Cyclical Attention to Saving”

Alistair Macaulay'

August 23, 2021

Abstract

This paper explores the business cycle implications of limited household attention
to choosing between different savings products. In a model with heterogeneous
banks, savers pay more attention to their bank choice when the marginal utility of
income is high. This implies that attention rises in contractions. I find evidence for
such countercyclical attention using a novel combination of data on retail savings
markets in the UK. In the data, banks offer heterogeneous interest rates on very
similar products, and savers more reliably choose products closer to the top of the
rate distribution during contractions. Countercyclical attention amplifies shocks
to consumption: after a contractionary shock, attention rises, so savers experience
higher interest rates, which causes a further fall in consumption. In a quantitative
New Keynesian model, this amplification is estimated to be large. Countercyclical
attention increases the variance of consumption by 17%, and amplifies some key
shocks by more than 20%. Policies that reduce the costs of comparing between
financial products have substantial stabilization effects.
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1 Introduction

In the majority of dynamic macroeconomic models the interest rate is crucial in deter-
mining how shocks propagate through the economy, in part because it regulates the con-
sumption of intertemporally maximising households. The interest rate is usually taken as
given by households in these models, but regulators have noted that in reality savers face
a range of rate-bearing products, and that they could increase the interest rate they earn
on their savings by ‘shopping around’ for the best product (Financial Conduct Authority,
2015).

In this paper I ask if the extent of shopping around, or attention to product choice,
varies systematically with the business cycle. I find in both theory and data that attention
is countercyclical. This substantially amplifies shocks in an estimated business cycle
model, because of the effects of attention on the interest rate that households experience.

I first develop a simple model to explore the interaction of rationally inattentive
savers and deposit-taking banks. Profit-maximising banks face heterogeneous costs, and
in the face of incomplete attention from savers they offer heterogeneous interest rates.
If a household pays more attention, they increase their probability of choosing a bank
offering a high interest rate, and so they increase the average interest rate they face. The
key drivers of attention in this environment are the marginal utility of future income and
the extent of interest rate dispersion.

The marginal utility of income drives the countercyclical behaviour of attention, which
in turn implies that variable attention amplifies business cycle fluctuations. Consider, for
example, a shock that causes consumption to fall. The marginal utility of income rises,
and so households pay more attention to their choice of savings product: intuitively, it
becomes more important to extract every possible dollar of interest income out of their
savings, and so they pay more attention in order to achieve that. That means they face
higher interest rates relative to the distribution of offered rates. In addition, with all
savers paying more attention the deposit market is more competitive, causing banks to
offer higher interest rates. Through two channels, the household therefore faces higher
interest rates than they would have done if attention had stayed constant, and higher
interest rates cause consumption to fall even further through a standard consumption
Euler equation. Countercyclical attention therefore amplifies the consumption fall.

I find evidence of countercyclical attention to savings using a novel combination of data
on savings markets in the UK. Detailed product-level data reveals substantial dispersion
in the interest rates banks offer on a set of extremely similar products at any point in
time. Linking this with data on the average interest rates achieved by savers opening

new products in this set, I show that savers on average choose products higher up in the



interest rate distribution in contractions, as predicted by the model. For this analysis I
focus on fixed interest rate products, as their simplicity gives me the best chance of ruling
out that rate dispersion and saver decisions are being driven by unobservable product
differentiation. This should be viewed as a useful laboratory in which to study household
behaviour, none of the mechanisms I explore are specific to this market or to the UK

The existence of interest rate dispersion is an important prerequisite for attention
to affect the interest rate households face. I obtain panel data on the savings products
available in the UK by digitising monthly editions of Moneyfacts, a magazine for UK
financial advisers. There is substantial dispersion in offered interest rates even among
products which are identical across the wide range of product features reported. Con-
sidering institutional details of the UK savings market, I argue that unobserved product
heterogeneity is unlikely to explain the majority of this dispersion. Instead, I argue that
much of this interest rate dispersion persists in equilibrium because of an information
friction: it is costly for households to acquire information about the set of products on
offer. The existence of the Moneyfacts data is itself a justification for the information
cost interpretation. Financial advisers (and indeed the Bank of England and several
other regulators) would not need to pay for such a magazine if the information was easy
to obtain elsewhere.?

The model predicts that savers should experience higher interest rates relative to this
distribution of offered rates in contractions, as they increase attention. This is precisely
what I find in the data. Data from the Bank of England gives the average interest rate
achieved on new accounts opened each month for specific sets of savings products with
particular characteristics. Identifying the set of products with those characteristics in
the Moneyfacts data, I find that the position of the rate households achieve within the
distribution of offers is indeed countercyclical. When the unemployment rate is high,
and the level of average interest rates in the market is low, households on average choose
products that are higher up within the distribution of interest rates.

To quantify the importance of countercyclical attention for shock transmission, I build
a medium-scale small open economy New Keynesian model of the UK based on that of
Harrison and Oomen (2010), featuring many of the frictions that have become standard
in quantitative macroeconomics. To this I add the interaction from the simple model:
heterogeneous banks sell domestic bonds to rationally inattentive households. I estimate
the model using standard macroeconomic data and key series from the savings data in

the empirical part of the paper.

!The mechanism through which variable attention to savings products affects the business cycle does
not necessarily apply in the same way to loans (see Appendix |A.1|for a discussion).

2The UK financial regulator found that shopping around decisions were indeed driven by an analysis
of the costs and benefits, including time spent shopping and likely interest rate gains (Cook et al., 2002).



This quantitative exercise is possible because of the novel theoretical approach devel-
oped in the simple model. Existing macroeconomic models with limited shopping around
for prices or interest rates (e.g. McKay, 2013; Kaplan and Menzio, 2016) mostly have
households engaging in costly search following Burdett and Judd (1983), which outside
of simple cases are not usually tractable enough to estimate. I retain many of the quali-
tative features of the Burdett-Judd model,’ while keeping the model sufficiently tractable
that the interaction of households and banks can be embedded into a quantitative DSGE
model, and solved and estimated using standard techniques.

I find that variable attention amplifies the consumption impact of most shocks, as in
the simple model* This effect is substantial: the consumption response in the estimated
model (cumulated over a year) to risk premium and TEFP shocks is 31% and 20% larger
respectively than if attention is held at steady state. These two shocks explain the largest
shares of consumption variation. Overall, the variance of consumption is 17% larger in
the baseline model than if variable attention is shut off in this way.

The presence of this amplification has an important policy implication. The extra
volatility due to variable attention can be substantially reduced if the marginal cost of
information is reduced. Halving the cost of information reduces the variance of consump-
tion by 12%. Policies aimed at providing households with information and facilitating
easy product comparisons in this market could therefore lead to lower business cycle
volatility.

An additional implication of countercyclical attention is that it can explain a portion
of the risk premium shocks typically found to be important in estimated macroeconomic
models. Changes in attention affect the model in the same way as risk premium shocks:
they change the interest rate faced by the household relative to the policy rate from the
central bank. The difference is that attention is an endogenous choice variable. It is
not that risk premium shocks cause recessions, but that other kinds of contractionary
shock cause attention to rise. Compared with an estimated full-information version of
the model, risk premium shocks in the baseline model account for 25% and 35% less
of the variance of output and consumption respectively. The extra volatility is largely
attributed to supply shocks, notably TFP and price markup shocks. There is also a
greater role given to government spending shocks.

Related Literature. There is a large literature studying how information frictions

affect the business cycle. Many of these papers study frictions in the information agents

3The exception is that firms (banks) in my model are not identical, so interest rate heterogeneity is
only partly determined by attention, and partly by cost heterogeneity. However, this cost heterogeneity
is in fact useful to help the model match the behaviour of interest rate dispersion over the business cycle.

4A small number of shocks have large effects of on interest rate dispersion that just outweigh the
marginal utility effect, in which cases attention falls with consumption, weakening the shock. None of
these shocks account for a substantial share of consumption and output volatility.



receive about continuously distributed exogenous shocks (e.g. Mackowiak and Wiederholt,
2015) [’ or about the reaction functions of other agents and the relationships of endogenous
variables to shocks (e.g. Eusepi and Preston, 2011).° Unlike these papers, the friction I
study is over the discrete choice of which bank to use for saving each period.

Similar frictions have been studied in a wide range of papers on the role of information
and inattention in portfolio choice. A literature starting with Arrow (1987) finds that
information frictions are an important determinant of wealth inequality, as wealthier
households optimally process more information about saving and investment choices, so
make better choices and earn higher rates of return on average!’| In a companion paper,
I study the implications of this for the transmission of fiscal policy (Macaulay, 2021).
Rational inattention can also account for several other observed features of portfolio
choices, such as home bias and under-diversification (Van Nieuwerburgh and Veldkamp,
2009, 2010), and contagion between markets with unrelated fundamentals (Mondria and
Quintana-Domeque, 2013). My focus is on cyclical changes in information processing,
which also feature in Kacperczyk et al. (2016) and Rachedi (2018). I extend this literature
by showing that cyclical changes in information processing can feed back into the business
cycle, amplifying the effect of shocks to consumption.

Specifically, I model the information friction in deposit markets as a discrete choice
rational inattention problem, drawing on Matéjka and McKay (2015). This form of
inattention has been used to study import decisions (Dasgupta and Mondria, 2018),
hiring (Acharya and Wee, 2020), and capacity utilization (Sun, 2020)

Another way of modelling the friction in financial product choice would be to use
costly search or shopping effort. Coibion et al. (2015) find that households spend more
time and effort shopping for groceries when unemployment rises, echoing my findings that
attention to savings product choices rises in contractions. Similarly, since unemployed
households search harder for low goods prices, average search effort rises in recessions
(Kaplan and Menzio, 2016). The choice of how much attention to pay to the savings
product choice in this paper can be seen as an extension of this literature to financial
products, which have particular importance for the business cycle as they influence the

intertemporal allocation of consumption.”

5In most such models tracking exogenous or endogenous variables are equivalent as agents can per-
fectly map between them. For a review of several of these models see Hubert and Ricco (2018).

6See Eusepi and Preston (2018) for a review of these models.

"Campanale (2007), Kacperczyk et al. (2019), Lei (2019) (among others) find that this is quantitatively
important in explaining observed features of the wealth distribution over time.

8See Mackowiak et al. (2020) for a review of this literature. The model in Sun (2020) is similar to
mine, in that buyers are inattentive to their goods choices. However, in equilibrium there is no price
dispersion, and so attention is always zero in his model. The variation in attention and the reaction of
the equilibrium price distribution in this paper is novel, to the best of my knowledge.

9McKay (2013) also studies a model of search for higher interest rates, but he does not consider how



I also contribute to the literature on the importance of deposit market frictions for
the business cycle. Diebold and Sharpe (1990) and Driscoll and Judson (2013) document
significant stickiness in the pass-through from wholesale interest rates to retail deposit
rates. Drechsler et al. (2017) find that this limited pass-through is critical in the trans-
mission of monetary policy, through the effects of policy on bank balance sheets. The
mechanism I explore focuses on the effects of deposit frictions on households through
their intertemporal consumption decisions, so is a complement to this channel.

Yankov (2018) finds that search (or information) frictions can explain this limited pass-
through in the US market for certificates of deposit, using a model based on Burdett and
Judd (1983). While Yankov (2018) uses data similar to the Moneyfacts data used in this
paper, I differ from his work in combining that with data on how savers choose between
products, and how their attention behaviour interacts with the business cycle. Evidence
of substantial inattention in retail financial markets can also be found in Martin-Oliver
et al. (2009), Branzoli (2016), Deuflhard et al. (2019), and Adams et al. (2020) (among
others). I extend this literature by studying how that inattention varies over the business
cycle, and showing the macroeconomic consequences of that variation.

I also contribute to the literature on the drivers of the business cycle, by showing that
countercyclical attention provides a structural interpretation for a portion of the risk
premium shock that is commonly found to be important in estimated macroeconomic
models (e.g. Smets and Wouters, 2007; Christiano et al., 2015)', Attention, however, is
not exogenous, but is a response to other variables.

The rest of the paper is organised as follows: I develop a partial equilibrium model
of rationally inattentive households interacting with heterogeneous banks in Section [2.
In Section |3 I detail the data sources I use, and some institutional background on UK
savings markets. I examine this data, showing the dispersion in interest rates and studying
household choices within that distribution in Section 4. In Section 5 I quantify the impact
of variable attention on the business cycle by estimating a medium-scale New Keynesian

model of the UK incorporating the interaction modelled in Section 2. Section |6/ concludes.

2 Partial Equilibrium Model

In this section I build a simple partial equilibrium model of rationally inattentive house-

holds and heterogeneous banks. Households can pay a utility cost to obtain more infor-

this changes over the business cycle. In Appendix [A.2| I show that a model of endogenous search effort
gives the same qualitative implications as in the main body of the paper. The extension of persistent
interest rates (Appendix |C.1)) would however be intractable in this alternative setup.

10Chari et al. (2009) argue that the lack of a clear structural explanation for this shock is a weakness
of the Smets-Wouters model, though others (e.g. Fisher, 2015) have provided theoretical interpretations.



mation about which of a finite set of banks is offering the best interest rates each period.
With more information they will achieve a higher interest rate relative to the distribution
of rates on offer. I show that attention (the quantity of information processed) is driven
by the marginal utility of income and the dispersion of interest rates. Contractions there-
fore cause attention to rise, because the marginal utility of income rises. Higher attention
makes the deposit market more competitive, so banks increase the rates they offer, further
increasing the interest rates households experience. Higher interest rates cause further

falls in consumption through the household Euler equation.

2.1 Savings Products

To generate interest rate dispersion in the model, I assume that households buy govern-
ment bonds through banks, some of whom are more efficient than others. Inefficient (high
cost) banks offer lower interest rates than their efficient competitors in equilibrium.

There are N banks. Each period ¢, each bank n buys bonds from the government and
sells them on to individuals, both at price 1. In the next period, the government pays
the bank 1+i? per bond bought, and the bank pays 1+ 14" to the individuals it sold to.
Bank n also pays a transaction cost xj' per bond. In this partial equilibrium exercise the
policy rate is exogenous, but it is endogenous in the quantitative model in Section 5|

Bank n chooses the interest rate they offer to individuals i} to maximise profits, taking
into account that their market share will depend on how their interest rate compares with
the distribution of rates offered by the other banks.'!| Denoting the probability a saver
chooses bank n for a given interest rate distribution as Pr(nl|i}',i; "), the bank problem
is:

ift = argmax Pr(nif, i, ") - (i ® — 17 — x7) (1)
i

This gives the first order condition:*
g POl i) - G =i = x) = Pr(ali. i) 2)
Interest rates are dispersed if costs xj are dispersed. A bank with higher costs will
choose lower interest rates, accepting a lower market share to prevent a larger fall in
their markup. I assume that these costs are random variables, but for the moment do

not place any structure on their distribution. I refer to a realized set of costs in period ¢

as the state of the world s;.

ATl individuals are identical, and will choose one bank each per period, so the market share equals
the probability a saver chooses that bank.

12The market share function Pr(n|i},i; ") is derived in Section [2.2. It is smooth as long as savers have
less than full information, and is such that equation (2) is sufficient for profit maximisation.



2.2 Households

Each period households choose their consumption, and how much attention to pay to
choosing between the different banks. Attention increases the expected interest rate the
household achieves relative to the distribution of rates on offer.

Specifically, I assume that there is a large representative household composed of many
individuals. Each period the household decides how much each individual will consume
and save, and how much attention they will pay to the choice of savings products, to
maximise expected lifetime utility. As in the Rational Inattention literature, ‘attention’
in this model refers to information processing, in this case about which banks are offering
the highest interest rates that period. I assume the household is a net saver, so prefers to
choose banks offering higher rates. All asset income is redistributed among individuals

each period, so there is no inequality within the household. The household problem is:

b it Eo tz_; B (uler) — pI(Eqi)) (3)
subject to

it b= b (1460 + o )

T'(Egiy) > 0,7"(E,iy) > 0 %)

Here ¢; is consumption, b, is real bond holdings, v; is exogenous income, and 4; is the
effective interest rate faced by the household (the average over individuals).

The novel element of this problem is the term Z(IE ), the amount of attention re-
quired for the household to earn an expected effective interest rate I5,if on assets bought
in period ¢ (which pay off in ¢ + 1), which will be derived below [**| The key properties of
this function are expressed in condition (j5)): if the household pays more attention they
will earn a higher expected rate of interest, but the interest rate gain from more atten-
tion diminishes as attention grows. Households choose how much attention to pay by
balancing the expected future marginal utility of higher interest income with the costs of
attention. I have modelled the costs of attention as a simple additively separable utility
cost, with a constant marginal cost p, as is common in the Rational Inattention literature
(see e.g. Kamdar, 2019; Mackowiak et al., 2020). This can be thought of as costly cog-
nitive effort. In Appendix|A.2 I show that a monetary cost leads to the same qualitative
conclusions.

In the maximisation I allow the household to directly choose the expected effective

13The expectation is taken over states of the world s. For a given state of the world, the assumption of
a large household of many individuals ensures that there is no uncertainty in the effective interest rate.



interest rate they face. This is equivalent to choosing the amount of attention to pay as
there is a one-to-one mapping between the two variables (see Appendix B.2). The first
order conditions comprise an Euler equation and a first order condition on the effective

interest rate:

() = BE(1 + i§)u'(cor1) (6)
B (cri1) = pZ'(Eiy) (7)

The first order condition on effective interest rates (7)) is crucial in unpicking this model.
It shows that households choose attention to equalise the marginal utility of higher asset
returns next period with the marginal cost of the attention required to achieve it. The
marginal utility of higher asset returns is simply the marginal utility of income in the
next period multiplied by the amount saved. Attention therefore rises when consumption
is expected to be low, as then the marginal utility of future income rises. It is marginal
utility in the following period that matters because the bank choices made in period ¢
only change income when the bonds bought pay out in period t 4 1.

Attention also rises when the marginal information needed to increase effective interest
rates (Z'(IE4if)) falls, as this reduces the marginal cost of increasing asset income. After
deriving the relationship between attention and effective interest rates below I show that
this marginal cost falls when interest rate dispersion rises, so attention rises with rate
dispersion.

The first order condition on effective interest rates also implies that a wealthier house-
hold will choose to process more information, and so will experience a higher interest rate.
This encourages further saving through the Euler equation (6)), but the non-concavity this
implies is small enough at plausible parameter values that the first order conditions re-
main sufficient for utility maximisation (see Appendix B.1)[**| Since households are net
savers (government bonds are in positive net supply), b; > 0 and the household always
chooses to process some information.

I now turn to the derivation of Z(E,if), from the decisions of individuals, who face a
discrete choice Rational Inattention problem as studied in Matéjka and McKay (2015) /"

Individuals start the period with a prior belief about the probabilities of different

states of the world, i.e. interest rate distributions and the positions of banks within that.

14The interaction between attention and wealth implies that the model has two steady states, one
with identical households and another in which some households are wealthy and attentive, while others
remain at the borrowing constraint paying no attention. As the data in Section [4] is only informative
about average household choices, I study the model with identical households. See Macaulay (2021) for
analysis of the two-agent steady state in a related model.

15The redistribution of asset income around the household renders individuals risk neutral with respect
to interest rates, and so there is no incentive for them to diversify beyond a single bank. I therefore
proceed within the discrete choice framework. Risk neutrality over interest rates also implies that the
objective function in this Rational Inattention problem is simply the expected interest rate.



I assume that individuals share information on returning to the household at the end of
the period, so all individuals have the same priors. Let P, ; denote the probability that
an individual chooses bank n if they process no information and rely only on their priors.
Following Steiner et al. (2017) I refer to this as the ‘predisposition’ towards bank 7.

In general, though, individuals will process some information before choosing a bank.
They have access to an infinite set of information about banks. If an individual processed
enough of that information before making their bank choice - if they paid enough attention
- they would be able to precisely identify the best interest rate in the market and choose
it with probability 1. However, because attention is costly, the household chooses to
limit the amount of information each individual can process before choosing their bank.
Intuitively, each individual could visit every bank in the market and observe their interest
rate, and so identify the best product in the market with certainty, but doing so requires
a great deal of effort and so is prohibitively costly. I further assume that individuals
cannot share information within the period.

There are therefore two challenges facing an individual. Using terminology from
Matéjka and McKay (2015), an individual must decide on an information strategy (what
kinds of information to process given their limited attention capacity) and an action strat-
egy (how to translate that information into a bank choice). Formally, we can write this as
the individual choosing the joint distribution of a noisy signal and the true distribution of
interest rates among banks, subject to a constraint on the amount of information about
the bank distribution the signal can contain. The individual then observes a realisation
from that noisy signal, updates their beliefs and chooses a bank. The quantity of infor-
mation embodied in a particular signal structure is defined (following Sims, 2003) as the
expected reduction in entropy between the prior and posterior beliefs about the state of
the world from observing a realisation of that signal.

Using lemma 1 from Matéjka and McKay (2015), we can leave the belief distributions
and signal structures in the background, and rewrite the individual’s problem in terms

of conditional choice probabilities.'®| The individual’s maximisation problem becomes:

N
max I, o Pr(n|s;)) subject to 8
s B (32, Pr(nls) b ®)
N N
T, == Pailog(Pus) + By, > Pr(n|s,) log(Pr(n]s;)) (9)
n=1 n=1

16See Matéjka and McKay (2015). Intuitively, it is never optimal to use information processing capacity
on two distinct signal realisations that imply the same action, so there is a one-to-one mapping from
signal realisations to actions. We can therefore solve the problem by looking at actions (i.e. choice
probabilities) rather than explicitly solving for signals.

10



Pr(n|s;) is the probability that the individual chooses bank n given the state of the world
is s;, where s; summarises the interest rate distribution and the positions of banks within
it. The individual chooses a decision rule (a set of conditional choice probabilities for
each possible s;) to maximise their expected interest rate. They maximise subject to
the constraint that Pr(n|s;) cannot deviate too far from the predisposition P, ;. The
more attention the household allows individuals to pay, the more their conditional choice
probabilities can deviate from these predispositions, towards the unconstrained choice
rule in which Pr(n|s;) = 1 if bank n offers the highest interest rate in state s;, and
Pr(n|s;) = 0 otherwise.

Solving the individual’s rational inattention problem gives a familiar multinomial logit

choice rule:

o P eXp(%n)
Pr(nliy,i") = N : ik
2 k=1 Prexp(3))

Here I have replaced the notation for a state of the world s; with the interest rate dis-

(10)

tribution in time ¢, made up of the rate offered by bank n and the rates at all of their
competitors. The variable \; is the Lagrange multiplier on the attention constraint 9 in
the individual problem, or the shadow value of information. As the household increases
attention, holding all else equal the constraint becomes less binding and the shadow value
of information falls.

The household decides how much each individual will save before knowing whether
they have chosen a bank offering a high or low interest rate. Combined with the income
sharing around the household, this means that all individuals save the same amount, and
the interest rate the household faces across all of their saving is the expected interest rate
achieved by each individual’s bank choice. It is this average rate that I refer to as the

effective interest rate if:
N
iy = ) iy Pr(klif, i ") (11)
k=1

Substituting out for the optimal conditional choice probabilities using equation (10)), this

becomes:

[+ 3

_ S #Puesp() )

t
> Praexp(3))

t

-€
2

R N

As attention increases (\; falls), individuals successfully choose higher interest rate banks
with a greater probability, and so the effective rate experienced by the household rises.
The effective interest rate is therefore an increasing function of the probability of success-
fully choosing high interest savings products, which increases with attention Z. Therefore
T'(Egi§) > 0. Diminishing returns to attention ensure that Z"(IE4i§) > 0.

11



In Appendix B.2 I show that Z'(E,i¢) = \;'. That is, the information required for
a marginal increase in the expected effective interest rate is the inverse of the shadow
value of information in the individual problem. This highlights the role of interest rate
dispersion: if interest rates get more dispersed, then information is more valuable to
the individual, as small improvements in the probability of choosing higher interest rate
banks have a larger effect on the expected interest rate. If attention Z is held constant,
then the shadow value of information will rise to reflect this. That, in turn, leads to a
lower Z'(IE4i¢), and so to an increase in attention (absent other changes in the attention
first order condition).'”

The predispositions are where this Rational Inattention model allows for more flexibil-
ity than the search-based models explored in Appendix|A.2. If there is some reason, aside
from the current interest rate, for individuals to be more likely to choose one bank than
another, that can simply be incorporated into P, ;. The model can therefore incorporate
some banks having more ‘brand recognition’ than others, and so attracting inattentive
individuals with a higher probability. It can also allow for persistence in the ordering of
banks within the rate distribution, in which case knowledge of past states of the world
is informative about the current state, and so affects the prior probability of choosing
particular banks. While it is possible to construct a search model with bank-specific
variation in the probability of individuals meeting each bank, which would be necessary
to account for these situations, models of this type quickly become intractable.'®

I study the case of persistence in bank costs, and so in the positions of banks within
the interest rate distribution, in Appendix |(C.1. For the modelling in the main body of
the paper however I assume for simplicity that no bank has more brand power than any
other, and that bank costs have no persistence, which implies that there is no persistence
in the ranking of banks within the rate distribution.'’| The predispositions then all equal
1/N, and the conditional choice probabilities and effective interest rate become:

exp(
Pr(ufiz,irm) = — PG (13)

N ik
> k=1 exp(3)

(14)

17See Appendix [B.2 for a proof that Z"(E4i§) > 0. Appendix B.3 shows that higher dispersion implies
a higher \;. Both proofs are for the case of uninformative priors used from this point on.

18See e.g. Menzio and Trachter (2015) for an example.

9There is in fact very little persistence in bank interest rate rankings for the products studied in
Section [4| (see Appendix |C.2)), though this may not be true of all assets. The Burdett-Judd models
common in this literature also have no persistence, as all price-setters follow identical mixed strategies.

12



Finally, I assume that the distribution of bank costs x} is the same each period, with
the only variation being in which bank draws which cost. This ensures that the effective

interest rate i¢ is unaffected by which state of the world is realized [’

2.3 Implications

I now analyse the novel channel in this model. A shock that causes consumption to
fall leads to higher attention, and so households face higher interest rates relative to
the distribution of offers. That distribution shifts up as the deposit market gets more
competitive. Through both channels household effective interest rates rise, which through
the Euler equation amplifies the consumption fall.

The key equations are the consumption Euler equation (6)), the first order condition
on attention (7)), and the bank profit maximisation condition (2). The bank condition was
left in Section 2.1 in terms of the probability of savers choosing each bank. Substituting

in the conditional choice probabilities from equation (13)) this becomes:
(1= Pr(nls)) - (7% —if = x3) = M (15)
Similarly, we can write the household first order condition on attention as:
BB (crp1) = pAyt (16)

The bank first order condition (15) implies that when attention rises, the distribution
of interest rates shifts up (see Appendix |B.4). Intuitively, higher attention means that
the demand facing an individual bank becomes more elastic to changes in that bank’s
interest rate relative to their competitors, as choice probabilities can depend more on
specific realisations of interest rates. With more elastic demand, markups decrease, and
so the interest rates offered to households rise relative to the policy rate. Furthermore,
each bank wants to increase their interest rates to keep pace with rate rises at their
competitors, because interest rates are strategic complements in this market.*!
Therefore if a shock causes consumption to fall, households increase attention, which

means they experience higher interest rates than if attention had remained constant

20This simplifies the household problem as the expectations operator within Z(IE,i¢) becomes redun-
dant. We can think of this assumption as being that each period, a ranking of banks is drawn from an
i.i.d. distribution, and then that bank costs are a deterministic function of these rankings.

21Tn Appendix B.4|I also show that interest rate dispersion falls when attention rises with N = 2 banks
in the market. If we additionally impose an interest rate lower bound (akin to the reservation price in
Burdett and Judd (1983)), then at very low levels of attention price dispersion is increasing in attention
as rates begin to rise above the bound. Numerically, the same is true for N > 2 banks. Qualitatively, a
rise in attention therefore has the same effect as a rise in search effort in Burdett and Judd (1983).
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through two channels. First, the probability of an individual choosing high interest rate
banks rises, increasing the effective interest rate relative to the distribution of rates on
offer. Second, the increased competition in the deposit market causes banks to increase
the interest rates they offer, so the rate distribution shifts up. Through the consumption
Euler equation, this encourages households to delay consumption, and so consumption
falls by even more than it would have done without an attention change. Variable at-
tention therefore amplifies shocks to consumption, unless the shock also reduces interest
rate dispersion so much that attention actually falls. In Section 5/ I find that this is rare,

so on average variable attention amplifies the consumption effect of shocks.

3 Data

To provide evidence on cyclical attention to savings, I combine data from two sources.
To observe the choice set facing households, T digitise 14 years (1996-2009) of monthly
editions of Moneyfacts, a magazine for UK financial advisers/*?, To observe household
choices within that set, I combine this with data on average interest rates earned on
newly opened savings products each month from the Bank of England. In this section I
explain the nature of these datasets, and provide some institutional background on the

specific savings market I study.

3.1 Data Sources

Each month Moneyfacts magazine publishes tables of the interest rates and product char-
acteristics of the vast majority of saving and credit products on offer from retail financial
institutions in the UK,*| A key advantage of this data is that it reports all observable
dimensions of product heterogeneity which are relevant for savers, which means that the
interest rate dispersion remaining after controlling for these characteristics cannot be
explained by observable product differentiation. The magazine reports the full set of
relevant characteristics because it is designed for household financial advisers: if savers
care about a product characteristic then financial advisers need to know about it.

Of all of the saving (and borrowing) products available in the data, I focus on the spe-

cific subset of fixed interest rate savings products, for which the product characteristics

22The editions from January 2008, December 2008, and February 2009 were missing from the library
collection at the University of Oxford when this research took place, so data from these months is missing.
Where HP-filtered series are used below, I fill in the missing data by linearly interpolating between the
months either side, then drop the interpolated observations after the series has been filtered.

23The publishers aim to cover the universe of products, but acknowledge that they may occasionally
miss a niche product from a small provider. As 1 focus on average household choices in a common product
category (fixed interest rate saving bonds), the data should contain all relevant products.
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are simple and easily quantifiable. This enables me to account for product heterogeneity.
In contrast, mortgages and other loans, as well as other more complicated savings prod-
ucts, have many more dimensions of product heterogeneity, and many products have their
own idiosyncratic features, made evident by the paragraph of notes accompanying each
observation in the data. Such idiosyncrasies would make accounting for product differen-
tiation in interest rate dispersion extremely difficult. In addition, it is common for these
products to come bundled with offers for current accounts and other financial services, so
the headline interest rates may not accurately capture the value of each product. Further
details on fixed interest rate savings products are given in Section |3.2.

Household choices within this market are reported in the Quoted Household Interest
Rate published by the Bank of England. This gives the average interest rate earned
by households each month on a subset of fixed interest rate savings products which are
identical along all the major dimensions of product heterogeneity identified in Moneyfacts,
so it directly relates to a set of products which are identical except for the interest rate,
and which can be easily identified in the Moneyfacts data.*! Importantly, the average
interest rate reported is for accounts opened in that month only, not the stock of all
active accounts, which would include accounts opened in previous months when interest
rates were different.

There are several Quoted Household Interest Rate series available for fixed rate savings
products with different combinations of product characteristics. I focus on the series for
products with a term of one year, an investment of £5000, and where interest is paid
annually, because the Quoted Household Interest Rate series goes back to 1996 for these
products, whereas the series for other combinations of features have only been published
since 2009. In addition, this is one of the most common combinations of product features
in the market, so my results in Section [4] are less affected by outliers than would be the
case with a more niche combination of product features.

A limitation of the Quoted Household Interest Rate data is that the interest rates
on qualifying products are weighted imperfectly. The ideal measure of the average rate
achieved by households in these products would weight each bank’s interest rate by the
amount of new deposits that month in that product.?”| However, in the absence of deposit

data by product, the Bank of England instead weights each interest rate by deposit inflows

24The only characteristics reported in Moneyfacts that differ among products in the Quoted Household
Interest Rate are the penalty for withdrawing deposits before the end of the term, and whether the
product is managed through a branch, by post, telephone or the internet (online-only products are
excluded from the Quoted rate before 2009). The Financial Conduct Authority (2015) found that
holders of fixed-rate bonds did not place much importance on these product characteristics, mostly
valuing products based on their interest rate and term.

251f a bank has multiple products that qualify for the Quoted Household Interest Rate, the average
only considers the one with the highest interest rate. I do the same when identifying the relevant set of
products in the Moneyfacts data.
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per bank and month across the somewhat broader set of all fixed-rate bonds with a term
less than or equal to one year. While this implies that the Quoted Household Interest
Rate is not a precisely quantity-weighted average, I show in Appendix D.1 that a bank’s
position in the distribution of interest rates on products qualifying for inclusion in the
Quoted Household Interest Rate is very highly correlated with their position in the other
market segments used in the weighting scheme. The countercyclical pattern of the Quoted
Household Interest Rate relative to the distribution of interest rates in that set of products
found in Section 4| therefore reflects a systematic shift towards banks that are more
competitive across these market segments in recessions. Although imperfect, I therefore
continue to refer to the Quoted Household Interest Rate as the average interest rate
achieved by households. The measurement errors on the savings data in the quantitative

model in Section 5| are included partly to reflect this limitation.

3.2 Institutional Background

Retail savings products are provided in the UK by conventional banks and building
societies, which offer deposit products to fund mortgage lending ] Deposits at all of the
institutions in the data were covered by deposit insurance up to £35,000 throughout the
period studied, substantially above the £5,000 investment size of the products considered
(I return to the issue of deposit insurance and bank risk in Section 4.1.1)). The largest four
institutions had 74% of the market for current accounts in 2000, and the largest branch
networks (Vickers, 2011). The market for savings accounts is much less concentrated,
with a Herfindahl-Hirschman Index between 20% and 30% lower than the current account
market between 2000 and 2008 (Vickers, 2011).

Fixed interest rate savings products are commonly used in the UK. In 2013, 12% of
households held these products, and they accounted for 20% of all cash savings balances
in the UK (Financial Conduct Authority, 2015). In the Moneyfacts data there are an
average of 200 such products available each month in the sample. The mean number of
products satisfying the criteria for inclusion in the Quoted Household Interest Rate is 34.

There are two other factors which aid analysis of choices in this particular market.
First, product bundling is uncommon. In the median month, just 3.5% of products
qualifying for inclusion in the Quoted Household Interest Rate are explicitly bundled
with other products at the offering bank. I do not remove the few products for which

this is the case before analysing the data because they are not removed in the Quoted

26The main differences between building societies and banks are that building societies are owned by
their customers, and are more limited than banks in how much of their funding can come from wholesale
money markets. I will not distinguish between the two types of provider as industry experts suggest it
is not important for consumer choices (e.g. Hannah Maundrell, quoted in Hannah, 2017). As the degree
of wholesale funding could be related to bank risk, I discuss this in Section 4.1.1]
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Household Interest Rate data, but removing them does not substantially change the
distribution of offered rates. Savers also do not appear to value having these accounts
with the same institution as their other financial products, which might give rise to an
implicit bundling of products. The Financial Conduct Authority (2015) found that 76%
of savers using fixed rate bonds use an institution which is not their ‘main provider of
financial services’.

Second, the interest rate is the most important product feature for the large majority
of savers in this market (Financial Conduct Authority, 2015). Savers hold fixed rate
savings bonds as assets, not for transactions or any other purposes. This is important
for my analysis, as customer service and the convenience of a large branch network are
unobservable product features that I cannot easily control for. That these do not matter
much to savers means that this is unlikely to explain much of the interest rate dispersion
I find in Section 4.1. The presence of a local branch is less important for these products
than others because they are of a fixed maturity, so the saver does not need to interact
with the bank on as regular a basis, as is the case for products with the potential for

continual adjustment (Financial Conduct Authority, 2015).

4 Empirical Results

In this section I explore household choice using the datasets described in Section 3l First,
I show that there is substantial heterogeneity in interest rates offered by retail banks
which cannot be explained by product heterogeneity. Without interest rate dispersion,
the choice of one savings product over another would have no impact on the interest
rate that households experience. I then construct a summary statistic for the ‘success’ of
household choice, which measures the interest rate households actually achieved relative
to the distribution of rates on offer that month and is closely related to attention in
the model in Section [2. 1 show that on average, households more reliably choose higher
interest rate products when the unemployment rate is high and the average level of

interest rates is low, which is consistent with the model.

4.1 Interest Rate Dispersion

Each month in the sample, households could achieve a wide range of interest rates by
choosing different savings products from different providers. However, some of this dis-
persion is due to the fact that savings products differ on dimensions other than their
interest rate, such as their duration and eligibility criteria. In Section 4.1.1/ I show that

in fact interest rate dispersion remains substantial even among products which are close
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substitutes. I also argue that dimensions of unobservable product heterogeneity, such as
perceived bank risk, are unlikely to explain much of the remaining dispersion. I then
provide evidence that limited attention is a likely cause of the remaining interest rate
dispersion in Section |4.1.2. This means that many savers could increase their interest in-
come without changing any other characteristics of their savings product by switching to
other providers. Increased attention to the choice of savings products would lead to this

kind of switching, which is how attention affects the interest rate households experience.

4.1.1 Interest Rate Dispersion is not explained by Product Differentiation

To explore whether product heterogeneity can account for the differences in interest
rates observed on fixed interest rate savings products, I study a set of products which
are extremely close substitutes. If the market is perfectly competitive, and unobserved
product heterogeneity is small, these products should all have similar interest rates. This
is not what is observed: interest rates are substantially dispersed even among similar
products.

To obtain this set of close substitutes I focus on the products used to compute the
Quoted Household Interest Rate series, which have the same term, investment size, and
interest rate payment frequency. This covers the major dimensions of product heterogene-
ity in this market (see Section 3.1), and yet the median within-month standard deviation
of interest rates on these products is 45 basis points, on an average interest rate of 518
basis points. In October 2000, as an example, savers could earn annual rates of return be-
tween 450 and 680 basis points depending on their choice of bank (the standard deviation
of rates that month is 44 basis points). The histogram of these rates is plotted in Figure
1. There is therefore substantial interest rate dispersion which cannot be explained by
observable product differentiation.

Missing out on 45 basis points on the £5000 investments in these products only implies
an annual loss of £22.50. However, it is not the magnitude of asset income that matters for
intertemporal consumption decisions in standard macroeconomic models, and the models
in Sections 2| and |5 of this paper. Rather it is the interest rate, and 45 basis points is
large in terms of typical interest rate changes, for example stemming from monetary
policy decisions. In fact, the small monetary loss helps explain why savers do not pay
much attention to their product choice from this set.

This exercise, however, only controls for observable product heterogeneity. While I
can discount many possible dimensions of unobserved heterogeneity (see Section 3.2),
there could still be attributes known and valued by households that differentiate the
products on offer.

Bank risk is potentially one such unobserved characteristic that could explain interest
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Figure 1: Histogram of annual interest rates on fixed interest rate bonds and term accounts on offer in
October 2000.

rate dispersion, if riskier banks offer higher interest rates to compensate savers for their
risk. This is unlikely, however, to be a significant driver of rate dispersion in this market.
Throughout the sample deposits in the UK are insured up to £35,000 (£50,000 after
October 2008) per depositor per provider, which is far above the £5,000 investments I
study. This removes the majority of risk to savers of bank failure, so as long as deposit
insurance is credible risk should not affect pricing, as Ben-David et al. (2017) find for the
US. Indeed, Chavaz and Slutzky (2020) find that deposit rates in the UK are on average
uncorrelated with a variety of measures of bank risk, suggesting that risk is not the main
driver of the dispersion found here. This is supported by the fact that regressing the
panel of interest rates on bank and month fixed effects still leaves the mean and median
unexplained within-month standard deviation of interest rates at 31 and 29 basis points
respectively”’

There could, of course, still be other sources of unobserved product differentiation
which explain the dispersion of interest rates that I have not considered here. I therefore
proceed by arguing from the other side, giving evidence that there are substantial costs

of information/search in this market, and therefore that limited attention could explain

2"This is an inferior way of capturing risk than that of Chavaz and Slutzky (2020), who use time-
varying measures of bank risk from the Bank of England, as it ignores changes in bank risk over time.
It also removes all variation which causes a bank to offer persistently high or low rates, whether that is
driven by risk or not (see Appendix |C.1| for an example where information costs imply rate persistence).
The fixed-effects regression should therefore be taken as further suggestive evidence that the Chavaz and
Slutzky (2020) results apply to the fixed-rate market specifically, as well as to retail deposits in general.
While Chavaz and Slutzky (2020) do find that riskier banks offer higher interest rates when they face
spikes in household attention (measured by Google searches), primarily during the 2008 financial crisis,
this is only significant for variable-rate products.
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why interest rate dispersion persists in equilibrium.

4.1.2 Limited Attention is a plausible explanation of Interest Rate Disper-

sion

The presence of costly search, information, or attention has been proposed as an expla-
nation of equilibrium price dispersion in a large number of papers, both theoretical and
empirical, starting with Stigler (1961) (see Baye et al. (2006) for a review of the early
literature). The existence of interest rate dispersion not accounted for by observed prod-
uct differentiation is not, however, evidence in itself that households are less than fully
informed about the savings products available to them. I therefore provide evidence that
information costs, which lead to inattention, are in fact important in this market.

The clearest piece of evidence for the role of information costs, which would make
households inattentive, comes from the FCA (and their predecessor the FSA), who regu-
late the market for savings products in the UK. In a study of retail financial services for
the regulator, Cook et al. (2002) concluded that:

“Shopping around is not cost free since consumers have to spend time and
effort. The extent to which consumers shop around the market will depend

on the benefits they think they can get and the costs of them doing it.”

Other reports by the regulator (Financial Services Authority, 2000; Financial Conduct
Authority, 2015) on this market have similarly concluded that households could benefit
if they searched harder for their financial products, but that such search is costly.

In addition to the remarks of the regulator, the founding of Moneyfacts, the magazine
from which I obtain the savings product data, is itself evidence that information costs
are substantial in retail financial markets. Moneyfacts was created to help “quickly and
easily compare financial products” (Moneyfacts, 2021). This suggests that it is costly
(in time, effort or money) for households to obtain this information from elsewhere: the
magazine would not have been founded, and would not keep selling subscriptions, if data
on the full set of available savings products was easy to find. Since less than 8% of UK
households employ financial advisers (Aegon, 2017) the existence of the magazine has not
itself removed the information friction behind saver inattention.

The rapid spread of comparison websites covering savings products in the early 2000s
supports this evidence (Connon, 2007). Savers would not need to visit a comparison
website if they were already fully informed about the products on offer. However, as with
the founding of Moneyfacts, these websites did not reduce the cost of information to zero.
It still takes time and effort to use the websites, to process the information and translate it

to choices. Indeed, in 2019 the Financial Times ran an article about one bank’s strategy
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for attracting depositors titled “How Monzo is banking on customer apathy” (Kelly,
2019), indicating that savers are not fully attentive to their choices despite the availability
of comparison websites. In 2013, only 35% of savers in fixed-term products consulted a
comparison website before choosing their product (Financial Conduct Authority, 2015).

Other authors have also concluded that inattention plays an important role in retail
financial product markets. Martin-Oliver et al. (2009) find evidence that there is less
interest rate dispersion among Spanish banks in markets where households have a greater
incentive to pay attention. Branzoli (2016) finds that fewer consumers make the mistake
of choosing a product which is strictly dominated by another product at the same bank
when they have a greater incentive to pay attention to their choices. For the UK, Adams
et al. (2020) find evidence of substantial inattention to savings product choices in a large
randomised controlled trial using savers at five retail financial institutions.

Finally, I will discuss below how the endogenous attention decisions studied in the
model in Section |2 can explain the time series variation in how households choose from

among the set of offered rates.

4.2 Constructing ¢: a summary statistic for household choice

In this section I use the Moneyfacts and Bank of England data to study how successful
households are at choosing the highest interest rate product in the market each month.
To do this I compute for each month the difference between the average interest rate
earned by households opening new accounts and a benchmark rate, the average interest
rate on offer at the four largest banks. I argue that a saver paying no attention would
face this benchmark rate on average, and any increase in the rates savers face above
this can be seen as an improvement in their choices. Normalising this difference by the
standard deviation of interest rates on offer that month ensures that the measure is not
mechanically affected by changes in the dispersion of interest rates, and gives a statistic
that while model-free in construction is closely related to attention in the model.

I construct the ‘no-attention’ benchmark interest rate to reflect a probable predispo-
sition towards larger market players: small ‘challenger’ banks are likely to be discovered
only if the saver does some careful research, as they do not have large numbers of physical
branches or large advertising budgets (see Honka et al., 2017, for evidence that these both
have large effects on consumer banking choices in the US). Specifically, I construct the

benchmark rate by taking the average interest rate on offer from the ‘big four’ banks.*

28These are Barclays, HSBC, Lloyds, and Royal Bank of Scotland. In 1993 the big four had 48% of
the bank branches in the UK. NatWest also has a large number of branches, but it is extremely rare for
them to offer a product qualifying for the Quoted Household Interest Rate so I leave them out of the
calculation of the benchmark rate.
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Throughout the sample period these four banks hold most of the market share in many
retail banking markets, and have many more branches than other banks (Office of Fair
Trading, 2008). They are particularly dominant in current accounts, which are the key
product from which banks cross-sell other services, such as savings accounts (Cruickshank,
2000). Using this as the benchmark interest rate assumes that households paying no at-
tention to their choice of savings product are likely to go to their closest bank branch, or
the bank where they hold a current account. Alternative benchmarks, such as weighting
banks by their number of branches or the size of their balance sheets, would be strongly
correlated with this simple benchmark because the big four consistently dominate others
on these metrics.

Figure |2 shows the histogram of interest rates available in October 2000 on the subset
of fixed interest rate savings products which appear in the Quoted Household Interest
Rate, with the benchmark interest rate shown in red and the quoted rate (the average
interest rate achieved on products bought that month) shown in green. The benchmark
rate is 106 basis points below the maximum rate that households could achieve. While
they do not all get that rate, on average savers do somewhat better than they would have
if they paid no attention to their choice, earning an average interest rate 50 basis points

above the benchmark rate.
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Figure 2: Histogram of annual interest rates on fixed interest rate bonds and term accounts on offer in
October 2000, with the average interest rate at the big four (5.74%) in red and the Quoted Household
Interest Rate (6.24%) in green. The highest rate on offer from a big four bank was 6.1%.

The statistic on household choice which I will study is the distance between the

household mean and the benchmark rate, normalised by the standard deviation of the
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interest rate distribution that month. I denote the resulting statistic by ¢:

- Epiy —

= ol (17)

 is a summary statistic on how households chose from among a distribution of interest
rates in a given month. Note that ¢ is homogeneous of degree zero in interest rates, so
market-wide trends in the level of nominal interest rates do not mechanically affect .
If household decisions are driven by real interest rates rather than nominal rates, ¢ is
unaffected by changes in inflation expectations for the same reason.

Although this statistic is not derived using any particular model, it is closely related
to attention in the model in Sections 2 and 5.°| In Section 2.2/ T showed that when a
household pays more attention the effective interest rate they experience rises relative to
what they would have achieved if they processed no information and simply followed their
predispositions. This corresponds to a rise in the average rate achieved by households
relative to the benchmark rate, and so a rise in ¢. I also showed that attention is only
a function of conditional choice probabilities, so if interest rates all move further apart
but choice probabilities stay the same attention has not changed. Normalising the gap
between the average achieved rate and the benchmark rate by the standard deviation of
interest rates ensures that changes in rate dispersion do not mechanically alter .

I will therefore interpret ¢ as a proxy for attention. To combat the concern that
changes in ¢ could be driven purely by shifts in the position of the big four within the
interest rate distribution rather than by household behaviour, the analysis in Section 4.3
and Appendix [D| uses the residual of ¢ after regressing it on a measure of the position
of the big four within the rate distribution"| All of the results remain significant and of
the same sign as those below if the raw values of ¢ are used instead. This is because the
majority of the variation in ¢ does not come from movements in the position of the big

four: the R? of the regression of ¢ on that position is 0.23.

4.3 Cyclicality of ¢

Since ¢ can be measured each month, I can study choice behaviour at a high enough
frequency to observe co-movements with aggregate variables over the business cycle. 1

find that ¢ is countercyclical.

29In Appendix |B.5|I show that there is an exact correspondence between ¢ and attention in the model
with two banks and uninformative priors, and that attention and ¢ remain closely related with more
banks in the market. Numerically, ¢ and attention are also closely linked in the model with more general
priors in Appendix |[C.1|

30Gpecifically, the big four position is measured analogously to the position of the Quoted Household
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Figure |3 shows binned scatter plots of the (HP-filtered) cyclical component of ¢
against the cyclical components of the average interest rate and in unemployment*!
Lower interest rates and higher unemployment are associated with higher ¢. These

relationships are strongly statistically significant.
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Figure 3: ¢ against (unweighted) average interest rates among products considered in the Quoted
Household Interest Rate data and unemployment. All series are (:Ayclical components after HP filtering.
Black solid lines are from linear regressions, which give ¢ = —0.142i (¢-statistic on slope coefficient —3.24)
and ¢ = 0.3334 (t-statistic on slope coefficient 4.33). Blue circles are means of ¢ and the regressor of
interest within groups of observations, grouped by their position within the distribution of the regressor.

When interest rates are high and unemployment is low, savers choose products with
low interest rates, close to those offered by the big four banks. As rates fall and un-
employment rises, households move up through the distribution of offered rates, more
reliably choosing the higher interest rate products in the market, and so achieving higher
interest rates relative to the distribution of offers than they did when average rates were
high and unemployment was low. In Appendix [D.3 I obtain the same result using alter-
native versions of ¢. In particular, I show that in contractions the average interest rate
achieved by households moves closer to the highest interest rate on offer in the market,

as well as increasing away from the benchmark rate. I keep to this measure of ¢ in the

31T use the unweighted mean of the interest rates in the market studied, but this is highly correlated
with many other interest rate measures. Using the benchmark rate, the Quoted Household Interest Rate,
or the interest rate on one year UK treasury bills makes no difference to the qualitative conclusions, and
little quantitative difference.

24



main body of the paper, however, because of its close correspondence to attention in the
model, which enables it to discipline the role of attention in the model.

These cyclical patterns can be explained by the household attention decisions studied
in Section 2. In recessions, consumption tends to be low, so the marginal utility of interest
income is high, increasing the incentives to pay attention.*?| In addition, when average
rates are low in this market the dispersion of interest rates tends to be high, increasing
the benefits of attention.*?| Finally, if there is a ‘search for yield’ motive, i.e. if there is
something about low levels of interest rates that make households want to work harder to
increase their returns, this would also encourage greater attention, and so higher ¢, when
average rates are low.”*| In the model in Sections 2 and 5 I allow for the first two channels
to operate, leaving examination of the search for yield mechanism for future work.

I have argued above that bank risk does not play a large role in this market. In
Appendix D.4| I show that changes in the composition of the fixed-rate bond market are
also unable to explain the cyclical patterns in ;. While other explanations of the data

are in principle possible, variable attention is therefore the leading candidate.

5 Quantitative Assessment

In this section I study the quantitative significance of cyclical attention to saving in an
estimated DSGE model for the UK. Cyclical attention amplifies the consumption re-
sponse to most shocks, as the marginal utility of income channel described in Section 2
is estimated to be powerful. This amplification is substantial, increasing the consump-
tion response to risk premium and TFP shocks (the two shocks explaining the largest
fraction of consumption variance) by 31% and 20% respectively. Overall, the variance of
consumption is 17% higher than if attention is held fixed at steady state.

Changes in attention affect the model in the same way as risk premium shocks, and can
in fact explain a substantial portion of the business cycle fluctuations otherwise attributed
to the risk premium. The important difference is that attention is an endogenous response

to other shocks, and so can be influenced by policy. In particular, the majority of the

32Gimilarly, when unemployment is high the opportunity cost of time spent shopping around is low.
This does not feature explicitly in the model as the cost of attention is a simple additively separable
utility cost. However, for many shocks consumption and labour supply co-move, in which case this
opportunity cost of time channel is qualitatively the same as the marginal utility of income channel.

33Corr(i,o(i)) = —0.272 and is significantly different from 0 at the 0.1% level. This correlation is
partly driven by the substantial increase in interest rate dispersion during the crisis, which may be
partly due to heightened awareness of bank risk (see Section [4.1.1). However, this correlation remains
negative and significant if I exclude the crisis periods.

34Gearch for yield often refers to financial institutions taking on more risk to increase their returns
when yields are low (e.g. Martinez-Miera and Repullo, 2017). This is somewhat different from the search
for yield mentioned here, as in this setting there is no change in the riskiness of household investments.
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stabilisation effects of holding attention constant can be achieved by reducing the cost of

information p: reducing p by 50% reduces the variance of consumption by 12%.

5.1 Model

Since the data in Sections 3| and 4 concerns savings markets in the UK, I base the model
on the medium-scale DSGE model for the UK of Harrison and Oomen (2010). The

log-linearised model equations are in Appendix E.

5.1.1 Full Information Block

The model is a medium-scale small open economy New Keynesian model, with many of
the frictions that have become standard in the quantitative macroeconomics literature.
Households consume domestic goods and imports, monopolistically supply differentiated
labour varieties, and save through risk-free domestic and foreign bonds, money, and by
investing in capital which they rent to firms. They can vary capital utilisation at a
cost. They face external consumption habits, capital adjustment costs, nominal wage
adjustment costs (with partial indexation to past wages), and portfolio adjustment costs
that introduce a friction in holdings of foreign bonds.

Domestic firms hire utilisation-adjusted capital services and labour to monopolisti-
cally produce intermediate goods, which are aggregated by perfectly competitive final
goods firms who supply home and export markets. Intermediate goods firms face price
adjustment costs with partial indexation to past prices, with different adjustment costs
for the home and export markets.

A monetary authority sets the interest rate on domestic government bonds following
a Taylor Rule with interest rate persistence. The fiscal authority issues a positive amount
of bonds, engages in wasteful government spending, and collects lump sum taxes. With
full information the model features Ricardian Equivalence. With rational inattention a
debt increase only affects consumption because it increases the incentives to pay attention
to savings. Changes in debt are therefore isomorphic to changes in the cost of attention
u (see equation (16))), and so without loss of generality I fix the supply of (real) bonds at
1, and allow for shocks to u. I refer to these as ‘attention shocks’ below, but they could
equally be interpreted as shocks to government debt.

Foreign variables (inflation, export demand, relative export prices, interest rates) are
assumed to follow a VAR process estimated outside of the model, as in Adolfson et al.
(2007). Details of this are in Appendix F.

There are 11 shocks outside of the information problem: to TFP, government spend-

ing, the disutility of labour, the capital adjustment cost, the consumption Euler equation
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(risk premium shock), the price markup on domestic goods, the nominal interest rate
(monetary policy shock), and to each of the four international variables.

The only changes I make to the Harrison and Oomen (2010) model, aside from the
introduction of inattention to savings as set out below, is that I use a risk premium shock
rather than a discount factor shock, and I assume that the labour disutility shock is i.i.d.
(Harrison and Oomen estimate its persistence at 0.001). For further details on the model

setup please therefore see Harrison and Oomen (2010).

5.1.2 Attention Block

As in Section [2, I assume that the household is made up of many individuals, who each
purchase their domestic bonds from one of a finite number of banks. The bank’s problem
is as in Section 2.1. To keep the estimation simple I set the number of banks to 2. The
information problem only affects the market for domestic bonds, not foreign bonds or
capital.

The only difference this makes to the existing household first order conditions is that
I replace the nominal policy rate in the consumption Euler equation, the first order
condition on capital and the money demand equation with the nominal effective interest
rate, averaged over individuals in the household. Foreign exchange market participants
can buy bonds directly from governments, so the interest rate that matters for UIP is
the policy rate.

I assume that each period a ranking of banks is drawn. One bank, which I will refer
to as the ‘good’ bank and index by the superscript g, draws a low cost xy = (¥. The
other bank draws a high cost, and so I will refer to them as the ‘bad’ bank (superscript
b). They face x0 = x1 + x2(i€8 — i%B) + (X + ¢}*15 T allow for this cost to depend on
the policy rate as a reduced-form way for the model to capture the observed correlation
of interest rate dispersion with the level of policy rates. The mean-zero AR(1) shocks ¢/*
and Ctxb cause exogenous fluctuations in the level and dispersion of bank interest rates.
There is no persistence in the bank cost rankings: each bank has a 50% probability of
drawing the low costs each period.

As in Section |2, households choose how much attention individuals pay to choosing
between banks. More attention increases the effective interest rate by improving the
probability that an individual will choose a high-rate bank, but it comes at an additively-
separable utility cost with a constant marginal cost.

The first order condition on attention therefore takes a similar form to equation (16J),

with the only differences being that p is now subject to a mean-zero shock process (!,

35In principle this formulation could allow for x® < x7, if a large enough negative value of Ctxb is
realised. The quantitative results have x; sufficiently positive that the probability of this is negligible.
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the stock of saving is set to 1, and the future marginal utility of income is affected by
inflation:
(18)

Each individual faces a discrete choice rational inattention problem over the two banks.
Since there is no persistence in the rankings of costs faced by banks, and so in the
positions of each bank in the interest rate distribution, individuals have uninformative
priors. Solving the rational inattention problem, we therefore have that the probability

of choosing bank n given that bank n is the good bank that period is p}:

exp(5H)
exp(5;) + exp(5;)

t

The effective interest rate faced by the household is the average over individuals:
i§ = pli] + (1= p))ig (20)

Banks choose interest rates to maximise expected profits. Their first order condition
is the same as equation (15| derived in Section [2, which for the good and bad bank

respectively reduces to:
(L =pf) (77 —if =G =N (21)

P (7P (1= x2) =i = (= x2i9P) = ¢ = ) = (22)

Bank profits and transaction costs are redistributed back to the representative household
as a lump sum.

There are therefore 5 new variables not in the Harrison and Oomen (2010) model: i,
M, p?, 1Y, i%. The new equations are the first order condition on attention (18)), the choice
probability rule (19)), the definition of i (20), and the two bank first order conditions
((21) and (22)). There are three new shocks, to attention (('), the level of bank interest
rates (¢X) and their dispersion (¢°).

5.2 Estimation

I conduct a Bayesian Maximum Likelihood estimation of the model solved to a log-linear
approximation around the zero-inflation steady state. There are 11 standard observable
variables: GDP, consumption, inflation, the 3-month treasury bill rate, investment, real
wages, hours worked, and foreign inflation, industrial production, interest rates, and
relative export prices. The foreign variables are trade-weighted averages of the other G7

countries. On top of these I add 3 observables from the Moneyfacts data: the mean and
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standard deviation of deposit rates, and the choice statistic . I use data from 1993-20009.
The start point coincides with the beginning of the final UK monetary regime identified
by Benati (2006).

In addition to the shocks to attention and the level and dispersion of bank costs, I
allow for i.i.d. measurement error on each of the newly introduced observables.

I follow Harrison and Oomen in setting some parameters to match standard values or
long-run features of UK data. I do the same for x1, the constant in the bank cost function,
choosing it to match the steady state dispersion of interest rates in the Moneyfacts data.

For the priors on each variable to be estimated I again follow Harrison and Oomen.
The only new parameters to estimate are the cost of attention u, the cyclicality of bank
costs xo, and the persistence and volatility of the new shocks. p must be greater than
0, but there are no such restrictions on x». I choose relatively weak priors for both in
the absence of strong evidence for the values they should take. For full details of the

calibration and priors see Appendix |F.

5.3 Results: Amplification from attention

The key novel parameters in the estimation are the cost of information p and the cycli-
cality of bank cost dispersion x», which have estimated posterior means of 0.035 and
-0.264. To interpret these estimates I compare the estimated model to an alternative
with the same equations and parameters, but where attention is held at its steady state
each period. Switching off cyclical variation in attention in this way substantially weakens
the transmission of the most important shocks through the economy. Variable attention
therefore amplifies shocks.

Each row of Table |l reports the magnitude of the cumulative response of consumption
to a given shock over a year in the static attention alternative, relative to the baseline
estimated model. A value below 1 implies that consumption responds by less to that
shock in the fixed attention model than with variable attention. I list this for all shocks
that explain more than 2% of the variance of consumption, ordered according to the share

of consumption volatility they explain.

Table 1: Cumulative consumption response to shocks relative to variable attention baseline.

Shock Fixed Attention
Risk premium 0.764
TFP 0.837
Govt spending 0.726
Markup 1.132
Monetary policy 1.124
Bank costs (level) 0.734
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For most of the shocks, consumption is substantially less responsive when attention is
held at its steady state. For risk premium and TFP shocks, which together explain 64% of
consumption volatility in the baseline estimated model, attention variation amplifies the
consumption response by 31% and 20% respectively. Overall, the variance of consumption
is 17% larger with variable attention than if attention is held at steady state.

The intuition is as in Section [2; when a shock causes consumption to fall, the marginal
utility of income rises, so attention goes up. More attention increases the effective interest
rate within the distribution of offers, and causes that distribution to shift up. The
household experiences higher interest rates, and reduces consumption even further.

This is also amplified by a further general equilibrium effect not seen in Section [2.
After a contractionary shock, variable attention reduces output and inflation relative to
where they would be with fixed attention. The monetary authority therefore sets a lower
policy rate than with fixed attention. Since y» is estimated to be negative, this lower
policy rate leads to greater interest rate dispersion, encouraging even more attention.

Amplification from variable attention remains substantial even though the information
problem only applies to a subset of the household portfolio, due to a set of no-arbitrage
conditions. For households to hold all types of assets the expected benefits of holding
them must all be equal. If the household pays more attention to domestic bonds and so
increases their interest rate there, the rate on other assets must adjust to match, and so
it does not matter that the information problem does not apply to the whole portfolio.
In fact, capital provides an extra channel through which attention amplifies fluctuations:
when attention rises the interest rate on domestic bonds exceeds the expected return on
capital, so investment drops until the returns are equalised, adding to the contraction.

For some shocks, however, shutting off variable attention leads to larger consumption
responses, though none of them play a very large role in consumption fluctuations. The
most important is the price markup shock, which accounts for 4% of consumption variance
in the baseline model. Variable attention dampens these shocks because interest rate
dispersion falls when policy rates rise. If there is a shock that causes a small consumption
fall but a large rise in the policy rate, then this dispersion effect will dominate and
attention will fall. In this case the interest rates households experience will fall relative to
the fixed attention case, mitigating the initial fall in consumption. This dispersion effect
is small enough that for most shocks that cause consumption and interest rates to move
in opposite directions, such as TFP, the marginal utility of income effect dominates and
attention amplifies the shock. However, for markup and monetary policy shocks there is
a large change in policy rates. Attention therefore comoves positively with consumption,
dampening the shock.

Variable attention therefore amplifies the response of consumption to most shocks. For

30



shocks that cause consumption and output to co-move, such as TFP shocks, then this
also amplifies the output response. For other shocks, however, output and consumption
move in opposite directions (e.g. government spending shocks), and in those cases the

amplification of the consumption effect mitigates the output response to the shock.

5.4 Discussion and Policy Implications

An alternative way to understand the effect of variable attention on consumption is to
compare it with a risk premium shock. This shock disturbs a wedge between the interest
rate experienced by households and the policy rate, which is precisely the effect of a
change in attention to savings.*° The key difference between attention and risk premium
shocks is that attention is an endogenous household choice, so is influenced by policy.

In fact, the correspondence between attention and risk premium shocks means that
variable attention can provide a structural explanation of risk premium shocks, which
is often absent in DSGE models despite the prominent role for these shocks in fitting
such models to the data (see Fisher (2015) for an alternative interpretation). To see the
quantitative ability of variable attention to explain risk premium shocks, I compare the
baseline estimated model with an otherwise identical model without information frictions.
The full information model is estimated in the same way as the baseline, with the same
data except for the variables associated with the attention problem.

With no information friction, the risk premium shock explains 53% of the variance
of consumption, and 18% of the variance of output. Only TFP shocks explain a larger
share of output variance. Moving to the baseline model with inattention the risk premium
shock becomes substantially less important, explaining 35% and 13% of consumption and
output variance respectively.

Cyclical attention can therefore plausibly explain 25%-35% of the business cycle
volatility otherwise attributed to risk premium shocks in the UK. Very little of the fall
in the importance of risk premium shocks is made up for by shocks to attention, which
explain negligible fractions of consumption and output variance in the baseline model.
This portion of the risk premium shock is therefore mostly explained by an endoge-
nous response of attention to other shocks. In particular, the share of consumption and
output variance explained by TFP and price markup shocks increases when adding the
information friction. Government spending also explains a greater share of consumption

variation. Full results are in Appendix |F|.

36This is as long as the profits and transaction costs of banks are transferred back to the household
lump sum. If instead the transaction costs are treated as waste they would enter the goods market
clearing condition and so the resource constraint would be affected by changes in attention, while it isn’t
by risk premium shocks. Since the quantitative exercise finds that transaction costs at banks are very
small relative to output this effect is at most small.
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Importantly, endogenous attention choices can be affected by policy, where exogenous
risk premium shocks cannot. One policy that has an intuitive effect on attention is to
reduce the cost of information, for example through financial education programmes or
regulation to ensure clearer disclosure and presentation of bank pricing policies.

After a permanent fall in the cost of information p, households pay more attention to
savings in steady state. This reduces the amplification from variable attention through
two channels. First, attention becomes more sharply convex in effective interest rates at
higher levels of attention (Z”(i) increases), and so fluctuations in the marginal utility of
income produce smaller fluctuations in attention. Second, greater attention reduces the
equilibrium dispersion of interest rates, which reduces the impact of attention fluctuations
on effective interest rates. For these reasons, reducing p by 50% (and keeping all other

parameters as in the estimated model) reduces the variance of consumption by 12%.

6 Conclusion

I have presented a novel channel through which aggregate shocks affect consumption.
In theory and in data, households are more successful at choosing higher interest rate
savings products in contractions, because they pay more attention to their choice when
the marginal utility of income is high. An improvement in these savings choices increases
the interest rate households face, and so causes current consumption to fall as households
postpone more consumption to the future. Countercyclical variation in attention therefore
amplifies the consumption response to the shocks that drive the business cycle.

In an estimated model of the UK economy, variable attention amplifies the effect of
aggregate shocks on consumption: the variance of consumption is 17% higher than it
would be if attention remained constant, and the effect of cyclical attention on some
specific shocks is substantially larger than that. Variable attention also explains approx-
imately a quarter of the business cycle fluctuations attributed to risk premium shocks in
a full information version of the model.

Since attention, unlike the risk premium shock, is an endogenous choice made by
households, it can be affected by policy. In particular, policies aimed at making it easier
for households to ‘shop around’ for financial products could reduce business cycle volatil-
ity, providing another argument in favour of policies such as financial education and clear

disclosure of bank pricing policies.
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A Alternative Mechanisms

A.1 Attention to Loans

If attention to both saving and loan choices rises in contractions, then savers will face
higher interest rates and so reduce their consumption (the main channel studied in this
paper), but borrowers will on average find out about lower interest rate loans, and so
will have an incentive to increase their consumption. Attention to loans may therefore
counteract the savings channel, but there are two reasons to expect that attention to
loans does not operate in the same way, and is less powerful than attention to savings.

Firstly, the most significant debt for the majority of indebted households is a mortgage,
and in the UK market evidence suggests that interest rate dispersion is substantially
lower there than it is in savings products. Cook et al. (2002) find that switching from the
average to the cheapest 5-year fixed rate mortgage (one of the most common mortgage
products in the UK) in December 2000 would have saved a borrower only 20 basis points,
despite this category also including products covering a wide range of eligibility criteria
and other product features, which Iscenko (2018) finds correlate strongly with headline
mortgage interest rates. In contrast, going from the mean to the highest rate in the one-
year fixed-rate bonds I study in this paper would have gained a saver 97 basis points that
month. More recently, Iscenko (2018) finds that in 2015-2016 30% of those taking out a
mortgage chose a product that was strictly dominated by another they were eligible for.
The average overpayment within that group was approximately 24 basis points.®*’| My
data does not extend to 2015, but across my sample a saver could gain an average of 24
basis points by going from the 90th percentile to the best interest rate in the distribution
of one-year fixed-rate bonds. The scope for attention to drive interest rate changes in
mortgages is therefore small, and indeed one reason why this might be the case is that
the large sums of money involved lead almost all mortgagors to pay a large amount of
attention to their choice of product whatever the state of the economy. Consistent with
this, the Financial Conduct Authority (2019) found ‘high levels of consumer engagement’
with mortgage decisions.

It is also extremely rare for a lender to negotiate with a borrower over mortgage rates
in the UK (Iscenko, 2018). This may explain some of the difference with Canada and the

37The median borrower choosing a dominated product lost out on a 10% reduction in their annual
mortgage payments, and the median annual percentage rate (APR) over that period was 2.44%.
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US, where Allen et al. (2014) and Bhutta et al. (2020) find more substantial dispersion
in mortgage rates, as both find heterogeneity in negotiation is a large driver of rate
dispersion. However even in the US, Bhutta et al. (2020) find an average 90-10 mortgage
rate gap of 54 basis points over 2015-2019. In my savings data the corresponding gap is
(on average) 100 basis points, though this comparison is weak because of the difference
in country and time period.

Secondly, it is not clear that attention to loan choice will in fact rise in contractions.
For savings, I find that the marginal utility of income is very important in determining
the extent of attention, and for savers the marginal utility of income is high in (demand-
driven) contractions for two reasons: labour income and asset income are both low, as
wages and interest rates are low. In contrast, in such a contraction a debtor sees their
labour income fall, but the decline in interest rates leads to lower debt repayments, and
so to a greater disposable income. It is not therefore clear that attention to loan choice
will rise in contractions: for the most indebted households a fall in interest rates will
increase disposable income so much that the marginal utility of income could even fall.
While the Moneyfacts data is insufficient to test this in the UK (see Section [3.2), Bhutta
et al. (2020) find that willingness to negotiate a lower mortgage rate rises in the US when
the level of the interest rate rises, consistent with borrowers being more willing to expend
effort to secure a lower rate when their interest expenses are high. In this case, in a
contraction we should expect savers to pay more attention and borrowers to pay less, and

so for both to face higher interest rates than if attention was constant.

A.2 The core mechanism in alternative models

Here I show that the main mechanism of the inattention model of Section 2|is also present
in a broad class of models in which households can pay a cost to increase the interest rate
they face. This includes a model with frictional search for savings products, as in McKay
(2013). I assume an exogenously fixed distribution of interest rates, since the difficult
element of models based on Burdett and Judd (1983) is solving for the equilibrium price
distribution. I show in Appendix B.4| that attention affects the equilibrium interest rate
distribution in the model of Section 2 in (qualitatively) the same way as search effort
affects the equilibrium price distribution in Burdett and Judd (1983).

Consider an infinitely lived household who chooses consumption and saving each pe-
riod to maximise expected lifetime utility subject to a standard budget constraint, where
income comes from an endowment g; and asset income. Households can choose in period ¢
to pay a cost to increase the interest rate they face 7f. That is, to achieve 7§ they must pay
a cost C'(if), where C is an increasing convex function. I will consider two specifications

for this cost, one in which the cost is an additively separable cost in the utility function,
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and another in which it is a monetary cost entering the budget constraint. The utility
cost specification could be thought of as time or effort spent searching for products, while
the monetary cost would be paying an advisor or intermediary to search on their behalf.
The specification in use is determined by the binary variable ¢: when ¢ = 0 the cost is

a utility cost, when ¢ = 1 we are studying the monetary cost specification.

max 'Y 4 [u(er) — (1~ 6)C()] (23)
R —
subject to
ct + by + ¢C(if) = yp + b1 (1 +77_4) (24)

We obtain a familiar consumption Euler equation, and a first order condition on f:
W(er) = B(L+ ) Equ'(cerr) (25)

BoEw (cirr) = (1= ¢)C'(4) + ¢u'(c)C" (i) (26)

The household problem in Section 2| is a special case of this problem. The household
equates the marginal utility of higher asset income with the marginal cost of achieving
such a rise in interest rates. With a diminishing marginal utility of consumption, when
expected future consumption falls the marginal utility of higher interest rates rises. If
¢ = 0 households will respond by paying to increase their interest rate, since C' is convex.
If ¢ = 1, households will only pay to increase if (and so C’(if)) if expected future
consumption has fallen relative to current consumption, as increasing future asset income
is achieved by sacrificing current consumption.

After a persistent contractionary shock, expected future consumption will fall, so
households will pay to increase their interest rate, which will cause current consumption
to fall further through the consumption Euler equation, amplifying the shock/*®| This is
the mechanism explored in Section 2: the rational inattention problem is a tractable way
to motivate and model the cost C(if) as a utility cost, and allows for the distribution
of interest rates available to be endogenised as a bank pricing equilibrium. It is not,
however, the only way to do this. I now show that a model with frictional search for
banks also fits into this class of models.

Suppose that the household is made up of many individuals. Many banks offer savings

products, with interest rates that are distributed according to some CDF F'(i). Individ-

38In the monetary cost specification households will only increase their interest rate if future consump-
tion is expected to fall by more than current consumption. In many business cycle models, including
that in Section |5 internal persistence gives rise to ‘hump-shaped’ dynamics after shocks, which imply
that households would pay to increase rates after a contractionary shock in both cost specifications.
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uals can only choose a bank for their saving if they have observed its interest rate. All
individuals observe one bank drawn at random from F', then with probability v they
observe a second bank (again drawn at random) before choosing where to place their sav-
ings. The meeting rate v is an increasing function of the search effort of the individual,
denoted e, which is decided by the household.

If an individual observes the interest rates of two banks, they choose the bank offering
the higher interest rate, so the interest rate chosen has distribution (F(7))?. The expected
interest rate for an individual before we know how many banks they will observe, that is

the effective interest rate faced by the household overall, is therefore:

i = (1— $(er)) / )i+ 20(e) / i ())F(i)di (27)

This is increasing in the probability of seeing a second bank 1(e;), as the expected
maximum of two draws from a distribution must be (weakly) greater than the expectation
of a single draw. We can rearrange this to express search effort in terms of the interest

rate the household ends up facing:

(i it
= (aaorini for) .

The fraction inside the inverse 1 function increases linearly in ;. If there are diminishing
returns to effort (¢ is concave) then effort will be a convex function of the desired interest
rate. If we think of effort as being (psychologically) costly in its own right, or because it
uses up valuable time, then the costs of increasing if will be a direct cost in the household
utility function. As long as there are weakly diminishing returns to effort, and the cost
of effort is weakly convex in effort, and at least one of those two curvatures is strict, then
we obtain the first specification discussed above: there is a direct cost in utility which is
convex in the desired (chosen) level of the interest rate. Formally, if the cost of effort in

the utility function is C.(e), then we have:

PR RV S 01
e (w (eramomii - fif(i)di>> )

C"(i¢) > 0 if C”(i) > 0 and ¥"(e;) < 0, one inequality strict (30)
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B Proofs

B.1 The household FOCs are sufficient for utility maximisation

Here I show that for plausible parameter values and CRRA utility, the household first
order conditions are sufficient for utility maximisation in the simple model (Section |2),
and in the quantitative model (Section 5)).*°| First, write the household problem as an
unconstrained maximisation by substituting out for consumption using the budget con-

straint:

be,ig, Xt

max U = E025t< (bt ~(141d5,) +yu(X0) — bt) — pZ(iy) +U(Xt>> (31)

Here I have summarised all choice variables other than saving b; and the effective interest
rate ¢y in the vector X;. In the simple model there are no other choice variables, so X, is
empty and non-asset income y; is exogenous. In the quantitative model X; includes wage
setting, investment in capital and foreign bonds, capital utilisation, and money holdings.
Inflation erodes real bond holdings as in the quantitative model. Since it does not feature
in the simple model, this proof corresponds to that model if II; is set to 1 for all ¢.

I begin by defining H, as the Hessian matrix of second-order partial derivatives of
this utility function with respect to each choice variable that would result if there was no
information friction, and so if was not a choice variable. The Hessian matrix for the full

problem is then:

S 0 (32)
22U
6btaif
02U 02U
0 0 0b0i§ 31'52

Here I have used the fact that the only choice variable that i interacts with in the utility

_0%*U
X101

sufficient for utility maximisation if U is weakly concave, which is true if for any vector

function is ;. For all other choice variables X;, 5%-7= = 0. The first order conditions are

xZ:
PU LU
I <0 33
TR T (33)

rHx' = v Ha!, + 2yz

Where z5 = [z1,...,y] and x = [z, 2]. If households cannot influence effective interest

39This proof relies on Z"(E4i¢) > 0, which I prove in Appendix B.2| for the model with uninformative
priors. I therefore proceed with the assumption of uninformative priors, in which case Egif = ¢ is
independent of the realized state s. Numerically, Z”(IE4i§) > 0 for more general priors, in which case
this proof would also hold more generally.
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rates the utility function is concave, as then this is a standard household maximisation
problem (identical to that in Harrison and Oomen (2010) in the quantitative model).
This implies that z,Hz! < 0.

Assuming a diminishing marginal utility of consumption we have that:

ou
2

“fewa) (1+i5)°

u
_— u,/(Ct) + /B]Et 2
IIt—i—l

<0 (34)

It is therefore sufficient for the concavity of U to show that for any y, 2:

92U 92U 92U
2= 492 22— <0 35
T S W T T (3)

Using the definition of U this condition becomes:

1+ i¢)? 1+4%)b
v (c) + y2ﬁEtu”(Ct+1)¥ + QyzﬁEtU”(CtH)%
I Iy

1 , b?
+ 2yzBE (cy) — 22pZ" (i) + 2 BE (cip1) =—5— < 0 (36)
i1 I,

The two terms that don’t depend on c¢;; are both negative by definition. Assuming

CRRA utility, so u(c) = ‘311%, the remaining terms can be written as:

1_[t2-s-1 bt2 by

B]EtUH(CtH)b? <y2(1 + if)Q WY - 2yz(ct+1Ht+1bt —y(1+ Zf)))

H%—i—l biy?

" b2 2 II
_ ﬁ]Etu (Ct+1) t (y Cty1lli (27“ ~|—zf) _ Ct+1Ht+1bt)

e

Since u”(ci41) < 0, U is concave if the terms inside the brackets are positive. The final

term is positive by definition. Using the functional form for utility, a sufficient condition

for U to be concave is therefore that:

2b 0—7 .
_ Bziy t]Eth“ (27(1 +4¢) — ct+1Ht+1bt) <0 (38)
t+1

Therefore the first order conditions are sufficient for utility maximisation as long as
consumption, inflation and savings are not too large relative to the coefficient of risk
aversion and the effective interest rate.

The qualitative results in Section 2| hold as long as this condition is satisfied. In
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the quantitative model this is easily the case for plausible parameterisations. There
b; = 1, and v as the inverse of ¢¢ in Table [11] is estimated to be significantly greater
than 1. Since steady state consumption and inflation are 0.662 and 1, and steady state

= 1/ — 1 = 0.010, in the region of the steady state this condition is comfortably
satisfied /", Consumption and inflation would have to be implausibly high, and interest
rates implausibly low, to violate this condition, and indeed the estimation never suggests
we approach such a region. The condition for the first order conditions to be sufficient

for utility maximisation is therefore weak.

B.2 Attention costs are increasing and convex

Here T show that Z'(E.¢) = A™' > 0, and for the case of uninformative priors that
Z"(i¢) > 0.

Substituting the optimal choice probabilities into the information constraint 9 gives
(dropping time subscripts to simplify notation, as everything here is defined within the

same period):

7= A' — ) " Pr(s)logd, (39)

s=1

Where:
ds =

(40)

n,s

Differentiate this with respect to E4:¢, holding the offered interest rates :™*® constant as

individuals take them as given:

0L 1 Ea® 9N ~Pi(s) ad, (a1)
OEge XN A2 OE,° d, OEic

Each term inside the sum is:
Pr(s) dd,  Pr(s i ik apk 1
ds 8]Esie o d, 8E 1€ p )\ 8>\ A2
oA\
= 9B Pr(8)<

40With ¢;1; and II;; at steady state and « at its posterior mean in the estimation then the term in
brackets is positive for all if > —0.922.

Mz

lszPkexp S )]

Pr(kl|s apk
P

e
Il

] =

42)

T

1
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Substituting this back into equation (41)) gives:

T 1
OE e )\

i Pr k\ ) P,

2 (43)

HMCIJ

1 k=1

Recall that Py, is defined as the unconditional probability of choosing bank k, so it can
be written as 3.5 | Pr(k|s) Pr(s). Using this, equation (43) becomes:

N
81. _ 1 6)\. 0Py (44)
oEg ¢ X 0Ege© pt O\

Since the sum of P over banks is always equal to 1, the sum of the derivatives of Py

must equal zero. We therefore have that:

oL 1
OEg e A

(45)

Since A is the Lagrange multiplier on the information constraint in the individual’s prob-

lem, it is always strictly positive and Z'(IEi€) = > 0.

8]E je
Differentiating again with respect to E4i¢ we have:

0?T 1 O\
_ 9 4
O(Eyic)? ~  A2OE,ic (46)

oA
Oz

when individuals have uninformative priors and ¢ is independent of the realized state s,

T"(Egi¢) is therefore positive if

< 0. I now proceed to prove that this is the case

as in all exercises in the paper except for Appendix |C.1}

Differentiating the definition of ¢ (12)) with respect to i¢ we have:

- N (X, exp(E))? (47)

dic (%, z"exp(’y)) (2.7 exp()) (X, exp())

. After

expanding the terms in brackets the denominator is:

Zi" exp(— ZZ )+ Z ™ exp( Z +Z )—Zi’ﬁexp(?) — Zi"Qexp(in—;im)

n m#n n m#n

:—Z — ™ exp(niim) (48)

m#n

Inside the sum, each pair of banks {j, k} appear twice: when m = k,n = j and when
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m = j,n = k. For each distinct pair of banks {j, k}, the terms inside the sum are equal

to:
g sk ' , g gk
exp(’ il )@@ — i i ) = exp(’ il )i — )2 > 0 (49)
Each pair of terms inside the sum in equation (48) is therefore positive, and so j;\e is

negative. That therefore implies that Z”(i¢) = ‘?QI)Q > 0.

B.3 The shadow value of information rises with rate dispersion

Here I show that if rate dispersion rises (specifically if all rates are subject to a mean-
preserving spread) then A falls, in the case of uninformative priors. With these uninfor-

mative priors we can write the probability of choosing bank n in state s as:

1
Pr(nl|s) = — 50

Now consider a mean-preserving spread of interest rates, so replace each " with " =
ki —i(k — 1), where i is the unconditional mean of the pre-spread interest rates.

If choice probabilities are unchanged, and so attention Z is unchanged, then it must
be that for all n:

Zexp ZJ_Z Zexp ZJ_Z Zexp Z]_Z)) (51)

J#n Jj#n j#£n

This is satisfied when A = kX. If k& > 1 the mean-preserving spread increases the dis-

persion of interest rates, and correspondingly A rises. Since Z'(i¢) = A7, this reduces
Z'(i°).

B.4 Equilibrium interest rates rise when attention increases

Here I show that as long as attention is not too high, when attention rises the interest
rate distribution shifts up, just as it does in models based on Burdett and Judd (1983).
First, partially differentiate the first order condition for bank n (15) with respect

to A, denoting S = Zk:e}l{i(lefx/p ’E;t) g 28 the market share of bank n in period ¢, and

dr =i¢P — i — x™ as the profit bank n makes per bond sold:
oS} iy
Sn t

)8)\,5

— "

t o - (1 —1 (52
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Using the definition of S}

0S; _ SM(1L-81)0if S-S oSy O
o\ Y O\ A O Z /\f( N 8>\t) (53)

Substituting this in to equation (52) and rearranging we obtain:

j#n

oip 1
N A1 =8N+ dpST)

‘n_mn on n n on j (-] al
iy di'Sy (1_St>_/\§_dt8t (ng(ﬁ_ a)\tt))} (54)
J#n

From equation (15) we have d = \(1 — 8")~!. Separately, we can write D itn Slil =
— §/i}. Using these we obtain:

oir 8¢ ]8zt
8_)%—)\(1—8” Zt+)\t;8ta/\t (55)

We now proceed with a guess-and-verify approach. Suppose that L < for all banks n,
so every bank increases their interest rate when attention rises ()\ falls). In that case we

have that:
iy S;

o <>\t(1—_8n)('n—ﬁ)—1 (56)

This means that a sufficient condition for (ﬁ < 0is:

i<t Mls—_t‘gt) (57)
This is clearly true for all banks whose interest rate is below the effective interest rate.
While it will not always be true for higher interest-rate banks, we can show that it will
hold for sufficiently low attention (high A;)/*!

Recall that in this case with uninformative priors the effective interest rate rises
monotonically with attention and falls monotonically with A (see Appendix B.2), so
i¢ > iy, where 4; is the unweighted mean interest rate on offer in period ¢. Condition |57

is therefore satisfied if:
Ae(1 = SF)

i <+ o (58)
t

Substituting out for i? and i; using the bank first order conditions, this becomes:

1- S+ (Sp) =
A'f( 3%(1—:5” Z::

41See Appendix B.5 for the proof that < 0.

) . (59)
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Consider the two fractions inside the brackets. The first is minimized at S;' = 3, at which

1
29
point it equals 3:
1—8n n\2
min LSt TS (60)

sy SH1 =8

The second is minimized when Stj = N~! for all j, at which point:

N
. 1 1\ N
mm(—NZ 1_sﬂ'> = TNo1 (61)

Sz] j=1 t
We therefore have:
1-8P+ (8?2 1. 1 2N — 3
! Ll ) > A — Y — X" 62
At( P = 87) N;1—5g)> t<N—1)>’“ . (02

A sufficient condition for all banks to increase interest rates when \; falls is therefore:

N-1 _ min
A N (63

A >

Where x™" is the lowest cost experienced by any bank in period ¢.

This condition (63) is sufficient rather than necessary, and may in fact be substantially
more restrictive than necessary. In particular, it ignores the fact that interest rates are
strategic complements (g—f\i enters equation (55)) with a positive coefficient), so low-rate
banks increasing their interest rates when A falls will incentivize higher-rate banks to do
the same. We can see this difference when N = 2, in which case the system of equations
given by |55 has a straightforward analytic solution:

n n\2
e i R VR AR PR (64)

This is negative as long as (substituting out for ¢} and i, " using the bank first order

condition):

A

n)2 n
v> T 222181)3%?)28 t_)( SO (Xe = xi™™) (65)

This is substantially less restrictive than condition (63). The right hand side of
condition (65)) is maximized at S;* = 0.603, at which point the condition becomes \; >
0.434(x: — x/™™), while condition (63) in the two-bank case is A\, > (y; — x/""). In
the estimated quantitative model condition (65) is easily satisfied at steady state, so all
interest rates rise with attention in the region of the steady state.

In this case with two banks, we can also show that interest rate dispersion always falls
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when attention rises (\; falls). Using equation (64), we have that g—f\i > g—i if:
(28} —1)
.1 .2 t t
- 66
S E TS (66)
Substituting out for i} and i? using the two bank first order conditions we obtain:
b 2(S84)? —28}+1 SH(1-8}) SHI=8H(2(8H)? — 28! +1)

The fraction on the right hand side is positive for all S' € (0,1). We therefore have

that in response to an attention rise, bank 1 raises interest rates by less than bank 2

oi} 9i?
x> o
That gives us that dispersion falls when attention rises.

) whenever bank 2 has higher costs - so whenever bank 2 offers lower rates.

In general, search models based on Burdett and Judd (1983) have price dispersion
initially rising in search effort, and then falling with search effort once effort is above some
threshold. The reason for the difference with the inattention model is that Burdett-Judd
models feature a reservation price, above which consumers do not buy. If we impose
that interest rates cannot fall below some lower bound, then as attention approaches
zero interest rates again converge on this lower bound, just as prices converge on the
reservation price in Burdett and Judd (1983). In that case interest rate dispersion initially
rises with attention as banks move away from the lower bound, then falls as found above,
just as in Burdett-Judd models. Since there are two banks and no interest rate lower
bound in the quantitative model in Section |5, this model behaves in a qualitatively
similar way to a Burdett-Judd model in the region where more search effort reduces price
dispersion. Numerically, when N > 2 interest rate dispersion is hump-shaped in attention

even without an interest rate lower bound.

B.5 Relationship between attention and ¢

In this section I demonstrate the close links between attention and ¢, the empirical
statistic constructed in Section 4. In the case of uninformative priors used in all model
exercises except those in Appendix |C.1} I first show that there is an exact correspondence
between attention and ¢ in the model with N = 2 banks, as used in Section 5. I then
show that with N > 2, if we hold the distribution of offered interest rates fixed then a
rise in attention always implies a rise in . Numerically, this upward-sloping relationship
also holds with N > 2 if we allow for the interest rate distribution to adjust, as long as

attention is not too high. The same is true in the case studied in Appendix [C.1, with

48



N = 2 and priors biased towards one bank over the other *?

B.5.1 N=2 banks, uninformative priors

As in Section 5| define p{ as the probability an individual chooses the high interest rate
bank in period ¢:
7;9
; exp(iL)

pt - 39 i (68)
exp(55) + exp(3})

Individuals paying no attention to bank choice choose bank n with probability P, = 0.5,
so the benchmark no-attention rate in the model is the unweighted mean of the available
interest rates:

i = Priy + (1 — Py)i2 = 0.5(i} +i?) (69)

With two banks and uninformative priors, the attention constraint |9 becomes:
I, = log(2) + p{ log p{ + (1 — p) log(1 — p{) (70)

Attention is therefore a monotonically increasing function of pf (as p{ > 0.5).

The empirical statistic ¢ is:

P (L p)il = G+ )

t Dit m
5l -
This simplifies to:
g Zg_ib _ 1 'lg—Zb
o Py (4 1t~)g 2~b(t 1) —9p? — 1 (72)
5(% — i)

In this case ¢; is therefore a linear function of the probability an individual successfully
chooses the higher interest rate bank, which itself is an increasing concave function of
attention. This case also highlights the importance of normalizing the spread if —i? by the
standard deviation of interest rates to obtain ;: without that, ¢, would be increasing
in if — 4%, even if p/ and so attention are held constant. The normalization therefore
prevents changes in rate dispersion from mechanically affecting ;.

The normalization only exactly removes all dependence on the shape of the rate
distribution in this case of N = 2 and uninformative priors, but still helps mitigate the
dependence of i¥ — i* on the spread of interest rates more generally. In particular, it

ensures that ¢; is homogeneous of degree 0 in interest rates, so a mean-preserving spread

42In this case ¢ will depend on which state of the world is realized, since it is based on the realized
effective and benchmark rates, and realized rate dispersion. Attention, in contrast, is determined before
the state realization is known. Simulations of the model in Appendix |C.1| show that higher attention
increases ¢ in both possible states of the world, for all possible levels of attention.
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of the interest rate distribution (as studied in Appendix [B.3)) leaves ¢; unchanged unless

attention, and so choice probabilities, change.

B.5.2 N>2 banks

Since all variables here are defined within the same period I drop all time subscripts
to simplify notation. Denoting the unweighted mean interest rate (which is again the
model’s no-attention rate) as ¢, and the standard deviation of interest rates as o (i), the

model-implied ¢ is:

o >, i" Pr(choose n) — i )
o(i) o(i

(73)

First, note that as Z approaches 0, A tends to infinity,*’ and so ¢ = 0 when attention is
0: LS
=~ 1" =1
li =N=n 74
Ao ” o (i) (74)
If attention Z reaches log(/N), then each individual can perfectly identify the highest in-
terest rate bank with probability 1, so denoting this as bank 1 (without loss of generality)
we have ¢ > 0: B
' =i, =)
oi) o (i)

Since ¢ is continuous in attention for Z € (0,log(N)), the statements above guarantee

©(Z =log(N)) = >0 (75)

that Z and ¢ are positively related at least in some portions of this range.
To make further progress, I now consider how ¢ changes in the model assuming that

interest rates are held fixed. We use the chain rule to write:

dp  Op OA
oI ~ oNoT 76)
I start with g—%. Again using the chain rule we have:
o\ O\ 0i°
9T~ 0ic0T =" (77)
To see why this is negative, recall that in Appendix [B.2| I showed that g; < 0 and

oz
oie

the shadow price of attention falls.

= A~! > 0. If attention rises, then holding the distribution of interest rates constant

43To see this, recall that when Z = 0 all choice probabilities must equal N~!. From equation (13,
Pr(n|s) = %. If there is any interest rate dispersion then this only approaches N~! for all
banks if A — oc.

20



Now consider g—f. Since g{\e < 0 we have:
Op 1 01
— = —— <0 78
oX  o(i) OX (78)

Together, equations (77) and (78) imply that g—% > (. Holding the distribution of interest
rates constant, ¢ monotonically increases with attention.

This, however, is only the direct effect of a change in attention on ¢. As shown in
Appendix B.4], a change in attention also implies a change in the interest rate distribution,
which when N > 2 will have an indirect effect on ¢. Numerically, these indirect effects
are small, such that attention and ¢ are positively related as long as attention is not
extremely high.

If attention is very high, then ¢ can fall as attention increases, because an increase
in attention causes the highest rate bank to lower their rates, or only raise them a small
amount (see Appendix |B.3). Since attention is very high, individuals choose this bank
with a very high probability, and so their effective interest rate only increases a small
amount with attention. The increase in attention does, however, cause lower-rate banks
to increase their interest rates, and so the benchmark rate increases more strongly than
i°. With N = 2 this is counteracted in ¢ by the normalization by o(i), but with a
larger number of banks this adjustment is incomplete because the N — 1 lowest rate
banks do not converge on each other at the same rate as they converge on the best bank.
This breakdown of the link between ¢ and Z, however, only occurs at extreme levels of

attention outside of plausible parameter ranges,**

C Persistent bank costs

C.1 Modelling persistent bank costs

Here 1 show how persistent bank costs affect equilibrium attention, interest rates, and
individual choice probabilities. For simplicity, I keep to the case of N = 2 banks.
Suppose that, as in Section 5, each period one bank is ‘good’ (cost x¥) and the other
is ‘bad’(cost x* > x9). There are two possible states of the world: in state 1 bank 1 is
good and bank 2 is bad, and in state 2 the ordering is reversed. Unlike in Section |5,

assume that there is persistence in the state. Specifically, the state of the world , denoted

44If ™ are spaced equally on [0, 1], where x; is the highest bank cost in the steady state of the
quantitative model, and i“? is at the steady state value from that model, then with N = 3 the peak of
0 occurs when attention is such that individuals choose the highest rate bank with probability 0.87. As
N rises the Pr(1|1) associated with the threshold level of attention does fall, but only gradually. With
N = 25, ¢ is increasing in Z as long as Pr(1|1) < 0.85.
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st, follows a two-state Markov process, in which Pr(s;y; = s|s; = s) = g, where g > 0.5.

C.1.1 Savers

Assume that savers know the previous state of the world: they observe whether they
chose correctly or not when the interest rate payouts occur/*| Their choice problem in
period t therefore remains a static problem. The persistence in s; shows up as a prior
belief biased towards the previous period’s realised state, which I assume without loss of
generality to be state 1. Savers know the bank policy functions, and so they know what
interest rate each bank will set in each state of the world. They therefore face the payoff
matrix, where again I have dropped time subscripts since the saver problem is static (the

same will also be true of the bank problem):

Table 2: Payoff matrix, observed previous state

51 592

a, Z’l,l i1’2

as 2'2,1 2'2,2
Prior prob. | g 1—g

Here a,, indicates choosing bank n, and i™° is the interest rate offered by bank n if state
s is realized. This matrix is not, in general, symmetric, because bank policy functions
depend on both their costs (i.e. the state of the world) and saver predispositions, so bank
1 will set different interest rates in state 1 than bank 2 would in state 2 if g # 0.5.

With a marginal cost of information of A, the probability a saver chooses bank n in

state s is as in equation ({10):

P exp( “)
Pnexp(5-) 4 (1 — Py) exp(5-)

P(n|i"®, i7", s) = (79)

The unconditional choice probabilities (predispositions) are found as the solution to two

normalization conditions (following Matéjka and McKay, 2015):

exp(5)yg N exp(5)(1 — g) ~1 (20)
2 exp(%) + (1 —Pl)exp(%) P, exp(’m) + (1 - Pl)exp( )
exp('5)yg exp(5)(1 — g) _1 (s

1.1 2.1 + il.2 2.2
Prexp(5-) + (1 —=Pi)exp(5) Prexp(5-) + (1 —Pr)exp(5-)

45 An exploration of this kind of problem without the assumption that individuals know the history of
states (but with exogenous payoffs) can be found in Steiner et al. (2017).
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The P; that satisfies these conditions is:

'L21 7;22 7:21 7;12 7;11 i22
exern — (1 — g)eTeT —gexex
Pl = Ta1 a2 21 ;12 G122 21 ;22 (82)

exex —exex —exex +exex
C.1.2 Banks

Since savers observe past states of the world, their priors are entirely determined by
the true previous state and the transition probabilities, neither of which the banks can
influence. The bank problem therefore remains static: banks choose interest rates to
maximise their instantaneous expected profit, giving the same first order condition as in

Section 2.1 (again dropping time subscripts):

< P(nls) - (1 —i" — x") = P(nls) ()
I assume that banks take saver predispositions as given when deciding their interest rates.
Intuitively, predispositions reflect household knowledge of the exogenous law of motion
for the state of the world, and of bank policy functions. If households learn about how
banks respond to different costs over time, then a bank changing its policy will not have
any effect on predispositions until households learn about the change over many periods.
The assumption can therefore be seen as assuming that banks are myopic, and don’t take
into account the future benefits of manipulating predispositions.*®, While predispositions
must be consistent with interest rate policies in the long run, banks do not take this into

account in their decisions. The bank first order condition is then as in Section |2
(1—P(nls)) - (iP —i" —x") = A (84)

The only difference is that Pr(n|s) here includes the predisposition, which comes from

the prior beliefs, which are in turn driven by the persistence of bank costs.

C.1.3 Equilibrium

To find equilibrium, take equation (84) and equation (79)) for each of the four combinations
of bank and state, and equation (82) to give 9 equations in 9 variables: the four interest
rates, four conditional choice probabilities, and the predisposition towards bank 1. Since

this allows P; to vary in response to interest rates, this equilibrium can be taken as the

46T his is similar to the assumptions in the deep habits model of Ravn et al. (2006), in which consump-
tion habits evolve very slowly over time, so firms have limited ability to influence them in the short run.
I take this to the extreme and assume that banks cannot influence predispositions at all in the short run.
This assumption avoids counterintuitive equilibria in which a fall in attention implies fierce competition
for predispositions as households lean more heavily on these in their decisions.
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steady state of the system after predispositions have had time to adjust. I solve this
system numerically for an example calibration, and study how the resulting equilibrium
varies with A and ¢g. The qualitative results are robust to a wide variety of calibrations.

All of the results from the static cost model still hold: as attention rises interest rate
dispersion falls and average rates rise. The highest rate in the market rises as A falls
as long as A is above some threshold level. Graphs showing this with some example
parameters are in Figure 4| below.

On top of those results, we have two new results. First, increasing the persistence
of bank costs reduces the amount of attention savers pay each period, as priors become
more informative. This causes bank 1 (which is increasingly likely to be low cost) to
offer lower interest rates, as savers will come to them with a high probability anyway.
Conversely, bank 2 offers higher rates to try and maintain their market share.

The second result is that the effective interest rate faced by the large household
depends on the state of the world. Bank 1 is more likely to be the low cost bank, so
savers are predisposed to choose them. Bank 1 responds to this predisposition by offering
lower interest rates. This only partially offsets the prior belief effect, so savers have
Py > 0.5 in equilibrium. This means that if the state stays at s; (bank 1 is low cost),
savers are more likely to correctly identify the low cost bank than they are if the state
changes to sy. This increases the effective interest rate in s;. At the same time, interest
rates at the low cost bank are lower if that low cost bank is bank 1, as they are reacting to
savers predispositions. Average interest rates are therefore higher in ss, which increases
the effective interest rate in s, relative to s;. Which effect dominates depends on the
calibration, but in either case there are two possible effective interest rates each period,
and whenever there is a transition from one state to the other the effective interest rate
will change even if all other variables are at steady state. In most calibrations the second
effect dominates, so effective interest rates are higher in the period immediately after a
state transition.

State transitions therefore produce shocks to the household effective interest rate,
with i¢! realized with probability g and i®? realized with probability 1 — g. These shocks
are the key qualitative difference between this model and the static cost model in Sections
2| and 5.

C.2 Persistence of interest rate rankings in the data

In Sections 2/ and |5/ I assume that the ranking of a bank in the interest rate distribution
has no persistence. Table 3| shows the bank transition probabilities between quintiles of
the interest rate distribution of the products studied in Section 4/ over a month and a year.

The length of a period in Section [5|is one month, but the annual transition probabilities
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Figure 4: Long run equilibrium varies with A
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(a) Amount of information processed (b) Equilibrium interest rates for bank 1 (blue)
and bank 2 (red) when they are low (solid)
and high (dashed) cost.
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(¢) Predisposition to choosing bank 1 (d) Effective interest rate if the low cost bank
is bank 1 (blue) and bank 2 (red).

are also relevant since these products have a term of one year, so individual savers buying
these products have to revisit their decision a year later (or exit the market).

Without persistence, every transition probability would equal 0.2. The values on the
diagonal of the transition matrices are all greater than this, so there is some persistence
in the data. However, the persistence is limited, even in the top and bottom quintiles
where it is strongest. If a saver chose a bank in the top quintile of the interest rate
distribution in a given period, then a year later when their product matures there is only
a 37% probability of that bank still being in the top quintile. This explains why adding
bank fixed effects do not account for much of the dispersion of interest rates, as discussed
in Section [4.1.1L

Table 3: Bank quintile transition matrices. In each table the cell (n,m) indicates the proba-
bility of transitioning from the nth quintile to the mth quintile in the following period.

1 2 3 4 5! 1 2 3 4 )
11059 016 0.10 0.07 0.07 11036 0.23 0.15 0.13 0.13
21019 0.51 0.19 0.06 0.04 21025 031 0.22 0.13 0.09
310.03 0.28 043 0.20 0.07 31015 025 0.25 0.21 0.14
41001 008 030 041 0.20 410.09 019 021 0.28 0.23
51001 0.03 008 0.23 0.65 51006 0.15 019 0.25 0.36

(a) Monthly (b) Annual
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I test if these transition matrices are significantly different from a matrix where every

element is 0.2 (the no-persistence case) with a likelihood ratio test:

| Y
- () < )
n=1 m=1""

The critical value of the test statistic for 5% significance is 30.1. The monthly and annual

transition matrices give test statistics of 24.6 and 4.3 respectively. We therefore cannot

reject the hypothesis of no persistence at either an annual or a monthly frequency.

D Further results and robustness for Section 4

D.1 Relationship between bank positions in different market

segments

The weights used to calculate the Quoted Household Interest Rate used to construct ¢
in Section 4] are the quantitites of new deposits in a broader set of products than those
from which the rates are taken. Here I show that a bank’s position in the distribution of
interest rates qualifying for inclusion in the Quoted Household Interest Rate is extremely
closely related to their position in the other market segments included when the weights
are calculated. As argued in Section X, this implies that the cyclical patterns in ¢
found in Section 4.3| reflect a systematic shift towards banks at the top of all of these
market segments when unemployment is high and interest rates are low. ¢ is therefore
informative about the position of household choices within the distribution of available
rates despite this data limitation.

The weights for the Quoted Household Interest Rate are constructed using new de-
posits in all fixed interest rate bonds with terms less than a year. Taking all such products
from the Moneyfacts data, I divide them into market segments based on their term, in-
vestment size, and interest payment frequencies. The set of such characteristics is given
in Table 4.

Table 4: Bank product characteristics used for subdividing the fixed rate bond market

Characteristic Division
Term length (months) {1-3,4-6,7—9,10 — 12}
Investment size (£000s) {1,2.5,5,10, 25,50}

Interest payment frequency {Monthly, Quarterly, On maturity}

Taking all combinations of these characteristics yields 72 market segments. Many

products are included in multiple segments because an investment of £10000, for example,
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is often eligible for products with lower minimum investments.

For each segment each month, I rank the banks that compete in that segment-month
by their interest rate in that segment-month. I do the same for the set of products
included in the Quoted Household Interest Rate (the Q segment). I then compute the
correlation between these ranks each month, then finally for each market segment I take
the mean of these rank correlations over the months, weighting by the number of banks
competing in both that segment and the @ segment that month (i.e. weighting by the
number of observations used to construct that month’s correlation). This gives an average
interest rate rank correlation between the QQ segment and every other market segment
used in constructing the Quoted Household Interest Rate weights.

For 30 of the market segments, there are either no products with that set of charac-
teristics, or there are no occasions where more than one bank simultaneously competes in
that segment and the Q segment. This leaves 42 segments for which the rank correlation
with the Q segment can be computed.

In these remaining market segments, bank rankings are extremely highly correlated
with the rankings in the Q segment. The mean rank correlation across the segments is
0.70, and this is distorted by a small number of market segments which very few banks
ever compete in. Of the six segments with rank correlations with the Q segment below
0.5, four are 7-9 month bonds with a monthly payment frequency, which contain less than
1 product per month on average. The other two are also very small segments, with an
average of 1.02 and 1.18 banks competing simultaneously in them and the () segment each
month. These correlations are therefore based off very few observations, and the small
number of banks competing there each month suggests that they are not large market
segments, making them unlikely to play a big role in the weights used to calculate the
Quoted Household Interest Rate.

Other market segments are much larger. In the ten largest market segments, the
average number of banks competing in those segments and the Q segment each month is
greater than 11. For the largest five segments, it exceeds 25.

The mean rank correlation across the segments rises to 0.84 when segments are
weighted by this mean number of banks competing there and in the Q segment each
month. If we take the number of banks competing in a segment as indicative of the size
of that market segment, this shows that bank positions within the interest rate distri-
bution analysed in Section 4| (in the Q segment), are very highly correlated with bank
positions in the other substantial market segments that are included in the weights behind
the Quoted Household Interest Rate data.
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D.2 Time series behaviour of ¢

In Section 4.3|1 showed evidence that ¢ is countercyclical. The time series of ¢ is plotted

in Figure 5. Consistent with the finding that ¢ is countercyclical, the largest falls in

o (residual)

0
-

|
Jan-96 Jan-99 Jan-02 Jan-05 Jan-08

Figure 5: Time series of the residual of ¢ after regressing on pos? (the position of the average big four
interest rate within the interest rate distribution), 6 month moving averages.

@ occur during the growth periods of 2004-2005 and 2006-mid 2008. Shortly after the
beginning of the Great Recession in the UK in mid-2008, ¢ began to rise sharply. There
was also a substantial rise in ¢ from July 2001 - April 2002. Although the UK avoided
recession during this period, it was a time of slowing growth, and the unemployment rate
rose relative to trend.

Given its otherwise strongly countercyclical nature, it is notable that ¢ does not start
rising earlier in the Great Recession. This is possibly because late 2008 was a tumultuous
period in the UK retail banking market. There were several large mergers and bailouts as
the financial crisis hit the market. At this time the big four banks increased their interest
rates relative to the rest of the market. The initial lack of increase in ¢ could therefore
be explained by heightened awareness of bank risk causing savers to stay away from the

larger banks who were more exposed to international financial markets,*’

D.3 Alternative measures of ¢

Here I present two alternatives to the household choice statistic ¢, which corroborate the

evidence in Section 4.3 that households move up through the distribution of interest rates

47This large movement of the big four within the rate distribution is rare. The variance of the percentile
of the benchmark interest rate within the interest rate distribution is 4x smaller than that of the Quoted
Household Interest Rate.

o8



when unemployment is high and the level of average rates is low.

First, I define a new variable (. in a similar way to ¢, but rather than comparing
the average rate achieved by households each month with the rate at the big four banks,
I compare it with the highest interest rate available in the market. Intuitively, rather
than comparing choices to a ‘no attention’ benchmark, this compares choices to a full

information benchmark.
Epi, — e
Pbest = ;
o (ir)

Second, I define ¢, to be the percentile of the interest rate distribution at which the

(86)

average interest rate achieved by the household sits. This is even more model-free than
@ and @pes, taking no stance on the appropriate benchmark for choices. As with the
previous two statistics, it is homogeneous of degree 0. The downside is that it does not
consider the shape of the rate distribution either side of the average rate achieved by
households.

Ypet = Pr(iy < Epiy) (87)

When households are more successful at choosing the higher interest rate products in the
market, @pes is low and ¢, is high. The pairwise correlations between each of the three
statistics on household choice (¢, Qpest, Ppet), unemployment and mean interest rates
are shown in Table |5 below. As in Section 4, all correlations are between the cyclical
components of each variable, extracted with a HP filter.

When unemployment is high and interest rates are low, ¢,» and ¢ are high, while
wpest 18 low. All correlations are strongly significant. The two alternative measures of
household choice success therefore deliver the same qualitative implications as those found
in Section |4: in contractions households move up within the distribution of interest rates,
away from the low rate offered by the big four banks and towards the highest rate in the

market.

Table 5: Pairwise contemporaneous correlations of attention proxies, the unemployment rate,
and within-month mean interest rates.

¥ Pbest Ppct U 1
%) 1
Opest | —0.6277 1
©pet | 0.713"  —0.556"" 1
U 0.273"*  —0.549™*  0.342"* 1
i | —0.277 0454 —0.365"*  —0.795"* 1

* p < 0.05, ** p < 0.01, *** p< 0.001
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D.4 Market composition cannot explain fluctuations in ¢,

In this appendix I show that the composition of households holding fixed term savings
bonds does not vary significantly through the Great Recession, suggesting that such
compositional changes are unlikely to explain the cyclical variation in ¢, found in Section
4l

Drechsler et al. (2017) show that when the Federal Funds Rate rises in the US, re-
tail banks increase their deposit spreads and deposits flow out of the retail market. In
principle, this kind of switching could drive my empirical findings. If households differ
in their propensity to pay attention to savings, then it could be that when the level of
interest rates rises the high-attention households switch out of the retail deposit market.
The savers that remain buying fixed-rate savings bonds from banks are the low-attention
households, and so the average attention of households in the market falls without any
individual household changing their attention.

To explore if this compositional change is occurring, I study waves 1-3 (2006, 2008,
2010) of the Wealth and Assets Survey (WAS). This survey asks a large number of
households about their assets, including whether they hold fixed term savings bonds,*¥| As
the three waves span the Great Recession, if a composition effect is driving the cyclicality
of p; we should find that characteristics associated with being more attentive to financial
decisions become relatively more common over the recession, among the people who hold
fixed-term bonds.

Bhutta et al. (2020) and Iscenko (2018) find that households are more likely to be
attentive to mortgage decisions if they have high incomes and high levels of education.
Iscenko (2018) also finds that age matters, but in a non-linear way. I therefore explore
compositional changes among fixed-term bond-holders along these lines. Specifically, 1
consider household income by decile of the overall income distribution,*’|indicators for any
educational qualifications and for degree-level qualifications, and an indicator for whether
the household is aged 45-54, the age identified by Finke et al. (2017) as corresponding
to peak financial knowledge. Table 6 reports the results of regressing each of these on
indicators for the wave in which the person was surveyed, using the subset of households
who hold a fixed-term bond. All regressions use robust standard errors and are weighted
using the survey weights provided in the WAS.

The only composition change that is significantly different from zero is that the income
of fixed term bond-holders declined slightly relative to the overall income distribution

between waves 1 and 3. This is the opposite direction to the compositional change that

48Note that I cannot distinguish fixed rate from variable rate products with fixed terms in this data.

49Raw income would be inappropriate as the aggregate income distribution was changing over this time.
Deciles of the income distribution are computed from the self-reported labour income plus self-employed
income within each survey wave.
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Table 6: Regressions on variables related to financial literacy. Wave 1 (2006) is the baseline.
Waves 2 and 3 took place in 2008 and 2010.

(1) (2) (3) (4)

Income decile Some qualification Degree qualification Aged 45-54

Wave=2 -0.0336 0.00734 0.0156 -0.0172
(-0.34) (0.59) (1.01) (-1.49)
Wave=3 -0.322" -0.0197 0.00135 -0.0116
(-3.29) (-1.54) (0.09) (-0.98)
Constant 4.897 0.833"* 0.305"* 0.140%**
(78.06) (102.50) (30.69) (18.36)
Observations 6860 6856 6856 6860

t statistics in parentheses
*p <0.05, ** p<0.01, *** p < 0.001

would be required to explain the cyclical patterns of ;. All other compositional changes
are not significantly different from zero. It is therefore unlikely that compositional changes

explain the cyclicality of .

E Quantitative model equations

Table [7] lists the (endogenous and exogenous) variables of the quantitative model, and
Table |§ lists the log-linearised model equations. For a complete derivation see Harrison
and Oomen (2010). In the tables below, X denotes the steady state of the variable X
and ey is an i.i.d.-normal innovation. Notice that along with the monetary policy and
labour disutility shocks, the attention shock (* is assumed to be i.i.d. This is because
the estimation finds the shock has a negligible effect on all of the observables, so cannot
identify the shock’s persistence. As the shock is so small, calibrating the persistence to

any other value [0, 1) makes no difference to the results.
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Table 7: Description of variables in the quantitative model

Variable Description H Variable Description

bf Net foreign assets T Inflation: imports

c Consumption: total v Inflation: wage

ch Consumption: domestic goods aovf Inflation: producer price of exports
c™m Consumption: imports q Real exchange rate

h Hours T Rental rate on capital

inv Investment rb Gross bad bank interest rate

k Capital r¢B Gross policy interest rate

A Shadow value of information re Gross effective interest rate
pI Probability of choosing the good bank rd Gross good bank interest rate
ph Relative price of domestic final goods Ue Marginal utility of ¢
phv Relative price of domestic intermediate goods w Real wage

pm Relative price of imported goods T Exports

p* Relative price of exported goods yh Output: used domestically
prY Relative producer price of exported final goods yv Output: total

™ Inflation: total z Capital utilisation
whv Inflation: domestic intermediates

cf Foreign demand ¢x Bank interest rate level shock
g Government spending ¢xb Bank interest rate dispersion shock
wf Foreign inflation ¢hb Markup shock
pzf Foreign relative export prices ¢k Capital adjustment cost shock
rf Foreign interest rate ¢rh Labour disutility shock
tfp TFP ¢r9 Monetary policy shock

& Risk premium shock cH Attention shock
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Table 8: Log-linearised quantitative model equations
Name Equation
Wage inflation definition T = we — wi—1 + Tt
Wage Phillips Curve (14 Be¥)my’ —evm?

PA—p—y")) " 1
e phab (L _ 1) (orw) (Grhe
Lo+ e —1)eg
Uet = E¢(uet41 + 7§ —me41) +¢F
PP+ xF (ke — ki1 — €¥(kt—1 — ke—2)) + CF + 7§ — Bymeqa
= ﬁEt(X’“(ktt} — ke — " (ke —ke—1)) + XFres1 + (1= 0)pfy + )
re = 0%zt + py

— Ut — we + (M)
Marginal Utility of ¢ Uet = —
Consumption Euler equation

k first order condition

z first order condition

Relative import demand c' = —oMpt + ¢t
Relative home good demand h = —Cfmp? +ct
—h
Consumption basket o= S(ph+c)+ 7(1% + i)
Attention first order condition Uct — Byemep1 = —Ae + Cut
Optimal bank choice probability p] = I_ng (FIr] —Frd — (79 —F0)\)
Effective rate definition %Tf =pI(F9 — Tb)pt pngTf +(1- ?g)ib b
_o¥-1 a¥-1
Production function =tfpt + (i;‘;‘)_hl = Lay_l he + (,,ly _o;)h U;y_1 (kt—1 + 2t)
(l—a)h o7 +ak oY ak oY +ak oY
Domestically consumed inflation definition = 7v = phv — p?ﬁl + e
Export inflation definition t zuf _ prY — PP+ mfe + e — qe—1
Domestic good Phillips Curve (14 Behvyrhv — h”ﬂ’i“’l

ohb_
1
= BEtWthﬁ - Xh,'u Lphv + v (¢
(1 +B€zv)ﬂ_:§”f _ Ezvﬂ.tlf{
zb_

= BEmyl] — Tt 08+
Optimal k-h ratio zt + ki 1 —hy =¥ (we —1t)

B (T.CB CB

Good bank profit maximisation At = =

o Lt fpe) + PP

— ht) —wi +

Export good Phillips Curve

f—ht)—IUt-‘r oY tfpt)-"_chb

—7Ir] = Cxt) — pgpt
)‘t = W(TCBU —x2)rf B =7y — (e = Cve) + Y
G 0B (1= 079) (0P + 00— 1)
It =cft—0o"(qt +Pt —pxfi)
=p =Py T
(1 + Bem)mt — Mt
= BEmi, + Wllﬂiﬁ,HW))(pxﬁ — gt —p")
i = K"pE (1= s")p
p%c — Fv.:c'up%cv + (1 _ K/x’v)p;n

Bad bank profit maximisation

Taylor rule

Export demand

Import inflation definition
Import Phillips Curve

Price of domestic consumption basket
Price of export consumption basket

k law of motion dinvg =kt — (1 — 5)kt_1 + X%zt

Goods market clearing Yy = lih”(chc + wwzm;t +gg¢) + K*VTx
—h

Domestic goods market clearing yh = %—hcf + £ yh nv + —gt

bf law of motion b{ = 5_16571 + B~ 1bf('rft,1 —7ft —qt + qi—1) + T(PY + x¢) — e

—(1 = w&")ghyp — (1 - n“)ﬁt @™+ (1= ") + (1 = &™)T)pp
Real UIP Etqi41 —qt + beb =rfy — 1% — By(nfop1 — Te41)
TFP tfpt = pepptfPe—1 + erppe

Government spending
Risk premium shock
Markup shock

Capital adjustment cost shock
Labour disutility shock
Monetary policy shock

Bank rate level shock

Bank rate dispersion shock

Attention shock
Foreign variables

gt = Pggt—1 + egt

G =pceCi g +(1— P(c)zeCft
Cthb = pchbctfl +(1- pChb)Q €chby
CF=perCiq + (1 ng) 264’%

nh = ernhy
Ct = €¢rat L
¢ :PCXQX_1 +@1 ng)éeC
b b 1
CtX = P(xb<§_1 + ( pgxb)2 ¢xbe

Gt = ecns
VAR(4) in Appendix [F.2
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F Estimation Details

F.1 Data Sources and Treatment

There are 11 standard observable variables: domestic (UK) GDP, consumption, inflation,
the 3-month treasury bill rate, investment, real wages, hours worked, and foreign inflation,
industrial production, interest rates, and relative export prices. The foreign variables are
trade-weighted averages of the other G7 countries. On top of these I add 3 observables
from the Moneyfacts data: the mean and standard deviation of deposit rates, and ¢. I
use data from 1993-2009.

I follow Harrison and Oomen to source the standard observables. See their paper
for details of the data series. The exception to their method is that I use industrial
production for all foreign countries, where they use a mix of industrial production and
GDP.

I take log first differences of all domestic real variables, and transform inflation and
interest rates into quarterly gross rates before taking logs and de-meaning. For the foreign
real variables, I take logs and then extract the cyclical components using a one-sided HP
filter. For the average and standard deviation of interest rates in Moneyfacts I follow
the same procedure used for the treasury bill rate, averaging across months within each
quarter before taking logs, and leaving a quarter as missing when a month of data is
missing. [ include ¢ in levels to avoid losing more observations after the quarters with
missing months through first-differencing. I therefore use a one-sided HP filter to extract
the cyclical component of ©.°’| I choose y; to match the average gap between the highest
and the (unweighted) mean interest rate available in the data.

Using N = 2 banks in the quantitative model keeps the equaions simple, but it also
means that the model-implied ¢ is always in the range [0,1]. The observed data has
larger numbers of banks, so to map that into suitable data for the model I measure
the maximum possible ¢ in the data each period, that would be chieved if the Quoted
Household Interest Rate was equal to the highest rate available that month. I divide the
observed ¢ by the mean of these values (2.99) before HP-filtering to give an approximate
mapping into the ¢ € [0, 1] range seen in the model.

F.2 Foreign VAR

Foreign variables are assumed to follow a VAR(4) process estimated outside of the model,

as in Adolfson et al. (2007). Denoting the vector of foreign variables as Y;, the structural

50T do not take logs of ¢ as on several occasions it is close to zero. This is therefore a measure of
linearised, not log-linearised, ¢. The observation equation is adjusted accordingly.
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VAR process is:
FoY, =Y, 1 + FY, o+ F3Yy g5+ FuYy g +uy (88)

To identify the parameters, I start with the Adolfson et al. (2007) restrictions: output
and inflation are assumed to be unaffected by contemporaneous shocks to anything other
than themselves, but interest rates respond to both. As I have an extra variable not
in Adolfson et al. (2007) (relative export prices), I add that inflation and output also
do not respond contemporaneously to shocks to relative export prices. Furthermore, I
assume that the foreign interest rate doesn’t respond contemporaneously to shocks to
relative export prices, but that relative export prices can respond contemporaneously to
all variables. The idea is that the exchange rate can vary rapidly in response to shocks,

and this will affect the relative export price. This gives:

1, 0, 0, 0
0, 1, 0, O

Fy = (89)
—Yr Yy 17 0
_7711?7 _757 77137 1

Where the order of variables in Y; is inflation, output, interest rates, relative export
prices. The model is over-identified. We cannot reject the over-identifying restrictions
(p-value 0.87).

F.3 Calibration, priors, and estimation results

Table 9| gives descriptions of each calibrated parameter and its calibrated value. Table |10
gives descriptions of each estimated parameter and its prior. See Harrison and Oomen
(2010) for the reasoning behind each calibrated value and prior except those specific to
the attention block, which are discussed in Section 5.2l

Tables [11] and (12| show the estimation results for the baseline model and the full
information model in Section |5.4] respectively. The variance decomposition in the full

information and inattention models discussed in Section 5.4 is shown in Figure (6.
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Table 9: Description of calibrated parameters

Parameter Description Value
« Capital income share 0.3
B Discount factor 0.99
1 Depreciation rate 0.025

xbf Net foreign asset adjustment cost 0.01
x* Capital utilisation cost B~l—1+96
Khv Share of domestic value added in home goods 0.935
KTV Share of domestic value added in export goods 0.748
Pp™ Expenditure weight of imports in consumption 0.248
PP™m Imports Calvo parameter 0.4
ohb Elasticity of substitution: goods varieties 9.668
o™ Elasticity of substitution: home vs. foreign goods 1.77
o¥ Elasticity of substitution: labour varieties 8.3
o® Elasticity of substitution: exports 1.5
b Elasticity of substitution: export varieties 9.668
o¥ Elasticity of substitution: labour vs. capital in production 0.5
a(i") Steady state standard deviation of interest rates 0.002*

*The steady state bad bank cost y; is the parameter that adjusts to ensure this target is met.

Table 10: Description of estimated parameters

Parameter Description Prior Distribution
o¢ Intertemporal elasticity of substitution N(0.66,0.198)
phab Consumption habit parameter Beta(0.69,0.05)
ol Labour supply elasticity N(0.43,0.108)
x* Capital adjustment cost constant N(201, 60.3)
ek Indexation to past capital adjustment in capital adjustment cost Beta(0.5,0.25)
o? Capital utilization cost elasticity N (0.56,0.168)
xv Domestic goods price adjustment cost N(326,97.8)
ehv Domestic goods inflation indexation Beta(0.26,0.1)
x*v Export goods price adjustment cost N(43,12.5)
e*v Export goods inflation indexation Beta(0.14,0.05)
PP™ Imported goods Calvo parameter Beta(0.40,0.15)
em Imported goods inflation indexation Beta(0.17,0.05)
P Wage Calvo parameter Beta(0.21,0.05)
ev Wage inflation indexation Beta(0.58,0.145)
or Taylor Rule inflation weight N(1.87,0.131)
oY Taylor Rule output weight N(0.11,0.028)
or9 Taylor Rule persistence Beta(0.87,0.05)
I Marginal cost of information InvGamma(0.005, 0.5)
X2 Elasticity of inefficient bank costs to the policy rate N(0,0.2)

Ptfp Persistence of TFP shock Beta(0.89,0.05)
Tt fp s.d. TFP shock InvGamma(0.006, 2)
Pg Persistence of government spending shock Beta(0.96,0.025)
og s.d. government spending shock InvGamma(0.009, 2)

Pz Persistence of shock « U(0.5,0.289)
O s.d. labour disutility shock InvGamma(0.01, 2)
oce s.d. monetary policy shock InvGamma(0.025, 2)
Tchp s.d. price markup shock InvGamma(0.006, 2)
Ok s.d. capital adjustment cost shock InvGamma(0.06, 2)
oy s.d. shock y InvGamma(0.001, 2)
Ouz s.d. measurement error on z InvGamma(0.0l, 2)

x = (M, CF CF, CX, (X refers to the shock to the risk premium, price markups, capital adjustment

costs, information costs, interest rate level and dispersion. All other shocks are assumed i.i.d.
y = ("9, CH, (X, ¢XP. 2 contains the mean and standard deviation of bank deposit rates, and (.
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Table 11: Estimated posteriors in baseline model

Parameter Mean 5% 95% H Parameter Mean 5% 95%
o° 0.235 0.174 0.294 Pehb 0.276  0.048  0.489
phab 0.744 0.679 0.814 Pk 0.797  0.601  0.976
oh 0.448 0.282 0.601 pex 0.921  0.862  0.978
xF 148.258  46.917  236.721 Pexb 0.785  0.700  0.877
er 0.132 0.001 0.269 w 0.035  0.025  0.044
o* 0.549 0.280 0.829 X2 -0.264  -0.476  -0.066
X" 415.793  277.100 553.532 og 0.033  0.028  0.038
e 0.228 0.088 0.375 Ocnn 1.743  0.764  2.817
=V 34.691  10.374  57.552 o¢ra 0.001  0.001  0.002
€TV 0.135 0.058 0.206 Tifp 0.007  0.006  0.008
P 0.639 0.362 0.882 oce 0.009  0.006 0.011
em 0.162 0.075 0.238 ocnb 0.007  0.005  0.008
P 0.260 0.193 0.328 Ok 0.248  0.056  0.503
ev 0.339 0.185 0.510 ocn 0.002  0.000  0.004
6P 1.812 1.586 2.021 ocx 0.003  0.002  0.004
oy 0.149 0.109 0.190 Texb 0.003  0.002  0.004
o9 0.910 0.890 0.931 vy 0.094  0.076  0.109
Pifp 0.957 0.934 0.980 ous 0.007  0.003 0.013
Py 0.957 0.928 0.984 Oum 0.002  0.001  0.002
pee 0.908 0.853 0.963
Table 12: Estimated posteriors in full information model
Parameter Mean 5% 95% || Parameter Mean 5% 95%
o° 0.186 0.105 0.268 Pehb 0.272 0.050 0.487
phat 0.725 0.654 0.793 Pk 0.703  0.500 0.921
ol 0.440 0.289 0.616 Pex NA NA  NA
x* 170.175  66.864  268.994 Pexb NA NA NA
ek 0.175 0.001 0.370 u NA NA NA
o 0.511 0.219 0.777 X2 NA NA NA
X 414.783  272.223  554.419 og 0.033  0.028 0.038
ehv 0.217 0.065 0.360 Oenn 2.127  0.746  3.430
XY 33.942 3.837 56.226 ocra 0.001  0.001 0.002
€TV 0.140 0.056 0.221 Otfp 0.007  0.006 0.008
PP 0.656 0.422 0.901 oce 0.013  0.007 0.018
em 0.165 0.083 0.240 Ochb 0.007  0.005 0.008
YW 0.241 0.163 0.307 Ock 0.193  0.073  0.300
ev 0.321 0.178 0.471 ocu NA NA NA
or 1.851 1.656 2.077 ocx NA NA NA
0y 0.148 0.107 0.188 Oexb NA NA NA
or9 0.913 0.892 0.934 e NA NA NA
Ptfp 0.962 0.938 0.986 Ous NA NA NA
Py 0.951 0.914 0.988 Oum NA NA NA
pee 0.889 0.834 0.951
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Figure 6: Percentage of the variance of consumption and output due to each shock in the full information
and variable attention models.

The risk premium shock is the bottom segment of each bar (displayed in red). As
described in Section without information frictions the risk premium shock explains
53% of the variance of consumption. It explains the second largest share of output
variance (18%), after TFP shocks (38%).

In moving to the baseline model with inattention the risk premium shock becomes less
important, explaining 35% of consumption variance and 13%. of output variance. This is
not picked up by shocks to attention, which explain a negligible fraction of the variance
of both consumption and output in the baseline inattention model. Rather, TFP and
price markup shocks explain greater shares of output variance: with full information they
explain 38% and 7%, but with inattention they explain 41% and 9%. For the variance
of consumption, government spending, TFP and price markup shocks explain 12%, 26%
and 3% with full information, and 19%, 29% and 4% in the baseline model. Shocks to
the level of bank interest rates (¢X) are the only new shocks to play a non-negligible role

in fluctuations, explaining 2% of output variance and 3% of consumption variance.
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