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1 Introduction

A consensus seems to be emerging that attention is a scarce resource that restricts eco-
nomic and financial decisions, and consequently, ordinary consumers face not only budget
constraints but also attention constraints. Given that consumers have limited attention
capacity, it is natural to ask how they optimally allocate their limited attention across differ-
ent aspects in their decision-making problem. Intertemporal consumption-saving choice is a
fundamental topic in modern economics and finance. It is therefore important for us to un-
derstand how departures from unlimited attention affect an individual’s consumption-saving
decisions and the policy and welfare implications. The purpose of this paper is to construct
a consumption-saving model with recursive utility and both capital income and labor in-
come, and study how a consumer with limited attention —thought of as “inattention” due to
information-processing constraints— would make optimal attention and consumption-savings
decisions and their policy and welfare implications.

Sims (2003) first introduces the rational inattention hypothesis into economics by arguing
that agents only have finite information-processing ability when processing economic-related
variables. In his formulation, agents have limited Shannon channel capacity, limiting their
ability to process available information when making decisions. As a result, they only react
to the shocks gradually and with delay, and face more uncertainty about the states. An-
other important implication of limited attention is that attention is a scarce resource and
agents have to face a related attention allocation problem. For example, Peng and Xiong
(2006) find that limited attention leads to category-learning behavior, i.e., investors tend to
process more market and sector-wide information than firm-specific information. Mackowiak
and Wiederholt (2009) show how monopolistic competitive firms allocate their limited at-
tention between idiosyncratic and aggregate shocks when setting optimal prices. Mondria
(2010) and Van Nieuwerburgh and Veldkamp (2010) discuss how attention allocation affects
portfolio choice. Mackowiak and Wiederholt (2015) find that a business cycles model with
inattentive households and firms can generate the observed impulse responses to monetary
policy shocks and aggregate technology shocks.! A key feature of these studies is that the

multiple shocks that limited attention is applied to are symmetric.? In addition, Sims (2003),

1Coibion and Gorodnichenko (2008) and Andrade and Le Bihan (1997) use the survey data on the expec-
tations of households and professionals on inflation, unemployment, and real GDP growth to test the degrees

of information rigidity and find that the rational inattention theory is supported by the survey data.
2In Mondria (2010) and Van Nieuwerburgh and Veldkamp (2010) stochastic asset returns enter the budget

constraint by multiplying their corresponding portfolio share. In Mackowiak and Wiederholt (2009) aggregate

and idiosyncratic shocks enter the profit-maximizing price in additive terms.



Luo and Young (2014), Miao, Wu, and Young (2020) apply the rational inattention theory
into linear-quadratic consumption models with additive labor income risks but they do not
model capital income risk and recursive utility. However, in reality many households face not
only labor income risk, but also capital income risk.> There are many empirical studies in
the literature on how consumption responds to different types of changes in labor income in-
cluding expected, unexpected, permanent, or transitory, aggregate, or idiosyncratic changes.
(See Jappelli and Pistferri (2010) for a survey and Deaton (1993) for a textbook treatment
on this issue.) However, there are relatively few studies on how consumption responds to
both capital income and labor income risks.* One exception is Christelis, Georgarakos, and
Jappelli (2015), and they attempt to estimate the separate impacts of three different shocks,
shocks to stocks, housing, and unemployment, on households’ expenditures using recently
available micro data. In Section 2, we will use the same data set as in Christelis, Geor-
garakos, and Jappelli (2015) to estimate how consumers with heterogenous degrees of wealth
and expectations on future unemployment react differently to the shocks to financial and
housing wealth and the unemployment shocks.”

Furthermore, recursive utility is often employed in the macro-finance literature in order
to disentangle the effects of elasticity of intertemporal substitution and relative risk aversion
on consumption-investment decisions. However, we still do not know well about how these
two attitudes affect optimal attention allocation to different income shocks. In this paper, we
seek to make progress in filling this void by solving and inspecting an attention-consumption
allocation problem of consumers who have recursive utility and face both capital income and
labor income risks. When facing these two risks, how will rationally inattentive consumers
allocate their limited attention to these two income risks? How will this optimal attention
allocation affect their consumption-saving decisions? In addition, what are the policy and
welfare implications of this additional attention allocation problem? Specifically, in this
paper, following Sims (2003), we assume that consumers have limited Shannon capacity to
process information regarding income shocks, such that they face a trade-off between paying

attention to labor income risk and paying attention to capital income risk.

3 As shown in Bertaut and Starr-McCluer (2002), about 49% of US households invest directly or indirectly

in stocks and other risky assets.
4There are also some empirical studies on how consumption responds to capital income shocks. The results

based on micro-data are mixed, with some papers finding large responses of expenditure to house and stock
prices shocks, while others find smaller effects. In addition, Sinai and Souleles (2005), Campbell and Cocco
(2007), and Attanasio, Blow, Hamilton, and Leicester (2009) find that the consumption response to changes

in capital income is quite heterogeneous across the population.
5See Tables 1-3 for the detailed empirical results.



As the first contribution of this paper, we construct a two-period consumption-saving
model in which there are: (i) two fundamental risks, labor income risk and capital in-
come risk; (ii) recursive utility; and (iii) limited attention. It is worth noting that the
two-period specification is tractable and useful because almost all of the key issues about op-
timal attention-consumption allocation between the two income risks can be examined within
this two-period setting.® Using the two-step backward procedure proposed in Mac¢kowiak and
Wiederholt (2009), we then solve for the optimal attention-consumption allocation numeri-
cally.

Second, using the optimal solution, we examine how the optimal attention and consumption-
saving decisions are affected by the key model parameters: (i) the amount of exogenous in-
come risks, (ii) the attention and wealth endowments, and (iii) the risk and time preferences.
Specifically, holding other parameters unchanged, we find that agents allocate more attention
to labor (capital) income risk as its prior variance increases relative to the prior variance of
the capital (labor) income risk, which is not surprising and is in line with the existing results
in the rational inattention literature. What is more interesting is that agents allocate more
attention to the multiplicative capital income risk than to the additive labor income risk even
when the prior variance of labor income is higher than that of capital income.” Furthermore,
we find that the optimal attention devoted to monitoring capital income risk is increasing
with the level of initial wealth and the discount factor, i.e. rich and patient households pay
more attention to capital income risk. The reason is that the rich and patient individuals
hold more risky wealth, which makes future capital income more volatile. We also find that
when attention is very scarce, agents pay more attention to the capital income risk; as the at-
tention capacity increases, agents pay more and more attention to the labor income risk and
eventually pay equal amounts of attention to both income shocks when attention capacity is
sufficiently large.

Third, to tackle the different effects of the risk and time preferences on optimal attention
and consumption allocation, we introduce a Kreps-Porteus-Seldon type recursive utility to
fully separate the elasticity of intertemporal substitution (EIS) from the coeflicient of relative
risk aversion (CRRA). Angeletos (2007) and Wang, Wang, and Yang (2016) find that these
two parameters have different effects on the consumption-saving allocation. In this paper,
we find that a reduction in both the EIS and CRRA increase the optimal attention allocated

6Leland (1968), Sandmo (1970), Kimball and Weil (2009), and Seldon and Wei (2018) also adopt the

two-period setting to examine the effects of income uncertainty on savings.
"Note that a common conclusion in the previous studies on rational inattention is that when prior variances

of different risks are the same, agents would pay the same amount of attention to each risk.



to the capital income risk.®

Fourth, the optimal solution allows us to examine how the expected saving rate and
consumption growth are affected by the key parameters mentioned above. In addition, our
model can also generate two important testable implications. First, we find that our model
can have the potential to explain the patterns of the consumption responses to capital income
and labor income risks found in the U.S. micro-level data. Second, we find that our model
can explain the observed relative consumption inequality in the U.S. economy.”

Finally, we examine the taxation policy and welfare implications of optimal attention
allocation. When introducing linear tax rates on capital income and labor income, we find
that an increase in capital (labor) income tax rate will lead to a reduction in the attention
amount allocated to the capital (labor) income risk. The intuition is that the increases in the
taxes on one income reduce the disposable amount of capital (labor) income, which makes
the agents switch attention to the other risk. In addition, we also find that the expected
saving rate is increasing with the tax rates due to the precautionary motive. We find that
the welfare losses due to limited attention are insignificant and the agents with low initial
levels of wealth and attention can benefit more from increasing the attention capacity.

The remainder of this paper is organized as follows. Section 2 provides an empirical
motivation for this paper. Section 3 describes our model setup, introducing key elements
step by step. Section 4 presents key results of the expected utility case and discusses the
implications of attention allocation for the consumption-saving dynamics. Section 5 presents
the results of a recursive utility case. Section 6 examines taxation policies and welfare

implications of attention allocation. Section 7 concludes.

2 An Empirical Motivation: Consumption Response to

Shocks to Capital and Labor Income

A recent paper by Christelis, Georgarakos, and Jappelli (2015) uses data from the 2009
Internet Survey of the Health and Retirement Study (HRS) and shows that, on average, for
every 10% loss in housing and financial wealth, the estimated drop in household expenditure

was about 0.56% and 0.9%, respectively. Those who became unemployed reduced spending

8Luo, Nie, Wang, and Young (2017) also discuss the effects of the EIS and the CRRA on the optimal
attention amount. However, since they only consider one-type risk and have no attention allocation problem,

their results can not be compared with that obtained in this paper.
9Tn this paper, we use “inequality” and “dispersion” interchangeably to describe the cross-sectional dis-

tributions of changes in consumption and income.



by 10%. At first glance, the consumption response to the change in labor income is much
stronger than that to the change in capital income because they find that the estimated drop
in households expenditure due to unemployment is larger than that caused by a huge loss in
the value of assets. In contrast, in this paper we are more interested in addressing why labor
income shocks are so important in household’s consumption decisions, and whether there
exists heterogeneity in households’ consumption responses.

To achieve this, we use the same data set as that in Christelis, Georgarakos, and Jappelli
(2015) and also investigate how reduction in the value of assets and being unemployed affect
the elasticity of expenditure. However, we work one step further and check what factors make
these individuals react more strongly to unemployment shocks than to reductions in the asset
value. We mainly focus on two characteristics, namely the prior variances of labor income
and wealth. First, we use the information of the likelihood of losing a job in their previous
interview as a proxy for the prior variance of the labor income shock. Here we argue that
individuals who answered in their previous interview (the 2006 wave) that they are likely to
lose their jobs have a higher prior volatility in their future income than those who answered
they will not lose their jobs. Second, we want to investigate whether people with different

levels of wealth react differently to different types of income shocks.!”

2.1 Data

The empirical analysis in this section is based on two micro-data surveys. The first data
source is the HRS main survey in 2006 and 2008. It is a longitudinal, nationally representa-
tive survey interviewing respondents aged fifty and above in the U.S. economy. The survey
is conducted on a biannual basis since 1992 and it provides information on households demo-
graphic characteristics, income, and asset holdings.!* The second source is the HRS internet
Survey, which is conducted from March 2009 to August 2009, and contains 4,415 respon-
dents belonging to 3,438 households. To reduce the possibility that estimates are affected
by outliers, we delete observations with percentage changes in consumption over 0.85.

For the purpose of this paper, an important feature of the 2006 wave of the HRS main
Survey is that respondents are asked about their expectations regarding the likelihood that
they will lose their jobs in the future. An important feature of the 2009 Internet survey is

that they are asked to report percentage changes in their total spending compared to the

0Tn the data we find two measures for wealth: (i) financial asset holdings and (ii) cash on hand (i.e., the

sum of financial wealth and current income).
"The details about the survey can be found in Hauser and Willis (2005).



previous year, percentage changes in the value of their house and financial assets.'? Table 1

provides summary statistics on key socioeconomic characteristics.

2.2 Estimation Results

Following Christelis, Georgarakos, and Jappelli (2015), the consumption effects of unem-
ployment and changes in values of house and financial assets can be studied in a linear

specification. The estimation model is specified as follows:

AC;, AHW,; — AFW,

= o+ +
Cirs S TR,

+ 0AUy + EAXy + €, (1)

where ¢ denotes individual households, the term on the left-hand-side of the equation is
percentage change in consumption, the second and third terms on the right-hand-side are
percentage changes in the values of housing and financial wealth, AU indicates whether
an individual becomes unemployed, other changes over time in a vector of demographic
and economic variables X, and ¢; is an error term. For all these exercises, we control for
individual’s prior belief on the capital income, i.e. their opinion on the probability of an
increase in Dow Jones Industrial Average in next year.

Table 2 reports the elasticities derived from linking the percentage changes in the values
of the two assets and the semi-elasticity of consumption to being unemployed. Columns 1
and 3 show results for respondents who have low prior variance about their labor income,
i.e. those who believe that there is no chance they will lose their jobs in the next year.
Columns 2 and 4 report results for respondents who have high prior variance about their labor
income, i.e., those who think there is a chance of losing their job. From the table, we can
see heterogeneous responses of consumption to changes in values of wealth and employment
status. When comparing these two groups of observations, those who have low prior volatility
in labor income react more strongly to being unemployed, whereas those who have high prior
volatility in labor income react more strongly to losses in financial wealth. To understand this
heterogeneity, we first recall one of the core prediction of the life-cycle theory of consumption
is that changes in consumption react more strongly to unexpected shocks in wealth and

income. Therefore, one explanation for the above results is that unemployment shocks are

12Respondents also report the amount of change in the value of their house compared to its value in
the summer of 2006. For each assets owners of employer retirement saving plans (incl. 401k’s), individual
retirement accounts (IRAs) or Keogh plans, investment trusts, mutual funds, directly held stocks, they are
asked to report the percentage decline of the asset value since September 2008, which was the month in
which Lehman Brothers collapsed. The discussion regarding biased estimation due to measurement error in

Christelis, Georgarakos, and Jappelli (2015) also holds here in our analysis.



more unexpected for individuals who ex ante believe that there is no chance to lose their job.
Oppositely, reductions in financial wealth are better predictable for individuals who believe
that there is no chance to lose their job. We can link these more/less unexpected shocks to
the rational inattention theory first proposed in Sims (2003): for shocks A and B with the
same prior variance, if an agent pays more attention to shock A than to B, then she has lower
posterior uncertainty in A than in B. In Section 3 below, we will show how to use a rational
inattention model with both labor and capital income shocks to explain these empirical facts.
We also notice that controlling income and asset holding does not change our main results.?

Table 3 reports another interesting heterogeneity in the consumption response to changes
in the values of their house and financial asset and unemployment status. From these results
we can see that rich people (both high cash-on-hand and financial wealth) tend to react
more strongly to the labor income shock (being unemployed) and less strongly to the capital
income shock. We can again link this empirical fact to individual’s attention allocation to
different types of income shocks because they have always paid more attention to the capital
income risk. For example, from previous studies, such as Dynan, Skinner, and Zeldes (2004),
we know that the US data show a positive association between the level of lifetime income
and the saving rate. This means that wealthier individuals invest a larger share of their
resources, and financial income tends to attract more attention. As a result, they pay less
attention to their labor income shocks and react more strongly to such unexpected shocks
when they become unemployed.

As standard life-cycle consumption models did not discuss these two empirical facts simul-
taneously, in the following sections we try to explain these facts by introducing the rational

inattention hypothesis into an otherwise standard consumption-saving model.

3 A Consumption-Saving Model with Recursive Utility

and Attention Allocation

In this section, we first describe households’ preferences, budget constraints, and two funda-
mental shocks they face: shocks to capital income and labor income. We then discuss how
to incorporate rational inattention due to information-processing constraints into the other-

wise standard two-period consumption-saving model. The two-period model specification is

3 Table 2 shows that changes in the values of their house have no significant effect on consumption changes.
But Christelis, Georgarakos, and Jappelli (2015) finds that the elasticity of consumption with respect to the
value of their house is roughly equal to 0.056.



tractable and useful because almost all of the key issues about attention allocation between

two income risks can be examined in the two-period setting.

3.1 Households’ Preferences and Budget Constraints

To address how risk aversion and intertemporal substitution affect the optimal attention-
consumption allocation, we follow Kimball and Weil (2009), Bommier and Le Grand (2019)
and Seldon and Wei (2018) in assuming a general KPS (Kreps and Porteus (1978) and Seldon
(1978)) preference structure as well as the two-period specification. Specifically, in the model

economy, households live for two periods: ¢ € {0, 1}, and have the following recursive utility:
U = u(Co) + fu (VTHEV(CY))), (2)

where § € (0, 1) denotes the households’ subjective discount factor, Cy and C; are consump-
tion in periods 0 and 1, respectively. It is worth noting that (2) is equivalent to the following

recursions:

U = u(Co)+ W HE[W (Uh)]), or (3)
0 = [ulco+ o (v (£ ]V ()])] 0

where W = V ou™!, U; is future uncertainty utility, and U = u ((7) (Using (3) or (4) is
just a matter of normalization.) The functions, u(-) and V(-), that govern the preferences
for intertemporal substitution and risk aversion are characterized by the CES certainty and
CRRA risk preferences functional forms, respectively. Specifically, we assume that:

P11/ o1

where ~ is the coefficient of relative risk aversion (CRRA), whereas 1) is the elasticity of

, ()

intertemporal substitution (EIS) (i.e., 1/¢ is the relative resistance to intertemporal substi-
tution.) This recursive utility specification rules out any possible time inconsistency prob-
lem. When 1/¢ = 7, this specification reduces to the standard expected utility case. In
this specification, U represents the time preference over certain (00,61) pairs, where @1
is the period-2 certainty equivalent associated with the random period-2 consumption, Ci:
C, = VL (EV(CY)).

We assume that households make consumption and saving decisions for a given initial

endowment in period 0, and receive both capital income from this risky saving behavior and



a risky labor income in period 1. Specifically, the households’ budget constraints in period 0

and 1 can be written as:

Co + K1 = Yo, (6)
Cy=A1K + Y1, (7)
respectively, where Yj is initial wealth which is strictly positive, and /K7 > 0 is the total

savings/investment in period 0.

3.2 Shocks and Information Structure
The capital return (A;) and labor income (Y7) processes are assumed as follows:
Ay = exp(e,) and Y; = exp(e,), (8)

where €, and ¢, are exogenously iid shocks. Households are endowed with prior beliefs about
the distributions from which these shocks are drawn: €,~N(piq,0;) and €,~N(—-0.507,0;)."*
However, the realizations of these two shocks are unobservable in period 0.

We assume that households learn exogenous income shocks by observing the following
signals:'®
€a + Ca

Sa
50:[ ]:
Sy €y + Gy

where the signals are noisy but unbiased. ¢, ~ N(0,73) and ¢, ~ N(0,7;) are the endogenous

: (9)

noises induced by limited-information processing capacity. The variance of signal regarding
capital income shock is 0?42, and therefore, the precision of the signal is defined 1/ (o2 + 7?).
Similarly, the variance of signal regarding labor income shock is o2 + 775, and therefore, the
precision of the signal is defined as 1/ (02 + 7]2)

Households now use Bayes’ Law to combine their prior beliefs and the observed noisy
signals in (9) to update their beliefs about the shocks such that e,|S, ~ N(&,,42) and

A~ A2 ~ ~ . ~92 ~92 .
€y|Sy ~ N(&,,7,), where &, and ¢, are the posterior means and &, and &, are the posterior

14This implies that Y; = E[Y;] = 1.

15Sims (2010) provides two ways to solve models with limited information-processing capacity. The first
way is to solve the optimal joint distribution of the control variable and the unobservable state variable. The
second way is to assume a signal structure, and then solve for the optimal policy as a function of signal.
However, as argued by Sims (2010), the optimal joint distribution can be characterized by many different

combinations of signal structure and policy function.



variances determined by the following updating rules:

_ Nang + O'ZSa

to = Elea|Sa = s4) = o (10)

62 = varle,|S, = s4] = Ug?fig, (11)
0 Ea2)p2 1 2

ty = B, = 5 = O, (12

65 = varle,|S, = s,] = %. (13)

Given the prior beliefs, (11) and (13) imply that the signal precision can be uniquely de-
termined by the posterior variance. We can now define information sets before and after
observing the signals, which are called Stages 1 and 2 of period 0.

Definition. I and 12 are the information sets in Stages 1 and 2, respectively:
2

o
1= {Yoreu N (s o?) o ¥ (- 202
I? =1'"U{S,,5S,}
Following Sims (2003, 2010), we assume that households face a limited information-
processing capacity, k:
Ko + Ky < K, (14)
where 0 < kK < 00, K, and K, are capacity levels devoted to monitoring the capital and labor

income shocks, respectively. For simplicity, following Mac¢kowiak and Wiederholt (2009), we

assume that the two signals are independent such that:

1 2

I(ea, Sa) = Hie,) — H(ea|S,) = 5 log ("—2) — K, (15)
O_G
1 o)

H(ew Sy) = H(Ey) - H(€y|sy) = 2 log ? = Ry, (16)
Yy

where £, and k, are measured in nats'®; H(-) is the entropy of productivity shock and
H(-|]-) is the conditional entropy of productivity shock given signal observation; I(-,-) is
called the mutual information between the fundamental shock and signal observation and
can be interpreted as how much information about the fundamental shock is contained in

the corresponding noisy signal.

16Sims (2003) states that the logarithm in the formula can be to any base, because the base only determines
a scale factor for the information measure, but conventionally it takes the logarithm to base 2, and as a result
the entropy of a discrete distribution with equal weight on two points is 1 or (—0.5log(0.5) — 0.510g(0.5)),

which is the unit of information called a “bit”. When the base is e, the unit of information is a “nat”.

10



3.3 Households’ Optimization Problem

In this model, households need not only solve an optimal consumption-saving problem but
also solve an optimal attention allocation problem. The whole optimization problem can be

formalized as follows:

U = amax Bx [u(C) + B (V- EV(CIS0))] a7

Subject to: Cf = arg max U(Co, C1) = u(Co) + Bu (V1 (Er[V(C)])), (18)
Cf = A (Yo - Cf) + Y4, (19)

Kq + Ky < K, (20)

where Equation (17) is the objective function for the household; Ej:|[-] is the expectation
operator conditional on the information set I?; Epn[-] is the expectation over all possible
signals; the budget constraints are incorporated into Equation (18) and (19); and Equation

(20) is the information constraint.

3.4 Solution Method

As illustrated in Figure 1, we decompose the optimization problem proposed above into two
stages: (i) attention allocation and (ii) consumption-saving choice. In the first stage, before
observing the noisy signals about capital return and labor income, households decide how
much attention to allocate to learning capital return and labor income respectively. This
procedure determines how precise these two signals are. In the second stage, after observing
the signals, households then decide how much to consume and how much to save out of
the initial endowment. Following Mac¢kowiak and Wiederholt (2009), we solve these two
sub-problems backward.

First, for any attention allocation strategy, we solve the following consumption-saving

problem:
1-1/4
g o= ) N 6(E (ALK + Y1) 77So]) T (21)
1-1/y 1—1/¢ ’
The first order condition for K is:
oU y=1/%

O 3 )48 (B [+ ) 710]) T E (A4 1) AS] = 0. (22

It is straightforward that the first order condition determines a unique solution to the

consumption-saving problem. Solving the condition yields the optimal choice of K7 in period

11



0. Plugging K}(S,, S,,62, &z) back to the utility function gives us the indirect utility. Taking
the unconditional expectations by evaluating over S, and S, allows us to solve the first-stage

attention allocation problem. The detailed procedure is provided in Appendix 8.1.

4 Main Results

In this section, we will first solve the model numerically and then examine the model’s
implications for the consumption and saving behavior of households with limited attention.
To solve the model numerically, we choose the following parameter values as their baseline
values: v = 3, ¢ = 1/3, 8 = 0.7, Yy = 3, K = 1.17 It is a consensus in macroeconomic
studies that the value of v is between 1 to 5 and v = 3 is widely adopted in the literature on
consumption and savings. However, there is no concesus on the magnitude of the EIS (1))
and the evidence is still mixed as the literature has found a very wide range of values. For
example, Visising-Jorgensen and Attanasio (2003) estimate the EIS to be well in excess of 1,
while Campbell and Cocco (2007) estimate a value well below 1 (and possibly 0). Guvenen
(2006) finds that stockholders have a higher EIS (around 1.0) than non-stockholders (around
0.1). Havrének (2015) surveys the vast literature and suggests that a range around 0.3-0.4 is
appropriate after correcting for selective reporting bias. Best, Cloyne, Ilzetzki, and Kleven
(2020) use U.K. mortgage data and find the EIS is close to 0.1. Luo (2008) shows that
when x = 0.5, the otherwise standard permanent income model can generate the observed
aggregate consumption smoothness. In a recent study, Coibion and Gorodnichenko (2008)
use the SPF forecast survey data to test the degree of information rigidities governed by the
degree of inattention and find that their model can fit the data well when « is close to 0.5.
Since our model consider two types of risks, we set the baseline value of x to be 1. Our main
results do not rely on the choice of these parameter values.

When we do the comparative statics analysis, we vary one parameter while holding other
parameters fixed at their baseline values. In addition, following Campbell (2003), we set the
prior variance of capital income risk o7 to be 0.02, and assume that o} /o7 € [1,3,5,7]. We
set the expected gross return of risky asset is 1.04, and the expected labor income in the

second period is 1.

"The value of initial wealth (Yy) may vary largely for different individuals, from 2 to 20 in the Survey
of Consumer Finances (SCF) given that the mean income is 1. For robustness check, we also use v = 2,4,
8=0.5,0.9,Yy=2,4,and Kk = 2,3.

12



4.1 Optimal Attention Allocation

In this subsection, we consider the effects on optimal attention allocation of the relative prior
volatility of labor income risk to capital income risk, the endowments of attention and wealth,
and the risk and time preferences.

The effect of relative prior variance (03 / 02). From Figure 2, it is clear that agents
allocate more attention to the labor income shock when the prior variance of the labor
income risk becomes larger relative to that of the capital income risk. This is in line with
many previous studies on optimal attention allocation, such as Mackowiak and Wiederholt
(2009). The intuition for this result is straightforward. When the labor income risk becomes
more volatile, its relative importance to the capital income risk also increases, as a result
agents pay more and more attention to the labor income risk relative to the capital income
risk. However, as the capital income risk takes multiplicative form and the labor income risk
takes an additive form, they enter the budget constraint asymmetrically and the resulting
attention allocation strategy is significantly different from that obtained in the previous
literature. More precisely, in previous studies with symmetric risks, we have often seen that
when prior variances of two risks are the same, the agent allocates equal amounts of attention
to each risk. However, as shown in Figure 2, agents pay the same amount of attention to
two risks when the variance of the labor income shock is about 4 times that of the capital
income shock. Intuitively, this asymmetry itself affects agents’ attention allocation. Now
the question is why the multiplicative capital income risk attracts more attention than the
additive labor income risk. One potential explanation is that when the prior variance of the
labor income risk increases, prudent agents will save more due to the precautionary saving
motive and the resulting larger amount of savings makes her care more about the capital
income shock. More precisely, there are two opposite effects of increasing the prior variance
of the labor income shocks: (i) the direct effect makes agents pay more attention to the labor
income risk and (ii) the indirect effect makes agents pay more attention to the capital income
risk through the saving decision. We can see from Figure 7 that the expected saving rate,
[E [s], is increasing with the prior variance of the labor income risk. As shown in Figure 2,
when UZ /o2 is below approximately 4, the indirect effect dominates, meaning that agents pay
more and more attention to the labor income risk and less and less attention to the capital
income risk, but the amount of attention to the capital income risk is always larger (k, > K,).
When the ratio becomes sufficiently large, the direct effect dominates.

The effect of initial wealth (Y;). We now examine how initial wealth affects optimal

attention allocation. From Figure 3, we can see that the optimal amount of attention devoted
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to monitoring the capital income risk is increasing with the level of initial wealth. Intuitively,
this result shows that rich agents pay more attention to the capital income risk compared to
poor agents. One potential explanation is that rich people have more risky assets in absolute
amount than poor people and therefore have incentives to pay more attention to the capital
income risk. By contrast, agents with less initial wealth have smaller amount of risky assets
and thus capital income in period 1 is less important for their consumption.

Yin (2019) also studies the impact of wealth inequality on attention choice. However, in
Yin (2019), there is only one income shock, a shock to capital income, and the information-
processing cost is assumed to be fixed, whereas the present paper investigates optimal at-
tention allocation in a more general model with both the labor income and capital income
shocks. In this paper, we fix the amount of attention endowment so that agents have equal
amount of attention but adopt different attention allocation strategies. We find that wealth-
ier agents pay more attention to the capital income risk because they hold more risky wealth,
which makes future capital income more important than labor income. In this paper the ef-
fect of initial wealth on attention allocation depends on which shock is more important to
individuals in different wealth groups.

The effect of attention capacity (k). From the right panel of Figure 3, we can see
that the amounts of attention allocated to both the capital and labor income shocks increase
with the total amount of attention capacity. From these parallel lines in this graph, it is clear
that the pattern of absolute attention allocation does not change. However, we can also see
from the figure that how the share of attention devoted to each shock over total attention
capacity varies with the total attention capacity. As can be seen in Figure 4, since these

lines do not overlap, we can conclude that these relative patterns change when the attention

2
Yy

almost all of their attention to the capital income shock if the total attention amount is only

capacity changes. More precisely, we first notice that when o2 = 02 = 0.02, agents allocate
0.5 nats. However, x,/k and &, /k become flatter and flatter as the total amount of attention
increases. This implies that individuals with more capacity have more balanced allocation
between the two shocks and when « is sufficiently large, agents will pay equal amounts of
attention to both shocks.

The effect of the discount factor (). As shown in Figure 5, the discount factor
has significant effects on attention allocation. More patient agents (higher () allocate more
attention to the capital income shock compared to that to the labor income shock. The
intuition for this result is that patient agents save more and the larger amount of savings

makes paying attention to capital income risk more valuable.
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The effect of the CRRA (v). From the right panel of Figure 5, the results discussed
above hold for different values of the coefficient of relative risk aversion (CRRA): x, increases
with the prior variance of the labor income shock, and x, decreases with the prior variance of
the labor income shock. Second, we can also see that the optimal amount of attention devoted
to the capital income risk is decreasing with the degree of risk aversion, meaning that more
risk averse agents pay more attention to the labor income shock and less attention to the
capital income shock. One explanation to this result is through the effect of increasing RRA
on stakes.!® Similarly, Mac¢kowiak and Wiederholt (2015) also study attention allocation
with CRRA preferences, and in a linearized model they show that increasing RRA decreases
stakes of aggregate shock but has no effect on responses of the optimal real wage rate to
shocks. A recent paper by Kontny and Yin (2020) follows the behavioral New Keynesian
model of Gabaix (2020) and also shows that when increasing RRA stakes of attention to
interest rate decreases but stakes of that to income does not change. This leads to more
attention to labor income risk but less attention to capital income risk.

The effect of the EIS (). To examine the effect of EIS on attention allocation, we first
fix v = 3 and set 0'5 = 0.1, 02 = 0.02, and then vary the value of the EIS. Figure 6 shows how
a reduction in the EIS leads to a larger amount attention devoted to monitoring the capital
income shock, and a smaller amount of attention to the labor income shock. For example,
when reducing the EIS from 0.5 to 0.2, we observe an increase (decrease) of 0.3 nats in xk, (k).
The EIS governs the willingness to substitute consumption across periods, and the lower the
EIS, the more reluctant agents are willing to substitute consumption intertemporally. They
thus would like to pay more attention to the capital income shock because savings in period

0 is the only device in smoothing consumption between the two consecutive periods.

4.2 Optimal Consumption-Saving Allocation

We use the unconditional mean of the ratio of savings in period 0 over initial wealth E [s] =
E [K,/Y] to denote the expected saving rate. Figure 7 illustrates how the expected saving

rates vary with the prior variance of the labor income shock, holding the prior variance of the

2
Y

share of their initial endowment due to the precautionary saving motive against potential

capital income risk fixed. The intuition is that as o increases, agents choose to save a larger

losses in future income.

Figure 7 also shows how the average saving rate changes with other model parameters.

18In appendix we show approximately attention allocated to capital income risk is decreasing with RRA

in a model with CRRA utility function and capital income risk as in Yin (2019).
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First, we can see that wealthier people save at higher rates. This is in line with many empirical
studies that show heterogeneous saving behavior across different wealth groups (see Dynan,
Skinner, and Zeldes (2004).). For example, increasing Y, from 2 to 3 leads to a rise of
the expected saving rate by approximately 40%. The explanation in our paper is that rich
people pay more attention to the capital income risk, which makes their posterior variance in
capital income smaller and saving in this asset becomes more attractive. However, as shown
in Figure 3, the increase in k, is decreasing with initial wealth (Yp), so it is not surprising
to see that the growth rate of the expected saving rate is decreasing. More precisely, when
increasing initial wealth from 3 to 4, the increase in the expected saving rate is only by about
15%. Second, the average saving rate decreases with total attention capacity. To understand
this, let us take an extreme case as an example. When total attention is zero, i.e., agents pay
no attention to the income shocks, they face greater posterior uncertainty in future income
than those who pay some attention, and consequently, they choose to save at a higher rate
due to the precautionary saving motive. We also notice that the pattern of the expected
saving rate becomes flatter and flatter when increasing the total attention capacity. This
is intuitive because when agents have more capacity to process information, the difference
in their posterior variance is not big no matter how large the prior variance is. In another
extreme case, when x — 00, our model becomes completely deterministic and the saving
rate becomes flat. Third, the average saving rate increases with the discount factor. As this
parameter governs the degree of the agents’ patience, a higher value of 3 leads agents to save
at a higher rate. Finally, more risk averse agents save at higher rates. This is due to the fact
that more risk averse agents have a stronger precautionary saving motive.

From the middle-right panel of Figure 7, it is clear that increasing the CRRA raises the
expected saving rate. In contrast, when fixing v and varying ¢, we can see from the lower-
left panel of Figure 7 that for each value of the EIS, agents, on average, save at higher rates
for higher prior variances of the labor income shock. In addition, we can also see that the
EIS has significant effects on the expected saving rate. Agents who are more reluctant to
substitute consumption intertemporally (smaller ¢)) have higher expected saving rates. For
example, a decrease of the EIS from 0.8 to 0.3 leads to an increase of the expected saving rate
by approximately 23% (from 0.244 to 0.299). It is worth noting that although increasing the
CRRA and reducing the EIS have a similar effect on the expected saving rate, their economic
intuitions are totally different. The former is due to the precautionary saving motive and the
latter is due to the smoothness motive. Finally, the lower-right panel presents the negative

effect of increasing the prior variance of the capital income risk on the expected saving rate.
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However, comparing to the effects of changing other parameters, the effect of an increase
in 02 is very small. The reason is that increasing o has two opposite effects on the saving
behavior: on the one hand, it makes saving in this asset less attractive due to a higher
volatility in the return, on the other hand, it leads to more attention to the capital income
risk, and less attention to the labor income risk, which leads agents to save more due to the

precautionary saving motive.

5 Testable Implications

In this section, we will discuss the testable implications of our model and compare our model’s

predictions with the empirical counterparts in the U.S. microdata.

5.1 The Consumption Responses to Income Shocks

An important question we try to answer in this paper is how the change in consumption
responds to attention allocation. Table 2 reports that, on average, individuals who thought
there will be no chance to lose job in the future experienced a drop in consumption by about
19% when being unemployed, whereas those who thought they will possibly lose their jobs
experienced a drop about 6%. Qualitatively, we can understand these empirical facts as
follows. As we set the unconditional mean of the second-period labor income to be 1, we
can see that the second period consumption is smaller than that of the first period. From
Figure 8, we first notice that the expected decrease is smaller for agents with larger prior
variances of labor income. This model’s prediction is consistent with the first empirical fact
reported in Table 2. Comparing with individuals who have lower prior volatility in labor
income, individuals with higher prior volatility in labor income pay more (less) attention
to the labor (capital) income shocks for given prior variance of the capital income shock,
meaning that they can observe more precise signals regarding their labor income shocks, and
then being unemployed is more predictable. By contrast, those with lower prior variances
pay less attention to the labor income shock, such that unemployment is less predictable,
and is more like an unexpected shock. As a result, individuals with a lower prior variance
react more strongly to being unemployed.

Quantitatively, our model results are also close to those from data. We first set prior
variances of labor income to be 0.02 and 1, corresponding to individuals who thought no
chance to lose job and those who thought some possibility of losing job respectively. From

Table 4 we can see that for individuals with prior variance of 1 (on average) experience a drop
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in consumption by 19% and for those with prior variance of 0.02 (on average) experience a
drop by 6%, which are very close to consumption responses to being unemployed from HRS
data.

In Figure 8, we can also see that wealthier agents have larger decreases in their con-
sumption than those with less initial wealth. This prediction is also consistent with the
second empirical fact reported in Table 3. When comparing the left two panels in Figure 3,
we can see that wealthier individuals pay more attention to the capital income shock than
poor individuals. This can again be explained by the endogenous saving decision, meaning
that wealthier individuals hold larger amounts of risky assets, and they would like to pay
larger (smaller) amount of attention to the capital (labor) income shock. Consequently, when
wealthier individuals lose their jobs, they react more strongly to the labor income shock. The
lower-left panel of Figure 8 clearly shows that the change in consumption is smaller when
the value of the EIS is lower. For example, when the EIS takes values of 0.3, 0.5 and 0.8 re-
spectively, the corresponding decreases in the expected growth rate of consumption are —8%,
—14%, and —22%, respectively. The intuition is straightforward: Agents with a smaller EIS
pay more attention to the capital income shock and save more (as discussed above) to avoid
larger fluctuations, and consequently they experience smaller changes in their consumption.
Finally, as argued above the effect of changing the prior variance of the capital income risk
on the expected saving rate is small, and as a result its effect on the consumption growth is

also negligible.

5.2 The Relative Dispersion of Changes in Consumption to Changes

in Income

Given our two-period specification, our model is not suitable to discuss how attention allo-
cation affects the wealth inequality. We therefore focus on the model’s prediction on how
attention allocation affects the relative dispersion of changes in consumption to income.¥?°
The Figure 9 first shows that the relative dispersion of changes in consumption and income
(1 =sd (AC) /sd (AY)) decreases with the prior volatility of the labor income risk (o) both
in the data and in the model.

To examine how the model’s predictions are matched with the empirical evidence, we

19Tn this paper the relative consumption dispersion/inequality is measured as the ratio of the standard

deviation of the change in consumption to the standard deviation of the change in income.
20See Luo, Nie, Wang, and Young (2017) and ? for the issue on how information friction affects the wealth

inequality in infinite-horizon settings.
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use the same panel data set that contains both consumption and income at the household
level as in Luo, Nie, and Young (2020). The upper panel of Figure 9 shows the evolutions
of consumption and income dispersions as well as the relative dispersion of changes in con-
sumption to income between 1980 and 2010.2! From the figure, the average empirical value of
the relative dispersion () is 0.4 for the 1980-1996 period and 0.34 for the 1980-2010 period.
The minimum and maximum values of the empirical relative dispersion from 1980 to 2010
are 0.20 (year 2006) and 0.53 (year 1983), respectively.

In addition, from figures in the lower panel we see that the relative dispersion is increasing
with k but decreasing with EIS for given values of (TZ. A potential explanation for the positive
correlation between the relative volatility and the amount of attention is that when & is very
small, agents have higher perceived uncertainty and would like to save more for precautionary
motive and as a result, the change of consumption is less volatile. The right-lower panel of
Figure 9 shows that the relative volatility is decreasing with the EIS. The intuition is that
a lower EIS leads to more attention to the capital income shock and a higher saving rate,
which makes consumption smoother. As we mentioned in Section 4, although theoretically it
is reasonable to assume that the EIS is greater than 1, in this paper we follow the empirical
studies in macroeconomics and choose the EIS to be less than 1. Finally, if comparing upper
and lower panels in Figure 9, we can see that the model’s predicted relative volatility can
match the empirical counterpart well when the EIS is relatively low. For example, when
v =3, ¥ = 04, and k = 2, the model predicts that © = 0.34, which equals the empirical
counterpart for the sample from 1980 to 2010.%

6 Policy and Welfare Implications

In this section, we will examine welfare implications of our attention allocation model and

discuss some tax policies based on the benchmark model.

6.1 Welfare Implications of Limited Attention

In this section, we compute the welfare gains if the inattentive agents are allowed to increase

their channel capacity. Specifically, we follow Luo (2008) and also conduct a welfare anal-

21Gee the Online Appendix A in Luo, Nie, and Young (2020) for more details on how the panel is constructed

from Panel Study of Income Dynamics (PSID).
22In the lower-right panel, we set k = 2, v = 3, and vary 1 from 0.3 to 0.5.
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ysis.?? As shown in Table 5, we calculate the utility losses for three different values of &
and four different values of 02, Yo, 7, and v. Here is the procedure to conduct the welfare
analysis. Our main purpose for this exercise is to investigate how an increase in attention
affects expected lifetime utility. We first choose x = 1, 2, and 3 as the starting values, and
calculate the corresponding unconditional expected lifetime utility. Then we increase each
starting value of attention capacity x by 100% and compute the corresponding unconditional
expected lifetime utility for each k. Finally, we can compute the percentage increase of

expected lifetime utility using this formula:

E[U(knew)] — E[U (Kbascline)]
E[U(K'baseline)]

First, we find from all 6 panels that the utility gains are increasing with the amount of

(23)

attention capacity. This result is intuitive and in line with the findings in Luo (2008): agents
with higher attention capacity can better predict their future income and in the extreme
case when they have infinite capacity it converges to a full information scenario. Second,
if we compare vertically for each panel, it shows that the change in the expected utility is
decreasing. More precisely, as shown in the first column of Panel A where o, = 0.1, increasing
total amount of attention from 1 to 2 leads to an increase of welfare by about 0.18%, but
a rise of attention from 2 to 4 increases welfare by about 0.09%, and a rise from 3 to 6
increases welfare by only 0.04%. These results suggest a heterogeneity in the welfare gain
for agents with different levels of attention capacity. Third, we also see another significant
heterogeneity in the effects of changing other parameters on welfare gains. Panels A and C
of Table 5 show that for a given attention capacity, the expected utility is increasing with the
prior variance of the labor income shock, the CRRA and the capital income tax rate. Again,
let us take Panel A as an example, as shown in the first row where we increase x from 1 to 2,
if increasing prior variance from 0.02 to 0.06, we can show welfare gain increases from about
0.18% to 0.31%. The intuition is that when the state variable is more volatile, paying more
attention to this variable results in a larger decrease in the posterior uncertainty. Panels B
and D of Table 5 show that the welfare gain is decreasing with initial wealth, the EIS, and
the labor income tax rate. For instance, as shown in the first row of Panel B, when raising
initial wealth from 2 to 4, welfare gain (from larger amount of attention) decreases from

0.42% to 0.37%. One potential explanation is that wealthier individuals already consume

ZDifferent from our two-period consumption model with two income shocks, Luo (2008) studies an infinite
horizon permanent income model with a single labor income shock. He examines the welfare effects of income
shocks under rational inattention by calculating how much utility agents will lose if the actual consumption

path under rational inattention deviates from the first-best consumption path under full information.
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more than poor counterparts, and therefore, increasing attention amount is more beneficial
for poor individuals as it can help them make more efficient consumption-saving plans. From
these results we also find that if an increase in the parameter value leads to more attention
to the labor income risk, agents can experience larger increases in the welfare gain. On the
contrary, if there is an increase in the parameter value that leads to a rise in the amount of
attention to the capital income risk, the increase of the welfare gain decreases. Finally, it is
worth noting that the above results are robust when we consider the marginal change in the

attention capacity (e.g., increasing x by 10%).

6.2 Implications on Tax Policies

In this subsection, we want to discuss how different types of taxation policy affect the optimal
consumption-saving allocation via the optimal attention allocation channel. Specifically, we
study a partial equilibrium case, where there exists a government who collect taxes on both
capital income and labor income from the household sector.?* The budget constraints can

thus be written as:

Co+ K, = Yy, (24)
Cl = (1 — Tk) AlKl + (1 — Ty) le, (25)

where 7, and 7, are linear tax rates on capital income and labor income, respectively. The
first order condition for K in the second stage problem is then:

y=1/%

ﬁ (]E [(1 — Tk) A1K1 + (1 — Ty) )/1)1_7|S()])ﬁ E [((1 — Tk) A1K1 -+ (1 — Ty) le)_v (1 — Tk>A1|So]
= (Yo — Ky)7'Y.

Following the same two-step approach proposed in the last section, we can solve the
optimal attention-consumption attention under different tax schemes. Figures 10 and 11
illustrate how the saving rate and attenton allocation vary with different types of income
taxes. We first consider the effects of different taxes on the consumption-saving decision
because they are linked more directly. It is clear from Figure 10 that the saving rate increases
with both the capital income tax rate (7,) and the labor income tax rate (7,). This is intuitive
because a higher tax rate reduces the household’s saving motive. For example, given that
7, = 30%, and keep all other parameters as in the baseline model, increasing 7, by 100% (i.e.

from 10% to 20%) leads to the expected saving rate increase by about 3%. This result means

Z4Here we follow Luo (2017) and assume that government takes tax and consumes by itself. And thus there

is no transfer from government to households.
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that in our quantitative exercise, the income effect dominates the substitution effect because
the expected saving rate increases in response to a reduction in the after-tax return of capital.
We can also see that given 7, = 30%, increasing 7, by 100% (also from 10% to 20%) leads to
an increase of 7% in the expected saving rate. It is worth noting that these results are robust
when we consider the marginal change in the income tax rates (e.g., increasing 75, or 7, by
10%). Therefore, we can conclude that changing tax rates of labor income has larger effects
on the household’s consumption-saving behavior than changing that of capital income.

Figure 11 presents how changing the tax rate affects the optimal attention allocation.
First, we can see that an increase in the marginal tax rate on labor (capital) income leads
to a decrease in the amount of attention allocated to the labor (capital) income shock. This
result is related to the effect of the change in the tax rate on the income volatility. For
example, an increase in the marginal tax rate on labor income can cause a large reduction
in the after-tax labor income risk, which leads to a lower amount of attention to the labor
income shock. It is worth noting that Elmendorf and Kimball (2000) show that in an optimal
saving-portfolio choice model, an increase in the labor income tax rate reduces the after-tax
labor income risk, which leads to a significant increase in the optimal share of financial wealth
invested in the risky asset. Similarly, it also holds for the change in the capital income tax.
Second, we find that increasing 7, by 100% has much larger effects on attention allocation
between income shocks than increasing 7, by the same amount.

The discussions above provide us with useful policy implications on the effects of different
types of income tax under rational inattention. As increasing the labor income tax rate has
larger effects on both attention allocation and consumption-saving allocation, we can argue
that labor income taxes are more helpful for the government to achieve its goals of, for

example, adjusting the household’s savings more efficiently than capital income taxes.

7 Conclusion

We have constructed and solved a two-period consumption-saving model with recursive util-
ity, capital income and labor income risks, and limited attention in this paper. The key
feature of this paper is to allow agents with limited attention to choose optimal attention
allocation. We have examined how the optimal attention-consumption allocation is affected
by the key model parameters including the relative prior variance of the two exogenous in-
come risks (capital income and labor income risks), the endowments of wealth and attention,

and the risk and time preferences. We also found that the simple model can capture some
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key aspects of the consumption behavior we observed in the U.S. microdata. Finally, we

found that taxes on capital income and labor income can have different welfare implication

of limited attention and the welfare gains from increasing attention capacity are insignificant.

8 Appendix

8.1 Appendix: Solving the Recursive Utility Model

We adopt the outer optimization approach to solve the optimal attention allocation problem

in the recursive utility case. For any given amount of attention to capital income shock

Kq, We can obtain the distribution of the signal on capital income shock, S,. As the total

amount of attention is fixed, we can also obtain the amount of attention to labor income

shock, k,, and the distribution of the signal on capital income shock, S,. Then, we can solve

the optimal savings K} for a combination of (s,,s,) by using the same approach as in the

previous section.

Here we maximize the unconditional expected utility (evaluating over possible signals) by

choosing the optimal attention allocation:

1-1/4

(E[(A K + Y1) 77]S]) ™
1—1/9

(Yo _ Kl)lfl/w
1-— 1/;&
= U(Sq4, Sy, 62,62, Ky).

U(Ky) =

Define V (52, 65) = Ey[U(S,, Sy, 62,62, K1)], the attention allocation is to choose K,

Yy

max V' (k,),

subject to

Here we can easily show the mean and variance of the signals can be written as:

ag 2 (‘72>2
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Their corresponding density functions are :
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We apply the Gaussian quadrature approach to approximate the unconditional expecta-
tion of the utility and obtain the value for some x, (k,). In the second step, we adopt the
inner optimization approach to solve the corresponding optimal consumption-saving problem.

Specifically, the RHS of the Euler equation (22) can be written as:
y=1/9
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The conditional distributions of €,|S, = s, and €,|S, = s, can be written as:
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Applying the Gaussian quadrature approach, we can approximate the RHS as follows:

1
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11]1
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=1 j=1
where £, and &, are nodes and w, and w, are weights.

Next, we solve for the optimal attention allocation:

maxV = E[U(Smsya A2a A2)]7

Ka,Ky Y

subject to (27)-(29). We then use the Gaussian-quadrature approach to approximate the
indirect utility:

1
52,62) 52,6 ~ GH, GHyr(¢GH +GH
[U<Sa7 Sy’ a0 // Sa? S?J’ a0 dt dt ZZ %wsaz sy,]U( sa,i ) sy,j)?
i=1 j=1

where &, and &, are nodes and w, and w, are weights.

In summary, we solve the model backwards. First, Solving F(K;) = —(Yy — K;)~/% +

y=1/%

B(E[fi(€as€y)]Sa: Sy]) T E[fa(€a, €y)]Sa, Sy] = 0 yields the optimal savings, K. Then plug-

ging this result back into the utility function yields the indirect utility, U(S,, Sy, Ka, ky). We

can then compute the unconditional expected utility evaluated over signal observations and
solve for the optimal attention allocation, 7 and ky, by maximizing the unconditional ex-

pected utility. The following is the detailed procedure of solving the model:

1. Set k™" = 0.0001 and x™** = k — 0.0001, such that Ky ** = rk —0.0001 and /QZ”" =
0.0001.

2. For k™" use the Legendre-Gauss approach compute 7 nodes for S, and their corre-

T

sponding weights. Similarly S, for £;"**. For each combination (s,,s,), compute the

optimal savings K7, and then compute the value of V (k™).

3. For ', use the Legendre-Gauss approach compute 8 nodes for S, and their corre-

n

sponding weights. Similarly .S, for /dm . For each combination (s,,s,), compute the

optimal savings K7, and then compute the value of V (k}***).

4. Compute the slope (V(k7%) — V (k™)) / (k™ — k™™). If the slope is positive, set

a a a

KM = (kM 4 gmae) /2:4f the slope is negative, set %% = (MM 4 gmaz) /2,

min

5. Iterate the steps above till the slope is close to zero, and we have k, = K]'** = K]
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8.2 Appendix: Solving the Recursive Utility Model

In this subsection we show attention to capital income risk is affected by RRA. To achieve
this, we use the 2-period rational inattention model in Yin (2019) with CRRA utility function
and capital income risk.?’

As shown in Yin (2019), the optimal attention choice problem is:

(sesp (0= + S50 )

1 2
s.t. k= —log <%> > 0. (31)
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v

— K, (30)
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g

Deriving the first-order condition requires computing the expectation of a complicated
term, and therefore we need to consider an approximation by assuming (5 to be sufficiently

small. The objective function above can be written approximately as:

W, 7 1— 1—7)? 1 2
0 _F ”yﬁ% exp 7614— (1=7) 52 ) +1| —=log %
1—7 7y 2y 2 o
Wo 'l ot L=y (1, (=77, (1-7° 5 . A (o0
= vy —_— = 0 —0 1 - —1 )
= [76 exp( 5 50 + > o7+ 27 (02 —0%) | + 5 log p
(32)

The first-order condition is:

Wy e (122 (500) + 5 e 0= ] (45 )P (1= ~y>2)+2§2 .

1—7 2 27y 22

27y 22 &
(33)
Finally, by applying implicit function theorem we can show that, if 5 is sufficiently small
a ~2
o, (34)
vy

which means that higher RRA leads to larger posterior variance or less attention to capital

income risk.

25The consumption-saving problem can be solved analytically in such a model with capital income risk.
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Table 1: Summary table

Demographic and economic characteristics in the sample. Source: 2006 and 2008 HRS main Survey,

and 2009 HRS Internet Survey.

Mean
Age 62
Education 14.3
Male 0.474
Couple 0.8
Spending change -0.042
House value change -0.183
Financial asset value change -0.239
Being unemployed in 2007 or 2008 0.042
Household size 1.84
Income 71320
Financial asset 273693
Likelihood of being unemployed (2006 survey) 0.142

38



Table 2: Elasticities of consumption w.r.t. values of assets and unemployment

Dependent variable is percentage change in consumption. Main explanatory variables are percentage change
in financial assets and in the values of the house, and whether respondent became unemployed in 2007 and
2008. Low prior means that in the 2006 survey, respondent answered that he or she has no chance to lose
job next year, whereas high prior means that respondents answered that there is a positive chance of losing
job in next year. Control variables include education, gender. We also control for individuals’ expectation

about the probability of an increase in Dow Jones Industrial Average. t-statistics are shown in parentheses.

*p<0.1, ¥ p<0.05 *** p < 0.01.

1) (2) (3) (4)
Low prior High prior Low prior High prior
Percentage change in value of the main residences 0.0713 0.112** 0.0711 0.114**
(1.12) (2.25) (1.11) (2.30)
Percentage change in value of financial asset 0.0516 0.157*** 0.0542 0.159***
(0.79) (2.89) (0.83) (2.89)
Becomes unemployed -0.192%** -0.0623* -0.192%** -0.0623*
(-3.06) (-1.67) (-3.03) (-1.71)
Becomes retired -0.0580* -0.0159 -0.0583* -0.0168
(-1.71) (-0.58) (-1.72) (-0.61)
Age/100 0.382%** 0.246** 0.393*** 0.264**
(3.07) (2.26) (3.09) (2.39)
Number of household member 0.0453** -0.0124 0.0436* -0.0110
(2.06) (-0.45) (1.94) (-0.40)
Financial asset (million $) 0.00482 -0.0148*
(0.68) (-1.81)
Income (million $) 0.0455 -0.000459
(0.55) (-0.01)
Observations 367 494 367 494

t statistics in parentheses
*p < 0.10, **p < 0.05, ***p < 0.01
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Table 3: Elasticities of consumption w.r.t. values of assets and unemployment

Dependent variable is percentage change in consumption. Main explanatory variables are percentage change
in financial assets and in the values of the house, and whether respondent became unemployed in 2007 and
2008. Low prior means that in the 2006 survey, respondent answered that he or she has no chance to lose
job next year, whereas high prior means that respondents answered that there is a positive chance of losing
job in next year. Control variables include education, gender. We also control for individuals’ expectation
about the probability of an increase in Dow Jones Industrial Average. Cash-on-hand is defined as the sum
of financial asset and current income. Standard errors are shown in parentheses. * p < 0.1, ** p < 0.05, ***

p < 0.01.

(1) (2)
Percentage change in value of the main residences 0.119***  0.117***
(2.63) (2.60)

Percentage change in value of financial asset 0.127** 0.118**
(2.53) (2.46)

Becomes unemployed -0.0935**  -0.0984**
(-1.98) (-2.21)

Cash-on-hand -0.0301**
(-1.98)
Cash-on-hand*percentage change in house value -0.0914**
(-2.20)
Cash-on-hand*percentage change in financial asset -0.0574
(-0.94)
Cash-on-hand*unemployment -0.0491
(-1.61)
Financial asset (million $) -0.0265*
(-1.71)
Financial asset*percentage change in house value -0.107**
(-2.41)
Financial asset*percentage change in financial asset -0.0326
(-0.50)
Financial asset*unemployment -0.0464*
(-1.65)
Observations 861 861
t statistics in parentheses 40

*p < 0.10, **p < 0.05, **p < 0.01



Table 4: Comparison between results from data and model

Low prior High prior
Data Model Data Model
-0.192 -0.190 -0.062 -0.067

Note: we calibrate as follows: 8 =0.7, 9% =2/3, y=3, k=1, Yo = 2, 02 = 0.02

Table 5: Welfare analysis

2
’ Uy,low

Panel A 05 = 0.02 05 = 0.06 03 =0.1
k=1 0.1776% 0.3117% 0.4068%
k=2 0.0893% 0.1568% 0.2047%
k=3 0.0361% 0.0634% 0.0828%
Panel B Yo=2 Yo=3 Yo=4
k=1 0.4228% 0.4066% 0.3730%
k=2 0.2135% 0.2047% 0.1878%
k=3 0.0864% 0.0828% 0.0760%
Panel C v=2 vy=3 v=4
k=1 0.1600% 0.4066% 0.7626%
k=2 0.0834% 0.2045% 0.3841%
k=3 0.0341% 0.0827% 0.1555%
Panel D 1 =10.3 ¥ =0.5 ¥ =0.8
k=1 0.4250% 0.2722% 0.0843%
k=2 0.2138% 0.1373% 0.0426%
k=3 0.0864% 0.0556% 0.0173%
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Table 6: Welfare analysis with tax rates

Panel A T, = 0.1 7y = 0.2 T, = 0.3

k=1 0.4349% 0.4241% 0.4088%
k=2 0.2188% 0.2134% 0.2057%
k=3 0.0885% 0.0863% 0.0832%

Panel B 7, = 0.1 7, = 0.2 7, = 0.3

k=1 0.3775% 0.3927% 0.4088%
k=2 0.1901% 0.1977% 0.2057%
k=3 0.0769% 0.0800% 0.0832%
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