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Abstract

Since the channel for agents’ expectations matters for the effectiveness of monetary policies, it is
crucial for policy-makers to assess the degree to which economic agents are boundedly rational
and understand how the bounded rationality affects the monetary rules in stabilising the econ-
omy. We investigate the empirical evidence for the bounded rationality in a small open economy
model of the UK, and compare the results with those for the conventional rational expectations
model. Overall, comparing the estimated models favours the bounded rationality framework.
The results show that bounded rationality model helps to explain the hump-shaped dynamics
of real exchange rate following monetary shocks, while the rational expectations model cannot.
Also, we find that the exchange rate channel in the bounded rationality enlarges the effects of
foreign mark-up shock, policymakers should send stronger signals over its target to the eco-
nomics agents to combat the inflation. So the bounded rationality that can be found in the data
still leaves scope for the forward guidance channel to work strongly enough to be exploited by

policymakers.
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1. Introduction

Managing expectations is a significant part of monetary policy. When central bank’s policy
interest rates have reached or been close to their lower bound, forward guidance as a monetary
policy tool has been used by central banks such as the Bank of England, the European Central
Bank, and the US Federal Reserve. Forward guidance is the practice of communicating the likely
future plans for monetary policy instruments, for example, policy interest rates and price levels'.
Monetary policies that rely on managing expectations are supposed to work very powerfully
in standard New Keynesian models with rational agents, under the maintained assumption of
credible commitment.

However, the last decade has seen an explosive increase in work criticised that the monetary
policy analysis based on rational expectations cannot be considered realistic’. Bounded ratio-
nality has been increasingly suggested as a replacement for rational expectations in building
macroeconomic models. Angeletos and Lian (2018) have explored how information frictions in
the amount of knowledge agents have about the fundamentals and about one another’s beliefs
and actions cause the economy to respond to news about the future as if the agents were myopic.
Farhi and Werning (2019) and Garcia-Schmidt and Woodford (2019) argue that beliefs deviating
from rational expectations behave like level-k thinking where agents are rational with respect to
partial equilibrium effects, but do not quite understand general equilibrium effects. Thus, the
expected future outcome is dampened. Gabaix (2020) achieves bounded rationality by assuming
that the perceived law of motion of all the relevant economic variables exhibits less amplitude
and less persistence than the true one.

Our aim in this paper is to investigate empirically, using a powerful estimation and testing

strategy, how far a model of the UK open economy conforms to the fully rational and boundedly

!“Forward guidance is not new. Starting in the 1990s, central banks relied on qualitative descriptions of the
main thrust of their interest rate policies to inform the public, which sometimes required deciphering ‘code words’ in
official policy statements.” Filardo and Hofmann (2014, p.38)

Rational agents are assumed to know exactly the structural model, its parameters, and the stochastic shock
distribution, when they form expectations about future outcomes.



rational expectations assumptions. From our estimates we evaluate the likely outcomes of differ-
ent monetary policy strategies and understand how the bounded rationality affects the monetary
rules relying on forward-looking agents in stabilising the economy.

This paper is also connected with three more groups of literature. First, there is a grow-
ing number of studies developing ‘behavioural’ macroeconomic models, which provide a re-
sponse to the supposed shortcomings of mainstream macroeconomic models in the financial cri-
sis. Driscoll and Holden (2014) summarise and discuss the alternative assumptions which depart
from rational expectations, such as cognitive biases, rule-of-thumb consumption, hyperbolic dis-
counting of savings and consumption. Most of the existing literature discusses the behavioural
mechanism in the canonical three-equation New Keynesian model (Jump and Levine, 2019). In
this paper we extend it to a small open economy setting with various real and nominal rigidi-
ties in order to analyse the role of the exchange rate channel under the assumption of bounded
rationality.

Second, there is a strand of literature on the relation between expected interest rate differen-
tials and the exchange rate in the open economy. According to uncovered interest parity (UIP),
the exchange rate is equal to the undiscounted sum of all future expected interest rate differen-
tials. This implies that the impact of an announcement of a future adjustment in interest rates
on the current exchange rate is invariant to the timing of the adjustment and is larger the longer
the horizon of implementation. However, Gali (2020) finds that expectations of interest differ-
entials in the near future have larger impacts on the current exchange rate than expectations of
interest rate differentials in the more distant future based on a partial equilibrium model. In
the theoretical literature, Bacchetta and Van Wincoop (2019) provide a delayed portfolio adjust-
ment model to explain Gali (2020)’s empirical finding. In their model, investors are assumed to
face a quadratic adjustment cost of changing the international allocation of their portfolio and
therefore the initial response of exchange rate to changes in expected interest rate differentials is
muted. Instead, this paper attempts to examine whether the exchange rate reacts in a discounted

manner to future expected interest rate differentials by testing the dynamic stochastic general



equilibrium (DSGE) model’s implied behaviour of exchange rate channel against the UK data.

Third, there is a long-lasting debate between inflation targeting and price level targeting.
Under the rational expectations assumption, a survey by Hatcher and Minford (2016) suggests
that price-level targeting outperforms inflation targeting, and forward guidance policy that aims
to affect agents’ expectation of future interest rate has a strong impact today and can provide
near term stimulus at the zero lower bound. In the context of bounded rationality, Gabaix (2020)
found that adopting price level targeting could be costly and suboptimal. And Benchimol and
Bounader (2020) concluded that no definitive answer about which targeting policy to adopt can
be drawn in a behavioural setting. We claim that the bounded rationality that can be found in the
data still leaves scope for the forward guidance channel to work strongly enough to be exploited
by policymakers.

The organisation of the paper is as follows. Section 2 discusses the model and generates
some kinds of cognitive discounting in the Euler equation, the firms’ price setting policy and
exchange rate equation, which differ from the model with rational expectations. We evaluate
both the boundedly rational model and the rational expectations model by Indirect Inference
method. Moreover, the bounded rationality model is estimated and tested using UK data in
Section 3. Policy implications are discussed in Section 4. Section 5 provides some concluding

remarks. All technical derivations are delayed to Appendices.

2. The Model

The model we use is a small open economy DSGE model with Gabaix (2020)’s bounded ra-
tionality agents. The model is close in sprit to a number of open-economy models developed
by Gali and Monacelli (2005), Kollmann ((2001, (2002) and Adolfson et al. (2015), which are
built from microeconomic foundations and incorporate numerous nominal and real frictions.
There are several key features in the model: the bounded rationality agents, imperfect integra-

tion in the international financial market, nominal rigidity - firms’ price setting and real rigidity



- adjustment cost in investment and capital utilisation.

Consider an open economy produced a continuum of tradable intermediate goods indexed
by j € [0, 1] and a single non-tradable final good. It is assumed that intermediate goods markets
are monopolistic competitions. Each intermediate good is either produced or imported by a
single firm. A continuum of imported intermediate goods is indexed by j € [0, 1]. Domestic
labour and capital are used as inputs for producing the domestic intermediate goods, which are
divided between home market use and exports. There is no price discrimination between these
two markets. It is supposed that the representative household owns all shares of domestic firms
and the capital stock, and also supplies labour. The markets for rental capital and for labour are
competitive.

The assumption for the final-goods sector is perfect competition. The domestic produced
and imported intermediate goods are used to produce the final good which is consumed and
used for investment.

The economy is small with respect to the rest of the world. In practice, home agents take the

world nominal interest rate and price level as given.

2.1. Bounded Rationality Setup

Following Gabaix (2020), we assume that representative agents exhibit a form of myopia to-
wards distant future events, as they do not fully understood the economy, especially events or
economic policies that are far into the future. The bounded rational agent’s perception of the

state variables’ flow motion evolves as

X = n_if(thHl) (D

where X, is a state vector; (m € [0, 1]) represents the general myopia of the agent with regard to
the economy’s state; €. is a mean-0 innovations.

Agents’ subjective conditional expectation about future economic variables equals the ratio-



nal (model-consistent) conditional expectation multiplied by a geometric factor that is smaller
than unity and decreasing in the forecast horizon. The relationship between boundedly rational

agents and fully rational agents is shown as follow,
EP (X = m'EiXowi (2)

where the EtBR [X:+:] is the subjective expectation under bounded rationality, and E,X;,; is the
rational expectation. The boundedly rational agent sees the events in the future with a dampened
cognitive discount factor /7' at future horizon i. 7' is ith power of global cognitive discounting
parameter /n, and it discounts future disturbances more as they are more distant in the future.
When m = 1, we recover the rational agent’s law of motion.

The basic ingredients of the model are described in the following.

2.2. Household

We consider an infinitely lived representative household who is boundedly rational and max-

imises its lifetime utility

1-y 1+¢
13 Nl‘

> cC. 7 -1
EBRN Blwe ——— - (1 - w)ed ——], 3)
0 ; -y l+¢

where C; and N, denote the household’s aggregate consumption and the labour supply, respec-
tively. }y is the intertemporal elasticity of substitution in consumption. w, is a preference weight
of the consumption in the household’s utility function. ¢ is the elasticity of marginal dis-utility
with respect to labour supply. € and etN are exogenous preference shocks to the consumption
and the labour supply, respectively.

Suppose the representative household owns all shares of domestic firms and accumulates

physical capital. The law of motion of the physical capital stock is

Ji
K1 = K(1-06) + €[l - @(ﬁ)]lt, “)
t_

6



where K; denotes capital stock and I, represents the gross investment. The adjustment cost
function @(.) is a positive function of changes in investment’. & is the depreciation rate of
capital. €' denotes a shock to the investment cost function.

The households finance its expenditures through labour incomes, capital incomes, financial
wealth and dividends. More specifically, the households hold their financial wealth in the form
of domestic bonds and foreign bonds, obtain factor payments by supplying labour and renting
capital services to domestic-intermediate firms, receive dividend payments from the monopo-
listically competitive intermediate-goods producers and importers, fol Dfl( Hdj+ fol D{ (Hdj*.
The household uses some of its funds to pay lump-sum tax, and purchases consumption and
investment, at a nominal price P;.

The household faces the budget constraint in each period which (in nominal terms) is given

by

P(Cy + 1) + PYPu)K, + Bat +S,B/ + T, = WiN, + Bi(1 +ir-1) + S,B/ (1 +i/_ )T/ €l ))
+ REuK, + fl Dijdj+ fl D! (j)dj

0 0 ©)
where §; denotes the nominal exchange rate; B;,; and B‘tf 1 denote net stocks of home and
foreign currency bonds that mature in period t; i, and i{;l represent the nominal interest rates
on the domestic and foreign bonds, respectively; W, is the nominal wage rate; Rf is the nominal
rental rate for service capital; T, is a lump-sum tax.

Y(u;)K; is the cost associated with variations in the degree of capital utilisation®. (1 +

31t is assumed that ®(.) equals zero in steady state with a constant investment level, and the first derivative also
equals zero around equilibrium. It implies that adjustment costs will only depend on the second-order derivatives,
®”(.) = «. In addition, the steady state of the model does not depend on the adjustment cost parameter, «, but the
dynamics of the model are influenced by «.

4K denotes the amount of effective capital that the household can rent to the firms and equals to

K’ = uK, 5)

where u, is the utilisation rate of capital households choose.
SWe impose two restrictions on the unit cost of capital utilisation function, W(i,). First, we require that , = 1 in
steady state. Second, we assume ¥(1) = 0. Under the assumptions, the steady state of the model is independent of



i{_l)F(b{_l, elr_l) is a risk-adjusted pre-tax gross interest rate. Following Gabaix and Maggiori
(2015) and Dong et al. (2019), the term ' (b[f, etr ) is a premium on foreign bond holdings, which
depends on the real net foreign asset to GDP ratio of the domestic economy®. The introduction

of this risk-premium is needed in order to ensure a well-defined steady state in the model. € is

a time varying shock to the risk premium.

The household chooses a strategy {Cy, N, Bi+1, B’

t+1°

[ee]
Kiit, Iy, ug},_ ) to maximise its expected

1=
lifetime utility (3), subject to constraints (4) and (6) and to initial values By, Bg , Ko.

We obtain a log-linearised discounted aggregate Euler equation
A A 1, 1.,
C[ = mE[CH_l - =1+ —€ (7)
Y Y

where r; = i, — E,m;41 is the real interest rate, , is inflation and the " denotes deviations from
steady state. Under bounded rationality with /m < 1, the future consumption appears to have less
effect on current assumption.

The dynamics of the real exchange rate come from a no arbitrage condition in an imperfect

international financial market is given by

1+ _ EtBRSt+1 )
(1 +iHrw!, ) Si
Linearising,
ét = rhEtét+l _fl +ftf—rb{+€{ (9)

where r,/ is real foreign interest rate. e, denotes the real exchange rate, which measures the
relative price levels across countries (e; = S, P;/P;). P; is the world general price level.

Equation (9) implies that the real exchange rate is related to the discounted sum of all future

@ =" (1)/¥ ().
The function l"(bf ,€') is assumed to be strictly decreasing in b{ and to satisfy I'(0,0) = 1. Consequently, this
function captures imperfect integration in the international financial markets.



expected interest rate differentials 7.
The technical deviations of consumer’s first order optimality conditions are relegated to Ap-

pendix.

2.3. The Firms

The firms are categorised into three types in this open economy: domestic intermediate goods

producers, the foreign intermediate goods importers and the domestic final goods producers.

2.3.1. Final-goods sector / Aggregation sector

The final-goods sector is assumed to be perfect competitive market. Differentiated domestic and
imported intermediate goods are inputs for a single non-tradable final good that is aggregated by

CES production technology

Pl R |
im

1 - 1 Y
Zi=[(l—wp)y! " +wpym™r ], (10)

v=1

where 0 < wy < 1 denotes a positive share of imported goods in the production of the final good,
and v > 0 is the elasticity of substitution between domestic and imported goods. Z; is final good

output at date ¢ and it is used for home consumption and investment, so that

Zt :CZ‘+II’ (11)

7 Assume for simplicity that limr_. E;(er) is well defined and bounded, and purchasing power parity holds in the
long-run. In that case, (9) can be solved forward and rewritten

1+

6= ) E, ~ Py = Tb], ) +
J=0



yji and y™ are quantity indices of domestic and imported intermediate goods, respectively:

ra

—(f (1) T4y

Ve

and

L”"—l vim_y
Vi

:( lm(J) ”” d]) ,
0

where v,d, viM > 1 are the time varying elasticity of substitution between domestic intermediate
goods, and the elasticity of substitution between imported intermediate goods; both of them are
related to the markup according to €’ = v¢/(v¢ — 1) and €” f = vimj(vim — 1); y4(j) and yi™(j) are
quantities of the domestic and imported type j intermediate goods.

Given the price level of the final good, P;, the price index for domestic intermediate goods
that are sold in the domestic market, Pf , and the price of imported goods, P, the competitive
firm chooses yf and y™ to maximise its profit. The maximisation problem is

Max Pz, — Pdy? — pimyim

im

i (12)

v-1 S =t

subjectto  Z; = [(1 - wf) y, Yo+ a)f%yﬁmT]v_

Profit maximisation implies the following demand functions for domestic and imported-composite
goods:

pd v ) im ~V

W=-w)(5) Zay" = wi(5) Z (13)

P; P;
The demands for home produced goods and imported goods are negatively correlated with real
prices of domestic goods and imported goods, respectively. Parameter v denotes the price elas-
ticity of these demand functions.

The zero-profit condition implies that the price level of the final good (CPI), is linked to the

10



producer price index (PPI) and importer-price index (IPI) through:

1
Vil-v

P =[(1-w)P!' ™ +wpm' ™ (14)

2.3.2. Intermediate-goods sector

Domestic-intermediate goods The technology of domestic intermediate goods firms that
produce good j is

Yi(j) = AK; () N()' 7, (15)

where A; is an exogenous productivity factor that is assumed to be identical across all firms.
Y,(j) denotes the output of good j; K;(j) and N,(j) are the amounts of capital and labour input
used by firm j. 1 — « is the output elasticity of labour.
The domestic-intermediate good is sold in the domestic market yﬁl( J), G«(j), and exported,
yirQ):
Yi(j) = Y () + Gi() + ¥ () (16)

Let RX and W, be the rental rate of capital and the nominal wage rate. The cost minimisation

problem yields the following nominal marginal cost for intermediate firm:

MC, = A7\ R W, % (1 - o). (17)

Suppose there is no price discrimination between the domestic market and the export market,
the export price is expressed as P;j /S . Following McCallum and Nelson (1999) and Kollmann
(2001) it is assumed that the foreign demand for home produced intermediate goods (exports) is

A

P
ex _ t ZF 18
yt (S[P;k) t ( )

where 17 > 0 denotes the price elasticity of the domestic country’s aggregate exports. Z/ is the

total world demand and modelled by AR(1) process.

11



Following the formalism proposed in Calvo (1983), firms can reset their price with proba-
bility 1 — 6, in each period. Boundedly rational firms, which do not fully pay attention to future
macroeconomic variables, choose the optimal price that maximises the current market value of
the profits generated while that price remains effective. The first-order condition of the profit
maximization problem yields the following log-linearized discounting Phillips curve:

= BMYE,(#*

t+1

) + Aic, + €') (19)

where hat denotes log-deviation from steady-state (i.e., X, = InX, — InX). frf , mic; and etp denote

inflation in the domestic sector, real marginal cost for producing domestic intermediate goods,

1-

and domestic price mark-up shock, respectively. M? = m[6,, + 11 (1 - 6,)], and A = - 9”

—BO,m
BOp).

Imported-intermediate goods The import sector is comprised of a continuum of firms
that buy a homogeneous intermediate good at price P} in the world market. The importer turns
the differentiated imported goods into the imported-composite good, y™, through CES technol-
ogy. Followed by Calvo price setting, only 1 — &), proportion of importers are allowed to set their
prices in each period, when they receive a random price change signal.

Each importing firm j reoptimise its price that maximises its weighted expected profits, given
the nominal exchange rate, S, the price of the imported-composite good, P™, and the world
price level, P;. Solving this profit maximization problem yields the log-linearized equation as
follows.

A = BMPE,R™) + 258, + P — P 4 ) (20)

where #" and €’ / denote imported goods inflation and the time-varying markup shocks. M* =

m[e* +

ﬂ _O* * __ 1_977 _ *
lw (1= ;)] and A* = Z=2(1 - 56,

12



2.4. Monetary Policy

The monetary authority sets policy according to
ir = MAX(izLp, if ), 1)

where iz p is the interest rate at the effective lower bound and i follows a Taylor-type rule of
the form

il = @i |+ paty + OV + €M (22)

where 7; is inflation deviations from target in the home country, y; is the output gap, ¢, and ¢,

are non-negative coefficients, chosen by the monetary authority.

2.5. Market Clearing Conditions

The evolution of net foreign assets at the aggregate level satisfies

SB!  =8,(1+i_ v e B + PUEX, - S,P{IM, (23)

where IM; = yf’" and EX; = y{*; the net export is NX; = P;iEXt -SSP IM;.

2.6. Foreign Economy

Following the literature on small open economy modelling (Adolfson et. al, 2007; Kollmann,
2001), the variables for the rest of the world - foreign demand (zf ) and foreign interest rate (’}f .)

- are exogenously given by stochastic processes:

=y +przt 4y, (24)

rtf = Myt +prfr;f_1 T (25)

13



where .- , and 7,/ , are innovations, p,r and p,s are autoregressive coefficients.

3. Testing the Bounded Rationality Model against the UK Data

In this section, we will estimate bounded rationality model, evaluate its ability to match UK data

behaviour, and compare the results with those for the conventional rational expectations model.

3.1. Data

The UK has experienced several shifts in monetary regime in the post-Bretton Woods period.
Since October 1992, it has moved to an ‘inflation targeting monetary regime’ and the pound
has floated freely. To avoid this and earlier structural breaks, we use quarterly unfiltered data
over the period 1993 Q1 to 2019 Q1 on key UK macroeconomic variables. All real series are
expressed in per capita terms after dividing by an working-age population index. The data is

mainly obtained from Office for National Statistics (ONS).

3.2. Model Estimation and Evaluation by the Method of Indirect Inference

The bounded rationality model is estimated by the indirect inference method, which belongs to
the family of the moment-matching estimation methodology. The main feature of the indirect
inference method is the use of structural model specifications to explain results obtained using
reduced-form models. The method of indirect inference was proposed by Smith (1993) and
Smith (1993), and widely used in estimating structure models such as Le et al. (2011) and Yang
et al. (2021).

The indirect inference estimation is based on the idea of using the data simulated from the
estimated structural model to replicate estimates obtained using actual data in a given reduced-
form analysis. Followed by Minford et al. (2009) and Le et al. (2011), the vector autoregressive
model with exogenous variable (VARX) is used as the auxiliary model the approximation to the

reduced form of the DSGE model. Real exchange rate, output, inflation and interest rate are

14



the chosen variables, since they capture the causal relationships implied by the discounting in
Euler equation, New Keynesian Phillips curves, and the exchange rate equation in the bounded
rationality model. The VARX model include these four key variables, plus a deterministic time
trend and the non-stationary technology shock that contains a common stochastic trend. The
details about the choice of the auxiliary model are shown in Appendix C.

In the indirect inference context, common choices of target moments to match include
scores, impulse response functions, and estimates obtained in the auxiliary model. The VARX
estimates are chosen as target moments to match in the bounded rationality model estimation.

We first simulate the bounded rationality model by bootstrapping its structure shocks. Sec-
ondly, VARX auxiliary model is estimated using simulated samples based on the structure model

and the actual data. Then the Wald statistics is computed as follows,

WS = (B° - B5(60)) Q1 (B* — B*(Bp)) (26)

where 8¢ denotes the VARX estimates using the actual data; 8o is the vector of parameters of the

bounded rationality model®. Q = cov(B(6y) — B*(8o)) = Iy, (B'(80) — B*(B0))(B(8o) — B*(B0))’
is the variance-covariance matrix of the distribution of simulated estimates . In essence, it
measures the gap between what the bounded rationality model says the data behaviour should
be and what the observed data behaviour actually is.

In estimation of the bounded rationality model, a Simulated Annealing algorithm is used to
find the minimum-value Wald statistic. This gives us the estimated set of parameters - the one
that produces the simulations that are statistically the closest to actual data.

The estimation results of the bounded rationality model is given in Table 1. The cogni-
tive discounting factor within 1993Q1 to 2019Q1 is estimated at around 0.8122, and its 95%

confidence lower and upper bounds are 0.75 and 0.85, respectively. The estimate implies that

8,3S(0AO) =E@ (GAO)) = % i B (QAO) denotes the sample average of estimates of the coefficients in auxiliary model
based on s sets of simulated data from the macroeconomic model, taking fo as given.

15



the discounting parameters in the domestic producer’s Philips Curve and the importer’s Philips
Curve are 0.75 and 0.76, respectively’. All parameters in the bounded rationality model are
estimated except for depreciation rate (6) and the quarterly discount factor (58), which are held
fixed on theoretical grounds.

Furthermore, we use Indirect Inference test to evaluate both the bounded rationality and the
rational expectations models by using some alternative auxiliary models'®.The results for model
evaluations are presented in Table 2. More specifically, the boundedly rational model is able to
generate behaviour that mimics UK data of the output, the interest rate, the real exchange rate,
and the inflation jointly within the 95% confidence interval. The overall p-value is 0.08 for the
bounded rationality.

Also, we estimate separately the rational expectations model, where cognitive discounting
parameter is set at one ( /n = 1). The rational model can also replicate the data features of
the real exchange rate and the output jointly. However, the addition of the interest rate to the
VARX model weakens the rational expectation model’s capability to match the data’s moments;
the model is borderline rejected at 5% significance. Moreover, the rational expectation model
cannot accommodate the inflation and the interest rate in addition to the output and the real
exchange rate in the auxiliary model, failing to pass the test even at 1% significance.

In summary, given the UK experience the idea of the bounded rationality appears plausible.
The boundedly rational version of the agents’ Euler equation, of the firms’ price setting policy,
and of the exchange rate channel are empirically supported by our test results. Intuitively, the
impacts of the expected future real interest rate are discounted with the horizons of the policy

implementations.

9The discounting parameters in the domestic producer’s Philips Curve and the importer’s Philips Curve are

_ 1-56, S, 1-56;,
computed by M? = m[6, + l—[iep,fn(l = 0,)1, M* = in[6, + 1—,/597,’7?,
0In order to check the robustness of test results about the bounded rationality channel in the exchange rate

dynamics, we reports the model evaluations based on alternative reduce-forms analyses.

(1 = 6})], respectively.
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Baseline Parameters

Symbol Description Estimation 95%Confidence
Interval

Households

B a quarterly discount factor 0.9900

0% CRRA coefficient for consumption 1.4329 [1.25, 1.58]

(0] the inverse of Frisch labour supply elasticity 1.2490 [1.10, 1.59]

K the adjustment cost parameter 4.5474 [3.50, 5.50]

® the elasticity of capital utilisation with respect to the | 0.0655 [0.05, 0.08]
rental rate of capital

Firms

a output elasticity of capital 0.2000 [0.18, 0.25]

o a quarterly depreciation rate 0.0250

wf share of the imported good in the production of the | 0.3634 [0.32, 0.46]
final good

V the elasticity of substitution between domestic and | 3.0367 [2.30, 3.66]
imported goods

pim the elasticity of substitution between imported | 4.4399 [3.50, 5.00]
goods

n the price elasticity of the home country’s aggregate | 0.6813 [0.61, 0.74]
exports

0, index of price stickiness in home country 0.4864 [0.45, 0.49]

9; index of price stickiness in the rest of the world 0.4076 [0.40, 0.48]

Financiers

r financiers’ risk bearing capacity 0.3054 ‘ [0.25, 0.38]

Central Bank

oi monetary policy coefficient 0.8000 [0.75, 0.86]

Or monetary policy coefficient 1.1000 [1.05, 1.21]

Oy monetary policy coefficient 0.1800 [0.13, 0.25]

Behavioural Parameters

m cognitive discounting 0.8122 \ [0.75, 0.85]

Table 1: Indirect Inference Estimation for Bounded Rationality Model
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Table 2: Indirect Inference Test Results for Bounded Rationality and Rational Expectation Mod-
els

Model Test Results
Trans-Wald Statistic P-Value
VARX Auxiliary Model BR RE BR RE
Output, Real Exchange Rate 024  0.19 0.19%** 0.20%**
Output, Real Exchange Rate, Interest Rate 1.60 1.78 0.06** 0.04*
Output, Real Exchange Rate, Interest Rate, Inflation 1.34 4.10 0.08** 0.00

Note: p-value with ***, ** and * indicate a rejection of the model at 1%, 5% and 10% significant level
respectively. BR denotes Bounded Rationality model and RE denotes Rational Expectation model.

Table 3: Monte Carlo Results

Falseness(%) True 1 3 5 7 9 10 15
Rejection Rate  5.02 9.53 62.60 95.08 99.20 100 100 100

Note: Rejection rates for Indirect Inference test based on auxiliary models with output, real exchange
rate, real interest rate and inflation.

3.3. Robustness Check by Monte Carlo Experiments

Model users such as policymakers want to know to what extent at least will the bounded ratio-
nality model to be relied on. We can find out by checking how powerful our test is. The Monte
Carlo experiments have been constructed to quantify what percentage of the time will the test
reject false models. Firstly, 10,000 repeated samples have been generated from the estimated
bounded rationality model, treating it as the True model. Secondly, we construct False models
by perturbing all the parameters alternately by + or — x% from the estimated parameters (‘true
values’)!!. Then, we generate 10,000 samples from each False model. Finally, we can carry
out the ‘size’of the test on each False model by checking how frequently the True data samples
reject the False models as x% increases.

Monte Carlo experiments are reported in Table 3. The results imply that model users can
rely on the estimated bounded rationality model to jointly match the output, real exchange rate,
interest rate and inflation for the UK data within a bound of True to 9% False. In other words,

we can be confident that the model could be up to 9% False.

!x is called the ‘degree of falseness’. And each False model can be seen as the misspecified version of the True
model.
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Table 4: Stationarity of Shocks and Estimated AR(1) Coeflicients

Stationary Test (KPSS statistic)? AR(1) coefficients

Shocks Rational ~ Bounded Rational =~ Bounded
Rational Rational
Demand Shocks
Consumer Preferences 0.1652 0.2931 0.2405 0.8619
Investment Specific Technology 0.1293 0.1155 0.2787 0.4727
Export Demand 0.1642 0.1594 0.9095 0.9104
Import Demand 0.1947 0.1922 0.9659 0.9664
Government Demand 0.2949 0.2949 0.9905 0.9905
Supply Shocks
Productivity 1.1797%** 1.2032%%%* 0.0507° 0.1168°
Domestic Price Markup 0.2196 0.2261 0.9095 0.9366
Import Price Markup 0.1661 0.1686 0.9659 0.9692
Labour Supply 0.1944 0.2335 0.9223 0.9359
Others shocks
Monetary Policy 0.1059 0.1087 0.1793 0.1036
Currency Risk Premium 0.2915 0.1072 0.9535 0.8807
Foreign Demand 0.2576 0.2576 0.9686 0.9686
Foreign Interest Rate 0.0518 0.0518 0.1955 0.1955

Note: ?For KPSS test, statistic with ***_** and * indicate a rejection of the stationary process at 10%,
5% and 1% significant level respectively. It is the first difference AR(1) coefficient.

3.4. Shocks and Model Variances

The stochastic dynamics are driven by thirteen structural shocks. And we group the shocks
into demand shocks, supply shocks and others. All shocks are assumed to follow a first-order
autoregressive process. Table 4 reports the estimates and stationarity test of the shocks in both
of the bounded rationality model and the rational expectation model .

The KPSS test results show that all the shocks series cannot reject the null hypothesis of
the stationary process at the 5% significant level, except for the productivity shock. Thus, we
model the productivity shock by first-difference AR(1) process with the form AlnA; = us +
paAlnA;_1 + nay. And the other structural shocks are modelled as either stationary or trend-
stationary in levels.

Table 4 shows that AR(1) coefficients for imported demand, government demand, import
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price markup, currency risk premium and foreign demand are over than 0.95, which implies that

those shocks are high persistence.

B demand shock  [= =] supply shock  [[]]]] others
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Figure 1: Variance Decomposition for Output

Figure 1 exhibits the forecast error variance decomposition of output at various horizons
based on the estimated rational expectations (left) and boundedly rational (right) models. In the
very short run (within one quarter), movements in real GDP are primarily driven by demand
shocks, which account for around 80% of the error variance. Demand shocks continue to make
up more than half of the error variance of output up to one year under the rational expectations,
while supply shocks overtake the demand shocks and become the main driving force of output
variation at one year horizon under the bounded rationality.

The impacts of demand shocks on output movement diminish over time, but they are more
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discounted under bounded rationality. Instead, supply shocks explain the most of the output
variations in the medium to long run. Compared with rational expectations, supply shocks under
bounded rationality, especially non-stationary productivity shock, are more persistent (see Table

4), and thus have a bigger effect on output variations.

4. Policy Discussion

4.1. Numerical Experiments on Forward Guidance in Open Economy

Next, we conduct some numerical experiments that allow us to understand how forward guid-
ance in the boundedly rational model affects the economy differently from the rational expecta-
tion model. Suppose that at time 0, the home central bank credibly announces a one-period cut
in the interest rate at 1%, to be implemented in period (quarter) T. Figure 2 displays the response
of output, inflation and real exchange rate to the above experiment under three alternative time
horizons for implementation: T=1,4,8. We used estimated models to run the experiments. Pa-
rameters are the same in both the boundedly rational model and the rational expectation model,
except for the cognitive discounting parameter /n. For the rational expectation model, 1 = 1,
while 7z = 0.8122 in the boundedly rational model.

In the right panel of Figure 2, the whole economy is fully rational. We see that the impact
responses of output, inflation and real exchange rate are strictly increasing in T. The further away
in the future is the forward guidance, the bigger is the effect of this policy on today’s economy.
In the left panel, both consumers and firms are bounded rationality, subjective expectations
involve some cognitive discounting relative to rational expectations, in particular, when applied
to intratemporal equations, New Keynesian Philips Curves, and the real exchange rate equation.
We see that it is not necessarily the case anymore that the forward guidance about the distant
future matters more for current outcomes with boundedly rational agents.

In the estimated boundedly rational model, the effect responses of output, inflation and real

exchange rate associated with 7 = 1 are almost the same as those under rational expectations,
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Figure 2: The Response Under Differing Expectations Assumptions of Output, Inflation and
Real exchange rate to Forward Guidance About a One-Period Real Interest Rate Cut in T Quar-
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but the effects of policy announcement refer to a further distant future on economy are much
smaller, implying that there is a mitigating effect of distance into the future, with this mitigation

the stronger the further out in the future the interest rate changes.

4.2. Further Discussion of the Monetary Policy Shock on Real Exchange Rate Dy-

namics

To further explore the impacts of the monetary policy shock on real exchange rate dynamics, we
compare the impulse response functions (IRFs) of real exchange rate with the IRFs of the model
under rational expectation as well as the IRFs under bounded rationality with the IRFs of the
vector autoregressive (VAR) model.

We build a VAR model with four endogenous variables—output, real exchange rate, infla-
tion and real interest rate. In the Figure 3, we see that associated with a one standard deviation
increase in the interest rate, the responses are hump-shaped with the exception of the real ex-
change rate in the rational expectation model which jumps down (appreciates) and then returns
to zeros from below. More specifically, if the agent is boundedly rational, we will see the hump-
shaped response of the real exchange rate to monetary policy shocks. However, if the agent is
fully rational, then we will see an immediate response of the real exchange rate. And the effect
under bounded rationality is less dramatic than that under the rational expectation assumption.

The response of the real exchange rate under the bounded rationality model is well in line
with that generated in VAR model. But, an immediate response of the real exchange rate under
the assumption of rational expectation is not within the 95% confidence level of VAR model.
The results align with the Indirect Inference test results: the bounded rationality model is better
than rational expectation model in terms of matching exchange rate dynamics, when the output,

real exchange rate, interest rate and inflation are jointly included in the reduce-form model.
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Figure 3: Impulse responses to a one standard deviation monetary policy shock. VAR model

(solid line) and its confidence intervals (dash line), estimated bounded rationality model (line
with star), and rational expectation model (line with circle).
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4.3. Price Level Targeting vs Inflation Targeting

At the heart of the bounded rationality debate is the issue of how effective a monetary policy
relying on forward-looking agents is. We examine this issue by evaluating the effectiveness of
Price Level Targeting (PLT) in stabilising the economy compared with that of Inflation Targeting
(IT). The effectiveness of PLT depends on agents understanding that an inflation deviation will
trigger a long-lasting response of interest rates, designed to cause an equal and opposite deviation
of cumulative future inflation; by contrast an IT rule will trigger a rise in interest rates today that
will disappear once the inflation shock has died out. We will therefore find that PLT’s relative
effectiveness will fall as rational expectations become more bounded. What we want to establish
with our empirical estimates of both models and the ranges within which each may differ from
the truth, is how much boundedness matters for PLT policy effectiveness. If PLT continues to
be relatively effective with the maximum possible boundedness, then we can conclude that the
forward guidance channel while not as strong as in the pure rational expectations model still
operates sufficiently in practice to be exploitable by policy.

To highlight the importance of this channel for monetary policy, we plot in Figure 4 how
the economy responds to a 1% cost-push shock in both the bounded rationality model and the

rational expectations model, when the central bank follows a PLT rule.
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Figure 4: IRFs for a 1% cost-push shock to the Bounded Rationality Model (red solid) and
Rational Expectations Model (black dash) under Price-level Targeting
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Following a cost-push shock, the price level is above the target price path while output de-
creases. PLT calls for bringing about expected below-average inflation to stabilise the economy.
Under rational expectations, this commitment to engineer a deflation in the future helps to reduce
today’s inflation volatility due to very forward looking agents.

In contrast, with the assumption of the bounded rational agents who are myopic to inflation,
the effectiveness of PLT rule in stabilising the economy is reduced by the fall in forward look-
ingness both in the Phillips curve and exchange rate equation. Consequently, the price level and
the inflation surge substantially and the output drops more. Moreover, in this case, we notice
that the price level never returns to its steady state after a cost-push shock.

Figure 5 shows the impulse response of a markup shock in the import sector leads to an
increase in imported inflation, which in turn pushes up the domestic price above the target price
and causes higher inflation. Exchange rate appreciates less in the bounded rationality model than
that in rational expectation model at short horizons, and thus that enlarges the effects of imported
inflation shock on the inflation in the domestic economy. And output drops more in RE model
due to the net export worsens more. Furthermore, the interest rate response is much more severe
with bounded rational firms than with rational firms, so the central bank should raise the interest
rate more aggressively to defeat the inflation.

To evaluate the stabilising power of PLT vs IT, it is assumed that the central bank seeks to
minimise the quadratic loss function based on a Cole-Obstfeld preference(Cole and Obstfeld,
1991), which assumes the unitary elasticities of substitution:

-op

L=
2 A

o+ (1+¢)o7] 27)

where o2 and o-% are the unconditional variances of the deviations of inflation from its targeted
1- o .
level and the output gap. A, = 9—9"(1 —B6,). The deviation of the welfare function can be found
p

in Appendix.
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The form of IT rule has been specified in Equation 22, while the PLT rule is
if = iy + Ep(PD) + dai + € (28)

where p, = InP; — InP,, P, denotes the predetermined long-run target price path, ¥, is the output
gap and €/ is monetary policy shock.

The optimal coefficients of PLT policy rule and Taylor rule {¢;, ¢,, ¢.} have been derived
optimally by computing the values that provides the smallest welfare loss (Equation 27).

In addition, we use the optimal policy rules derived from minimising loss function L; to
calculate the conventional utility-based welfare loss function L;, as the other criteria to evaluate
monetary policy rules. We derive a second-order Taylor expansion to the utility losses of the
domestic representative consumer resulting from deviations from the optimal policies. It can be

algebraically written as
1 A - Y .
Ly = =51 = yvar(Cy) - (p(1 - a)E)(l + ¢)var(Ny)]. (29)

Specifically, the welfare of the representative household is adversely influenced by variability in
consumption and employment.

Table 5 presents a comparative analysis of PLT and IT rules under both rational expectations
and boundedly rational estimated models in terms of welfare loss functions and variances of the
key variables. This table also reports coefficients for the corresponding optimal rules.

In the open economy model, the exchange rate is another key channel for the monetary
transmission. First, changes in the exchange rate have a direct impact on inflation of imported
goods through Equation 20. This strengthens the forward-looking channel of transmission and
enhances the ability of PLT policy to reduce the volatility in inflation relative to IT rule. Sec-

ond, Equation 42 implies that the exchange rate moves with the risk-adjusted uncovered interest

parity.
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Table 5: Compare behavioural model with rational model in different policies

Rational Model Bounded Rationality Model
IT PLT IT PLT
Coeflicients i 0.87 0.84 0.88 0.87
¢ror g, 2.80 2.65 2.90 3.50
Oy 0.17 0.22 0.16 0.10
Welfare Losses L 1.28(1.29) 1.23(1.26) 1.27(1.29) 1.26(1.27)
Incremental Benefit 3.9%(2.4%) 1.23%(1.6%)
Ly 0.63(0.66) 0.59(0.61) 0.62(0.65) 0.61(0.64)
Avars output gap 1.0148 1.0092 1.0094 1.0096
inflation 0.9218 0.8445 0.9226 0.8957

Note: To deal with the problem of model potential inaccuracy, we redo these policy simulations with
maximally falsified parameters and see whether the policy rules still succeed in creating more stability.
The corresponding welfare losses are shown in ().

Under the rational expectations model, results are in line with the literature surveyed by
Hatcher and Minford (2016): PLT raises stability compared with IT both on the welfare loss
function L; (by 3.9%) and on the utility-based welfare cost measure L, (by 6.3%). Even when
the model is maximally false stability improves on both the measures (2.4% and 7.6% respec-
tively).

When there is bounded rationality, PLT still raises stability compared with IT on inflation,
but comes at the expense of higher output variability. The overall gain (1.23%) in stability due to
PLT is not as great as under rational expectations but there is still a gain, even though the forward
expectations channel is weakened. This remains the case when the model is maximally false -
with PLT reducing L; by 1.6%. The advantage of PLT over IT in terms of inflation stabilisation
weakens because of its large persistent reaction to inflation shocks. This echoes a frequent cri-
tique of PLT that it ‘over-reacts’ to inflation shocks, creating excessive future inflation variation
in response to a current inflation shock. What our models show is that to offset this, a strong
forward expectations channel is needed which checks current inflation.

Compared to the rational expectation models, the coefficients (¢,) are larger in the bounded
rationality models. Since agents are myopia to the future interest rate and inflation under the

bounded rationality model, the transmissions of monetary policy to the output gap and inflation
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weaken. As a result, the policy-maker needs to react strongly in order to send the appropriate

signal.

5. Concluding Remarks

After 2007-2009 financial crisis, models featuring bounded rationality have been widely studied.
They have been used to explain the forward guidance puzzle or to deliver policy advices. This
calls for a thorough investigation of whether the models without fully rational expectations are
able to reflect factual economic developments.

To this end, we investigate the empirical evidence for the cognitive discounting form of
bounded rationality in an open economy model of the UK, and compare the results with those
for the fully rational expectations model. We take both models to the data and check how well
they fit them on the features of the UK data. Overall, comparing the estimated models favours
the bounded rationality framework.

We explore the implications of our results for monetary policy’s abilities to exploit the ex-
pectations channel in stabilising the economy. The main conclusion from this analysis is that
even in the presence of cognitive discounting and the potential errors in estimated parameters,
price level targeting retains power to stabilise the economy, outperforming the Taylor inflation
targeting rule, if the policy-maker reacts appropriately and sends strong signals over its target to
the economics agents. So, the bounded rationality as found in the data still leaves scope for the

forward channel to work strongly enough to be exploited by policymakers.

30



Appendix A: Model Deviations and The Log-linearised Model

A.1 Households’ Lagrangian function is

1+¢
t
1+¢

BR S ~Cl‘1_y -1
= EO Zﬁl{wce’;ﬁ - (1 - (/_)C)EIN
t=0

1 1
+ A [WiN; + B(1 +i_p) + S B/ (1 + i )T/ 1,ef_1)+}e§’fu,1rg+f D;’(j)dj+f D/ (j)dj
0 0
—P,<ct+lt>—Pd\P<uf>K,—Bt+1 S/B/, T/

+ (1 = 6)K, + €/ (1 - (D(_))It K}

(30)
Ruling out Ponzi schemes, the following equations are first-order conditions of this decision
problems:
W C;7 =1 ,P =0 31
~(1 = w)e'N? + 21, W, =0 (32)
B+ BTER A (1 +i) = 0 (33)
—B'S Aus + BT EPR S o)1+ iDTB] €)= 0 (34)
A = BEPF A1 (R yttr1 = P () + A1 (1 = )] (35)
I A Livr | i1
APy = Aoyl = () = @ () L)+ BEPR 1y 1], @ (ixi) 1 (36
Ii-1 L1 Iy
RS ¥ (uy) 37
Py

where A;,; = %’t and Ay, are the Lagrange multipliers associated with the budget and capital

accumulation constraint respectively. Equation (35) and (36) can be expressed as

Pd RK
t+l +1
Ay = ﬁE [/lt+ Pd 1 — Y1) + A2 1(1 = 0)] (38)

t+
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I; I141 It+1

A = Aoyl —dD( )—q)( )1+ BER[Ag11€ t+1<D(—)(—) 1. (39)
Iy L1
Tobin’q is Q; = , which represents the shadow relative price of capital with regard to
consumption goods. Thus, (38) and (39) can be rewritten as

1., PL RK

0, = BEPH = IS () = W) + Qi (1= 0)]) (40)
/1 PHI P;l+1

Ar1 I141 It+l

Q@[l-@(—) oLy ﬁEBR[

Il 1 It 1 It 1 QH'I l‘+l(D (_)(_) ] (41)

We can now derive the Euler Equation by combining (3 1) and (33),

(UCE;‘C_Y EZ,BRPZ+1

=B +1iy)
wLEBR(EH t+1) !
€., Cy. 7
EPFBO i - () Ty =
AL+ 1 P,+ € G
Equations (33) and (34) together imply:
1 +f i EBRS 111 “2)
(1 +iHrs! S
Intra-temporal condition obtains by combining Equations (31) and (32),
(1-w)e'N W, )

w e C,” P;

A.2 Firms

Following Calvo (1983), 1 -6, proportions of the firms can adjust their price (p, () in each
period by maximising the discounted present value of the profits. Instead of the assumption
of rational expected firms, it is assumed that firms are boundedly rational that do not fully pay
attention to future macroeconomic variables.

Formally, the behavioural firms solve the problem

maxze EPM Aveanl Ve GPG) ~ MCr)]) (44)
P =0
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subject to the sequence of demand constraints

P
_ r+h

_ PAG)
Yien(j) = ( Ptd ) Yiih (45)

t+h

where et’:h represents the time-varying markup shocks in the domestic goods market. EZR de-
notes a subjective expectation of bounded rational agent. Y;;(j) is output in period ¢ + h for a
firm j that last adjust its price in period ¢, and MC,,; is nominal marginal cost in period ¢ + h.

Thus, P;j_( J) must satisfy the first order condition

(o8]

> OEPR A nYeen(DIPA) = €6, MCyip) = 0. (46)
h=0

Using the fact that A; 4+, = ,BhE,BR[(Cé—*t”)‘V%], the previous condition (46) can be rewritten as

N h -BR{ =Y PL PG p
2 OB EPC L YD (<= = €T gmei} =0 (47)
h=0 t+h t—1
pd
where Hf_l’t o= Pff':, and mcpp = A/;S”h-

— t+h

A first order Taylor expansion of first order condition of profit optimization around the zero

inflation steady state yields,

Pl = (1= By) > @pBY EFFmcun + PL, + €l (48)
h=0

N

d ) = mun"E,(P’,) and

EBR(mciyp) = mui E(mé,y1,), where i is the general cognitive discounting parameter, m, is the

We recall the term structure of expectations for Gabaix(2016): EtBR(

inattention parameter to inflation disturbance, and m, is inattention parameter to disturbance of

macroeconomics variables. Then the Equation (48) becomes

A

PIG) = (1=6,) Y @i Ellmynéion + €,) +mePl ] (49)
h=0

Notice that all firms that are allowed to re-optimise will always set in the same price, thus

Pf_( J) = };f Under the assumed price-setting structure, the dynamics of the domestic price index
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are described by the equation

—eP
I-¢

L N
P{ = 10,(PL) "7 + (1= 6,)(P])' ] (50)
which can be log-linearised around the zero-inflation steady state to yield
2l = (1-6,)(P!-PL)) (51)

Similarly, the maximisation problem for domestic importer is:

gﬁ§§]@fEﬁﬁAmmbﬂ;uxP%U>—SH%P;pn (52)
t \J) h=0

subject to the sequence of demand constraints

s

t+h

PG
mﬁ)<Pm>' i (53)
t+h
where ep I . 18 the time varying markup on the import goods. EBR denotes a subjective expectation

of bounded rational agent.

Thus, Pfl_( J) must satisfy the first order condition

DO EPR Ay (DIPI() = €28 ronPf 1) = 0. (54)
h=0

Using the fact that A; s+, = EBR[(C’+h)‘7 a ] we can rewrite the previous condition (46) as

o pim irr?
% 1 BR Y im t 1 (J) pf yyim
Z (0,8 E;C, i (O pim sz t+hHl‘ 1t+hmct+h)} = (55)
h=0 t+h
where mc", = SeoPiy is the real marginal cost of imported goods, and T i
t+h = pim g p g ’ t=Lt+h = pim -

A first order Taylor expansion of first order condition of profit optimization around the zero

inflation steady state yields,

P””( j=-p6 )Z 0:8)"EFR(mcm, + e;'f; +pim ) (56)
h=0

Notice that all imported firms that are allowed to re-optimise will always set in the same
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price, thus Pﬁ’ﬁ( Jj) = PE"”. Under the assumed price-setting structure, the dynamics of the import

price index are described by the equation

1 l—Ef)f

+ (1= ;)P -] (57)

1
1 75{)f

PI" = [6,(P")
which can be log-linearised around the zero-inflation steady state to yield
" = (1 - @5)(P" — P™) (58)

A.3 Log-linearised Model
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Log-linearised representations of structural models are expressed as

c

1 1
InC, = minE,Cy1 — —ry + —(In€/ — Ine;, | )(Euler Equation)
Y Y

InY; = a(InK,—) + Inu,) + (1 — @)InN; + InA,(Production Equation)

1l-«a

InN, = In + InK,_1 + Inu, — Inw; + lnrtK (Demand of Labour)

nQ, = mp(1 = 8)INE;Qps1 + (1 = (1 = S))n(InE,;rX | + Inp®. ) - 1,
(Value of Capital-Tobin’s q)

1 _
Inl, = ——Inl,_; + pr
1+ 1+p8

InK; = (1 — 6)InK;_; + 6Inl,(The accumulation of installed capital)

InEd, 1 + ﬁant + lne,l (Investment Equation)

1

Inu, = —InrX (Capital Utilisation)
14

oY [ (1- a)f)p_‘fv
KrK Y

(Goods Market Condition)

i} ; — . G EX
lnr,K = InY; — (IInl; + CInC,; — (C + 1)vlnpf) - §lnG, - ?lnEX,]

Inw; = pInN, + yInC, — Inp? + IneY (Labour Supply Equation)

ﬂ;l = ﬂMdE,(ﬂ;1+ D+ A(lnme; + lnef’ )(Domestic producer inflation Equation)

ﬂﬁm = ﬁM*E,(ﬂ;"fl) + /l*(lnmcﬁm + Inel 4 )(Imported Inflation Equation) (59)
Inmc; = alnr,K + (1 — @)lnw, — [nA, — alna + (@ — 1)In(1 — a)(Real Marginal Cost Equation)

Inmc'™ = Ine, — Inp™

InEX, = —n(np? — Ine;) + InZ"" + In¥ (Export Equation)

1 _ A

InIM, = C_—i(cmc, + Iinl,) — vinp™ + Ine'™ (Import Equation)
+

IMe

Ypl

Ine, = minE,e, +r/f — 1, — Fb{ + lnatF(UIP)

1 EX
b{ =(1+ 7)mbtf_1 + ?lnEX, - (InIM, + Ine, — lnpj’)(Evolution of Net Foreign Bonds)

iy = iis_1 + Gt + ¢y, + € (Taylor Rule)

ry = i; — Eym 1 (Fisher Equation)

In pf = lnpf_] + nf — n;(Relative Producer Price)

Inpi™ = Inp™, + n'™ — m,(Relative Import Price)

=1 - wp)(p? )]_anl + a)_f-(p7'”)lfvnﬁ’"(lnﬂation Equation)

InG, = pgInG,_; + ng(Government Spending Equation)

nZ,F =y + szanrIi , + n1z¢ /(Rest of the World Demand Equation)

r,f =Us + p,frtf_ | + 1, «(Rest of the World Real Interest Rate Equation).
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Appendix B: Welfare Loss Function

We now derive a welfare loss function 60 based on linear-quadratic approximation for a Cole-
Obstfeld preference (Cole and Obstfeld, 1991), which assumes the unitary elasticities of substi-

tution (o = v = V" = 1),
(1 - (,L)f) = Vd 2 2
V== ;mﬂ—”aﬂ +(1+ ¢)o?] (60)

Taking the unconditional expectation of 60 with 8 — 1 yields 61 which implies that the
expected welfare losses of any policy that deviated from a strict inflation targeting can be written
in terms of the variances of inflation (0',2,) and the output gap (0'5).

(I -wp) v

[—o7 + (1 +¢)o5] (61)

L=
: 2 ',

Appendix C: Granger Causality Test on the Auxiliary Model

We are interested in examining whether the bounded rationality model with discounting in the
Euler equation, New Keynesian Philips curves, and the exchange rate equation would generate
the implied causal relationships among the key variables in the UK data. And output, foreign
exchange rate, inflation, interest rate and consumption are the key endogenous variables in those
equations. Then, the results of Granger Causality tests suggest to choose the combination of
output, foreign exchange rate, inflation and interest rate in the auxiliary model. Adding con-

sumption fails to reject the null hypothesis at 5% significant level.
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Table 6: Granger Causality Test on the Auxiliary Model

Variable Null Hypothesis Chi- df P-
sq value

Y e, m,r cannot Granger-causes Y jointly 25.3845 3 0.0000%**

e Y, nr,r cannot Granger-causes e jointly 8.5339 3 0.0362**

s Y, e,r cannot Granger-causes x jointly 23.0783 3 0.0000%#**

r Y, m,e cannot Granger-causes r jointly 170.69213 0.0000%#**

Adding Consumption

C Y, r, m,e cannot Granger-causes C jointly 8.7000 4 0.0690*

e Y, r,C cannot Granger-causes e jointly 4.8064 3 0.1865

e Y. x,C cannot Granger-causes e jointly 5.2554 3 0.1540
Note: Y.e,m,r and C represent output, real exchange rate, inflation, real interest rate, consumption, re-

spectively. p-value with *** ** and * indicate a rejection of the model at 1%, 5% and 10% significant

level respectively.
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