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1 Introduction

Expectations play a crucial role in macroeconomics. Workhorse macro models typi-
cally assume that households have homogeneous expectations with no systematic dif-
ferences across agents. However, recent empirical literature has documented substan-
tial heterogeneity in household expectations, with forecast errors systematically re-
lated to household demographic characteristics such as income, education, and demo-
graphic factors. Given the importance of expectations in economic decision-making,
it is essential to fully characterize how expectations differ across households and how
heterogeneous expectations affect the real economy.

This paper makes two main contributions. Empirically, I provide new evidence
on heterogeneous expectations across households. While the existing literature has
documented systematic differences in household expectations across income groups.
Specifically, wealthier households tend to have smaller forecast errors—I extend this
analysis to the second moment. I show that wealthier households not only have more
accurate expectations but also exhibit lower subjective uncertainty, as measured by
the variance of their individual beliefs. This finding contradicts the common used as-
sumption in the expectations literature that households share homogeneous ex-ante
information structures, which implies that beliefs should differ only in their mean but
have the same variance. Moreover, I demonstrate that household subjective uncer-
tainty about macroeconomic variables significantly influences their portfolio alloca-
tion decisions. These results highlight the necessity of studying a model that incorpo-
rate asset market to study the effect of heterogeneous expectation.

Theoretically, I develop a heterogeneous agent New Keynesian model that incor-
porates endogenous information acquisition and portfolio allocation. In this model,
households allocate their portfolios between government bonds and capital. Follow-
ing the framework established by Kaplan et al.|(2018), capital is modeled as a claim
on the future profits of a representative firm, driven by future total factor productiv-
ity (TFP) shocks. Households can acquire information about these future TFP shocks
at a monetary cost. I first illustrate the key mechanism using a simplified two-period
model. Specifically, with costly information acquisition, wealthier households endoge-
nously choose to obtain more precise information than the poorer households, result-
ing in heterogeneous portfolio allocations across income groups. When an anticipated
TFP shock alters the capital price and redistributes wealth among households, endoge-
nous information acquisition amplifies the impact of the shock on the real economy
compared to a model with a homogeneous ex-ante information structure. I then ex-
tend the analysis to an infinite-horizon model. With calibrated parameters, the model
successfully replicates observed patterns of subjective uncertainty and portfolio shares

across income groups. Compared to a representative agent model with homogeneous



information, the aggregate output response to a one-standard-deviation TFP shock is
approximately 25 basis points larger.

I begin by presenting new empirical evidence on heterogeneous expectation uncer-
tainty across income groups and its relationship to household portfolio choices. I use
data from the Survey of Consumer Expectations (SCE), a widely utilized household
survey that elicits expectations regarding macroeconomic variables. I focus specifi-
cally on households’ forecasts of one-year-ahead inflation. A key advantage of the
SCE is that it asks households to provide both point forecasts and their expected prob-
abilities across potential outcome bins. Using both types of questions, I approximate
each household’s individual belief density and measure subjective uncertainty as the
variance of this density. Intuitively, a more dispersed belief distribution reflects greater
uncertainty about future inflation. I find that subjective uncertainty decreases sharply
with household income: the subjective uncertainty of households in the highest in-
come group is approximately 14% of that in the lowest income group. In other words,
poorer households exhibit much more dispersed beliefs than wealthier households.

Another attractive feature of the SCE data is that it is complemented by a finan-
cial supplement sub-survey that provides detailed information about households” as-
set holdings. While it is intuitive that households’ portfolio decisions are related to
their subjective uncertainty regarding risky returns, the relationship between house-
holds” portfolio decisions and their subjective uncertainty regarding macroeconomic
conditions remains largely unexplored. Given that households’ expectations regard-
ing macro conditions differ systematically across income groups, it is worthwhile to
investigate the relationship between households’ portfolios and their expectations re-
garding macro variables. Using data from the financial sub-survey, I examine the re-
lationship between households’ subjective uncertainty and their portfolio choices. I
show that, after controlling for household income and other demographic character-
istics, households” portfolio share of risky assets is significantly negatively related to
their subjective uncertainty regarding macroeconomic conditions.

Motivated by these facts, I study a heterogeneous agent New Keynesian model
with endogenous information acquisition. In the model, households differ in labor
productivity and allocate wealth between government bonds and capital. The return
on capital depends on the profits of the representative production firm, which in turn
depends on future TFP. Households can acquire information regarding future TFP at a
monetary cost, where higher expenditure corresponds to more precise signals. At the
beginning of each period, households decide their expenditure on information and
then observe a private signal regarding future TFP. After the private signal is realized,
households make decisions on consumption and portfolio allocation.

Building on previous work that examines heterogeneous information acquisition

across agents with different portfolios (Peress (2004)), I first show that in the model,



wealthier households choose to pay more for information. On the one hand, wealthier
households hold larger amounts of assets, so portfolio variance has a greater impact on
their welfare. On the other hand, wealthier households have a lower marginal utility
of consumption (shadow price of wealth), meaning that the monetary cost of acquiring
additional information represents a smaller utility sacrifice for them. Through these
two channels, additional information is relatively less costly for wealthier households,
leading them to acquire more information.

With heterogeneous information acquisition, wealthier households face lower un-
certainty and consequently hold a higher portfolio share in risky assets. I then demon-
strate that this mechanism can amplify the impact of an anticipated TFP shock on the
real economy.

Consider an anticipated positive TFP shock in the next period. Higher expected
TFP increases the firm’s expected profits, which are directly linked to risky asset re-
turns, raising current capital demand and the capital price. The higher capital price has
two effects. First, it directly stimulates investment since it becomes more profitable.
Second, the higher capital price redistributes wealth toward households with larger
capital holdings. With endogenous information acquisition, wealthier households si-
multaneously hold more capital and maintain a higher portfolio share in capital. The
positive correlation between capital holdings and capital demand further amplifies ag-
gregate capital demand. As a result, an anticipated TFP shock has a larger impact on
the real economy compared to a model where households have homogeneous ex-ante
information.

Quantitatively, using calibrated parameter values, the model successfully repli-
cates the observed patterns of heterogeneous subjective uncertainty and portfolio shares
across income groups. Compared to the representative agent New Keynesian (RANK)
model with homogeneous ex-ante information, the impact of an anticipated TFP shock
on real output is approximately 25 basis points larger in the heterogeneous informa-
tion framework.

Related Literature. This paper contributes to two streams of literature. First, I closely
follow the literature studying systematic differences in household expectations. Ex-
isting literature has documented that household expectations can systematically dif-
fer based on their personal experience (Malmendier and Nagel 2016,Pedemonte et al.
2025) and observed government actions (Binetti et al.2024). Using survey data, Rozsy-
pal and Schlafmann! (2023) document that richer households have smaller forecast er-
rors regarding personal income, and they study a model where households overesti-
mate the persistence of personal income. Similarly, Huo et al.|(2024) document that
richer households have smaller forecast errors regarding future inflation, and they
study a model with heterogeneous extent of bias across income groups.

The existing literature on heterogeneous expectations focuses on the first moment



of expectations, typically the forecast error. In contrast, this paper first documents that
the variance of households’ individual beliefs decreases with household income, and
I study a rational model featuring endogenous information acquisition rather than
heterogeneity in behavioral biases.

Most related to my work, Mitman et al.|(2025) document heterogeneous forecast
errors regarding future employment rates across households. They highlight the im-
portance of saving motives in information acquisition and its implications for fiscal
policy in a Krusell-Smith model. This paper complements their work in two ways.
First, I focus on households’ subjective uncertainty and highlight the channel through
portfolio allocation. Second, parallel to their work, I study a heterogeneous agent New
Keynesian model and focus on news shocks, thereby complementing the literature
by highlighting the implications of heterogeneous information for the real economy
through asset markets.

Second, this paper also contributes to the growing literature on business cycles
driven by anticipated "news shocks." Pioneered by Beaudry and Portier| (2006), this
literature has emphasized the effect of anticipated but unrealized shocks on the cur-
rent economy. Several works have documented the sizable effects of anticipated news
shocks on the current economy using news shocks estimated from aggregate data
(Barsky and Sims 2011, Khan and Tsoukalas 2012, (Gortz et al.|2022). These studies
have documented that news regarding a positive future TFP shock can raise current
consumption, output, and labor. Theoretically, to have consumption and output move
in the same direction, Beaudry and Portier (2007) studied a multi-sector model and
emphasized the role of investment. Using survey data, Miyamoto and Nguyen! (2020)
and Mackowiak and Wiederholt (2025) documented that different assumptions about
how agents form their expectations can largely affect the estimated impact of news
shocks. The contribution of this paper is that I highlight the importance of hetero-
geneous information acquisition across agents. With heterogeneous acquisition, the
impact of a news shock is amplified through heterogeneous portfolio choices.

In Section |2 I present new empirical findings based on the survey data. In Sec-
tion 3} I illustrate the key mechanism using a two-period model, demonstrating how
endogenous information acquisition amplifies the impact of an anticipated TFP shock.
Sectiondintroduces the infinite horizon model. Section 5l discusses the calibration and
the simulated results of the real economy in response to the anticipated TFP shock. Fi-
nally, Section [6|summarizes the findings.

2 Evidence

In this section, I first present two new empirical facts that showing (1) across income
groups, households’ subjective uncertainty regarding the future inflation rate is de-
creasing with income groups; (2) within income groups, households holding of risky



asset is negatively correlated with the subjective uncertainty regarding the future in-
flation rate.

2.1 Survey of Consumer Expectation

In this paper, I use data from the Survey of Consumer Expectations (SCE), a monthly
survey with a rotating sample conducted by the New York Fed. Each month, approx-
imately 1,300 households participate in the survey, and each household can remain
in the sample for up to 12 months. The SCE provides household forecasts for a wide
range of macroeconomic variables and includes detailed demographic information.
The sample covers the period from June 2013 to February 2024. In appendix, I pro-
vides detailed information on the sample construction.

In addition to the monthly core survey, the SCE also includes a supplemental fi-
nance survey available from 2014 to 2019. The finance survey is conducted annually
and provides detailed information about households” wealth decomposition and as-
set holdings. It is conducted alongside the core survey and uses the same sample,
allowing me to match households” asset holdings with their expectations about future

macroeconomic variables.
2.2 Subjective Uncertainty across Income Groups

In this paper, I focus on households’ forecasts of the one-year-ahead inflation rate. A
key feature of the SCE is that it not only asks households for point forecasts of future
inflation but also requests that they assign probabilities to a series of possible outcome
bins. The specific survey question for the point forecast is:

Ower the next 12 months, I expect the rate of [inflation/deflation] to be %.

Following this question, the question for the bin” probability is:
In your view, what would you say is the percent chance that, over the next 12 months...

* the rate of inflation will be 12% or higher percent chance

* the rate of deflation (the opposite of inflation) will be 12% or higher

percent chance

Together, these two questions allow me to approximate the distribution of house-
holds’ beliefs. Note that a more dispersed belief distribution implies that a household
is less confident about its point forecast—that is, it has greater subjective uncertainty.
Therefore, I use the variance of the belief distribution as a measure of subjective un-
certainty:

Uncer;; = Zpi,j(]ﬁH)Z - (Fi,tyt+1)2,
j
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Figure 2.1. Subjective uncertainty across income groups. Note: The figure plots subjective uncertainty
regarding one-year-ahead inflation from the poorest group (Group 1) to the richest group (Group 11).
The figure shows that households’ subjective uncertainty decreases with income groups. Sample period
is from 2013M6 to 2024M2.

where F; ;.1 is the point forecast provided by household i for the one-year-ahead
inflation rate. p; ; is the probability that household i assigns to outcome bin j. For the
highest (lowest) bin, y]t 11 represents the minimum (maximum) value of the bin, while
for all other bins, 41 represents the midpoint of bin j.

Figure 2.1 plots households’ subjective uncertainty across different income groups.
The figure shows that subjective uncertainty declines as household income increases.
Specifically, the subjective uncertainty of the richest group (group 11) is approximately
14% of that of the poorest group (group 1). In the appendix, I also report estimation
results controlling for household age, education, and other demographic features. The
findings remain robust: subjective uncertainty is significantly negatively related to
income groups.

The decreasing subjective uncertainty implies that households” beliefs differ sys-
tematically not only in their mean, as documented in the literature, but also in their
variance. Households in higher income groups tend to have more concentrated beliefs
and face lower uncertainty.

Note that the observed decrease in subjective uncertainty contradicts the com-
mon assumption that households share a homogeneous ex-ante information structure.

Such a structure implies that, although households’ beliefs may differ in their mean



due to realized noise, they share the same variance. To emphasize the importance of
subjective uncertainty, the following subsection presents evidence showing that un-

certainty is related to households’ portfolio decisions.
2.3 Risky Asset Holding and Subjective Uncertainty

Households’ portfolio shares are naturally related to their subjective uncertainty about
risky returns, with higher uncertainty typically associated with a lower allocation to
risky assets. However, it remains unclear whether portfolio decisions are also influ-
enced by households” uncertainty about broader macroeconomic conditions. Given
that objective uncertainty about future inflation systematically varies across income
groups, it is important to examine whether households” portfolio choices are related
to their subjective uncertainty regarding future macroeconomic variables.

To explore this, I use data from the SCE Finance Survey, which provides detailed in-
formation on households” asset composition. Specifically, I measure portfolio share as
the ratio of stock and mutual fund holdings to total savings and investment accounts.
To isolate the effect of subjective uncertainty (the second moment), it is necessary to
control for households” expectations about future risky returns (the first moment). Al-
though the SCE data does not directly report expected returns, it includes a question
asking respondents whether they believe stock prices will increase over the next 12
months. I use this question as a proxy to control for households” expectations of fu-
ture risky returns.

Using these measures, I then investigate the relationship between households” sub-

jective uncertainty and their portfolio shares:
Share;; = a + BoUncer; s + BXit + 14, (1)

where Share;; denotes household i’s portfolio share invested in risky assets, Uncer; ;
represents the subjective uncertainty about future inflation, and X ; is a vector of con-
trol variables that includes household demographic characteristics as well as beliefs
about the probability that stock prices will increase. Table [2.3 presents the estimation
results.

Column (1) of Table[2.3|presents the results controlling only for the probability that
stock prices will increase. The coefficient f is significantly negative, indicating that
households” portfolio shares in risky assets decrease as their subjective uncertainty
about future inflation rises. In column (2), I further control for additional household
demographic characteristics. Column (3) reports the result controlling for year fixed
effect. As shown in the table, the § coefficient remains significantly negative even af-
ter controlling for households’ income and other demographics. This suggests that the
observed negative relationship is not driven by differences in portfolio shares across



Proportion of Risky Asset Holding

(1) (2) (3)
Subjective Uncertainty -0.1377***  -0.0786** -0.0780**
(0.026) (0.034) (0.034)
Stock Increase Prob. 0.0766*** 0.0387 0.0400
(0.024) (0.026) (0.026)
Income Group 1.8670*** 1.8363***
(0.272) (0.272)
Age 0.4616*** 0.4594***
(0.038) (0.038)
Male 2.6626** 2.7002**
(1.202) (1.202)
Married 0.2572 0.3789
(1.397) (1.399)
Educ 4.5940*** 4.6145***
(0.953) (0.953)
Constant 30.9480*** 15.6396***  15.5675***
(1.189) (3.615) (3.616)
Time FE NO NO YES
Observations 4,312 3,788 3,788
R-squared 0.010 0.068 0.070

Note: This table shows the estimation results from Equation (jl[) The sam-
ple period is from 2014 to 2019. Standard errors are clustered at individual
level.

income groups. In the appendix, I also report robustness checks using a broader defi-
nition of risky assets, which includes personal business holdings, the main conclusion

remains unchanged.
24 Information across Income Groups

As discussed above, the observed differences in households’ subjective uncertainty
imply that their belief distributions vary not only in mean but also systematically in
variance. Within a noisy information framework, this suggests that households differ
not only in their ex-post realized signals but also in their ex-ante information struc-
tures. In this subsection, I demonstrate that higher-income households tend to acquire
more information than lower-income households. In other words, households across
different income groups exhibit heterogeneous ex-ante information structures.

To this end, I use data from the Michigan Survey of Consumers, a monthly sur-
vey conducted by the University of Michigan with approximately 1,000 households
participating each month. The survey has been conducted since 1978, and I restrict the
sample to the period from January 2010 to February 2024 to ensure comparability with
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Figure 2.2. Percentage of households who have heard news about macro conditions across income
groups. Note: The figure plots the percentage of households that report having heard news about macro
conditions in each income group. The figure shows that higher-income groups tend to have a larger
share of households that have heard news about business conditions. The sample period is from 2010M1
to 2024M2.

the SCE data.

The survey includes a question designed to capture households’ exposure to macroe-
conomic information: “During the last few months, have you heard of any favorable or unfa-
vorable changes in business conditions?” Respondents indicate whether they have heard
any news about recent changes in the broader economic environment. For each in-
come group, I calculate the proportion of households reporting that they have heard
such news. This measure captures the heterogeneity in information exposure across
the income distribution. Figure 2.2 presents these results.

The figure illustrates that the percentage of households that have heard news of
macroeconomic conditions increases from the lowest income group (Group 1) to the
highest income group (Group 5). This pattern suggests that, compared to lower-
income households, those in higher income groups are more likely to access infor-
mation. This directly contradicts the commonly used assumption that all households
share the same ex-ante information structure. Specifically, the figure indicates that
wealthier households have access to more information—corresponding to more pre-
cise signals—than the poorer households.

In summary, the evidence presented in this section contradicts the commonly held

assumption that all households share the same ex-ante information structure. House-



holds in higher income groups tend to have access to more information and exhibit
more concentrated beliefs about macroeconomic conditions. Importantly, the empir-
ical evidence also suggests that households” subjective uncertainty regarding macro
variables is related to their portfolio choices. Motivated by these findings, in the next
section, I study a model in which households can acquire information about future
TFP at a monetary cost. Additionally, households need to make portfolio decisions
regarding a risk-free bond and capital, the returns of which depend on the realized
TFP shock.

3 Two-period Model

To illustrate the key mechanism, I first present a simple two-period model that allows
to obtain analytical results. When households are allowed to acquire information,
wealthier households tend to acquire information more actively and thus face lower
uncertainty. Consequently, wealthier households hold a larger share of risky capital.
When there’s an anticipated TFP shock that increases the return on capital, the current
price of capital rises, redistributing wealth toward wealthier households since they
hold more capital. This redistribution further stimulates investment. Compared to a
model with homogeneous ex-ante information, the future TFP shock has a stronger

impact on the current economy.
3.1 Setup

The model has two periods, 0 and 1. And to obtain analytical results, I make a number
of parametric assumptions, which will be relaxed in the infinite horizon model.
Households. There is a continuum households of measure one index by i € [0, 1].

Households have an Epstein-Zin preference over the consumption {c;, c; 1 } and labor
supply lo:

1+1/6

~ 1
logvss = £x | (1= p)logcio = O35 + Plog (Ellewa) "7 |, @)

with discount factor 3, relative risk aversion 1, disutility of labor  and Frisch elasticity
6. The notation E,[-] denotes the expectation taken before receiving new signals. To
isolate the key mechanism, I assume that each household supplies the same amount
of labor, Iy, in the first period, but with heterogeneous labor productivity. In period
1, production relies solely on capital, so there is no labor supply in period 1. Note
that given the preference, households consume a fixed proportion of their total wealth
in period 0. This structure serves two purposes: it isolates the portfolio allocation
mechanism rather than the consumption-saving decision, as documented in Mitman
et al|(2025), and it enables an analytical solution.

Households also need choose their portfolio holding between the nominal bond B
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and capital k, subject to the resource constraint:
Pocig + Big + Qokio + Hio < ¢'Wolo + (1 +i-1)Bi 1 + [[To + (1 = 6)Qolki -1, (3)

Pici1 < (1+1p)Big + ITik;p, (4)

where ¢’ denotes the labor productivity of household i, with fol ¢'di = 1. B; 1 and
ki _1 represent household i’s initial endowments of the bond and capital, respectively.
Household i’s initial wealth is thus given by a4, 1 = (1+i_1)B;_1 + [fIO + (1 -
) )Qo] ki, —1. For simplicity, I assume all households have the same initial wealth, i.e.,
a; —1 = a_1, though they may hold different portfolio compositions. Each dollar of
nominal bonds purchased in period 0 pays (1 + ip) dollars in period 1. Following
Auclert| (2019), capital is modeled as a claim on the future profits of the representative
firm. Each unit of capital, purchased at price Q, yields a dividend ITin period 1. Capi-
tal depreciates at rate J in period 0 and is fully depreciated after period 1. There is only
one final consumption good, which is traded at price P; at time ¢. Wy denotes the nom-
inal wage in period 0. Finally, H; denotes household i’s expenditure on information
acquisition, which will be discussed in more detail later.

Supply Side. The nominal wage is assumed to be fully sticky:
Wo = W_1.

Households are assumed to be willing to supply any amount of labor demanded by
the firm. In the quantitative model, I'll relax this assumption.

There is a representative firm that produces both the consumption and capital
goods. In period 0, the firm hires [y units of labor and rents k_; units of capital. It
produces the final consumption good using a Cobb-Douglas production function with
the TFP normalized to 1. The firm also uses the consumption good to produce capital
goods, incurri;ng an adjustment cost. To produce x( units of capital goods, the firm re-
quires (kkTOl)X Xo units of the consumption good, where x* is the parameter indexing

the adjustment cost. The profit of the representative firm in period 0 is given by:

~ _ k X
ok 1 = Poly~ k" — Wolo — Po(k—ol)x xo + Qoxo- )

In period 1, only capital is used for production. The TFP shock of period 1 is €.
The representative firm then earns:

[T1ko = Prexp(€®)kg,

11



where the TFP shock €* follows:
e* ~ N(0,02). (6)

Information Structure. At the beginning of period 0, households decide how much to
spend on acquiring information. After choosing their information expenditure, house-

hold i observes a private signal s; about the shock €*:

Z
s; =€ +e

where ¢; is a noise term assumed to be normally distributed with zero mean and
variance (7 . The precision of the signal depends on the household’s information ex-
penditure. Spec1f1cally, the variance of the noise term is given by:

5.2

oS =
Le 1+ Tlil

)

where n; measures the effort household i exerts in acquiring information. The pa-
rameter 7> represents the maximum noise variance when the household exerts zero
effort (i.e., when n; = 0). Higher effort reduces the noise variance, thereby improving
signal precision.

The cost of acquiring information is specified as:
hi = (0'n), ®)

where 67 > 0 and x! > 1 are parameters that govern the cost of information acquisi-
tion.

Policy. The government sets monetary policy by committing to P; = Pyexp(ue?),
so that the nominal bond is exposed to inflation risk. I assume that u € [0,1) to ensure
that the risk associated with the bond is lower than that of capital. Furthermore, the
government sets the nominal interest rate on the nominal bond according to a Taylor
rule:

(1+1ip) = ( 1+1_) ; 0 YPexp(e™), )

where the €™ is the monetary shock.

Market Clearing. The model features four markets: the goods market, the capital
rental market, the capital claims market, and the bond market. In equilibrium, all
markets must clear.

Goods market clearing:

1 1
/0 ciodi + (kk—)XXxo =17 /0 ci1di = exp (€*)ky. (10)
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Capital rental market clearing:

1 1
/ ki 1di = k_y; / ki odi = ko. (11)
0 0

Capital claim market clearing;:

1 1
(1—0) / ki _1di+ xo = / ki odi. (12)
0 0

Bonds market clearing:
1
/ B; odi = 0. (13)
0

Equilibrium. Given the state variables {W_q,k_1,i_1,{B; _1,ki —1},€™}, and the
stochastic process (6), an equilibrium is a set of polices and prices such that (i) each
household choose {Hj, ¢, Bio, ki, ¢i1} to maximize (2) and subject to (3) - (). (i)
wage is fully rigid. (iii) the representative firm chooses {ly, xo} to maximize . (iv)
the government sets P; = Pyexp(ue®) and sets the nominal interest rate follows (©9),

and (v) the goods, capital, bonds markets are clear.
3.2 Information Acquisition across Households

I first derive how households” information acquisition decisions relate to their labor
productivity (¢). Note that households first decide on the optimal expenditure for
acquiring information. And after they observe their private signals, households de-
cide their portfolio allocation. Therefore, I begin by analyzing households” optimal
portfolio choices, and then work backward to determine the optimal information ac-
quisition.

Throughout the paper, I use lowercase letters to denote the real terms of nominal
variables. After observing the private signal, the expected real return on capital is:

WPy, _ o7

. K\ = . —
E((1+7] = Bl 5 = B (14)
The real interest rate for the bond is:
P P
Eil(14r)] = Eil(1+i0) '] = Bi[(1+ o) exp(—ue)] = Bi[(1+7) (5, ) exp(e” —ue?)].
(15)

Define household i’s total wealth and portfolio share:

a;1 = kiogo + bip,

o = __Kioo
" kioqo + big
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Optimal condition for the share wj is:
Ei[(cip) " (rF —#))] =0, (16)

Using a second-order Taylor approximation, the optimal portfolio share is given
by:

wr n LEllog(+ )] — Eiflog(t+ )]+ [3(1 - w)* ~ (A - u( = wle? )
Ty (1—u)20? ’
2 2
where 02 = 5“5 the variance of households’ posterior belief regarding €*.

i 02,407
Given the optimal portfolio share, the marginal benefit for information expenditure

is given by:
1-79 . (14+u)(1—w))Eflog(1+r)] 5 5 4 o
2 a_mEl[(l N w?E;[log (1 + r¥)] )7oi] — B (a1 — hi + ¢'WoEi[lo]) .

(18)
The following proposition characterizes the relationship between optimal informa-

tion expenditure h; and labor productivity ¢'.

Proposition 1. When the risk aversion satisfies v > 1, household i’s optimal information
expenditure h; is increasing in labor productivity ¢'.

All proofs are collected in the Appendix. Proposition [I]states that households with
higher labor productivity acquire more information compared to households with
lower productivity. Note that in Equation (I8), the first term characterizes the ben-
efit from information: when households are risk averse, more information helps lower
portfolio risk, thereby raising utility. The second term captures the cost of information,
as acquiring additional information requires sacrificing consumption goods.

Given households’ preferences, Equation (17) shows that the optimal portfolio
share w} does not depend on wealth. Therefore, for a given (71-2, all households choose
the same optimal portfolio share. This implies that the first term in Equation is
independent of household labor productivity, while the second term decreases with
households’ initial wealth. Specifically, the second term decreases with household
labor productivity because higher labor productivity corresponds to lower expected
marginal utility of consumption. As a result, households with higher productivity find

it relatively less costly to acquire information and therefore choose to acquire more.
3.3 Anticipated TFP Shock and Real Economy

In this section, I present results characterizing the effects of an anticipated TFP shock
on the real economy. I demonstrate that when households endogenously acquire in-

14



formation, an anticipated TFP shock has a larger impact to the real economy compared
to the scenario where households share homogeneous ex-ante information structures.

Note that in the model, the firm’s investment decision helps align expectations
across households. According to Equation (5), under optimal investment, the capital

price satisfies:
ko XX

qo = (— ) i (19)

In other words, the capital price gq directly reflects the capital stock. This mechanism

helps overcome the problem of higher-order beliefs highlighted by|Angeletos and Huo

(2021) and Mitman et al.|(2025), whereby households must form expectations about the
average expectation of others.

Therefore, I start form the response of capital price gg to the anticipated TFP shock

€*. Given the capital price and the nominal return on government bonds, the expected

excess return on capital based on public information is log( ) log(1 + ip). To-

gether with the household’s portfolio rule in Equation (17), the followmg proposition

characterizes how the excess return on capital responds to the anticipated TFP shock:

Proposition 2. The excess return of capital based on public information satisfies:

a—1
log( (L)] ) —log(1+1ip) = y(1— u)zrfl,
where
T —/ i di.
o [1—€e*(1—u /az]a/ldz

The response of capital to a news shock is:

leg( ) 10g(1+10) 2 1 ail/falvldi’ ail(l—wi) 1-— ’
= =y(1—u)t /T(l—wi)+ T agdi / 2 Yaidi .

(20)

Proposition [2|shows that the response of current capital investment and its price to
a news shock depends on two factors: the covariance between household wealth and
portfolio choices, and the precision of households’ signals. When all households hold
the same portfolio share (i.e., w; = 1 for all i), a news shock does not affect the risk pre-
mium based on public information. However, when households have heterogeneous
information and portfolios, the first term in Equation captures a redistribution ef-
fect. If the news shock redistributes wealth toward wealthier households with larger
portfolio shares in risky assets, the response to the anticipated shock is amplified.

The second term in Equation captures the direct information effect. Intuitively,
publicly observed variables (ko, g0) should also reflect information about the capital re-

turn in period 1. When households’ signals become noisier (i.e., (752 ; increases), capital
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investment and prices in period 0 reveal less information about the shock in period 1,
and the direct effect diminishes. In the limit where households have no information
(Uii — 0), the second term vanishes, and the shock affects the risk premium solely
through the redistribution channel.

Given that the capital price satisfies Equation (19), household i’s belief regarding
the capital return is expressed as:

Eillog(1+ )] = Ei[e*] + x*k_1 — (1 — a + x)ko.

The investment xy and the corresponding capital kg must satisfy Equation (??) for
all households. Therefore, the response of investment to the anticipated TFP shock can
be written as:

K1Y :
k| (k’g ( " ) o1+ ZO))  log(1+ o)
dez 1—a+xX de? de?

On the consumption side, given households’ preferences, household i’s consump-

tion is a proportion of total wealth:

; 1+i_ -
Ci,O = (1 — ﬁ) {4)le10 + P() 1Bi,,1 + [71'0 + (1 — 5)%]]@;71 — hz} = (1 — ,B)ailo.

Along with the firm’s labor choice condition, households” consumption response
to the news shock is given by:

dCi,O B idy() 1414 dlog Py ' d7ty dq() .
dez (1=F) {4) dez? Py dez Bi1 de? +(1-9) de? Ki—1p/

where 1y = lé*“kg‘ is the output in period 0. Equations (??) and (??) indicate that the
news shock affects households’ consumption through investment, directly impacting
their portfolio income and indirectly affecting output and labor income.

Together with consumption and investment, the impact of the anticipated TFP

shock on the real economy is summarized in Proposition (3).

Proposition 3. Allowing for heterogeneous information acquisition across households, and
assuming household i’s initial portfolio in period —1 is the same as in period 0, a positive TFP
shock stimulates larger investment, output, and consumption compared to an economy where
all households share the same ex-ante information structure.

Intuitively, when there is a positive anticipated TFP shock (e* > 0), it directly in-
creases the expected return on capital, leading to a rise in capital demand today and an

16



increase in capital prices. Consequently, wealth is redistributed to households that ini-
tially hold more capital. With endogenous information acquisition, households with
higher productivity tend to simultaneously hold a larger portfolio share and more
capital. In other words, in the presence of a positive anticipated TFP shock, wealth
is redistributed to those households with greater capital demand, further increasing
both capital demand and investment. In a model where households share the same
ex-ante information structure, portfolio heterogeneity arises only from realized signal
noise. As a result, households that initially hold more capital do not necessarily have
higher capital demand, meaning that redistribution does not contribute to capital de-
mand in this scenario. Therefore, compared to a model with a homogeneous ex-ante
information structure, this model predicts a larger response to the anticipated TFP
shock.

4 Quantitative Model

In the previous section, I used a two-period model to illustrate the key mechanism by
which endogenous information acquisition amplifies the impact of an anticipated TFP
shock to the real economy. In this section, I extend the model to an infinite-horizon
setting and relax the assumptions regarding labor market structure and price deter-
mination that were present in the two-period framework. This model builds upon the
framework developed by Kekre and Lenel (2022), with a key modification: households

are allowed to acquire information about future TFP shocks at a monetary cost.
4.1 Households

Preference. The economy is assumed to have a continuum of households indexed by
i € [0,1]. There is only one type of consumption good, and households are assumed

to have Epstein—Zin preferences:

vit = {(1 — B)[ci @ (i)] Y + BE[(vip41)" 7] = } o ’ (21)

where ®(I;;) is the disutility from labor:

S(liy) = |1+ (E —1) 111/6

1+1/6 11{%
. + -
1 é (Zl,t) ] (22)

Each household is comprised of a measure one continuum of workers j, each sup-
plying a different variety of labor. Households pay a Rotemberg| (1982) wage adjust-

ment cost for each variety j:

W X" Wi (f) ?
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where x" captures the wage adjustment cost. Following Kekre and Lenel (2022), I
assume that the adjustment cost is paid to the government and subsequently rebated
back to households. Therefore, the adjustment cost affects the allocation only through
the dynamics of wages. Given the wage for each labor variety, a household earns
labor income ¢' fol Wi (j)1;+(j)dj, where ¢' is a household-specific labor productivity
parameter satisfying fol ¢'di = 1.

As in the two-period model, households can save in two types of assets. The risk-
free government bond B pays a nominal interest rate (1 +i;) in the next period. House-
holds can also invest in capital k. The price of capital in period ¢ is Q. Each unit of
capital pays ﬁtfl + (1 — 6)Q¢41 in the next period. The expected return on the capital

I +(1-96)
Qr

is therefore E; ; 21, Household i’s per period constraint is given by:

Prci+ Qikiy + Biy + Hip < ¢ / We(DLie()dj+ (1 +id;-1)Bip1+ [T+ (1= 6)Q¢lki 1 + Tt

Information Structure. The information structure for households is assumed to be the
same as in the two-period model. In each period, households first decide on their ex-
penditure for information acquisition. Each household then observes a private signal
regarding the TFP shock:

Sit =€ +ejy, (24)

where €7 represents the productivity shock and ¢; ; denotes the signal noise, which
is normally distributed with a mean of zero. The relationship between the signal vari-

ance (7%8 and the expenditure on information is characterized by Equations @) and .

4.2 Supply Side

For each type of labor j, a representative union chooses the wage W;(j) and the labor
supply I(j) to maximize the utilitarian welfare of its members, subject to the labor

allocation:

(i) = [ 1)
A representative labor packer purchases labor from each union and aggregates it
using a CES technology:

Iy = [/lt(]')e21 d]} . ,

where € represents the elasticity of substitution. The representative labor packer then
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sells the aggregated labor at the wage W; and earns the following profit:

Wil — /lt(f)Wt(j) dj.

A representative final goods producer purchases the aggregate labor and rents cap-
ital from households to produce consumption goods using a Cobb-Douglas produc-
tion technology. As in the two-period model, the representative firm also uses the
consumption goods to produce new capital goods with adjustment cost index by x*.
The final goods producer then earns profit:

ke | x

ki1 = Pr(zele) Ky + Qexe — Wily — Pt(ﬁ)x Xt (25)
—

The aggregate productivity is assumed to follows a random walk:
log(zt) = log(z;_1) + € 4, with € ; ~ N(0,02). (26)

Therefore, the TFP shock €7 directly affects the economy until period ¢ + 1.
4.3 Monetary and Fiscal Policy

The monetary policy implemented by the central bank is characterized by a Taylor

rule:
RN

P4

where m; is the monetary shock follows an AR(1) process:

T+ip =1+ ()" +my, (27)

log(my) = p™log(m;_1) + €, with € ~ N(0,02).

The government’s fiscal policy consists of two components. First,  assume that the
government subsidizes households’ labor income at a constant rate of -5 to eliminate
the wage markup, allowing all types of labor to be treated as equivalent. Second, the
government participates in the bond market, financed by a lump-sum tax. Each house-
hold pays a fixed share v/, which is proportional to their total wealth. The government
is assumed to maintain a constant real value of bonds given by b8 = %.

The market clearing conditions and equilibrium definition of the infinite-horizon
model is analogous to those in the two-period model. The detailed conditions and

definitions are provided in the Appendix.

5 Model Solution and Calibration

Note that in the model, each household’s total wealth and individual information ex-
penditure affect their capital demand. Therefore, for each household i, we need to
track the household’s wealth and information expenditure. To keep the model com-
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Table 5.1. Heterogeneous subjective uncertainty and portfolio share across groups

Households Groups
Low Income Medium Income High Income
Household Income (thousands dollar) 33.76 84.20 212.60
Subjective Uncertainty 17.52 9.52 5.02
Portfolio Share (%) 26.31 30.68 40.71
Obs. 1520 2535 1603

Note: This table displays the average income, subjective uncertainty, and portfolio share for house-
holds in each group. The data is sourced from the SCE Finance Survey. The sample period is from
2014 to 2019.

putation tractable, I restrict household heterogeneity to three groups i € {H, M, L},
representing high-income, medium-income, and low-income groups respectively. I
denote the fraction of households in group i as A’ with Y A! = 1.

I first perform a stationary transformation by dividing all nominal variables by
P;z; and dividing all real variables except for labor by z;. Note that although the TFP
shock €7 is not directly observed by households, it can affect household decisions in
the current period through noisy signals. Therefore, I include the shock €} as a state
variable. In the transformed economy, the aggregate state in period ¢ is character-
ized by: transformed aggregate capital (k;/z;), transformed real wage (w;/z;), wealth
shares of groups H and L (a!?,al), monetary policy (¢/), and TFP shock (7). I obtain a
recursive representation of the stationary equilibrium, and the stochastic equilibrium
is then computed using backward iteration.

Given the model timeline, households’ problem is solved in two steps. First, at the
beginning of each period, households observe the aggregate states expect for the TFP
shock. Households first choose their optimal information expenditure to maximize
the expected per period value:

max E; [v; 4],
it

where v; ; is characterized in Equation . After households decide their information
expenditure, they observe a private signal depending on the aggregate TFP shock and
their information expenditure. Households then decide their consumption, ,portfolio
and the labor unions decide labor supply. To eliminate the effect from asymmetric
information as documented in Han (2024), I assume that the labor union shares the
same information as households. Specifically, when the labor union maximizes the

expected utility of member i, the union uses the same information as member i.
5.1 Calibration and Model Fit

The calibration aims to ensure that the model captures the observed patterns in house-

holds’ subjective uncertainty and portfolio share. I also assume that one model period
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Table 5.2. Externally set parameters

Parameter Value Moment Note

P IES 0.8

0 Frisch elasticity 1 Chetty et al. (2011)
o Capital share 0.33

€ Elast. of subs. across workers 10

¢ Taylor coeff. 1.5 Taylor (1993)

) Depreciation rate 2.50%

xV Rotemberg wage adj costs 170 Calvo stickiness 0.2
XX Rotemberg wage adj costs 3.5 Kekre, R., & Lenel, M. (2022)
Om Std. dev. MP shock 0.25%/4

" Persistence MP shock 0

AH Measure of H households 0.26 Measurement in SCE
AL Measure of L households 0.28 Measurement in SCE
Pt Labor productivity H households 0.56 Labor income in SCE
Pt Labor productivity L households 0.08 Labor income in SCE
Ay H Share of tax from H households 0.54 Wealth in SCE
ALyL Share of tax from L households 0.06 Wealth in SCE

Note: This table shows parameters that are externally set. For most parameters, I use standard values to match
aggregate moments documented in the literature. For the last six parameters, I set the values to be consistent
with Table[5.1] The sample period is from 2014 to 2019.

corresponds to one quarter.

Externally Calibrated Parameters. First, a set of parameters is directly chosen to match
the household shares and their incomes to be consistent with Table These param-
eters include the proportions of high-income and low-income households (A, AL),
labor productivity for the high-income and low-income groups (¢, ¢*), and the im-
plicit bond share held by households through the lump-sum tax (v, v*).

On the supply side, I use standard parameter values for the capital share x = 0.33,
the intertemporal elasticity of substitution ¢ = 0.8, and the depreciation rate § =
2.5%. The elasticity of substitution across labor is set to € = 10, and the Rotemberg
wage adjustment cost "V = 170, which together are equivalent to wage changes every
4-5 quarters with Calvo wage stickiness, consistent with the evidence documented in
previous studies.

Finally, for monetary policy, I use a standard Taylor rule coefficient ¢ = 1.5 and
set the standard deviation of the monetary shock to ¢;;;, = 0.06%, assuming zero per-
sistence. Table 5.2|summarizes the externally calibrated parameters.

Calibrated Parameters. The remaining parameters are calibrated to match the corre-
sponding macro moments and the subjective uncertainty of each income group.

To match the volatility of aggregate consumption and the investment, the standard
deviation of the TFP is set to 0; = 0.22% and the adjustment cost for capital is set to
x* = 3.5. To match the average return rate of the risk free asset, the discount factor is
set to B = 0.99. And households risk aversion is set to v = 8.5 to match the average
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Table 5.3. Calibrated parameters

Parameter Description Value Moment Data Model
B Discount Factor 0.99 rf 0.93% 0.98%
b8 Real Value of Gov. bonds 064 Y b/ Y (b + gk') 64.20% 63.52%
v Risk Aversion 8.5 rk—¢f 6.30% 6.50%
0y Std.dev. Prod shock 0.21% Std.dev. Inc 0.16% 0.18%
o Upper bound of signal variance 0.004 Uncery 17.52 13.48
X! Curvature cost of effort 2 Uncerp, 9.52 8.23
o1 Scale cost of effort 0.013 Uncery 5.02 4.67

Note: This table presents the calibrated parameter values and the moments most closely associated with each
parameter. The sample period is from 2014 to 2019.

risk premium. The share of the government bonds holding is set to b8 = 0.64 to match
the average share of bond holding across all households.

In the model, the households in the lowest income group have very limited ex-
penditure on information, therefore, I set the upper bond of signal noisy & = 0.004 to
match the subjective uncertainty of the households in the lowest income group. The
scalar parameters of information expenditure x' and 0! are hard to separately cali-
brate. Both of them have large effect on the subjective uncertainty of the households
in the medium and high income groups. I set the cost function to be quadratic (x! = 2)
to match the difference in the subjective belief of the high income group and medium
income group. And set 8/ = 0.013 to match the subjective uncertainty of the medium
Income group.

Table 5.3| summarizes the values of the parameters and the moments most closely
related to them. The model successfully replicates the observed pattern of subjective
uncertainty across income groups, although it generally indicates lower uncertainty
for all groups. In the data, there is significant heterogeneity within income groups,
while the model fails to capture this heterogeneity, which lowers the overall uncer-
tainty.

Portfolio Share on Risky Asset. Table 5.4 reports the portfolio shares of households
in risky assets across different income groups, which are not directly targeted in the
model. Overall, the model aligns well with empirical portfolio shares, successfully
capturing the pattern that households in higher income groups hold larger shares of
risky assets.

The table also presents results from a representative agent model with a homoge-
neous information structure. In the RANK model, I assume that households cannot
acquire information; instead, each household observes a private signal with the same
precision. I calibrate the signal precision to match the overall subjective uncertainty
across all households. The results indicate that, given the Epstein-Zin preferences and
homogeneous information structure, households choose nearly identical portfolios,

22



Table 5.4. Untargeted moment: household’s portfolio share

Moment Data Model RANK

Sharer 26.31% 30.40% 35.31%
Sharep;  30.68% 35.61% 35.20%
Sharey  40.71% 39.70% 36.83%

which aligns with the findings documented by Merton| (1973).
5.2 Response to News Shock

In this section, I simulate the effects of a positive TFP shock on the real economy. I
compare the results to those of a RANK model with a homogeneous ex-ante infor-
mation structure. The endogenous information acquisition enlarges the effect of the
shock on real output by 25 basis points.

log(q) log(x)
10 § ' ' ' ] L ‘ ‘ i ]
. 120 — RANK
100 1 Model |]
- = 60
40 \
0l , , , 20 | ‘ ‘ .
0 5 10 15 0 5 10 15
(a) Capital price (b) Investment

Figure 5.1. Impulse response of capital price and investment. Note: This figure plots the impulse
responses of capital price and investment to a positive anticipated TFP shock of one standard deviation.
The shock is anticipated at period 0 and is realized in period 1. The y axis denotes the basis points
(0.01%).

Figure displays the impulse response of capital prices and investment. The
shock occurs in period 1 and is anticipated in period 0. The left panel reports the ef-
fects on capital price. Consistent with Beaudry and Portier (2006), the positive news
shock results in an increase in capital prices. Compared to the RANK model, the in-
corporation of endogenous information acquisition amplifies this impact by 6 basis
points. As discussed in Section 3 heterogeneous information acquisition amplifies the
demand for capital, leading to higher capital prices. The right panel presents the re-
sponse of investment. In line with the changes in capital prices, the model predicts
a larger increase in investment. In the long run, the rise in investment raises capital
supply, the capital price declines and returns to it initial level. Furthermore, since the
capital adjustment cost depends on the difference between capital levels at time t and

t — 1, the new shock would result in a permanent increase in investment.

23



Figure 5.2 reports the responses of labor, consumption, and output to the antici-
pated TFP shock. Note that, in contrast to a one-sector model where firms only have
the incentive to hire more labor until the shock is realized, the model in this paper
assumes that the representative firm produces capital using consumption goods. As
a result, a higher capital price raises labor demand. Consistent with the changes in
capital prices, the positive TFP shock increases labor demand, and the endogenous
information acquisition amplifies this effect by almost two times. In the second and
third panels, in line with the changes in investment, the shock permanently increases
consumption and output. Quantitatively, the stimulation is of two times larger than it
in a RANK model.

log(1) log(c) - log(y)
S0 60 ——RANK
60 60 Model
840 240 =
20 40
0 20 V\ s
20
0 5 10 15 0 5 10 15 0 5 10 15
(a) Labor (b) Consumption (c) Output

Figure 5.2. Impulse response of labor, consumption and output. Note: This fiqure plots the impulse re-
sponses of labor, consumption and output to a positive anticipated TFP shock of one standard deviation.
The y axis denotes the basis points (0.01%)

6 Conclusion

Recent literature has documented that households” expectations systematically differ
in the first moments across income groups. In this paper, I demonstrate that the vari-
ance of households’ individual beliefs regarding future inflation rates also systemati-
cally differs across income groups. Wealthier households have more concentrated be-
liefs compared to poorer households. Furthermore, I show that subjective uncertainty
about inflation relates to households” portfolio decisions, with larger uncertainty cor-
responding to lower portfolio shares in risky assets.

I then study a heterogeneous agent New Keynesian model featuring information
acquisition and portfolio allocation. Households are endowed with heterogeneous
labor productivity and can acquire information regarding future TFP shocks at a mon-
etary cost. I show that with endogenous information acquisition, households with
higher labor productivity acquire more information and hold higher portfolio shares
in risky assets. Moreover, endogenous information acquisition amplifies the impact of
anticipated TFP shocks.

This work highlights the importance of beliefs regarding macroeconomic variables
for households’ portfolio decisions and suggests two avenues for future research. First,
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it would be worthwhile to study how different types of behavioral biases that have
been documented using survey data about macroeconomic conditions affect the econ-
omy through asset markets. Second, the simulation results reported in this paper show
that compared to a RANK model, the impact of an anticipated TFP shock is ampli-
fied when households endogenously acquire information. The existing literature that
assumes all households have the same information structure may underestimate the
impact of news shocks. Therefore, it is important to utilize forecast data and estimate
the news shocks perceived by different households.
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