are often constrained
in their ability to provide adequate stimulus, leading to below-target inflation. A tem-
porary price-level target addresses this issue by compensating for periods of below-
target inflation with a subsequent temporary surge in inflation. The Bank of Canada
has seriously considered the use of PLT; see Kahn (2009) and Bank of Canada (2011).

We first consider a bToTEM scenario, in which central bank switches from the
standard Taylor rule (23) targeting inflation to the one targeting a price-level gap,

R = p:Riy + (1 — p){R+ pr(log P, — log B) + py (logY; — log¥,)} + n], (37)

where P, is the actual price level, and P is the target price level that grows at the
rate of inflation target P, = P,_,7,. Therefore, PLT does not imply that policymakers
pursue a constant price level, but rather that they set a target for the price level that
rises over time.

An inflation-targeting central bank tolerates temporary deviations from the infla-
tion target, as long as inflation eventually returns to the target level, effectively “letting
bygones be bygones.” In contrast, a PLT central bank actively works to reverse tempo-
rary deviations from the inflation target whenever they occur. For example, if inflation
falls below the target, the central bank increases inflation to bring the price level back
to its predetermined path. Under inflation targeting, an inflation shock permanently
shifts the price path to a different level, while under PLT, any movement in inflation
above target is matched with an equal and opposite movement in inflation below tar-
get, ensuring the economy follows a predetermined price path. As a result, inflation
targeting introduces significant uncertainty about the future price level because the
central bank only gradually returns inflation to the target level without correcting for
past misses. In contrast, PLT provides much greater certainty about future price lev-
els, as it commits to correcting deviations and adhering to the established price path,
even with a positive average inflation rate.

In Figure 9, we present the results of two policy experiments where the policy
change becomes effective either immediately + = 1 or 1 year after being announced
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Fig. 9. A switch to price-level targeting.

at t = 5. The new interest-rate rule is associated with higher steady-state levels for
all the model’s variables in the figure. Therefore, switching to PLT has expansionary
effects on the economy. Moreover, for all variables except the real interest rate, the
immediately implemented policy yields larger benefits than the policy announced 1
year in advance. That is, if the central bank postpones implementing the switch, the
transition effects are somewhat smaller.

In the next experiment, we shock the economy, creating a large output gap. In
particular, we consider a permanent negative demand shock—a decrease in foreign
demand, modeled as a negative innovation in the random-walk process for this shock.
(A version of this experiment with a permanent decrease in productivity is presented
in online Appendix B.) In response, the central bank can either continue using a policy
rule with inflation targeting or switch to PLT, which, as previously demonstrated,
leads to a higher steady-state output. As a result, switching to PLT can be viewed as
an attempt to revive the economy.

Figure 10 presents the results of this experiment where the switch to PLT is ei-
ther implemented immediately or delayed for 1 year (but still announced today). As
shown, there is minimal difference between the immediate and delayed changes in
monetary policy for variables such as commodities and commodity exports. For all
other variables, the immediate policy change has a larger impact than the delayed
policy change, consistent with the previous experiment in Figure 9.

Therefore, the anticipation effects work to soften the impact of the negative demand
shock, with impulse responses falling between the cases of no change and immedi-
ate change. In particular, the dynamics of the nominal interest rate are smoother in
the case of anticipated policy, which leads to smoother behavior in the remaining
variables. The initial impact on the economy is significant: output and labor fall by
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Fig. 10. A negative foreign demand shock and a switch to price-level targeting.

1% and 1.5% in the three scenarios considered. With no switch in monetary policy,
output recovers slightly, but its new steady state remains below the old steady state.
With the policy switch, output returns to nearly the same level as before the shock,
and consumption is even higher. Notably, each considered policy scenario involves
the central bank tightening monetary policy, even during the economic downturn.

3.5 Switching from Inflation Targeting to AIT

Switching from inflation targeting to AIT introduces several important changes to
central banking models:

First, AIT allows inflation to temporarily deviate from the target, provided that over
a set period, the average inflation rate returns to the target. This flexibility is useful
for responding to economic shocks and mitigating short-term fluctuations, which can
help stabilize the economy in turbulent times.

Second, by committing to a long-run average inflation target, policymakers can
enhance the credibility of their commitment to price stability and anchor long-run in-
flation expectations. This can lead to more stable and predictable inflation dynamics.

Third, the higher flexibility inherent in AIT enables policymakers to better sta-
bilize output and employment in response to economic shocks. This can yield bet-
ter economic outcomes—especially in times of crisis—by avoiding excessive policy
tightening in the short run and focusing on long-term stability.

Fourth, AIT is particularly beneficial in the context of the ZLB. Allowing for tem-
porary overshooting of the inflation target can help mitigate the constraints imposed
by the ZLB, making monetary policy more effective during economic downturns.
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Fifth, in certain scenarios, AIT shares properties with PLT, such as reducing infla-
tion and output volatility. This suggests that AIT may offer some of the benefits of
PLT—such as enhancing economic stability—without the same degree of implemen-
tation challenges.

Finally, the success of AIT depends on the central bank’s ability to effectively
communicate the policy framework to the public and maintain its credibility. Misun-
derstandings or doubts about the central bank’s commitment to the long-term average
target could undermine the policy’s effectiveness.

Overall, AIT provides central banks with more tools to manage economic fluctua-
tions and maintain stability, while also offering a degree of flexibility not present in
traditional inflation targeting. However, like any policy shift, its effectiveness depends
on clear communication and the public’s trust in the central bank’s commitment.

The U.S. Federal Reserve’s transition from inflation targeting to AIT was formally
announced by Fed Chair Jerome Powell on August 27, 2020; see Powell (2020). How-
ever, as Richard Clarida noted during his presentation at the Hoover Economic Policy
Working Group on January 13, 2021, there was evidence that the Fed would introduce
that framework as early as a month before the formal announcement. This anticipa-
tion led to substantial price adjustments in the U.S. economy even before the official
policy shift.

In our bToTEM experiment, we consider a switch from the inflation-targeting
Taylor rule (23) to an alternative rule that incorporates an average of past inflation
(including current actual inflation). The modified rule is as follows:

M

_ 1 = .
Ro=pRy+ (1~ m[R + px <M+l Yomi— fn) + py (logY, — log Y,)} +n. (38)

j=0

The policy of AIT shares several characteristics with PLT. As suggested by the
previous literature, AIT is a middle ground between PLT and inflation targeting;
see Nessén and Vestin (2005). Under AIT, a central bank reacts to a deviation of
the average of current and past inflation from the inflation target. For example, if
the inflation target is 2%, the averaging window is 3 years, and after consistently
achieving 2% inflation in the past, inflation deviates to 3% in the most recent year,
the central bank will aim to achieve a policy-induced inflation of 1% in the following
year. As a result, inflation will oscillate around the average inflation target, ensuring
the target is met on average. The price level will stay close to its trend, even though
the level will sometimes deviate from the fixed trend.

Figure 11 displays the outcomes of two scenarios in our experiment: one where
the switch happens immediately and another where it is implemented with a lag of
1 year after it was announced. Amano et al. (2020) study the optimal degree of his-
tory dependence under AIT in the context of the standard New Keynesian model that
includes the ELB. Their analysis concludes that the optimal length of the averaging
window, denoted as M, ranges from 2 to 8. In this experiment, we adopt M = 8, the
maximum value identified in their study. This policy change exhibits very modest
anticipation effects on the economy in the absence of any shocks. Notably, when the
policy becomes effective immediately, variables such as output, labor, imports, and
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Fig. 11. A switch to average inflation targeting.

noncommodity exports show stronger responses compared to a delayed implemen-
tation. This suggests that reacting to average inflation rather than contemporaneous
inflation smooths out the dynamics to a new steady state. Therefore, we would not
expect the economy to experience any drastic changes during the course of the tran-
sition to AIT.

4. MARKOV VERSUS NON-MARKOV NEWS SHOCKS

Other methods in the literature that focus on changes in the economic environ-
ment include Markov regime-switching models (e.g., Davig and Leeper 2007) and
models with Markov news shocks (e.g., Schmitt-Grohé and Uribe 2012); see also
Barro and King (1984), Beaudry and Portier (2006),,2007), and Jaimovich and Re-
belo (2009). However, there is a fundamental conceptual difference between this lit-
erature and the EFP framework. The existing literature considers recurrent changes
driven by a Markov process and constructs one time-invariant decision rule, whereas
we consider a sequence (path) of non-Markov events and construct a sequence (path)
of time-varying decision rules. This distinction is crucial, as the stationary solutions
generated by Markov-based methods may differ significantly from the nonstation-
ary solutions derived from non-Markov analysis. The quantitative differences can be
substantial. A single decision rule designed for a Markov process cannot adequately
capture the variety of non-Markov scenarios that may occur along a historical path.
This highlights the EFP framework’s ability to better address the complexities and
dynamics of nonstationary, time-dependent economic environments.
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To illustrate this difference, we compare the solutions of Schmitt-Grohé and Uribe
(2012) with those derived using the EFP framework in the context of the experiment
in Section 4.3, where the central bank switches to a more aggressive Taylor rule.
Specifically, we assume that the sensitivity to inflation p, in the Taylor rule (23) is
doubled relative to its benchmark value. The policy change is announced at ¢ = 1
and implemented at r = 2. Our framework with non-Markov shocks provides a nat-
ural approach to modeling this scenario. Using our method, we construct a station-
ary solution for period # = 2, and we find a solution for period # = 1 that matches a
given terminal condition (decision rule) constructed for period # = 2. This sequential,
time-varying approach allows us to capture the transitional dynamics and anticipa-
tory effects that are inherently nonstationary, contrasting sharply with the stationary
solutions typically generated by Markov-based methods.

Schmitt-Grohé and Uribe (2012) do not specify how their perturbation method can
be applied to analyze non-Markov anticipated shocks. To adapt their method to our
experiment, we explored two approaches. First, we consider a unit-root process for
Pr .1, thatis, pr , = pr 1 + &—1, in which initially p, o = p,. In this specification,
the shock innovation ¢, captures news that becomes known at period ¢ and has a direct
impact at r + 1. In our experiment, &; = p, at period ¢t = 1, and in all other periods,
the shock innovation is zero. This implies that p, | = p, and p,, = 2p, forallt >
2. Second, we consider a temporary news shock, that is, p, , = p; + ;. In that
case, we obtain p, » = 2p, in period ¢t = 2 and p, ; = p, in all other periods. These
adaptations attempt to incorporate non-Markov features into the Schmitt-Grohé and
Uribe (2012) framework. However, they rely on stationary decision rules and do not
fully capture the time-varying nature of non-Markov scenarios as modeled in our
EFP framework.

Figure 12 compares our second-order perturbation EFP solution with two solu-
tions produced by Schmitt-Grohé and Uribe (2012) method. The volatility of the
news shock is assumed to be zero, so the initial risky steady state is the same for
all three solutions. The following observations are in order. First, the EFP solution
with non-Markov shocks is situated between the two Markov news-shock solutions.
Second, both the EFP solution and the permanent Markov news-shock solution con-
verge to new risky steady states, although these steady states differ. In contrast, the
temporary Markov news-shock solution reverts to the old steady state, consistent with
the transient nature of the shock. Third, across all three cases, the variables behave in
a qualitatively similar manner. A more aggressive central bank leads to an increase in
inflation and a decrease in nominal and real interest rates, which raises output, invest-
ment, capital, and imports. Fourth, the gap between our solution and the permanent
news-shock solution varies with the initial condition. Sensitivity experiments (not
reported here) reveal that the gap is smaller if we start below the steady state. This
occurs because anticipation effects are intertwined with upward-sloping transition dy-
namics. Finally, the difference between the two solutions with Markov news shocks
and our second-order perturbation solution stems from differences in the slopes of
the decision rules. The EFP approach accounts for non-Markov features, resulting in
unique slopes that better capture the dynamics of the system. If first-order perturba-
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Fig. 12. A switch to a more aggressive Taylor rule at # = 2 announced att = 1.

tion methods were used, the economy would remain at the deterministic steady state
in the two Markov news-shock solutions, but not in our solution.

Furthermore, we observe that the permanent Markov news-shock model predicts
dramatically larger effects associated with the switch to a more aggressive Taylor rule
than the EFP method, with the exception of consumption. This discrepancy is evident
both in the anticipation effects and in the differences between steady states. For ex-
ample, the anticipation effects on investment are five times larger at their peak for the
Markov news shocks than for our perturbation solutions. We conclude that the two
approaches can lead to qualitatively different results. Specifically, the Markov news-
shock approach tends to overstate the importance of a given anticipated event. This
overestimation arises because the unit-root process for p; , in the Markov framework
implies that once a news shock occurs, its effects will persist forever.

There is a simple intuition for why our non-Markov solutions differ from those pro-
duced for Markov news shocks. In our framework, the agent’s decision rule represents
the best response to a specific sequence of news shocks. In contrast, in Schmitt-Grohé
and Uribe (2012) framework, it is the best response to a given Markov stationary pro-
cess. With a Markov process, the response to news is determined not only by the news
itself but also by the properties of the Markov process assumed when constructing the
solution. This dependency on the underlying Markov process introduces dynamics
that are absent in our non-Markov framework. For the same reason, regime-switching
Markov models are not well-suited for analyzing non-Markov news shocks, as they
inherently rely on the Markov assumption, which fails to capture the path-dependent
nature of non-Markov scenarios.
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5. CONCLUSION

The literature recognizes that the private sector’s expectations are critically impor-
tant for policy outcomes, and central banks frequently use open-mouth policies to an-
chor these expectations. However, little work has been done on evaluating the effects
of open-mouth policies within a Dynamic Stochastic General Equilibrium (DSGE)
framework. This paper fills this gap. We find that anticipation effects are strongest
for time-dependent economic policies, such as policy-rate normalization in the after-
math of a ZLB crisis and a gradual change in the inflation target level. Other time-
dependent policy changes, such as a switch to a more aggressive policy-rate rule or
a shift to price-level or AIT, lead to more modest anticipation effects.

The proposed EFP methodology is not limited to central banking models. Many
economic policies are announced well ahead of being implemented. For instance,
changes to taxes, tariffs, minimum wages, pension reforms, and Social Security are
frequently signed into law long before they are put into practice. Other notable ex-
amples include announcements regarding a new member state’s accession to the Eu-
ropean Union (EU), a member state’s exit from the EU (e.g., Brexit), or the outcome
of a presidential election before the newly elected administration takes power. Our
perturbation-based framework for solving, calibrating, simulating, and parameter es-
timation provides a simple and tractable way to analyze the non-Markov transitions
associated with such policy changes. Ultimately, the EFP analysis makes it possible
to construct a model-consistent historical path of a real-world economy.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the Supporting Infor-
mation section at the end of the article.

APPENDIX A: EFP FOR THE GROWTH MODEL

Table Al: Difference of a simulated solution path from the balanced growth path
in logo units

Figure A1l: Comparison of the nonstationary EFP solutions computed by Method
5 and the balanced growth solution

Table A2: Comparison of the EFP to the other methods

APPENDIX B: SENSITIVITY EXPERIMENTS

APPENDIX C: CALIBRATION
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