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Abstract

This paper investigates exchange rate dynamics and its forecast errors by incorpo-
rating bounded rationality in a small open-economy New Keynesian model. Decision-
makers possess limited foresight, capable of planning only up to a finite distance into
the future. This yields dynamic overshooting of forecast errors in the real exchange rate
across different time horizons. It also distinguishes between short- and long-term ex-
pectation formations, where the Law of Iterated Expectations breaks. This framework
provides a micro-foundation for understanding time- and forecast-horizon variability in
uncovered interest parity (UIP) puzzles. Our model predictions on these UIP violations

align both qualitatively and quantitatively with empirical estimates.
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1 Introduction

The uncovered interest rate parity (UIP) condition is the rational expectations (RE)-based
asset pricing condition in the currency market and is a cornerstone in models of interna-
tional macroeconomics and finance. It states that countries with higher interest rates should
experience future currency depreciation, thereby preventing arbitrage profits solely from in-
terest rate differentials. The RE-UIP condition implies unpredictable excess currency returns
across different time horizons and also predicts identical responses of the exchange rate to
anticipated future interest rate differentials across different forecast horizons.

However, these theoretical foundations have encountered substantial empirical challenges,
known as the UIP puzzles. On the one hand, the literature documents predictable short-run
excess returns for higher interest rate currency bonds (e.g., Fama, 1984; Eichenbaum and
Evans, 1995), with the reversal of the predictability over longer time horizons (e.g., Bacchetta
and van Wincoop, 2010; Engel, 2016; Valchev, 2020). On the other hand, exchange rates
asymmetrically respond to expected short- and long-term interest rate differentials (Gali,
2020). Recent empirical literature further suggests that the main driver of these puzzles
for advanced economies is subjective expectations, deviating from the common assumption
of RE (e.g., Kalemli-Ozcan and Varela, 2022; Candian and De Leo, 2023). Despite this
empirical evidence, a comprehensive theory incorporating subjective expectations that can
uniformly address these puzzles remains missing.

This paper fills this gap by developing a theory with bounded rationality, addressing
the time- and forecast-horizon aspects of the UIP puzzles in a unified manner. We propose
a small open-economy New Keynesian (SOE-NK) model where decision-makers optimize
and form expectations under a finite planning horizon (FH). This modeling approach, first
introduced by Woodford (2019), has sound empirical support from both survey evidence and
macroeconomic aggregates.'

Specifically, we assume decision-makers can plan for only a finite distance into the future
and use a coarse value function learned from past experiences to evaluate potential situations
at the end of their planning horizons. This feature of limited foresight leads to dynamic
overshooting of forecast errors in the real exchange rate (RER) across different time horizons,
while also distinguishing the term structure between short- and long-term expectations.

The value function used by decision-makers to approximate continuation values and its

LCoibion et al. (2023) present survey evidence suggesting that household planning horizons in the U.S.
are no more than two years and they may well be capable of planning forward about three or four quarters.
Gust, Herbst and Lépez-Salio (2022), utilizing Bayesian estimation with aggregate U.S. data, estimate several
behavioral models and establishes the superiority of limited foresight in terms of fitting aggregate dynamics
in a closed economy and its ability to deliver aggregate persistence without resorting to habits or price
indexation.



associated updating behavior are pivotal elements in determining equilibrium dynamics.
First, we assume the value function does not contain all state variables of the economy—it
only includes individual state variables, excluding aggregate state variables such as aggregate
stochastic shocks. As a consequence, when envisioning the future beyond their planning
horizons, decision-makers do not factor in the evolution of these aggregate state variables.
Second, the construction of the coarse value function is backward-looking, extended over time
through updating based on past experiences, following a constant-gain learning process.

When the fundamentals of the economy change due to aggregate shocks, the long-run
beliefs of decision-makers, captured by their coarse value function, display different patterns
over time. Initially, these beliefs underreact to the shocks due to the coarseness of the value
function and the finite planning horizon. However, over time, learning in the value function
leads to over-extrapolation, causing overreaction in beliefs. This initial underreaction, fol-
lowed by overreaction, generates dynamic overshooting of the forecast error for the RER in
our model. This mechanism is crucial for understanding the predictability of excess return
on currency investment and its sign reversal across time horizons.

Furthermore, the behavior of value function learning results in the breakdown of the
Law of Iterated Expectations (LIE). The reason is that expectations formed at any time are
contingent on the value functions at that same time. Thus, expectations of future endogenous
variables could differ from the expectations of expected future endogenous variables, as
long as decision-makers’ value functions are not time-invariant. This feature breaks the
relationship in an RE model that the RER is equal to the sum of the expected future
real interest rate differentials, a result coming from the LIE. This mechanism is crucial for
understanding the asymmetric response of the RER to anticipated interest rate differentials
across different forecast horizons.

The rest of the model remains conventional and it includes the domestic productivity
shock and the foreign interest rate shock as aggregate shocks. We calibrate the FH model by
disciplining structural parameters to match key macro-international aggregates in Canada, in
conjunction with the U.S. data. Comparing the impulse responses of equilibrium dynamics
between the FH model and its RE counterpart reveals that, the learning behavior of the
value function in the FH model leads to more persistent and hump-shaped movements in
aggregate variables and a dynamic overshooting of forecast errors.

To evaluate the external validity of the FH model in addressing the UIP puzzles, we use
model-simulated data to run the same regressions commonly used in the empirical literature.
Our model aligns well with empirical patterns, matching the UIP violations using Canada
as an example. The model produces predictable excess currency returns over the short-run

time horizon and predictable returns with an opposite sign across long-run horizons. It also



generates asymmetric reactions of the real exchange rate to the forecasts of future short- and
long-term interest rate differentials. Notably, despite the fact that the UIP violations are
not targeted in model calibration, the FH model successfully matches the empirical pattern
both qualitatively and quantitatively. We also observe that the foreign interest rate shock is

the primary driver for the model’s quantitative success.

Related Literature. This paper contributes to the recent literature that challenges the
full-information RE assumption by considering behavioral biases to assess their policy impli-
cations and empirical relevance.? In this context, our focus is on exploring the consequences
of limited foresight in an open-economy setting. Compared with other popular behavioral
variants, the FH approach naturally distinguishes between expectation biases arising from
finite planning horizons and those originating from the approximating behavior of the value
function. The feature of initial underreaction to new information, followed by overreaction
due to value function learning, distinctly sets our model apart from others that emphasize
only one direction.” Compared to those that also discuss underreaction followed by overre-
action (e.g., Angeletos, Huo and Sastry, 2021), the distinct characteristic of our FH model is
that the behavioral bias and its associated subjective expectations originate from imperfect
optimization, akin to the concept described by Tlut and Valchev (2022), rather than arising
from imperfect expectations, which distort the perceived true probability of states.

Our paper directly contributes to the literature studying the UIP puzzles by incorpo-
rating bounded rationality. As previously noted, a vast body of research highlights the
importance of forecast errors derived from survey-based expectation data in explaining the
UIP violations in advanced countries (e.g., Froot and Frankel, 1989; Chinn and Frankel,
2019; Kalemli-Ozcan and Varela, 2022; Candian and De Leo, 2023). These findings suggest
that the expectation channel can be the main driver of the UIP puzzles associated with
ex-post realization data, on top of alternative explanations such as risk premia or financial
frictions. Our FH model offers a unified theoretical framework capable of explaining both

the time- and forecast-horizon aspects of the UIP violations. Furthermore, by focusing on

2The literature has developed several approaches to model bounded rationality that address the forward
guidance puzzle, such as cognitive discounting (Gabaix, 2020), lack of common knowledge (Angeletos and
Lian, 2018), level-k thinking (e.g., Garcia-Schmidt and Woodford, 2019; Farhi and Werning, 2019), and finite
planning horizons (Woodford, 2019).

3Models featuring underreaction to new information include cognitive discounting, lack of common knowl-
edge, level-k thinking, imperfect common knowledge (Woodford, 2002), sticky information (Mankiw and Reis,
2002), and rational inattention (Sims, 2003). For modeling overreaction, one leading approach is diagnostic
expectations (e.g., Bordalo, Gennaioli and Shleifer, 2018; Bordalo et al., 2020).

4The literature has also developed various approaches in the RE framework to address some parts of
these UIP puzzles, such as by considering time-varying risk premia (Verdelhan, 2010), infrequent portfolio
adjustments (Bacchetta and van Wincoop, 2010), or the convenience yield (Valchev, 2020).



the expectation channel, our model underscores a distinct perspective on the source of UIP
wedges compared to Itskhoki and Mukhin (2021). They consider a segmented financial mar-
ket with noise traders and risk-averse intermediaries, where limits-to-arbitrage results in a
wedge in the RE-UIP condition. In contrast, our model attributes endogenous deviations
from the RE-UIP condition to decision-makers’ behavioral responses to aggregate shocks.

Our paper also has distinct features compared to existing studies that attempt to explain
the UIP puzzles through expectation channels. Several studies employ distorted beliefs and
shock misperception to explain the time-horizon aspect of the UIP puzzles. Gourinchas and
Tornell (2004) consider investors with distorted beliefs, resulting in misperceptions about
the relative weight of persistent versus transitory interest rate shocks. Candian and De
Leo (2023) extend this work by incorporating investors’ extrapolation of underlying shocks.
Valente, Vasudevan and Wu (2021) similarly model decision-makers receiving noisy signals
and extrapolating an exogenous interest-rate process.

In contrast, decision-makers in our model do not misperceive underlying shocks; instead,
expectation biases stem from imperfect optimization that is inherent in limited foresight.
Our approach is also related to Molavi, Tahbaz-Salehi and Vedolin (2023), which employs
a model with constraints on the complexity of agents’ beliefs when addressing the UIP
puzzles. However, individuals’ subjective expectations satisfy the LIE in their model and
hence it does not explain the forecast-horizon aspect of the UIP puzzles. In addition, our
approach differs from that of Kolasa, Ravgotra and Zabczyk (2022), which tackles the UIP
puzzles by considering cognitive discounting.

Our paper also expands the scope of FH models by applying to an open-economy con-
text. Woodford and Xie (2019, 2022) emphasize the policy implications of limited foresight,
particularly under the zero lower bound. Xie (2020) posits that this method facilitates the
examination of equilibrium dynamics without having to tackle equilibrium selection issues.
Dupraz, Bihan and Matheron (2022) reconsider the effects of make-up policies by reconcil-
ing small inflation response with large response in asset prices. Our paper underlines the
implications of finite planning horizon for the dynamics of exchange rates and its forecasts.
Methodology-wise, the model in Woodford (2019) considers only the state variables asso-
ciated with agents’ continuation value functions. We introduce a method in this paper to
incorporate a larger set of endogenous state variables into his framework, which can also be
applied to extend the FH model to medium- or large-scale DSGE models.

This paper proceeds as follows. Section 2 illustrates an SOE-NK model in which decision-
makers are subject to limited foresight. Section 3 summarizes the full equilibrium conditions
when decision-makers share a homogeneous planning horizon and discusses the model so-

lution method. Section 4 analyzes the equilibrium dynamics of the FH model. Section 5



applies the model to address the UIP puzzles. Section 6 discusses the robustness of the main
results by considering alternative setups of the model, including extending to heterogenous

planning horizons. Section 7 concludes.

2 A Small Open-Economy New Keynesian Model
under Limited Foresight

We develop an SOE-NK model in which decision-makers have bounded rationality. The small
open economy is subject to nominal price rigidities and incomplete international financial
market. The economy is populated by households and producers who optimize based on
finite-horizon planning a la Woodford (2019). The household consumption basket includes
both domestically produced goods and imported foreign goods. Producers of domestic goods
have market power and can set prices in the domestic currency (i.e., producer currency
pricing). We assume nominal rigidity in goods prices whereby firms have limited ability to
reset their prices a la Calvo (1983). There are two types of bonds: one is a domestic currency
bond that is only traded domestically, and the other is an international bond (denominated
in foreign currency) that is traded with the rest of the world (RoW). We consider two types

of shocks in the model: shocks to domestic productivity and the foreign interest rate.

2.1 Households

Let us begin with a description of the households’ forward planning problem. The small
open economy consists of infinitely many households indexed in the unit interval [0, 1]. At

any time t, household 7 seeks to maximize
E, Z B [u(CL) —w (NL)], (2.1)
T=t

where C! is the consumption composite at date 7 and N! is the labor supply of household
i. Function u(-) denotes a periodic utility, which is strictly increasing and concave, while
function w(-) denotes a periodic disutility of labor supply, which is strictly increasing and
convex. Parameter 0 < § < 1 is the subjective discount factor. Operator E, represents the
subjective expectation of household 7 at time t. We will specify this expectation operator
later which features a finite planning horizon.

The consumption basket C? is an aggregate of home goods, O?‘I,‘N and imported foreign



goods, }T The aggregation follows a constant elasticity of substitution (CES):

n
n—1 n=11n-1

i = [0 = )3 (C) 5 +an(Ch) 5|7

where 1 — a governs the degree of home bias and 7 represents the elasticity of substitution
between home and foreign goods. C}; . and Cf, . are the Dixit-Stiglitz aggregates of the home

and foreign varieties, respectively; that is,

Oif,Tz( | e dj) , ;,T:( | crr dj) |
0 0

where € represents the elasticity of substitution between within-country varieties.

The household faces the following sequential budget constraint:

Ra+mﬂ+&$%
14+ 140

=B+ & B+ W,N! + &, (2.2)

where P, is the consumer price index (CPI), B.,, is the nominal payoff in period 7 + 1 of
the household’s domestic bond holdings at the end of period 7, and 1 + i, is the short-term
riskless nominal interest rate of the domestic bond. Variable &£, is the effective nominal
exchange rate between the home country and the rest of the world, representing the price
of foreign currency in units of domestic currency. Variable B;kil is the nominal payoff of a
foreign bond in foreign currency and 1 + ¢} is its associated nominal foreign interest rate.
Variable W, is the nominal wage and @, is the nominal dividends from firms that household
i receives.”

The household’s static cost minimization problem for consumption expenditure yields

the following demand functions for each variety:
i . PH,T(j) B i i Prr - i
H,T(]) = < PHT H,1> Hr — (1 - Oé) ?T OT?
i(s PF,T(j) B i i Pp - i
F,T(j) = ( PFT Frs Fr— O ?‘r C‘r’
where the price indices for the two consumption bundles are

1 L 1 e
Py, — ( / PH,TU)de) P ( / PF,To)l—fdj) |
0 0

SHouseholds own the domestic firms, but the dividends transfer is beyond household i’s control. Thus,
®.. is not indexed by 1.




The aggregate price level (CPI) is
_1
Pr=[(1—a)Py +aP """,

For the sake of parsimony, we follow the assumption on the labor market in Woodford
(2019). That is, the country has a labor organization in which each household is asked by
firms to supply its share of the aggregate domestic labor demand N,. Thus, the expected path
of N! = N, is beyond household i’s control. This implies the expected path of equilibrium

income (in domestic currency), that is,
W.N; + ¢, = PH,TY;'a (23)

is exogenous to individual household .

Now, we characterize the intertemporal decision-making of household ¢ to maximize (2.1)
under limited foresight. Suppose in each period, household ¢ engages in explicit forward
planning for finite h periods ahead; that is, household ¢ has a planning horizon h. We
assume that h is exogenous and time-invariant. At time ¢, the household chooses state-
contingent plans {Ci(z,)} for all possible states z, within periods t < 7 < t + h. The

household chooses the finite-horizon plans to maximize the objective

t+h

B | D87 u(C) + 8" (Bl Bl | (24)

T=t

where v(-) is the value function that the household uses at time ¢ to approximate continuation
values if the asset portfolio it holds at the end of the planning horizon is Bj,, 1 (2i1s) and
B:j:h +1(2e4n). Tt is a coarse value function such that it is contingent only on individual
state variables instead of the complete state-contingent structure as under the RE case.
Here B, = B,/P._; and B = B?/P’ | denote the nominal value of bonds maturing in
period 7 deflated by last-period price indices, and thus B, and B} are real variables that are
purely predetermined in period 7 — 1. Operator EP(-) is the subjective expectation E,(-) in
expression (2.1), representing the expectations at time ¢ of a decision maker that plans h
periods ahead.
By combining (2.2) and (2.3), household i’s budget constraint can be expressed in real
terms as follows: ‘ , ‘ A
O+ 1 4 Q-Bry By | QB

B @B ey 2.5
T T e m T Tm (2:5)

T

where I, = Pry1/P; and IIZ, | = P!, /P! are the domestic and foreign inflation rates,



Q. = &, P*/P; is the real exchange rate, and S,Y; is the household income from wages and
dividends (beyond the household’s control). S; = Ppy./P; is the ratio between the price
index for domestically produced goods and the price index for the aggregate consumption
basket.

Note that in the household’s finite-horizon forward planning problem (2.4), if the house-
hold’s subjective expectation operator EP[-] is the model-consistent expectation and the
value function v (-) is the accurate model-consistent value function with a complete state-
contingent structure (as in standard dynamic programming under infinite planning horizons),
the household’s optimization problem replicates the conventional intertemporal optimization
problem. That is, in such a case, the household makes the optimal infinite-horizon contingent
plans under RE.

However, the decision-making under limited foresight features optimal plans and expec-
tation formations that deviate from the infinite-horizon RE benchmark. At date ¢, the
household constructs a contingent plan for the subsequent h forward dates but implements
the plan only for the current date t. When the following date ¢ + 1 arrives, the household
reconstructs the contingent plans for future h dates, which are not necessarily identical to
those made at the previous date t. The household implements the new plans only for the
current date t + 1. In terms of expectation formation, at each date ¢, the h-horizon house-
hold makes a contingent plan up to date t + h. At each date 7 within the planning horizon
t < 7 < t+h, the household is assumed to plan forward for the remaining t + h — 7 dates. In
addition, the household assumes that spending and pricing decisions made by other house-
holds and firms at any date 7 within its planning horizon are made with the same remaining
planning horizon ¢t +h — 7.

We now define how the expectation operator for the h-horizon household is linked to the
model-consistent expectation. For any endogenous variable X, determined at future date
7 within the planning horizon (¢t < 7 < t + h), the household’s expectation conditional on

state z; at date t is assumed to satisfy
Ef[Xr |z = B, [X777],

where operator EP[-] represents the expectation of the decision maker made at period ¢
that plans h-periods ahead. E,[] is the standard model-consistent expectation operator
conditional on being in state z; and the superscript ¢t + h — 7 indexes the (remaining)

planning horizon when the household forecasts variable X, at date 7.° The household’s

6We follow the notation in Woodford (2019) for the definition of expectation operator with finite planning
horizon. The superscript ¢ + h — 7 here is needed because decision-makers could have different planning
horizons, hence their forecasted X is contingent on their remaining planning horizon at date 7. We consider



expectation for X, conditional on future state z, in its period-t planning exercise is given
by
E'X,|z,] = E, [Xfrh”} )

Finally, the household’s expectation for X,,; conditional on the same information structure

above is given by
E?[XT+1|zT] =E, [Xiff T 1} .

By imposing the expectation operator transformation, the first-order conditions to max-
imize the objective (2.4) with respect to CZ, B, |, and B, with horizon h > 1 at any date
t<7<t+h-—1,yield

Ht+h T—1 (26)

T+1
(1_'_7:*,t+h77') (Cf'j—}ll " 1) eriliﬂ-l]
r

t+h—1—1
W(CHT) = BE, [(1 +z‘i+h—7>u} |

ul(Cf'thiT) = ﬁET s t+h—7—1 Qt+h—T (27)

T+1

In terminal period 7 = t+ h where the forward planning is truncated, or in the case of h = 0,

the first-order conditions related to the value function are

W (CPhp) = BL+ig,)v (Bt+h+173:-fh+1) (2.8)
u(Cly) = BA+ir0)0a(Bly i B/ QY (2.9)

In the nonstochastic steady state, we have that 1 +7 = S~ and 1 + i* = S~'II*, and

the (time-invariant) value function in the steady state is given by

(2.10)

(1L-9)B  (1-BQB"
05, 025 +3Y).

v(B.B) = (1 — 5)%(

Details of deriving (2.10) can be found in Appendix A.

We define the domestic variables after log-linear approximation as

¢ =lo —Ct =log [ = 2, =lo L+a

t g C ) g Y t g 1 % )
b = — d =log | = T = log | —

! Inc ’ & Q ! & )’

an extension to heterogeneous planning horizons in Section 6.




and for the foreign variables,
1 - . 2 B* _ B* H*
i:510g< +Z‘t)7 bzz%a WZEIOg(——t)»

Throughout the paper, we use lowercase to denote variables after taking logs unless otherwise

stated, and further use hats to denote log-deviation from the steady state.

Log-linearizing equations (2.6) and (2.7) yield

éi;—i-h—T — ET[éi—:-}i_T_l] o 0_—1 |:€$—+h_7— . E’rﬁf—r_}i_q—_l] ’ (211)
A BT <o [T B (- g -ty ] L 22

for any date t < 7 < t+ h — 1 with horizon h > 1, where o= = —u/(C)/(u"(C)C) is the
elasticity of intertemporal substitution of households.
Under the assumption that households always adopt the steady-state value function in

their forward-planning exercise, log-linearizing equations (2.8) and (2.9) yields

~

& = =0T+ (1= B, + (1= B, (2.13)
& = —o 0+ (1= B, + (1= P, + 07" (2.14)

Details of the derivation can be found in Appendix B. In Section 2.5, we also introduce a

learning process for updating the value function over time by averaging past experiences.

2.2 Firms

A set of continuum producers f € [0,1] in the economy produce a variety of differentiated
intermediate goods as inputs for the domestically produced final goods. The intermediate
goods market is monopolistically competitive, and the producers of each intermediate good
can be price-setters in domestic currency but face staggered pricing, as in the style of Calvo
(1983) and Yun (1996). Specifically, we assume that at each time, fraction 1 — 6 of firms are
randomly selected to be able to reoptimize their prices. A producer j that belongs to the
remaining fraction # cannot reset its price, and we assume that its price satisfies Py 4(j) =
PH7t_1(j)ﬁH, where Iy is the inflation rate of the domestic goods in the nonstochastic
steady state. This implies that the prices are automatically revised by considering the long-
run inflation rate for domestically produced goods. This assumption is an open-economy
variation of Woodford (2019), which implies that all equilibrium relative prices among the
varieties of domestic goods are the same as those under flexible prices in the steady state.

At time ¢, similar to the objective function of households, firm f with a k-period planning

10



horizon that can reset its price chooses P};t to maximize

t+k
IEZ?E? ;(50)7—75)\7_}[ (7“7]_0;87—, ZT> + 0 <T1{+k>] s (215)

where A\ = [u.(C%)di is the average marginal utility of household consumption and r{ =

Py,
PH,T

final goods. H (TZ) represents the real profits of the firm at date 7, where Z, is the vector

f[;ft denotes the relative price between firm f’s goods price and domestically produced

of real state variables that are beyond firm f’s control. A detailed expression of the func-
tional form H(-) can be found in Appendix C. The last term 77(7{%) in (2.15) is the firm’s
value function at the end of the planning horizon that is used to approximate the value of
discounted future real profits from date ¢t + k 4+ 1 onward.

We begin with the assumption that the firm’s value function o(-) is the one learned from
the nonstochastic steady-state equilibrium; that is, we now consider the following steady-

state firm value function:

o(r)=01-08)"\H (+';S,Z),

where \ = u.(C) is the constant value of )\, in the steady state. In Section 2.5, we relax this
assumption by incorporating a learning process into v;(+).

The firm’s expectation formation Ef [-] is isomorphic to that of the household. That is,
the firm with planning horizon k assumes that the endogenous variables determined at any
date 7 in t < 7 < t+ k are based on the decisions of all agents in the economy with the
remaining planning horizon t + k — 7. Therefore, the firm’s subjective expectation operator
for endogenous variables is represented by the model-consistent expectation in the same
fashion as in equations (2.1)-(2.1), where h is now replaced with k.

Then, with the notation pr,t = log[P};t/ (Pgi_11ly)], any firm f that reoptimizes its

price at time ¢ with a k-period planning horizon sets prJ = p’]“it, which is given by

t+k
Pl =B D(80)" [mE T+ (1= poyme (2.16)
T=t

where e, = log (MC,/MC) is the log-deviation of the real marginal cost, MC, = £

T — PH,T’

around its steady state at date 7. In particular, it satisfies me, = —H'(1;1, Z,)/H"(1;1, Z).
The details of deriving (2.16) and me¢; can be found in Appendix C.

11



The evolution of the aggregate domestic price index Pp; satisfies
1—e __ = 1—e f \1—e
Py = 0(Preally)  + (1= 0)(Pg,)

and its log-linear approximation around the steady state yields WI’th =(1- Q)p’}ﬁ.

Thus, equation (2.16) becomes

t+k
mh = (1= 0)E, > (80)" [w}{f*f . 59)@i+k—7] .
T=t

The isomorphic form of the equation holds if we replace k£ with any horizon j > 0. That is,

{71'}{715} for any horizon j > 1 satisfies the following recursive form:
ﬂ-}{,t = Ke] + 5Et77§t1+1a (2.17)
where k = (1 — 0)(1 — 56)/0, and when j = 0, we have

T, = Kmcy. (2.18)

2.3 Labor Market and Real Marginal Cost

The wage is determined following the approach of Woodford (2019), which abstracts labor
supply decision-making from any individual household while maintaining the aggregate labor-
supply curve as in the canonical New Keynesian models. As mentioned in Section 2.1, the
labor market organization has representatives who bargain for wages on behalf of households.
Henceforth, we drop the superscripts on the planning horizon for the sake of parsimony when
they are redundant for explicitly understanding the equilibrium relationships. We formally
state the full equilibrium conditions with the FH in Section 3.

A representative determines the number of working hours provided by households for any
given wage, and households must supply that number of hours and receive the same wage.
There are many such representatives, and no representative has any market power. Then,
the representatives choose the number of hours N, to maximize the average utility of the
households in the economy, which yields the following labor supply:

Wi

’WN<Nt) = At?
t

12



We assume the standard disutility function of the labor supply in the form of

1
N/

1+

@ (Ny)

Y

where ¢ is the inverse of the Frisch elasticity of labor supply. Then, the labor supply equation
after taking log becomes

YNy = —oc + wy — Py (2.19)

Each firm j € [0,1] has a linear technology represented by the production function
Yi(7) = AiNi(j), hence the marginal cost is common across domestic firms. The real marginal

cost in terms of domestic prices is then given by

Wi

MC=p a4

and thus the log of the real marginal cost becomes:

mey = Wy — Py — . (2.20)

2.4 Closing the Economy

Exchange Rate and the Terms of Trade. From the definition of the real exchange
rate, we have the following accounting relationship between the log of the nominal exchange

rate, real exchange rate, and domestic and foreign price indices:
G = e+ p; — pr, (2.21)
which yields the following log-linearized equation
Er=qr — Q41 + T — T} (2.22)

o
€1

Here, &, = log( ) is the log-deviation of the nominal depreciation rate from its steady-
state value &.

Without loss of generality, the price of foreign composite goods in the foreign currency
is normalized to one; that is, p; = 1. We further assume that the law of one price (LOP)
always holds (for each variety of goods j), hence e; = pp;. Then, taking into account the

linearized CPI index
pr = (1 — a)pus + apry, (2.23)
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we have

Ty = (1 — Oé)7TH¢ + Oéét. (224)

The terms of trade between the domestic country and the rest of the world is defined as

St = Ppy/Pp,. Taking the log of this expression yields

St = PFt — PH- (2-25)

By further combining (2.21) and (2.23), the terms of trade in the first-order approximation

satisfies

(2.26)

International Goods Market Clearing. The international market clearing condition

for domestically produced goods is
Y, = Cuys+ Chyy, (2.27)

where C7;, is the foreign demand from the RoW. Following the literature (e.g., Davis and

Presno, 2017), we assume an elastic foreign demand for the home country:
Pr N\
Chy = (ﬂ) Ccy, (2.28)
b Pt

where v > 0 is the demand elasticity of the RoW for domestically produced goods and C}
represents the RoW consumption. We abstract from the foreign demand shock and thus C}
is time-invariant.

Log-linearizing (2.27) and (2.28) yields the following goods market clearing condition:
Qt - ﬁycét + ﬁysgta (229)

where ¥, and 9, are constant. They are functions of structural parameters and steady-state
equilibrium values. Details of (2.29) can be found in Appendix D.

Utilizing the log-linearized production function ¢, = a,+n,; and the labor supply function
(2.19), along with (2.23), (2.25), and (2.29), the log-linearized real marginal cost (2.20) is
given by

mey = (0 + ©yc)ér + (a+ pUys) s — (1 + @)ay. (2.30)

Without loss of generality, we assume that the steady-state level of domestic productivity is

A =1, which implies @ = 0 and a; = a;.
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Domestic Monetary Policy. For the domestic interest rate, we consider a monetary
policy rule intended to stabilize the domestic CPI inflation rate following a standard Taylor-

type form; that is,
i = Qpy, (2.31)

where ¢, > 1 is a constant parameter.

Evolution of Foreign Bond Holdings. Without loss of generality, we assume that the
foreign inflation rate is always one; that is, II} = II* = 1 and 7} = 0 for any t. Then,
the foreign nominal interest rate 7; is equal to 7; and the steady-state relationship satisfies
1+ 7 = B! In addition, given that the domestic bonds are not internationally tradable
and are cleared domestically in equilibrium, we assume the net supply of domestic bonds in
this small open economy is always zero (B; = 0 for any t).

In equilibrium, the resource constraint (2.5) of the domestic economy now becomes:

QiBi, _ QBy

— = + &Y, — Cy.
L+ip oIy 0
After log-linearization around the steady state and by noticing S, = —as;, we have
by = B0} + V1G4 — Doady + Doy — &) — Vi, + i, (2.32)

where ¥, = B*é and ¥y = % Equation (2.32) governs the evolution of the foreign bond

holdings (net foreign asset position) b} in the equilibrium.

Foreign Interest Rate. We assume that the foreign interest rate faced by the domestic

country endogenously responds to its level of net foreign asset position:
= dubisy + i, (2.33)

where Z);" 1 is the cross-sectional average of the foreign bond holdings across households (which
is beyond household ¢’s control), ¢, < 0 is a constant, and p; is the random foreign interest
rate shock. In equilibrium, we have Bj = BI 1. Here ¢, < 0 indicates that as the country
borrows more from the rest of the world (Z;I .1 < 0), it is charged with a higher interest
rate by the international market. This specification follows Schmitt-Grohé and Uribe (2003)
through an external debt-elastic foreign interest rate, a common device to induce stationarity
in linearized small open-economy models under RE with incomplete asset markets.

As discussed in Woodford (2019) and Xie (2020), a model with limited foresight by design
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always guarantees a unique equilibrium solution in the closed-economy setting, regardless of
the restrictions on the monetary /fiscal policy reaction function. This feature of equilibrium
determinacy also holds in our small open-economy model under limited foresight.” However,
we still impose the same assumption (2.33) in the model of limited foresight to facilitate its
comparison with the counterpart model under RE, so that we can isolate the role of limited

foresight on the different equilibrium performances.

2.5 Decision-makers’ Learning in Value Functions

Thus far, we have assumed that the value functions of households v (B, B*) and of firms
v (rf ) are the fixed ones learned from the nonstochastic stationary environment. Starting
from this section, we relax this assumption such that decision-makers update their value
functions over time based on their past experiences. Similar to Woodford (2019), we assume

that the learning behaviors of households and firms follow a constant-gain process:
Ut-l—l(Ba B*) = Vvvat(B’ B*) + (1 - '7v)vt(87 B*)’

(I (rf) = Y 0f (rf) + (1 = 75)0 (Tf) )

where 7,,7; € [0, 1] are learning gain parameters. That is, decision-makers eztrapolate their
priors of future value functions (which will be used in the planning exercise at time ¢ + 1)
using their priors of the value functions at time ¢ and estimates of the value function obtained
as a result of their planning exercises at time t. Therefore, the value functions that describe
decision-makers’ perceptions of the future beyond their planning horizons reflect past and
estimated value functions.

We now consider a local approximation of the dynamics implied by the constant-gain
learning rule through a perturbation of the steady-state solution. We parameterize a log-
linear approximation of vy (B, B*) in the household’s optimal finite-horizon plan with respect

to the domestic bond as
log(v14(B, B*)/vi (B, B*)) = —0 |vy + x:b + (b*

Here we use v*(-) to denote the steady-state value function. Using this approximation, we can
compute a log-linear approximation of the solution to the household’s optimal finite-horizon

plan in period t.

"When there is no learning in agents’ value function, the equilibrium under limited foresight is stationary
even with an exogenous path of 7;. However, when agents learn and update their value function, a device
similar to (2.33) is necessary to guarantee the stationarity of equilibrium.
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Let C}(B,B*) denote the optimal expenditure plan of household i under the counter-
factual assumption B* = B. Then, the derivative of the estimated value function is equal
to

vy (B,B") = Eiluc(C{(B,B") /IL].

By log-linearization, we then have
log<vistt(87 B*>/UT(B, B*)) - _O-é?(i)a 6*) - Wf? (234)

where h is the planning horizon of household i. Our log-linear approximation of the optimal
houschold plan satisfies & (b, b*) = (b, b*) + éi‘ti) + égtl;* Approximating the left-hand side
as —o | Vet + x5 + (5Pb* | of equation (2.34) directly implies

est __ ~h —1_h est]*
v =06 o m =Gy

where we have used the condition b, = 0 for all ¢. Equating the coefficients on both sides by
substituting the expression of éf}(i), I;*) yields
X = é]f,t: P = ég,t'

The intercept term of the estimated marginal value of the domestic bond, v£**, depends on
current consumption, the CPI inflation, and the predetermined net foreign asset position.
vest increases with a decline in both current consumption and inflation. The intuition is
that an increase in the marginal utility of consumption raises the marginal value of the real
domestic bond via the standard wealth effect, while inflation reduces the domestic bond’s
real value.

Together with the constant-gain learning rule, we have

est

Vi1 = Yol + (1 - ,}/’U)Vt’
Xt+1 = %XfSt + (1 — )Xt
Ce1 = Yo teSt + (1 — )¢

We can show that y; and (; are univariately mean-reverting to a constant 1 — 3, and thus
we assume that these two variables have converged. Details can be found in Appendix E.

Similarly, we parameterize a log-linear approximation of vy(B,B*) in the households’
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optimal finite-horizon plan with respect to the foreign bond as
log(v2,(B, BY) v3(B, B)) = ~o v} + xjb+ b

Using this approximation, we can compute a log-linear approximation of the solution to the
household’s optimal finite-horizon plan in period t.

Let C{(B, B*) denote the optimal expenditure plan of household ¢ under the counterfac-
tual assumption B** = B*. Then, the derivative of the estimated value function will be equal

to
V5 (B, B*) = Ei[uc(C{(B, B*)Qu/TL;).

Note we have assumed that II} = 1 for any ¢. By log-linearization, we then have
log(vs (B, BY) /v (B, B*)) = 0} (b, b") + G (2.35)

Our log-linear approximation of the optimal household plan satisfies ¢(b,b*) = (b, b*) +
é]ftl; + é’gtl;* Approximating the left-hand side as —o[v;"*" + \7*'b + ¢**'b*] and equating
coefficients yield

vt = =Tl = (1= B,

/,est ~h est

Xt —Cgp = X¢

lest __ ah __ rest
t T Cor =G

where we have utilized the fact that (¥ = 1—f as shown in Appendix E. Thus, the estimated
marginal value of the foreign bond, v;*", depends on the current real exchange rate, the
CPI inflation, and the predetermined net foreign asset position. v;°" decreases as current
consumption falls and the real exchange rate depreciates. The intuition is that an increase
in the marginal utility of consumption raises the marginal value of the real foreign bond via
the standard wealth effect, and a depreciation of the real exchange rate increases the foreign
bond’s real value (in domestic currency).

Note further that the constant-gain learning rule yields

*,est

V:H = Yol + (1 - %)V:‘

Therefore, we have characterized the learning process of the household value function.

For the firm (with planning horizon k), we similarly have

it = (1= 0)" 'y,
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and

Drar = Yol + (1= v3) 0%

3 Equilibrium Characterization with Homogeneous

Planning Horizons across Agents

In this section, we focus on the steps to pin down the equilibrium path with the assumption
that all the agents share the same planning horizon h. Therefore, the equilibrium dynamics
of aggregate variables satisfy ¢, = g7, m; = 7}, etc., and also IA);“H = b;ffl = le Focusing on
the case of homogeneous agents allows us to abstract from the aggregation problem across
the population, while we can still analyze how the equilibrium dynamics change with respect
to the degree of foresight (i.e., the common planning horizon h). In Section 6, we extend the
analyses to heterogeneous agents with different planning horizons and discuss the robustness
of the main results.®

First, given state variables {¢;_1, BZ‘, v, Vi, 1t} and exogenous shocks {ay, p; } that follow
AR(1) processes, we solve the problem of the finite planning exercise in period ¢. Let gjﬁ i be
the expected value of ¢, at date 7, as a result of aggregation of decisions made by agents
with (counterfactual) planning horizon j in that period. Here |t in the subscript indexes the
date at which the finite planning takes place. It matters because different value functions are
used in finite planning in different periods. Qi + is a function of the state {Goor, b, v, vf, 1)
and {as, e} in period t. Then, we have the actual aggregate output in period t given by
U = g)ﬁt. Similarly, we can define other variables in the finite planning exercise with the
same notation.

The equilibrium conditions for the finite planning exercise in period t are given in Ap-
pendix F. The system consists of a finite number of equations as a function of state variables

{Ge-1,b7, v, V], Dt} and exogenous shocks {at, it }. Thus, we can solve for all endogenous

A%, ] ] WJ t+h
Tt T\t> r|t>7THT|t’ Tlt’qf\t’ T\t’ Tlt’bT“lt T=t

7 =h+t— 7. The actual aggregate variables in period ¢ are then given by

variables {cjlt,y with a unique solution, where

A __ b NN A~ __ ~h _ axh __ _h
Ct = Ct|t7 yt = ytlt’ Zt — Zt|t7 T’t Tt|t 3 7TH — WHt‘t’
_h A~ ~h A __ 2h A _ 2k px _ peh
Tt = Tyt 4t = Qy; St = Sijes €t = & b bt+1|t (3.1)

8Qur conclusions are also robust when extending the set of exogenous shocks to include domestic demand
shock and domestic interest rate shock, in addition to the productivity shock and foreign interest rate shock.

19



From period t to period ¢t + 1, the value functions evolve over time; that is,

Vier = TV 4 (I — T)V, (3.2)
where V; = (v, oy 7], Vet = [vest o8t v, T = diag(ve, Yo, Vs), and I is an identity

matrix. The details expression of V,*** can be found in Appendix F.
Now, we describe how to solve the planned solution at date 7 calculated in period ¢,
which is characterized by the equilibrium conditions of the finite planning exercise as Shown

in Appendix . We can write the solution to any endogenous variable x’ 7t €xcept b

forward planning as a function of the state variables and exogenous shocks; that is, +1|t
T = UL, LD a0 e U LT T (33)
for any (counterfactual) j > 0, and similarly,
D s = U@l T U g0+ e O OB ) (34)

Then, one can solve the undetermined coefficients via the equilibrium conditions of the
finite planning exercise for any j in the following steps: (i) utilizing the equilibrium conditions
for 7 = 0 and equating the coefficients yields the coefficients for j = 0; (ii) solving the
undetermined coefficients for any (counterfactual) j by forward induction. That is, given
the coefficients for j — 1, the undetermined coefficients for j are uniquely given by the
equilibrium conditions for j. See Appendix G for the detailed procedure.

Thus far, we have derived the solution of the entire forward planning calculated in period
t. Then, one can easily solve for the equilibrium path (3.1) with the evolution of the state
variables (F.23)-(F.24) together with exogenous shocks.

4 Equilibrium Analyses

This section investigates the equilibrium features of the FH model. We first explore the
characteristics of finite planning horizons by focusing on the Law of Iterated Expectation. We
then calibrate the model parameters to match key moments of macro-international aggregates
of Canada, in conjunction with the U.S. Following this calibration, we analyze the equilibrium
dynamics of the model by examining impulse responses. Lastly, we discuss how the model

with limited foresight generates systematic forecast errors in the real exchange rate.
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4.1 The Breakdown of the Law of Iterated Expectation

The LIE holds true in a model with RE. However, it no longer holds in the FH model when

the learning gain parameter, utilized in updating agents’ value functions, is non-zero.

Proposition 1 The Law of Iterated Expectation (LIE) does not hold when the economy is
not always at the steady state and the learning gain of value function is not zero (v,,vs # 0),
that s,

Eixio # BB 12440

Proof: see Appendix H.

Proposition 1 is a result of the updating behavior of the agents’ value function. Intuitively,
Etxt+2 is a function of the time-t value function v;, whereas Et+1xt+2 is a function of the
time-(t + 1) value function v;4;. Since the evolution from v; to vy follows constant-gain
learning, it implies v; # EtWH as long as v,,7; # 0. Instead, if 7,,7; = 0, v;41 = v at any
time ¢ and then the LIE holds. One should note that the breakdown of the LIE in the FH
model comes from the assumption that the value function in agents’ finite forward planning
exercise is coarse; if the value function is accurate enough, being the same as the one under
RE, v; becomes time-invariant and thus the LIE holds. We demonstrate in Section 5 that
this feature of the FH model provides a natural micro-foundation for the puzzling aspect of
the RE-UIP condition across the forecast horizons, as documented by Gali (2020).

4.2 Calibrated Parameters

We calibrate the FH model to a quarterly frequency; see Table 1. Following the common
practice in the open-economy macro literature, we assume a symmetric steady state across
the domestic country and the rest of the world, with B* =0, 1 +7 = 1/8, and Q = 1. It
directly implies S=S=1and C =Y.

The following parameters are standard in the literature. We set the subjective discount
factor g = 0.99, the inverse of intertemporal elasticity of substitution ¢ = 2, and the inverse
of the Frisch elasticity of labor supply ¢ = 1. Parameter «, which governs the home bias
(1 —a), is set to 0.2, a common value in the literature (e.g., Valchev, 2020). The Calvo-Yun
price stickiness parameter is set to 6 = 0.75, implying an average duration of four quarters
between two consecutive price adjustments. We set the parameter of policy reaction in the
Taylor rule ¢, = 2.15, following Clarida, Gali and Gertler (1999), and the parameters of
trade elasticity v and 7 to 1.5, following Backus, Kehoe and Kydland (1994) and Chari,
Kehoe and McGrattan (2002). The sensitivity of the foreign interest rate to foreign bond
holdings is set to ¢, = —0.01, following Benigno (2009) and Justiniano and Preston (2010).
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Table 1: Calibrated Parameters

Parameter Value Description

h 8 Length of Planning Horizon (quarter)
153 0.99  Subjective Discount Factor
o 2 Inverse of Intertemporal Elasticity of Substitution
« 0.2 1 - Home Bias
% 1 Inverse of the Frisch Elasticity of Labor Supply
0 0.75  Calvo-Yun Sticky Price Parameter
~y 1.5 Foreign Demand Elasticity for Home Goods
n 1.5 Elasticity of Substitution between Goods of Home and Foreign
On 2.15  Monetary Policy Reaction Coefficient to the CPI Inflation Rate
dp -0.01 External Bond Sensitivity of the Foreign Interest Rate
Pa 0.9  Persistence of TFP and Foreign Interest Rate Shocks
0a/ou 2.55  Relative Std. Deviations of Shocks
Yo 0.14  Household’s Learning Gain

Notes: We normalize the standard deviation of the foreign interest rate shock to one without loss
of generality, as we do not target the absolute standard deviation of variables.

Together with the steady-state values, we calculate the coefficients 91, s, ¥y, and ¥y in
(2.30) and (2.32) by their definitions.

Following Woodford and Xie (2022), we set the length of the planning horizon h = 8
(that is, eight quarters). This is a conservative value because empirical findings suggest an
even shorter planning horizon; for instance, Gust, Herbst and Lépez-Salio (2022) estimate an
average planning horizon as being one-quarter of the U.S. economy.” If the planning horizon
is shorter, our conclusions are strengthened as they deviate more from the case under RE.

We set the persistence of the TFP shock to p, = 0.9, following Candian and De Leo
(2023). We also set the persistence of the foreign interest rate shock, p,, to 0.9, the same
as that of the TFP shock. This is in line with the commonly assumed interest rate inertia
coefficient for the U.S. (e.g., Valchev, 2020). We then calibrate the two remaining parame-
ters: the relative standard deviations between the TFP shock and the foreign interest rate
shock, 0,/0,, and the household’s learning gain parameter, v,."” These two parameters
are calibrated to match the following two moments, utilizing Canadian data from 1970:Q3
to 2007:Q4: (i) the relative standard deviation of consumption growth to output growth,
o(Ac)/o(Ay); and (ii) the persistence of the real exchange rate growth p(Agq).!! We obtain

9The survey evidence in Coibion et al. (2023) suggests that household planning horizons in the U.S. are
no more than two years and they may well be capable of planning forward about three or four quarters.

10Tn our benchmark numerical analysis, we nullify the firm’s learning behavior on its value function by
setting v = 0 for parsimony. Incorporating the firm’s learning behavior has negligible effects on our findings
in Sections 4 and 5. Thus, we leave the case of incorporating the firm’s learning behavior in the robustness
checks; see Appendix L.

1 Appendix I presents the data source and variable construction. The exchange rate we use in calibration
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Table 2: Data and Model-Implied Second-Order Moments

Data Calibrated FH Non-calibrated RE Calibrated RE

(1) 2) (3) (4)
Targeted Moments
o(Ac)/o(Ay) 0.94 0.94 1.15 0.94
p(Aq) 0.30 0.30 0.19 0.24
Non-Targeted Moments
p(q) 0.98 0.97 0.90 0.96
p(e) 0.34 0.40 0.21 0.25
p(e, Aq) 0.94 0.97 0.97 0.99
o(e)/o(Ay) 2.41 2.05 2.06 0.88
o(Aq)/o(Ay) 2.44 1.56 1.68 0.75
p(Ay, Ac) 0.51 0.30 0.30 0.86
p(Ac, Aq) -0.11 -0.42 -0.54 0.21

Notes: Column (1) shows the interested moments in the data. Column (2) shows the moments from
the FH model with calibrated parameters in Table 1. Column (3) shows the moments from the RE
model with the same parameters as in Column (2). Column (4) shows the moments from the RE
model by re-calibrating the shock persistence and relative standard deviations to match the same
targeted moments. o(Ac)/o(Ay) represents the relative standard deviation between consumption
growth and output growth; p(Aq) represents the persistence of the real exchange rate growth;
and p(Ay, Ac) represents the cross-correlation between output growth and consumption growth.
Similar notations apply to the other moments. For model-implied second-order moments, each
entry is the median of the moments derived from 10,000 simulations, each spanning 150 quarters.
The length of quarters matches that of the Canadian data we utilize.

a relative standard deviation of o,/0, = 2.55 and a learning gain of 7, = 0.14. The cali-
brated learning gain parameter is also close to the benchmark estimate in Gust, Herbst and
Lépez-Salio (2022) using the U.S. data, which is around 0.14.

Table 2 reports a number of moments for the macroeconomic aggregates, comparing both
the data and the model-generated moments with the calibrated parameters. The FH model
matches the overall moments reasonably well, including the two targeted moments and other
non-targeted ones. Among the non-targeted moments, the FH model matches the data well
for the autocorrelations of real exchange rate level and nominal exchange rate growth, as
well as the high correlation close to one between nominal and real exchange rate growth.

The FH model also successfully predicts significantly higher exchange rate growth volatility

is the one between Canada and the U.S. The sample starts from 1970:Q3 because the US-Canada exchange
rate was pegged prior to this date and stops at 2007:Q4 to exclude the period of the Great Recession. In
addition, we target the growth rate of the real exchange rate to ensure consistency among the targeted
moments, where the first moment includes the growth rates of consumption and output. Nonetheless, our
results are robust even if we target the persistence of the real exchange rate level rather than growth (see
the first row of non-targeted moments in Table 1).
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(both real and nominal) compared to output volatility, though the ratio is slightly lower
than in the data. It also captures the negative correlation between consumption growth and
real exchange rate growth, albeit with a higher magnitude than in the data.

Table 2 also shows that the FH model fits the aggregate data better than the RE models.
Given that the parameter values in Table 1 are calibrated to fit the FH model to the data,
it is not surprising that the RE counterpart with the same parameters does not perform
better than the FH model (shown in Column (3)). However, even when the RE model is
recalibrated to match the same targeted moments (shown in Column (4)), it does not match
the data as well as the FH model does.'” The recalibrated RE model cannot accurately
match the targeted persistence of real exchange rate growth. Additionally, it fails to match
the non-targeted moments in several dimensions, including the higher volatility of exchange
rate growth compared to output growth volatility, and the negative correlation between
consumption growth and real exchange rate growth. It also predicts a positive correlation

between output growth and consumption growth, which is opposite to the data.

4.3 Impulse Responses

We now analyze the equilibrium dynamics by comparing the impulse response functions
between the FH model and its RE counterpart (Column (3) in Table 2). To isolate the role
of value function learning, we also compare with the FH model in which the learning gain
in value function is zero (that is, v, = 0, labeled as FH-NG).

Figure 1 illustrates the impulse responses of the variables of interest to the two structural
shocks, respectively, with a size of one standard deviation. In essence, across all three models,
the foreign interest rate and domestic productivity shocks (shown in panels (a) and (b),
respectively) conform to their roles in price and quantity determination. The former shock
causes real exchange rate depreciation, decreases consumption, and elevates CPI inflation
via exchange rate pass-through. The latter shock depreciates the real exchange rate, raises
consumption, and triggers a small temporary rise in CPI inflation due to the exchange rate
pass-through, followed by a decline in inflation induced by the positive supply shock.

Both shocks prompt households to boost savings, resulting in a gradual rise in net foreign
asset positions l;;f in subsequent periods. Defined by 7, — 7} (with 7, being the nominal
interest rate minus expected one-period ahead inflation), the real interest rate differential
between domestic and foreign bonds experiences an initial surge but later adjusts downwards,

indicating higher subsequent real returns from foreign bonds."

12In this case, the persistence of the shocks in the RE model has to increase to 0.99 and the relative
standard deviation o, /0, increases to 16.63.
13Figure 1 shows an initial surge in the real interest rate differential in both the FH and RE models. Thus,
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Figure 1: Impulse Responses to Exogenous Shocks

(a) Foreign Interest Rate Shock
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Notes: This figure shows the impulse responses of selected variables in three models, subject to one standard
deviation foreign interest rate shock (panel (a)) and to one standard deviation domestic productivity shock
(panel (b)). “FH” refers to the benchmark calibrated finite planning horizon model, “RE” refers to the
rational expectation model, and “FH-NG” refers to the finite planning horizon model with no learning gain
(7w = 0). “RER Fore. Err.” represents the forecast error of the real exchange rate (RER), defined as
Qi+1 — tht+1; and “Real Int. Differential” represents the real interest rate differential between domestic and
foreign bonds, defined as 7, — #;. The z-axis is time in quarters.

this surge is not specific to the FH model but is attributed to the substantial persistence of shocks, set at
0.9.
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These shared patterns of impulse responses across the FH and RE models suggest that
the FH model need not compromise its ability to match aggregate moments compared to
the RE model while offering a genuine expectation formation. This expectation formation
of the FH model, as discussed in more detail in Section 5, contributes to explaining the RE-
UIP violations. Therefore, the FH model, without sacrificing matching aggregate moments
and, if anything, potentially improving upon them, provides a more realistic depiction of
expectation formation on exchange rate dynamics compared to the RE model.

Despite those common patterns, we also observe notable differences across the models.
Particularly, in contrast to the RE model, the FH model typically demonstrates more per-
sistent, hump-shaped movements of the aggregate variables. Furthermore, the FH model
generates non-trivial dynamics of the forecast errors, a distinctive feature absent in the RE

model. We now examine these differences in detail.

Dynamics of the Value Functions. Figure 1 shows a hump-shaped dynamics of v,
and v;. As detailed in Section 2.5, v, and v; capture the log-linear approximations of the
derivatives of the value function of households in the FH model to domestic and foreign
bonds, vy (B, B*) and vy, (B, B*), respectively. Similarly, v¢** and v,*" capture the log-
linear approximations of the derivatives of the estimated value function of households to
domestic and foreign bonds, v{* (B, B*) and vs¥ (B, B*), respectively.

When shocks occur at t = 0, households use the steady-state evaluated priors vy and
v for planning. Subsequently, they observe the realized macroeconomic outcomes and esti-
mate v$* and 1" As outlined in equation (3.2), households then update 4 and v} for
planning exercise at t = 1 by averaging the estimates with the previous priors vy and 1.
After observing the realized macroeconomic outcomes at the end of ¢ = 1, they obtain new

estimates v and v;"*

" and update v, and vy similarly for planning at ¢ = 2. This process
is repeated thereafter.

Since the household value function shapes their long-run beliefs of the future beyond
their planning horizons, their updating behavior on the value function leads to dynamic ad-
justments of their long-run beliefs. Initially, households behave based on the long-run beliefs
derived from the steady-state value function, resulting in an underreaction due to the coarse-
ness of the value function and the finite planning horizon. Over time, households gradually
update their value function via constant gain (with -, = 0.14), which eventually leads to
excess extrapolation of long-run beliefs and subsequent overreaction. This sequence of initial
underreaction followed by gradual overreactions results in the hump-shaped dynamics of v,

and v; shown in Figure 1.

14Gee the expressions of v§** and 1vy*" as a function of realized macroeconomic outcomes in Appendix F.
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It is worth noting that because the macroeconomic aggregates respond to the two shocks
in different directions, the hump-shaped dynamics of the value functions via learning also

move in different directions. As shown in Section 2.5, given the predetermined net foreign

asset position by, v increases with a decline in both consumption and inflation; on the

*

other hand, v,
With the calibrated parameters, {v¢st, 17} follow: v&t = & + 0.5m — 0.01bf and

vt = ¢ — 0.5¢, — 0.01132‘.15 The values of these coefficients suggest that consumption,

t . .
“*" decreases as consumption falls and the real exchange rate depreciates.

" quantitatively.

inflation, and the real exchange rate are the primary drivers of v and v,
Given that Figure 1 shows the two shocks affect these endogenous macroeconomic variables
differently, both in direction and magnitude, v, and v} follow U-shaped dynamics in response
to the foreign interest rate shock and inverse U-shaped dynamics in response to the domestic
productivity shock.

This adjustment process in long-run beliefs plays a crucial role in shaping the equilibrium
response of macroeconomic outcomes. Simultaneously, the realized macroeconomic outcomes
reciprocally impact the process of belief updating. In equilibrium, this interactive feedback
leads to distinctive hump-shaped dynamics of macroeconomic aggregates in the FH model,

distinguishing it from the corresponding dynamics in the RE model.

Dynamics of RER Forecast Errors. Another crucial feature of the FH model is that it
generates dynamic overshooting of forecast errors, characterized by a sign reversal over time.
Here, we focus on the dynamics of the one-period ahead forecast errors of the real exchange
rate, Gpi1 — tht+1. Panel (a) in Figure 1 shows that when subject to the foreign interest
rate shock, the FH model initially exhibits a positive forecast error in the short-run and then
reverses to negative in the subsequent periods. That is, in the FH model, households initially
underestimate the depreciation in response to a foreign interest rate shock, but overestimate
it across the time horizon. The dynamic overshooting of the forecast error also applies to
the domestic productivity shock but in the opposite direction. Nonetheless, one can also
observe that the magnitude of the forecast errors subject to the foreign interest rate shock
are substantially larger than those under the productivity shock.

Although the FH-NG model also displays dynamic forecast errors, the magnitudes and
dynamic reversals are significantly less pronounced compared to the FH model, due to the
absence of the value function learning. To see the quantitative significance of value function
learning, we decompose the forecast error of the one-period ahead real exchange rate in the
FH and FH-NG models as follows:

15Gee Appendix F for the details of these two expressions.
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The decomposition (4.1) indicates that the forecast error of the real exchange rate in the
FH model can be decomposed into two broad categories stemming from: (i) finite forward
planning (g, b*, 1, a), and (ii) gradual excess extrapolation through value function learning
(v, v*). The FH-NG model only contains the first category. Figure 2 shows the decomposition
of the forecast errors of the real exchange rate shown in Figure 1. One can observe that the
value function extrapolation of households in the FH model, from both v, and v}, plays a
major role in contributing to the dynamic overshooting of the forecast error.

Equation (4.1) also sheds light on why the forecast errors of real exchange rates exhibit
different signs in response to the two types of shocks in this quantitative exercise. Based on
the calibration in Table 1, the coefficients of the y and a parts are 9§ , — ¢7 , = 0.11 and

8 — ¢Z,a = —0.02, respectively. The different signs of the coefficients indicate opposite
initial responses of the forecast errors to the shocks when the value functions v and v} have
not moved much yet. The values of these coefficients also account for the different magnitudes
of the forecast errors between the two panels in Figure 1. In the subsequent periods, the
dynamics of the value functions dominate the movement of forecast errors, hence the forecast
errors exhibit an overshooting.

Despite the real exchange rate forecast errors showing opposite impulse responses to the
two shocks in Figure 1, we find that this feature depends on the length of the planning
horizon. Whereas our benchmark analyses adopt a conservative calibration for the planning
horizon, the coefficient of the p part in equation (4.1) becomes more positive and the co-
efficient in the a part becomes less negative as the planning horizon shortens. When the
horizon is less than four quarters (h < 4), the latter even turns positive. In this scenario,
the impulse responses of the forecast errors move in the same direction subject to a positive

innovation in the two shocks.
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Figure 2: Decomposition of the Forecast Errors of the Real Exchange Rate

(a) Foreign Interest Rate Shock
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Notes: This figure shows the selected components of the impulse response of the one-period ahead forecast
errors of the real exchange rate in the two models, subject to one standard deviation foreign interest rate
shock (panel (a)) and one standard deviation domestic productivity shock (panel (b)). “FH” refers to the
benchmark finite planning horizon model and “FH-NG” refers to the finite planning horizon model with
v, = 0. The z-axis is time in quarters. The ¢ part is omitted because it is quantitatively negligible.

5 Addressing the UIP Puzzles

In this section, we show that the FH model adeptly addresses several puzzling characteristics
concerning the time- and forecast-horizon aspects of the UIP puzzles. Recognizing that the
calibrated parameters in Table 1 do not specifically target any empirical moments associ-
ated with UIP violations, our analyses thus provide external validity. This underscores the
capability of the calibrated model to explain both the qualitative and quantitative aspects
of expectation formations related to the UIP puzzles.

We begin by formally describing the RE-UIP condition and its implications.

5.1 RE-UIP Condition and Its Implications

The asset pricing equations of the real domestic currency bond and the real foreign currency
bond in the RE framework (corresponding to (2.6)-(2.9) in the FH model) are:

W' (Cr) = BE (1 +4) u(Copr) /U], (5.1)
u(Cp) = BE[(1+47) W' (Crya)(Quya /Q) (1/TT}4)] - (5.2)
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Combining (5.1) and (5.2) yields

W (Cyy1) (1+z’t 1+ Qt+1>]
E — =0. 5.3
' { u' (Cy) s I, Q (5:3)

The log-linear approximation of equation (5.3) around the nonstochastic steady state
gives
EtGrr1 — Ge = 7t — 74, (5.4)
where 7, = ¥ — Eymyqq and 7 = iy — Eymrf, . Equation (5.4) is the RE-UIP condition in real
form. This implies that when the real interest rate differential between domestic and foreign
currency bonds is positive (that is, 7, — 77 > 0), future real depreciation E;G;o1 — ¢ > 0
should result of the same magnitude.'¢
We define the ex-post real excess return on foreign currency bonds from period ¢ to ¢t + 1
as follows:
Appy = Qo1 — Gy + 7 — Ty (5.5)

Then, the UIP condition (5.4) under RE implies
]EtAt-i-l - O, (56)

indicating that the ex-post excess return A;,; should be unpredictable with the information
set at time t.
Furthermore, by extending equation (5.6) to time t + k and applying the law of iterated

expectation (LIE), one can obtain a corollary of the unpredictability result:
EtAt+k - O, (57)

where Ay = Gk — Geak—1 + 7711 — Tek—1 1S the ex-post one-period excess return between
time t +k — 1 and t + k. Thus, the RE-UIP condition implies that the ex-post excess return
for any future time horizon ¢+ k is unpredictable based on the information set at time ¢. We
regard this feature of unpredictability as the time-horizon aspect of the RE-UIP condition.

In addition, the RE-UIP condition also exhibits another feature from the perspective

of term structure. Iterating the expectation term of real exchange rate E;g;; forward in

16The literature also often uses the nominal version of the RE-UIP condition. Choosing either nominal or
real version is not consequential for our results. We use the real version simply to facilitate the discussion
with Section 4. Also, note that the RE-UIP condition (5.4) is a simple specification and it can be extended
to more complex forms, for example, by considering a stationary trend in the real exchange rate dynamics.
For the sake of parsimony, we use the simplest specification to emphasize the role of behavioral biases from
the FH models in addressing the UIP puzzles that we focus on in an essential modeling environment.
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equation (5.4) by the LIE yields
Gy = ;Et [Pr o — Pegn) + Tlgrolo EiGsy 7.

Following Gali (2020), we decompose the sum of expectations into the short-term and long-

term:
4t = DE(M) + DtL(M) + 711_{20 E¢Givr, (5.8)

where M is the threshold period for the short-term and the long-term summations, and

T

Dj (M) = Bl iy — Peral, D{(M) = Z Bl fyr — Pernl,
0 k=M

£
I

are defined as the sum of expectations on the short- and long-term real interest rate differ-
ential, respectively.!” Since the real exchange rate is a stationary variable, one can assume
that limp_, o EiGirr = 0. Then, (5.8) indicates that the RE-UIP condition predicts the hori-
zon invariance for the impact of the forecast of the real interest rate differential on the real
exchange rate. That is, the forecast of the short-term interest rate differential Dy (M) and
that of the long-term interest rate differential DF(M) have identical effects on the current
real exchange rate with the same weight of one. We regard this feature of horizon invariance

as the forecast-horizon aspect of the RE-UIP condition.

5.2 Excess Return Predictability and the Predictability Reversal

A challenge to the RE-UIP condition (5.4) is a predictable excess return observed in the
data. Early studies, such as Fama (1984) and Eichenbaum and Evans (1995), show a short-
run positive predictable excess return of currency bonds that bear higher interest rates.
Recent studies (e.g., Bacchetta and van Wincoop, 2010; Engel, 2016; Valchev, 2020) further
document that the movements of the predictable excess return are more complicated over the
time horizon: the excess return is positive in the short run, whereas it reverses to negative
in the medium to long run. Thus, the UIP violations have time horizon variability.

Within both the FH and RE models, the ex-post one-period excess return on foreign

currency bonds between time t and t 4+ 1 is, by construction, equivalent to the one-period-

1"The definition of the real interest rate differential in Galf (2020) is represented as #* — 7. Thus, in the
discussion regarding the forecast horizon invariance, we follow Gali (2020)’s definition to maintain consis-
tency, whereas in the rest of the paper, we adopt the common practice by defining the real interest rate
differential as 7 — 7*.
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ahead forecast error of the real exchange rate:
_ A ~ A% ~ ~ "
Appr = Gear — G+ 7 — 0 = Gey1 — Eegrya,

where the symbol E is intended to encompass both FH and RE expectation operators. This
formulation intentionally disregards other potential factors in excess return predictability
driven by time-varying risk or liquidity premia. Thus, our model isolates the expectation
channel from other factors and this formulation is also consistent with the empirical finding
that emphasizes the importance of subjective forecast errors in explaining the UIP deviations
in advanced countries (e.g., Froot and Frankel, 1989; Chinn and Frankel, 2019; Kalemli-Ozcan
and Varela, 2022; Candian and De Leo, 2023).

Following the empirical specification in the literature, we run the regression model using
the simulated data from the RE and FH models as follows:

Ay = Bo + Be(Pe — 77) + &tk (5.9)

where the coefficient (3, captures the predictable excess return at time ¢ for future horizon
k. A negative (3 suggests that the foreign currency bonds yield a positive real excess return
when the foreign bonds carry a higher real interest rate (77 > 7). Conversely, a positive [
implies the opposite.

The left panel in Figure 3 illustrates the estimates of excess return coefficients, /3, from
the two models, together with the empirical estimates obtained from the actual data.'® In the
RE model, the confidence intervals for the estimates nearly always contain zero, highlighting
the unpredictability of excess returns as implied by the RE-UIP condition. In contrast, the
FH model demonstrates that excess returns are predictable. It initially exhibits a negative By
for the first five horizons, which then reverses to positive, peaks at time horizon k = 21, and
diminishes thereafter. Thus, the FH model predicts that the foreign currency bond yields
a short-run positive real excess return when the foreign bond bears a higher real interest
rate. Meanwhile, it predicts a negative excess return in the medium- and long-run time
horizons. Furthermore, one can observe that the estimates from the simulated FH model
match the overall dynamics of the empirical estimates reasonably well, both qualitatively
and quantitatively. Considering that we do not specifically target the UIP deviation in

calibrating the FH model, its successful matching serves as evidence of external validity.

18The empirical estimates are conducted using real exchange rates and real interest rate differentials
between Canada and the U.S. To construct the real interest rates in the data, we consider ex-ante real interest
rates based on AR(1) fitted forecasted inflation. We also consider alternative approaches of constructing real
interest rates based on current and ex-post inflation and find that the results are robust. For details on the
construction of the data and further results, see Appendix J.1.
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Figure 3: Excess Return Predictability across Time Horizons: Regression Coefficients
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Notes: This figure presents the estimates of excess return coeflicients, Bk, across time horizon k. The bold
lines represent point estimates and the surrounding thin dotted lines represent 95% confidence intervals. In
the left panel, “FH” refers to the benchmark finite planning horizon model and “RE” refers to the rational
expectation model. “Data” refers to the point estimates from the regressions using actual data, in which the
ex-ante real interest rates are calculated based on AR(1) fitted forecasted inflation. The models in the left
panel use the series generated by the two shocks. The right panel presents the regression coefficients in the
FH model, using simulated data series conditional on the foreign interest rate shock (u) and the domestic
productivity shock (a), respectively. All estimates from the models are obtained using samples from 100
simulations with each spanning 150 quarters (15,000 observations in total).

Whereas the left panel of Figure 3 shows the unconditional profile of excess return pre-
dictability, the right panel of Figure 3 displays the [, estimates, each conditioned on a
distinct shock. Consistent with Figure 1 and the discussion in Section 4.3, the real exchange
rate forecast errors in the FH model respond in qualitatively opposite ways to the two shocks,
mirroring the behavior of the estimated Bk Despite both shocks indicating opposite excess
return profiles in the FH model, the foreign interest rate shock dominates the unconditional
profile of excess return.'”

The sign reversal of forecast errors in the FH model, induced by the finite planning horizon
and value function learning, introduces a novel explanation for the reversal of excess return
predictability. It enriches existing theoretical explanations in the literature that attribute
this phenomenon to infrequent portfolio decisions (Bacchetta and van Wincoop, 2010), con-

venience yields (Valchev, 2020), or over-extrapolation on misperceived shocks (Candian and

19The opposite conditional profiles depend on the length of the planning horizon. As the planning horizon
becomes shorter (h < 4), whereas the conditional profile of Bk for the foreign interest rate shock remains
qualitatively similar, the conditional profile for the domestic productivity shock flips its sign. Furthermore,
in this case, the foreign interest rate shock becomes more quantitatively dominating compared with the
productivity shock. So, recognizing that we adopt a conservative calibration of the length of the planning
horizon, our findings are even stronger if the horizon is shorter.
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De Leo, 2023).

5.3 Breakdown of the Forecast Horizon Invariance

Another challenge to the RE-UIP condition is the empirical breakdown of the forecast horizon

invariance. Consider the following regression specification based on equation (5.8):
G = o + s D (M) + ’YLDtL(M) + Gt (5.10)

where 79, 7s, and 7 are regression coefficients and (; is an orthogonal error term. If the
forecast horizon invariance from the RE-UIP condition holds, the regression model should
yield estimates of 4 = 1 and 4, = 1.

Gali (2020) tests specification (5.10) using the data of government zero-coupon bond
yields and inflation swaps at different maturities from the U.K. and Germany, paired with
the U.S. He finds robust results on 4g > 1 and 47, < 1 for those countries.?’ The empirical
findings imply that the current real exchange rate overreacts to the forecast of the short-
term interest rate differential but underreacts to the forecast of the long-term interest rate
differential. Thus, the UIP violations exhibit forecast horizon variability, and Gali (2020)
refers to this phenomenon as the “forward guidance exchange rate puzzle.”

We conduct the same exercise using the series generated by the FH model and show
that the FH model can address the short-term overreaction and the long-term underreaction
of the real exchange rate. For a given threshold horizon M between the short-term and
the long-term, together with the given planning horizon h, we construct the expected real

interest rate differentials under limited foresight as

M-1 h
DI(M) =Y Elif — foil,  DP(M) = B[, — P, (5.11)
k=0 k=M

where 0 < M < h; see the detailed construction procedure in Appendix K.

We run the regression for the empirical specification (5.10), using the constructed vari-
ables from the FH model. Figure 4 shows the estimates of the reaction coefficients 45 and
4r, under the threshold 1 < M < 8. We have also labeled the corresponding empirical
estimates of Canadian data (paired with the U.S. data) at the threshold M = 4 in Figure 4

20Galf (2020) documents that this phenomenon is empirically robust after controlling a time trend, or
taking first-order differences, or controlling term premia.

21Figure K.9 in Appendix K shows the conditional estimates of the reaction coefficients 45 and 9z, each
conditioned on a distinct shock. The foreign interest rate shock primarily drives the breakdown of the forecast
horizon invariance in the unconditional profile shown in Figure 4, whereas the domestic productivity shock
plays a lesser role.

34



Figure 4: Reaction of Real Exchange Rate to Expected Interest Rate Differentials
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Notes: This figure shows the (unconditional) estimates of 45 and 4, in specification (5.10), representing the
reaction of the real exchange rate to the forecasts of short- and long-term real interest rate differentials in
the benchmark FH model. The simulated data series are generated by the two shocks and the estimates
are obtained using samples from 100 simulations with each spanning 150 quarters (15,000 observations in
total). The black cross- and circle-markers represent the empirically estimated 45 and 4, using actual data,
respectively.

for illustration purposes.??

Figure 4 shows that, across all the threshold M, 4s > 1 and 4, < 1. At the threshold
M = 4, the estimates from the model simulations are close to the empirical estimates from the
actual data, even though they are not targeted. As the threshold M increases, the reaction
coefficients decrease monotonically, which is also consistent with the empirical estimates
shown in Appendix J.2. Thus, the FH model predicts the breakdown of the forecast horizon
invariance reasonably well with the actual data, which also aligns with the empirical findings
for other countries documented in Gali (2020).

In contrast to the FH model, the simulated series consistently yields 4¢ = 47, = 1 in both
the RE and FH-NG models. Hence, the value function learning in the FH model plays a
pivotal role in the breakdown of the forecast horizon invariance in Figure 4. What are the
mechanisms at play here? First, as shown in Proposition 1, the LIE does not apply in the FH
model with value function learning. This variation disrupts the forecast horizon invariance
(5.8), a result based on the LIE. Indeed, an alternative interpretation of the empirical finding
in Gali (2020) is that it rejects the LIE.

22 As considered in Galf (2020), we also obtain empirical estimates after controlling a time trend or taking
first-order differences. The results show a similar pattern. For more details, see Appendix J.2.
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Second, the intuition of why #4s > 4p comes from the channel of increasing marginal
impact of value function along the planning horizons. Decision-makers form expectations
at time ¢ for future period ¢ + k (k < h) by assuming that the aggregate conditions are
determined by agents with a remaining planning horizon of h — k. As the date approaches
the end of planning horizon (that is, k& increases), the marginal impact of the value function
on agents’ forecasted variables becomes stronger. Thus, its marginal impact is greater on
DE than on D7 and is the smallest on G;. As a result, the response of §; to DY is larger than
its response to DF| that is, 45 > 9z

To see the marginal impact of value function explicitly, consider the decision-makers’
perception of the counterfactual interest rate differential at the end of their planning horizon
(h = 8). The real interest rate differential at date ¢ + 8 is governed by
f:fsu - f?—i—S\t = (jl(f]+8|t +o(v; — 1), (5.12)
where the value function term v; — 1, directly influences the counterfactual real interest
rate differential at that date.?® Intuitively, when decision-makers perceive a higher relative
marginal value of holding foreign bonds over domestic bonds (that is, a drop in v} — 1),

it leads to an increase in relative foreign bond prices and thus a corresponding decrease in

*0
t+8]t

recent dates, the marginal impact of the value function becomes weaker.

the counterfactual interest rate differential 7 P 8t As agents make forecasts for more

Figure 5 visualizes this insight by showing the impulse response of the related variables in
the FH model to the two structural shocks. Regardless of the type of shock, the figure sug-
gests the following common patterns. The left plot of each panel shows that ¢; # D7 + DE,
reflecting the breakdown of LIE. It is also worth noting that even though v, and v} show
opposite dynamics for each shock, as displayed in Figure 1, their gaps v, — v; display a move-

ment of similar shapes. The right plot shows the forecasts of real interest rate differentials
~k h—k ~h—k
Tovkie = Togrle

that as k increases, the dynamics of the forecasts become more similar to that of v} — v;.

at different forecast horizons k = 2,4, 6, and 8, respectively. One can observe

This is especially pronounced when k = 8, in line with equation (5.12). On the other hand,
the forecasts with smaller k£ show more similarity to that of ¢;, being further away from

v; —v;. Thus, the marginal impact of value function v} — v; is larger on DI than D? and is

the smallest on ¢;, causing the asymmetric reaction coefficients 4g > 4.

2See Appendix F for the derivation of (5.12).
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Figure 5: Breakdown of the Forecast Horizon Invariance: Intuition
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Notes: This figure shows impulse responses to a one standard deviation foreign interest rate shock (panel
(a)) and a one standard deviation domestic productivity shock (panel (b)). In each panel, the left plot
presents the real exchange rate (G;), the sum of the forecasts for the short- and long-term real interest rate
differentials (D7 + DF), and the difference between the marginal values of holding foreign and domestic
bonds in value function (v; — v¢). The right plot presents the forecast of the real interest rate differential,

f:jrhk_ltk - ff;,fl ;» at different horizons k£ € {2,4,6,8}. The planning horizon h is set to 8 quarters and the

r-axis is time in quarters.

6 Robustness

We evaluate the robustness of the main results in Section 5 by taking into account alternative
lengths of planning horizon h and by extending the model to incorporate agents with het-
erogeneous planning horizons. In these robustness checks, we set all structural parameters

the same as in Section 4.3 except for the parameter of interest. The main results remain
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broadly robust. In addition, whereas the firm’s value function learning is muted in Sections
4 and 5 (that is, 75 = 0), we also vary the firm’s learning gain parameter 7; and confirm
that the firm’s learning behavior has negligible effects on our findings. This is consistent
with intuition in the sense that the asset-pricing condition for the exchange rate and interest
rate differentials originates from households’ optimizations rather than those of firms. Thus,
households’ learning parameter plays an important role in explaining those UIP violations,
whereas firms’ learning parameter does not. To save space, we leave the details to Appendix
L.

7 Concluding Remarks

In this paper, we reconsider the conclusions from the RE assumption in a standard SOE-
NK model by assuming that decision-makers are subject to limited foresight when making
decisions. Our analysis indicates that the dynamics of the model’s equilibrium are signifi-
cantly influenced by both the degree of decision-makers’ foresight and how they update their
value functions. The FH model generates dynamic overshooting of the forecast errors of the
real exchange rate across time horizons, along with inherent differences in the formation of
short-term and long-term expectations.

Our model provides an intrinsic and comprehensive micro-foundation for those renowned
UIP puzzles that feature time- and forecast-horizon variability. We show that our model
can explain (i) the time-varying excess return predictability and its reversal of sign over
longer time horizons and (ii) the breakdown of the forecast horizon invariance, marked
by the diverse responses of the real exchange rate to the term structure of expected real
interest rate differentials. Our model’s predictions are both qualitatively and quantitatively
consistent with empirical estimates.

While our paper concentrates on the model’s capability to address the UIP puzzles, the
standard general equilibrium feature of our model leaves room for extension and application
in more general aspects. Natural extensions could involve the incorporation of additional
frictions and wedges, along with more endogenous variables such as capital and investment.
It may also be beneficial to estimate the quantitative model in line with dynamic moments
from a more comprehensive data set, including financial and expectation-related elements.

We leave these possibilities for future research.
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Online Appendix: Not for Publication

Expectations and the UIP Puzzles when Foresight is Limited

Seunghoon Na and Yinxi Xie

A Steady-State Value Function of Households

The steady-state value function solves the following Bellman equation:

v(B,B") = max {u(C)+v(B',B")}

CB/ */
S.t. B*’ B
o5+ p @ OB sy o
The first-order conditions yield
>l (¢ /g%’ Qu/ C
Ul(BvB )Zﬂuf([ )7 02(678 ):%*()7
o w(C) o Qu(C)
v (B,B*) = 0 ve(B,B*) = T

where the last two equations come from the envelope theorem.
It can be easily verified that the following solution satisfies the above system of first-order

conditions, which is given by

(1-9)B  (1-3)QB

U(B,B*):(l—ﬂ)‘lu( . o) +S}7).

B Log-Linearization of the F.O.C.s of Households in
the Ending Period of Forward Planning

We now show the steps of log-linearizing equations (2.8) and (2.9) under the assumption
that households use a steady-state value function in their forward planning. First, taking
logs of (2.8) and conducting first-order Taylor expansion at the steady state with notation
T =1+ h yields

Inw/'(C%) =1n B+ 1In(1 +i%) + Inwvy (B, ,, B2Y)
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0 A\ ™ AN *
= u,(C«) (CT C) 1434 Ul(B, B*) (BT+1 B) + 'Ul(B, B*) (BT+1 B )
U/,(é)C 0 — 70 4 UN(C_(_)C_' (1-8)BY, — B U/,(OJC' (1-8)Q BT+1 B (B.1)
Ny T T W) I C u'(C) 1T+ C '
Given the definition of 07" = — 7 /((g)) (B.1) can be rewritten as

& =—o" g+ (1 B)bo+1 +(1 B)Biﬁla

which gives (2.13).

Similarly, log-linearizing equation (2.9) yields

Inw/'(C2) = In B+ In(1 + %) + Invy (B2, ,, B:Y)) — InQ°

(C) e o L+ (147) 0i(BBY) o wa(BBY) g QL Q
= o) GO = v (33>(BT+1_B)+W<BTH 575
W(O)C o _ o w(CC1-B)BL ~B w(C)C (- QB - .
@ T T w@ey o ¢ we) I c S

After plugging the definition of o, we have
¢ = =0 1+ (1= B0y + (1= )y + 071,

which gives (2.14).

C Firm Profit Function and Optimal Pricing Solution

In this section, we first show the explicit expression for profit function H(-) of the firms in
each period and then derive the firms’ optimal pricing decision given by (2.16). The period
profit function of firms is the same regardless of whether they are infinitely forward-looking
or have limited foresight. We therefore derive the profit function by considering the case of
the standard RE framework with infinite planning horizons.

In the RE framework, a firm f that is able to reoptimize its goods price sets Pﬂ;t to

maximize
> Co\ ([ P _
§ : k t+k t . f ko
r}r)fi(]Et k:o(ﬁg) ( Cy ) (Pt+k) YeerJ) <PH’tHH MCt+k> 7 (€1
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subject to the demand constraint

Pl AL\ !
Y;—I—k (j> < 2 7 (CH,t+k + / C}_LtJrkdl) .
Hit+k R 0 g

=Yitk

We rewrite the firm’s problem (C.1) as follows:

> pLIk\""  p Pk MO
E ok | oo (Lretn )y Pree (Paadla tk C9
r?gf t;(ﬁ ) |Ceti ( Ptk P Puirk  Puaasr )|’ (C2)

where we have applied the demand constraint and dropped C; and P, (note that they are
taken as given by firm f at time ¢, and dropping them does not change the solution to the
optimality problem).

Now, let us define

f 1k
A =CC Tf — PH,tHH
t+k = Ytk Hit+k — Prion )
S _ PH,t—Fk C _ MCt_l’_k
t+k = P ) MCyyy = P .
t+k Ht+k

Then, the optimality problem (C.2) can be summarized as follows:

o0

max By > (89) | Nk H (rfy o Suvns Zein)| (C.3)
Py k=0

where H(r£7t+k; Siik, Zivr) s the function of real profit in period ¢ + k; that is,

H(T}f{7t+k58t+ka Ziyy) = (7”27,5%)_ Yiik Stk (ﬁ;Hk - Mct+k> ) (C.4)

and Z,;, is the vector of all real state variables at time ¢t + k. In the steady state with

rf. = & = 1, the derivative of function H(-) becomes

H(1;1,Z)=Y(1—e+e-MC)=0 (C.5)

by noting that the real marginal cost in the steady state is MC = (e — 1) /e.
Now, we show that the firms’ optimal pricing decision is given by (2.16). We assume
that the firms use a value function to approximate discounted future profits beyond its

planning horizon that is learned from the nonstochastic steady state given by (2.2). Then,
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the first-order condition of maximizing the firm’s objective function (2.15) is

t+k Pf ﬁ'rft P 1:[7—_t (Be)k_H Pf ﬁk’ P l:[k
Ef O iINH, | 2 sz | H A | LS ) TEH |

K [;(6 ) ! ( Py~ Py - 1-p6 " Pr i1k, Py ik
C.6)

Log-linearizing (C.6) around the steady state yields

t+k T (59)k+1 t+k
E{ {Z(/B@)T_t pr,t - ZWH,S —m.| + 1— 50 p{{’t - ZWH,S } - 07 (07)

T=t

where Pur( ) I
Ht _ Hit
o= () o= ()
and H(:1,Z) Y[ ¢
mg=—— e = = ( me; — 1> ) (C.8)
H"1;1,Z) Y \e—1
We define
my = my —m, mc; = log (Mct),
MC
where m is the value of m; in the nonstochastic steady state.
By noting that m = %(ﬁm— 1) = 0, we have m; = m;. Then, the log-linear

approximation of (C.8) yields

my = Mcy.

Thus, by replacing m; with me¢, in (C.6) and reorganizing its expression, we have the

firms’ optimal pricing pr’t characterized by (2.16).

D International Goods-Market Clearing Condition

The law of one price holds, implying & Pj;, = Py, With the assumption that P/ = 1,
combining equations (2.27) and (2.28) yields

Y,

Il
—

|
VR
:U‘::
N————
3 £
0

+
VR
ol
~
S

9

= (1-a)S"C, +87Q]C. (D.1)
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Log-linearizing (D.1) gives

Yo, =(1— Oé)gfnc_' (¢t + ansy) + SQCr (a8 + 74 +¢) (D.2)

where we have utilized S, = —as,. By further utilizing the relation §; = ¢;/(1 — ) and

assuming ¢; = 0 (no foreign demand shock), (D.2) can be rewritten into

Yy = 79ch1§ + ﬁyssta

where 9, = (1—a)S™C/Y and ¥, = [an(1—a)S1C++S~7Q7C*]/Y . This gives equation
(2.29).

Note, in Section 4.2, we assume a symmetric steady state between the home country and
the rest of the world with balanced trade, which implies Y = C, S =Q =1, and C* = oC.

In this case, ¥y = (1 — ) and 9y = an(1 — a) +7].
E Proof of the Mean-Reverting Processes of y; and (;

First, we log-linearize the resource constraint (2.5) as follows:
ét + ﬁ(i)t+1 + [;;_1) - 519/1@ + Bﬁl(dt — 72:) = i)t — 19/17'(',5 + [A?: + 191@5 + 192(@)15 — Oéét),

where V| = H—C Here we have used the relation S; = —aé;, m; = 0, hence iy = 7}, together

with the steady-state relationship II* = 1 and 7! = (1 +i)/Il = (1 +4*)/II*. Tt can be

rewritten as
b+ b = Blbis +b740) + (6 — B + B (G — 77) + 9y — thdy — Da(9 — 08)] . (E1)
In the FH model, we can rewrite equation (E.1) at any date 7 as the version of interest:

B B = (B, + be) + (8 — BN+ 0@ — 72) + Ul — hd — 02(3 — as)]
(E.2)
where j is the (counterfactual) planning horizon at date 7.

Let time t be the point at which forward planning occurs. Then, iterating (E.2) forward
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to the end of the planning horizon yields
i)thl + I;*,thl
h—j ~h ok, h— ~h—j h ~h
= E, Z B |:Ct+] 519, @t+g + 5191(qt+jj Tehj j) + ] 7Tt+] ﬁlqt-&-] - 792<yt+g O‘Stﬂj)
+ ﬂh—i_lEt(thH + bt+h+1) (ES)

where l;?“ and l;: 1 are the household’s initial financial position in period ¢.

We parameterize the log-linear approximations of vy (B, B*) and vy (B, B*) by

m |

log(vy (B, B*)Jvi(B,B*)) = —o(vs + xeb + &b,
log(ve4(B, B*)Ji(B,B*)) = —o(vf + x\b+ E1b).

Then the first-order conditions of a household’s optimality problem at the end of its planning

horizon (2.8) and (2.9) can be log-linearized as

-0 _ ~1:0 0 0
Coogp = —0 gy Vi + Xabppyr T &b t+k+1?

~0 _ —1,%,0 —140
Corp = —0 gtV + tht+k+1 + gt t+k:+1 Rk

which implies x; = x} and & = &.

In the standard dynamic programming problem under the RE assumption in the bench-
mark model, the household’s holdings of domestic bonds b and foreign bonds b* (in terms
of the domestic currency) are perfect substitutes in their value functions. Since the bond
holdings b and b* are also perfect substitutes in the budget constraint of the household in
the finite planning problem, we have y; = &. Thus, the Euler equation at the end of the

planning horizon reduces to

bt+h+1 bt+h+1 + bt+h+1 =Xt (C?+h — I+ U_lingh)a (E4)

where b represents the total holdings of bond positions.
Similar to Woodford (2019), by the household’s optimal expenditure conditions (2.11)
and (2.13), together with (E.3), we have

é? = gk(xt)l;?H + rest,
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where “rest” indicates the terms not including total asset position l;?ﬂ and

BEFL + (1]6_}};1> Xt

Ir(Xt)

Thus, we have & = gx(x;). Because the evolution process of y; follows a constant-gain

learning rule; that is,

Xe+1 = Y9e(Xe) + (1 —7)xe,

X: monotonically converges to the fixed point 1 — . Similarly, since x; = & for any ¢, the

same is true for the evolution process of &;.

F Equilibrium Conditions of the Forward Planning

This section summarizes the equilibrium conditions in the finite planning exercise calculated
in period t. Let yi " be the value of 7, that is predicted at date 7 as a result of aggregation
of decisions made by agents with (counterfactual) planning horizon j = h + ¢t — 7, which
is calculated at date t by agents with planning horizon h. It is a function of the state
{(jt,l,i);f, v, v, 1} and exogenous shocks {a;, i} in period ¢t. Then, the actual aggregate
output in period t is given by 3, = g}ﬁt. Similarly, we define other variables in the finite plan-
ning exercise with the same notation. The additional subscript |t matters because different
value functions are used in finite planning in different periods. All the exogenous shocks are
assumed to follow an AR(1) process.

In the forward planning exercise by the agents in period ¢ with planning horizon h, at
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any datet <7 <t+ h— 1, we have

1
~h+t—7 ~h+t—7—1 ~h+t—T1 h+t—7—1
Cre = EC T - E(Zﬂt — By ); (F.1)
shtt—1 ~htt—T—1 Ax,htt—T1 ~hAt—T1 h+t—7—1
Gp =BG, - (ZT\t — Bl ), (F.2)
shtt—T _ shbt—T  shebt—T41 htt—7
€T|t - qT\t - qT*l‘t + 7T.7'\15 ) F.3
~h+t—T
q
At —1 T|¢
STIJtFt = T o (F.4)
—T h T —T—
?JT:H = ”imcrrtrt + BETW?;:H# g (F.5)
—~ h+t—T1 A T ~ T
ey, = (0 @0y )@ 4 (a+ 98T = (14 p)ar, (F.6)
Ah T h+t—T1
‘r|—~t_t ¢7T T|—7~f_t ) <F7)
Aﬁﬁ—t T _ ﬁys Afrz‘—‘,t-t T _{_ﬂyCALL'—:t T’ (F8)
7Th+t—7’ _ (1 . a)ﬂ.h-‘rt T + éh-i-t—fr (F 9)
T|¢ H,|t Tt ) :
~x,h+t—T T
7'|t+ ¢bblrzii|t + pr, (F.10)
7%,hHt—T7 7% h+t+1—7 ~h T sh T ~h T ~h+t—T1
bT+1|t - 6 (b7-|t + 19 Tl_:t — v Oé87'|—:f_t + 192y7’|—1~f_t - 7—|4t_t )
— @+ 0T (F.11)
where ¢ is simply a notational simplification defined by q = ¢;_1 and similarly =
here g, i 1 tational simplification defined by ¢, d similarly by
b Here 9, = (1 — a)S2C 0, = aly + (1 — a)]57C, 0) = B2 and v, = &
At the end of finite plannlng date 7 =t + h, we have
20 L. %,0
Crit = _;ZT|t + ( B)b7+1|t + (F12)
~0 ~%,0 A *
Qe =Ty — let +o(v —vyf), (F.13)
Ag|t = @2|t - Cﬁ—ut + 7T2|t> (F.14)
%0
AO q7'|t

L~

(F.15)

Thrrpe = KMEy, + (1= 0)58, (F.16)
77/1\02|t = (0 + @Oye)E7); + (a + pye) 80, — (1 + p)as, (F.17)
Dy = oo (F.18)
yT|t = ﬁyssﬂt + ﬁyccht, ( )
7T2|t = (1 - O‘)WH,T\t + a59—|t’ ( )
PO = Gy + i, (F.21)
by = B0 A 0100, — 0208Y, + Da0y — &) — V1@ + Ly (F.22)
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The above system of equations consists of a finite number of equations as a function of

state variables {g;_1, l;;‘, v, v, 7} and exogenous shocks {ay, 1y }. Thus, we can solve for all

h+t— T ~h4t—T shtt—T 72* Jhtt—7 7I_h—f—t—‘r 7Th+t—7' shtt—71  shtt—T1 shtt—T
7|t ) UT|¢ 7|t Hrrlt 7|t y |t » 27|t » STt )

with a unique solutlon See Appendix G for the detailed solution method.

endogenous variables {c

b* Sht—T t+h
TH+1t

From perlod t to period t + 1, the value functions evolve over time; that is,

Vg1 = %Vt“t + (1 = v)uy, (F.23)
Ui = %l 4 (1= v9)in, (F.24)
Vt+1 - W/UV: et + (1 - 7@)V:7 (F25>
where
vt = e 4o tm — (1= B, (F.26)
7t = (1—0) 'mpy, (F.27)
vt = vt — oG + ). (F.28)

G Solution to Policy Functions

We show the solution to the policy functions for the equilibrium characterized in Section
3 and Appendix F. Similar to expressions (3.3)-(3.4), we can write the solution to any
in agents’ forward planning as a function of the

endogenous variable xi ¢+ except for b

t 1t
state variables with exogenous shocks; that is,

i a1 . , . . S,
jr\t gﬂq 3—+1|t + ¢i bbT\jt+ + ¢g;,aa7 + wi,;uuT + wi,u’/t + wi,p’/t + ¢§:u Vy, (G.1)
for any (counterfactual) j > 0, and
i P . . . _—
7'+1|t 77Z)iq 3—+1|t + ¢i,bbf|3:+ + @Db aOr Py e 0 Vet Py 50+ vy (G.2)

First, we aim to pin down the coefficients for j = 0. From (F.12)-(F.22), one can easily
eliminate {5T|t, it mcﬂt, T|t, t} Addltlonally, note that since yT|t only enters (F.19), we
only need to solve {¢?
(F.19).

We solve {églt’ qAE‘t, 7r2|t, W?IJ“} by equating coefficients. Note that from (F.12),

Tt T|t, T|t77THT|t7 +1|t} and then g2 " is uniquely pinned down by

~ gbw 7,0
C?—\t T, 2|t +(1— 5)bT+1\t + U,
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and equating the coefficients yields

Or O

g,q = _7 Br,q + (1 - 6)¢Z?,q7 g,b = _; g,b + (1 - 6)¢g,b7
Or O

(c),a = _; Er,a, + (1 - B)djl()),a’ g,u = _; 7(1)',/.1, + (1 - 6)¢l?,,u,’
¢7r P

g,l/: - 0 +(1_B)wl?,u+1’ 2,17: _; g,ﬂ—f_(l_ﬂ)qybl?jn

¢n
g,l/* = P 7?'1/* + ( - B)wl?,u*

Similarly, from (F.13),
qg\t = ¢b82+1|t + pr — ¢n772|t + o —vp),

which yields

Vo= i, — xtd,, Yoy = ooty — rtiny
Voo = Ot — Oxtlm g bo = Oy, — xtbn, + 1
/lpglj - ¢bwb v (bﬂwﬂ',z/ + g, ¢27D - ¢bwl()),f/ - ¢7r1/’9r,177

wq v* ¢b¢b v* ¢7I’Q7/)9r,y* -
Similarly, from (F.16)-(F.17),

Ko+ 9019313) ~0

ﬂ-?—[,’r‘t k(o + ‘PﬁyC) Cre T e — k(1 +p)ar + (1 —0)Bin,

11—«
which yields
o+ @y K+ oy
B = o+ )iy + I U0, = nlo+ @0l + MO o
" 0y ot ety o 0 o Klatedy) g
wWHﬂ - K(O. * @ﬂyc)wcﬂ 17y¢q a H(l +¢), wTFH p= k(o + wﬂyc)wc S # q,m
rla+ plys o+ 0y
R U0 = o+ i)y + MOy gy,
1/)0 = /4;(0' + Sm?y )¢0 MT/JO
TH,V* c c,u* 1 g

Similarly, from (F.14) and (F.20),

e = (1= a)mg 1 + (@ — @1y + ™),
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which yields

(1- amq (1—a)yl, ,+ o), —a, (1= a)gny = (1 —a)dq, , + oy,
(1— )yl =1 —a)l, . +avy,, (1 —a)py, = (1L—a)py, , +avy,,
(1- my (1= )y, , +ayy,, (1= a)ny = (1— ), 5+ aty s,
(1—a) M*_(l )y HV*+a@qu*

Similarly, from (F.19) and (F.22),

*,0 *,1 A N ~ A A ~%,0
b7'+1|t p- (b7'|t + ﬁlqglt - 1920‘3% + 192?/2\75 - Cg\t) - ﬁlqg\t + 191TT|t

_ * 19 - o P
=g {b'ri + [191 192 = >] qglt -(1- ﬁQﬁyc)CEt} ﬁqult + 7 T\g’

and it implies

1 e a—Uys | . R .
(1 — 191(@,) T-‘y—l‘t B ! {brﬁ + [01 — ﬁgm} 2|t ( - 19279yc)c9—|t} - ﬂlqg\t + 191#77

which yields

(= 0008, = 57 { [ = a5 08, = (= 00yl - 0,
(=it =57 {1 [0 = 025 08— (L= 0,00 | = 108,
(1= Vep)e, =B { 01 — 0y 0‘1 _“(jj; _ Yga— (1 0zﬁyc>w2,a} — g 0
(1—d1¢p)ey, =B { 9, — 9, “1__190‘;; _ o= (1= ﬁzﬁyc)wau} — 0y, + V1,
(=0, =57 { [0 = 0T o, = (= 020,008~ 010,
(1= 1)y, =B~ { V1 = s “1__%’; v, — - 79219;,0)1&2,&} ~ ¥4
(1= 916000, = 57" { URE? ?1__19;;: U = (1= Dty } — 0,

Thus, in the case of j = 0, we have 35 simple linear equations for 35 undetermined coeffi-

cients. By solving these linear equations, we obtain the solution of {CT‘t, Ty T‘t, o g T+1\t}

at date 7 calculated in period ¢. Then one can easily obtain all other endogenous variables

at date 7 calculated in period t.

Next, we solve the undermined coefficients for any (counterfactual) j as a function of the

coefficients for j—1 through (F.1)-(F.11). Similarly, we can eliminate {¢’ it T|t, e ARy T|t}
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in (F.1)-(F.11). Addltlonally, since ¢/ + only enters (F.8), we only need to solve {cj‘t, q

WHT‘t, T+1|t}’ and g yTlt is pinned down by (F.8).

G e
To solve {ci|t,q7|t,7rT|t,7rH’T|t, bT+1|t}’ from (F.1), we have

& =E. ¢! ot

Tt = 1t (¢7r e — T+1|t)

and substituting with the policy functions yields

D@0 A LT Wl aar + e 0L v+ 00
= {005 [0 @+ D 0 a0 e v+ )+ ), 0]
1l W @0 + DT + U g O e ] ] P ] ]
+ ¢Z;1a’7+1 + @ZJC,,] i1+ %ZJg;th + 7/10; U + @ZJC v Vt*}
@mw;¢@+¢ﬂT$*+%¢M+wwm+w@w+¢uw+waﬂm
+ ;ETM— [0 @0+ U BT U e + U0 e + U+ ) B+ )]
+ wi}fbl[ Ij)q Trht + % b Tﬂﬂ - 1/);) a0 T whr T+ Ww”’* + wg,ffﬂt + wg#’*yﬂ

0l a0 e P 0 ),

T|t?

T|t’

where we have substituted (jj|t = % q(jfhﬁwq b;ﬁ“+w;‘,aaT+ng,uuT+wg,ym+w I/t—H/Jq oV

and the similar expression of bT e

By equating the coefficients, we obtain

. . - 1 i1
Lo=vig évqw = O L 0
Oy

- 1 " L
]b:#g +¢ wbb [Wﬂ ,b+¢gr,b Z,b]’

La=lg" g,awzgl {,’,a+pawz; —ﬁ ) +§[wz;i; b0 T ULy ) i,
T B e BT ¢” Rt SR
= vl g,,,wi,;l PR 2,,,+§[w3;;} o U, N,
gz al$+wﬁl&+w$“¥ﬁﬂg+§wﬁw@+wﬁlg+w5%
e = U e T e T O e T )

Similarly, from (F.2), we have

N ~ 71 ~g . 71
qi\t =E-q] Tl T ¢bbi+1|t +Hr — ((bwﬂin - ETTri—l-llt)’
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and substituting with the policy functions yields

3@ T U i 0] D )

= E {0 00+ 0 B ] qar 0] e+ 0 0 ]
P T B tr e+ G U o+ ]
R it B U e U0 T+ )

SR L AT D o QS A TR P R N 2

e = U @0+ VLI gt O e L T O]
+ B {0 g (0,001 + 00 + 0 qar 0 bty + U v+ U o+ )]
U W VBT + U gt e+ U+ )
a0 e O v 0 Bl

By equating the coefficients, we obtain

W ol L el — el I ,,q,
Y, = wg; I M+ dul, — Sl + 0l q,b+wm i

' w' +w L o Pl v, — batd I +¢ b Ui o patl
=y

+yl wb A S o R A wﬂ;, w A
¢¢17(I 1V + ¢q,b b,l/ + ,(/Jqﬂ/ + ¢b1’[}{),l/ - ¢7r ] + ¢]_1 j + ¢ 3 ,(zzjqr v
=w* ‘,ﬁwg,‘bl 1o TV + ol — dad +wﬂ,q1 +¢ +ww,

T e =V W+ . — ¢7r Do I +w b Ul U
Similarly, from (F.5)-(F.6), we have

k(a4 pUys) o

ﬂ-JH,T|t = K/(O— + 9019y0>63'|t + 1 — qut (1 + QD)CL-,- =+ 5]E 7TH T+1|t’
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and substituting with the policy functions yields

Y TP A v A A T o N VI SR e 7 sk

= k(o + 9019110)[7/); qqurht @Z’g bbz-|+t1 + Tpg,aaf + @Z’g,M‘T + ¢Z,u’/t + 7/}2,17’715 + wi,u* Vi

“(aﬁ_‘pij) [4,000 01 + W00+ i ar + U] uttr + U+ 0 0+ ) ]

—k(l+)ar

+ BEAVL W (@201, + ) BN 0] qar + 0 e 4+ 0 v+ 00 5+ 4]
SR L vl S R N T A

+ wﬂ;,aaTﬂ-l + T/JWH,uNT+1 + wﬂ‘H, vt + wirH VVt + wﬂ'H vVt }

+

By equating the coefficients, we obtain

o = (o + o0y, + SOTEN) g )

W= Ko+ i) ib MO ) 1t ol + v )
o = K0+ o0, + O gy 1 ) B+ + putd
T on = (0 + @0y )0l + qu + B+ WHlbw + puti L,

. , k(o + pitys
Wy = 5o+ @0yt + TN g gl )]

1
; ; kla + @y
¢ZrH,f/ = k(o + 90192/0)77/)2,17 + W ot 5[@/’@ q J ot @/’j lb% st werly]
i o+ ‘1019 s
gl'HJ/ - (0+<,019yc) *+(1_y) *+5[¢qu *+¢7er *+1’[}7THI/]

Similarly, from (F.3) and (F.9), we have
. . g i .
ﬂ-'Jr\t =(1- O‘)W?{,ﬂt + a(qiu - q'jrtl\t + ﬂ-'Jr\t)7
and substituting with the policy functions yields

it 1 . . .
(1 —OJ)[ ﬂqu+1‘t+w7jr bbz——ﬁ 1/}] a7'+1/}7jr,pu7'+w7jr l,Vt—i-’l/J] ~I/L‘—’—q/}w V*Vt]

~j+1 j+1 1 *
= (1 - a)[ wH,qqi 1t + ¢7rH bbz'\t + ¢7rH alr + T’ZJ%H,,L“U’T + ¢7]TH vVt ¢7JTH 17Vt + w”H V*Vt]

~j+1 j+1 j i~ ~j+1
+O‘[ qui 1|t +¢qb 1\1& +¢ alr +¢q phtr "H%Vyt +¢é,f/l}t +¢;,V*Vt} aqi 1t
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By equating the coefficients, we obtain

(-l , =1 —a)l, ,+a, —a (1—a)l, =1 —a)l, ,+ap,
(1—a)yl, =1~ awmﬁawqa, 1 —a)pd, =1 —a)d, , +al,,
(1—a)pl, =1 —a)pl, , +apy,, (1 =), =0 -yl ;+apl,,
1=l =1 —a)yl, ,.+ail,.

Finally, from (F.8) and (F.11), we have

. e — Vg ] .
(1 — 191¢b)b7_’j_1|t = ﬂ 1 {bq_’i+1 + |:791 192( a):| qi‘t ( ﬁgﬁyC)C] } ﬁlqﬂt + 191/%—,
and substituting with the policy functions yields

~j+1 J+1 j |~ j *
(1- 191@517)[@[’1]; qq—Jr+1\t + 71’1; b T|35+ + @Z’b a1+ % phr + wi,u’/t + %,z}’/t + %,V* Vi)

=p" 1bj.|Jt+1 + J1pr

(B = 1) — /3—1192(()‘ -

—/871(1 —19279?;6)[ cqqA3—+:i|t+w(];bb7j——|‘;1 +¢ aT+¢CpMT+¢ Vt‘H/’] Vt—i_l/}cu*yt]

jt1 1 j ]
] 1425+ VLR e e+ Gt U+ Vo]

By equating the coefficients, we obtain

(1= 1)y, = [(6‘1 — 1)) — B ﬁyﬂ 74— BT = 029,00,

(1-a)

(1= thp)f, =1+ (B —1)+ [(51 — 1)y — B9, — 0y )] ;‘,b — B7HL = Da0ye)dl,

(1-
— B = D290,

a — Vys
1—a)

(1= 1)y, = [(B7 = 1)1 — B0,

(1= o], = (57 = 1) — 570, “1_195; b= BN Doy
(=0, = (67 = 001 = 50 g, - 5 - a0,
(=i, = (67 = 00— 5, - 5 - a0l
(=010 = (57 = 101 = 5028 = 571 = 020,000

Thus, given the undetermined coefficients for j — 1, we have 35 simple linear equations
for the 35 undetermined coefficients for j, which yields a unique solution. Since we have

derived the undetermined coefficients for the case of j = 0, we can solve the expressions for

{ J ,]-‘rl

Tt qT| b T‘ 2 TH [t T| + } by forward induction. All the other endogenous variables can be
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easily derived with the solutions of these four endogenous variables.

Thus far, we have derived the solution of the entire forward planning calculated in period
t. Then, one can easily solve the equilibrium path solution (3.1) with the evolution of the
state variables (F.23)-(F.24).

Policy Function Coefficients. With the calibrated parameters in Table 1, Figures G.6
and G.7 report the policy coefficients of the five variables x € {q,b,¢, 7,7y} for different
planning horizons j € [0, 50] quarters. As j increases, all coefficients converge to the unique
RE equilibrium values, with household value functions {47 ,, iv,,, iy} becoming zero. As
planning horizon j decreases, policy coefficients deviate from RE values, exhibiting non-
monotonic, bumpy movements. Some coefficients, such as wgﬁy, may even change signs with
shorter horizons.

These policy coefficients entail several behavioral implications. Shorter planning horizons
give rise to deviations from the RE equilibrium, attributed by limited foresight. Moreover,
these biases do not consistently follow the same direction, as indicated by the non-monotonic
policy coefficients. As a consequence, when decision-makers operate within a relatively
short planning horizon, the resulting equilibrium can diverge in various ways from the RE
equilibrium. Conversely, even with an extended planning horizon, expectations regarding
distant future variables—assessed using policy coefficients for a truncated remaining planning

horizon—may substantially deviate from RE.
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Figure G.6: Policy Coefficients of the Five Variables with Planning Horizon j € [0, 50]

(a) Real Exchange Rate
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Figure G.7: Policy Coefficients of the Five Variables with Planning Horizon j € [0, 50]
(continued)

(d) CPI Inflation
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H Proof of Proposition 1

We prove Proposition 1 by contradiction. Assume the LIE holds. It must imply that

o od J
By 2|t

2t IA[TTQIEIP:QFI-II (Hl)

for any j > 0.
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For any endogenous variable in the FH model, it can be written in the form

wl, = NZ5+ MU, + NV,

T|t

where vector Zi denotes the vector of endogenous state variables at date 7 in addition to

+1
I

those of value functions, UJ denotes the vector of exogenous state variables at date 7, and V;
denotes the vector of value functions. A;, M;, and N; are the matrices of coefficients. From
expression (3.3), Zirtrl = [Aiﬂ‘t l;:‘]tﬂ

Thus, the left-hand side of equation (H.1) is

I, Ur = la, pu.), and V; = [y oy vf]'.

IAEt.Z'Z+2|t = A]IAEtZtJI;‘t + MjEtUt+2\t + N]%, (HQ)

and its right-hand side is
BB 127, = B | ABr1 2053, + MyEUr e + NjVia (H.3)
Because the LIE holds, we have
EZ = BB Zl, By = BB U,
By equating (H.2) and (H.3), it yields
NV, = N;E, V4 (H.4)

for any j.

Meanwhile, the constant-gain learning rule implies
EVi =TV + (I D)V,
where I' = diag(7y, Vv, 75) and I is an identity matrix. Plugging it into (H.4), we have
NIV = V) =0, (1.5)
Since (H.5) has to hold for any j and N; is not a zero matrix, it is equivalent to
D(V, = Vet = 0. (1.6)

Condition (H.6) means that either I' = 0 or V; = V/#** for all ¢, that is, either the learning

gain parameters are all zero, or the value functions are the fixed point of the constant-
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gain learning rule, which are the steady state value functions. Thus, once 7,,7; # 0 and
the economy is not always at its steady state, condition (/.6) does not hold, and the LIE

breaks.

I Data and Variable Construction for Calibration

The data used in the calibration of Section 4.2 are constructed as follows, all at a quarterly

frequency:

e Canadian per capita real output growth and consumption growth. We obtain the Cana-
dian data of real GDP [V6E06896], household real final consumption expenditure
[V6A89012], and population [V1] from Statistics Canada (StatsCan). The code in
brackets represents StatsCan mnemonic. We divide the two data series by population
to calculate the per capita real output and consumption and take the log difference

over time to get the corresponding growth rates.

e U.S. and Canada price levels. We obtain the headline consumer price index (CPI) of
the U.S. and Canada from Federal Reserve Economic Data [FRED: CPIAUCSL and
CPALCY01CAQG661N]. The U.S. CPI data is seasonally adjusted, whereas the latter is
not. Thus, we follow the U.S. Census Bureau model X-13ARIMA-SEATS to seasonally
adjust the Canadian CPI data series. We further normalize the data series such that
the average price level for both the U.S. and Canada in 2015 is 100.

e U.S.-Canada real exchange rate. We obtain the average of the daily nominal exchange
rate between U.S. and Canadian dollars from Federal Reserve Economic Data [FRED:
CCUSMAO02CAMG618N]. The data is in units of Canadian dollars. We calculate the
real exchange rate by multiplying the nominal exchange rate with the U.S. price level

and dividing it by the Canadian price level.

J Empirical Analyses with Actual Data

J.1 Excess Return Predictability Regression

The data is directly from the replication file of Valchev (2020). It contains forward and spot
exchange rates of multiple countries (each paired with the U.S.) and inflation rates. The
original data sources for forward and spot rates are Reuters/WMR and Barclays, and the
original data source for inflation rates is the OECD. We select the exchange rate data for
Canada (paired with the U.S.), as well as the inflation rate data for both Canada and the
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U.S. The frequency of the exchange rates is daily, whereas the frequency of inflation rates is
monthly. To align the frequencies, we use the end date of each month for the exchange rates
data, same as in Engel (2016). The converted data starts from 1976Q1 and up until 2007Q4.
We construct the real depreciation rate, q;11 — ¢, which equals the nominal depreciation rate
plus the U.S. inflation rate and minus the Canadian inflation rate.

To construct the real interest rate differential r, — r}, we take the following steps. First,
we construct the Canada-U.S. nominal interest rate differential by computing the forward-
to-spot ratio, employing the result from the covered interest rate parity (CIP), following the
standard practice in the literature. Second, we subtract the respective inflation rates from
the nominal interest rates of each country. We consider three approaches of constructing the

real interest rate (symmetric specifications are applied for the U.S. real interest rate):

(1) Real interest rate based on current inflation: r, = i, — m.

(2) Real interest rate based on forecasted inflation: r, = i, — Eymyyq, where Eymyyq is the

inflation forecast based on AR(1) regression.
(3) Real interest rate based on ex post inflation: ry = i, — m4.

We run the regression model (5.9) with the constructed data of the real depreciation rate
and the real interest rate differential. The regression coefficients are then quarterly averaged
to match the frequency of the model. Figure J.8 shows the estimates Bk under the three
approaches of constructing the real interest rate. It also includes the estimated Bk from
the FH model for comparison. Overall, the dynamic patterns of Bk across the time horizon
k are both qualitatively and quantitatively robust across the three lines. All share close
similarity to the estimates from the FH model. We have placed the estimates from the data

construction method (2) into Figure 3 for illustration purposes.”*

J.2 Forward Guidance Exchange Rate Puzzle

Below we first list the data sources and variable construction used in regression (5.10). Most
of the variables are from monthly market prices or indices, following the data sources in Gali

(2020). Unless otherwise noted, data represent the last price of each month.

o U.S. inflation expectation. We obtain the measure of U.S. inflation expectations

through inflation swap rates. The inflation swap rates are collected from Bloomberg

241n either data construction method (1) or (2), the unpredictability feature of excess return under RE
based on time-t information set is always rejected. We choose specification (2) as the benchmark since this
method is closer to the conventional meaning of an ex-ante real interest rate and is also commonly used in
the literature (see, e.g., Valchev, 2020).
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Figure J.8: Excess Return Regression with Alternative Formulations of Real Interest Rates
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Notes: This figure shows the estimates of excess return coefficients, Bk, across time horizon k. The dashed
line represents the point estimates by constructing the real interest rate via r; = ¢y — m;. The dash-dotted

line represents the point estimates by constructing the real interest rate via ry =i, — IE?r:l, where ml
is the inflation forecast based on AR(1) regression. The solid line with cycles represents the point estimates
by constructing the real interest rate via ry = iy — m41. Similar construction applies to the foreign real
interest rate accordingly. The solid blue line represents the point estimates using FH model simulated data
from Figure 3. The x-axis represents horizon & (in quarters).

under the mnemonics “USSWIT[M] Curncy,” where [M] is the maturity for inflation
swap rates (in years). We obtain the data series for M = 1, 2, 5, 10, and 30.

o U.S. expected nominal interest rate. We obtain the U.S. expected nominal interest
rates through the zero-coupon yields of the U.S. Treasuries from Bloomberg under the
mnemonics “I025[M]Y Index,” where [M] is the maturity in years. We obtain the data
series for M =1, 2, 5, 10, and 30.

e Canadian inflation expectation. Since the inflation swap is not available for Canada,
we obtain the survey-based Canadian inflation expectations for maturities M = 1, 2,
5, and 10 years from the Consensus Forecast. The data is available at a quarterly
frequency since 2014Q3 but is only available semi-annually before that. To construct
monthly data for the regressions in Gali (2020), we first interpolate the missing values
with the average of two adjacent observations and assume that the inflation expectation
is the same within the same quarter. We also assume inflation expectations at maturity
M = 30 years is the same as those at M = 10 years. We then translate the data into
the average inflation expectations over fixed horizons following the approach in Dovern,

Fritsche and Slacalek (2012).
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Table 3: Forward Guidance Exchange Rate Puzzle, U.S.-Canada

(1) (2) (3) (4) (5)
M=4 M=8 M=20 M=40 M =120

Baseline

vs 4.14**  3.46™** 247 2.03** 0.27**
(1.51) (1.16) (0.48) (0.26) (0.12)

YL 0.18 0.12 -0.08 -0.37**

(0.11)  (0.12)  (0.13)  (0.14)

Time trend

Vs 3717 3147 2017 150 -0.09
(0.82) (0.72)  (0.27)  (0.15)  (0.14)
YL 0.17  -0.25%  -0.40%**  -0.61***

(0.14)  (0.12)  (0.09)  (0.09)

First differences

s 1.93%%  1.56™*  0.99%*  0.73***  0.14**
(0.20)  (0.19)  (0.15)  (0.12)  (0.04)
L 0.09%*  0.07*  0.05 -0.03

(0.03)  (0.04)  (0.04)  (0.04)

Notes: This table reports the estimated g and vy, in the three specifications in Gali (2020) for the
case of U.S.-Canada: the original form of specification (5.10), the version with a time trend, and
the version after taking first-order differences. Standard errors are reported in brackets, using the
Newey-West adjustment with 12 lags. The sample period starts from July 2004 to December 2023.
*p < 0.01,"* p < 0.05," p < 0.1.

e Canadian expected nominal interest rate. We obtain the expected nominal interest rates
through the zero-coupon yields of the Canadian government bonds from Bloomberg
under the mnemonics “I007[M]Y Index,” where [M] is the maturity in years. We obtain
the data series for M =1, 2, 5, 10, and 30.

o U.S5.-Canada real exchange rate. We obtain the nominal exchange rate between U.S.
and Canadian dollars from Bloomberg under mnemonics [CADUSD Curncy], the Cana-
dian CPI price level under mnemonics [CACPI Index], and the U.S. CPI price level
under mnemonics [CPURNSA Index]. Since the nominal exchange rate data is in units
of US dollars, we calculate the real exchange rate in Canadian dollars by multiplying
the inverse of the nominal exchange rate with the U.S. price level and dividing it by

the Canadian price level.
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Following Gali (2020), we construct the expected real interest differentials by calculating

T

DE(M) = Et [i;_k - ﬁ;,_k - (fthrk - ’frtJrk)]?
0

B
Il

where M = 4, 8, 20, 40, and 120 quarters. Then the expected long-term interest rate
differentials are
DF(M) = D}(120) - Df (M)

for M =4, 8, 20, and 40.

Table 3 reports the estimated g and 77 in the three specifications in Gali (2020) for
the case of U.S.-Canada: the original form of specification (5.10), the version with a time
trend, and the version after taking first-order differences. Because the U.S. inflation swap
data has only been available since July 2004, the sample period in the regressions starts
from July 2004 to December 2023. Table 3 suggests similar findings as in Gali (2020), in
which the estimated ~g is significantly larger than one in most cases and the estimated vy, is
significantly smaller than one. Same as in Figure 4 using model-generated data, the empirical

estimated vg and v, become smaller as the threshold M increases.

K Construction of Short-Term and Long-Term

Interest Rate Differentials

We construct the corresponding model-generated series via the following steps. First, to

construct the simulated expected real interest rate differential under limited foresight, for
ih—k

bt+k+1|t
M. For each k, the solution to the forward planning exercise (3.3)

each time ¢ and for any horizon k, we need to pin down {cjfgkk‘:t, M, to back up

~h—k ~h—k akh—k
{Wt+lc|t’ biakler Mokt

yields
sh—k __  h—km sh—k+1 h—km 7h—k+1 h—k k h—k k h—k h—k_ *
tht+k|t - lbq,q ]tht—i-k—lhf + djq,b Etbt_t,_k‘t + 77Z)q,a, Palt + ¢q,,u p;uu’t + 77Dq,1/ vy + ¢q,1/* Vi,

7h+1
bt|t

rate and the net foreign asset position at time t). Then, the expected inflation under limited

where Etdfflll . = ¢r—1 and [E; = l;t (that is, the equilibrium pre-determined real exchange

foresight satisfies

h — h—k __ ) h—k ~h—k+1 h—km 7h—k+1 h—k k h—k k h—k h—k_ x
Et Ttk = Etﬂt+k|t - @Dﬂ,q tht+k71|t+wmb Etbt+k|t +w7r,a pa@t‘|‘¢7r,u p;uut_'_ ™,V Vt+¢7r,u*yt .
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h+t T ¢ Ah—l-t T
s

Since 7} , we have the expected nominal interest rate given by

E! Zt+k = Et’z ¢wEt7T

t+k|t t+k|t’

and then we construct the expected real interest rate under limited foresight as

]E?ft+k Etl ]Etﬂ'hikil (Kl)

t+k|t tHk+1t

for any 0 < k < h, and for the case of k = h, we construct E? (Ten = Etlt+h\t
Second, for the expected foreign real interest rate under limited foresight, since (2.33)
yields 7"* T ¢bl;ﬁﬁ? + p for any t < 7 <t + h, we construct
h sh—k Th—k k
Et t+k — Et t+k|t ¢bEtbt+k+1|t + p#l’tt- (K2)

Therefore, for a given threshold horizon for the short-term and the long-term M and the
given planning horizon h, we can construct the cumulative forecasts of real interest rate

differentials under limited foresight as

M-1 h
Ey[Ffy —Perls  DE(M) =) By — femal, (K.3)
k=0 k=M

where 0 < M < h.

Using model-simulated data, whereas Figure 4 shows the conditional estimates of 45 and
41 in specification (5.10), Figure K.9 shows the conditional ones, each conditioned on a
distinct shock.

L Robustness Checks

Planning Horizon h. First, we consider planning horizon h € {2,4,40} in the benchmark
model with homogeneous agents. Subject to the two exogenous shocks, Figure L..10 illustrates
the regression coefficients for both excess return predictability and the real exchange rate’s
response to short- and long-term real interest rate differentials with each planning horizon
h. In summary, the attributes of the primary findings in Section 5 become stronger when
planning horizons shorten and weaker as they lengthen, in comparison to the benchmark

planning horizon h = 8.

Firm’s Learning Gain ;. Next, we consider firm’s learning behavior on its value function

with various learning gain ~y; € {0.1,0.5,0.99}. Figure L.11 illustrates the related regression

67



Figure K.9: Reaction of Real Exchange Rate to Expected Interest Rate Differentials
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Notes: This figure shows the conditional estimates of 4g and 4, in specification (5.10), representing the
reaction of the real exchange rate to the forecasts of short- and long-term real interest rate differentials in
the benchmark FH model. The left panel uses the series from the domestic productivity shock only and
the right panel uses the series from the foreign interest rate shock only. The estimates are obtained using
samples from 100 simulations with each spanning 150 quarters (15,000 observations in total).

coefficients based on each learning gain ~;. The outcomes for excess return predictability
are not significantly impacted by variations in ;. Moreover, the results of the breakdown
of the forecast horizon invariance are found to be unaffected by ~;. This is consistent with
intuition in the sense that the asset-pricing condition for the exchange rate and interest
rate differentials comes from the F.O.C.s of households rather than those of firms. Thus,
households’ learning parameter plays a key role in explaining the UIP puzzles, whereas firms’

learning parameter does not.

Heterogeneous Planning Horizons across Agents. Lastly, we extend the model to
heterogeneous planning horizons across agents and examine its consequences for the aggre-
gate variables. We assume that fraction wy, € (0,1) of households and fraction @y, € (0, 1)
of firms have planning horizon h. Following Woodford (2019), we further assume that those
agents with horizon h make their decisions by assuming that all other agents have the same
planning horizon of h. After the planning exercises in each period, the estimated value

functions across households are aggregated by
vt = 3w | o tal = (- B (L.1)

h
vest = th [Vt — o (g + Wf)] , (L.2)
h
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and the estimated value functions across firms are aggregated by
pest th (1—0)"'nk,. (L.3)

We consider a special case in which fractions w;, and w;, follow the same geometric dis-

tributions:
— 5 — o
wp =0, =p"(1-p)

for any h > 0, where p € (0,1). Then, the aggregate variables become the weighted average

among the population. The current endogenous variables are aggregated as follows:

A ~h N ~h A ~h ~%,h _ h
C = WhCy Y = WrYy i = Whiy Tt = WhT™ THt = WpTy
h h h h

h

E : h ~ § ~h A E : ~h A E : ~h 7% E : 7h
= Wy, q = WhAq; St = WhSy Er = WhE bt+1 = tht+1.
h h h h h
(L.4)

The k-period ahead expectations for CPI inflation are aggregated as follows:

agg — E E
Et Tt = UJ}ZE Ttk = whEtﬂ't+k‘t

= Et [P (1- 10)7Tt+k|t + pk+ (1- p)wtl—l—lﬂt + pk+2(1 - P)Wt2+k\t +-- ]
= PkEt [7Tt+k|t] .

Similarly, we obtain
By Go ke = p"Ey [Qt+k|t} ) Btk = p'Ey [5t+k\t} ; Ey¥riy, = P'E, [r:—f—kﬁ} :

Thus, we have

t [Cjt+k|t] = p "B G,

t [f;ﬁ+k|t] =p "E ggrt+k7

K, [7Tt+k|t] = p " E{ T, E
K, [Zt+k|t] =p *E 90 ks E
and the k-step ahead domestic real interest rate becomes

Et[f’t+k|t] = [, [it+k|t] —E, [ﬂ't—&-k-i-l\t} . (L-5)

We can then construct DY (M) = kaol Ee[?} e — Penpe] and DE(M) = >0, Bl e —
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Tetkie)-

For the numerical exercise, we set p = 8/9 so that the average planning horizon in the
economy is p/(1 — p) = 8 quarters, the same as the planning horizon of the homogeneous
agents in Section 4.% Figure L.12 illustrates the related regression coefficients; it shows
that the coefficients for excess return predictability across various time horizons display a
pattern similar to our benchmark results, as shown in Section 5. Additionally, there is a
breakdown of the forecast horizon invariance, as shown in the middle and right panels. One
observation is that the long-term reaction coefficient of the real exchange rate, g, exhibits
quantitatively small variations across different thresholds M. This is because the long-term
expected real interest rate differential DL(M) also shows relatively small variations across
these thresholds, due to the aggregation effect of the value functions across heterogeneous

planning horizons.

Figure L.10: Robustness Check with Alternative Planning Horizons h € {2,4,40}

(a) Excess Return Predictability across Time Horizons
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(b) Reaction Coefficients of Real Exchange Rate to Expected Real Interest Rate Differentials

h=2 h=4 h =40
8%
10
6
3
5 4 L
2
0 O(
@ —— g
——L 2
5 \ 4
1 2 1 2 3 4 10 20 30 40
Threshold (M) Threshold (M) Threshold (M)

25For numerical aggregation, we consider planning horizons ranging from 0 to 100. Also, we nullify the
firms’ learning in their value function.
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Figure L.11: Robustness Check with Different Firm’s Learning Gains 7; € {0.1,0.5,0.99}

(a) Excess Return Predictability across Time Horizons
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(b) Reaction Coefficients of Real Exchange Rate to Expected Real Interest Rate Differentials
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Figure L.12: The Case of Heterogeneous Planning Horizon across Agents
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Notes: The average planning horizon of the population is set to be eight quarters (p = 8/9). The left panel
shows the regression coefficients for the excess return predictability. The middle and right panels show the
regression coefficients for the response of the real exchange rate to expected real interest rate differentials
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