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Abstract

This paper studies retail investors’ risk-return trade-off. Existing evidence from surveys sug-
gests that households expect lower returns, i.e., lower risk compensation, in bad times. Using a
direct measure of retail investors’ subjective discount rates, we find that required compensation
for risk nevertheless rises with perceptions of stock market risk. This finding resonates well with
long-established principles in asset pricing. We also show that discount rates and perceived risk
are more tightly connected for financially literate retail investors and during times of financial and
economic distress. Our results have important implications for modelling households’ risk-return

trade-off and the design of future surveys eliciting return expectations.
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1 Introduction

Surveys have emerged as a powerful instrument to test and refute long-established models and theories
in economics (e.g., Coibion and Gorodnichenko, 2015; Roth and Wohlfart, 2020; Adam et al., 2021;
Nagel and Xu, 2022b). Recent survey evidence on expectations of stock market returns has proven
particularly unsettling for (financial) economists: retail investors expect low returns in conjunction
with high expected risk or a negative macroeconomic outlook (e.g., Greenwood and Shleifer, 2014;
Amromin and Sharpe, 2014; Giglio et al., 2021). This raises the question whether households ad-
here to the fundamental principle of asset pricing that risk averse agents should require additional
compensation for taking on higher risk.

Yet, existing evidence on retail investors’ risk-return trade-off is based on their return expectations
rather than their discount rates. Return expectations and discount rates only coincide if households’
willingness to pay equals the current stock market price — a condition that is not met for two-thirds
of survey respondents in our analysis. For illustration, consider the following example: The current
price of an asset is 100 and a survey participant expects the asset to be worth 110 in the next period,
i.e., her subjective return expectation is 10%. However, assume the survey participants’ willingness to
pay for the asset deviates from the current market price and only amounts to 95. Then her subjective
discount rate is % — 1 = 16%, which is clearly different from her return expectation of 10%. A
clean distinction between discount rates and return expectations is therefore important. Discount
rates directly measure required compensation for risk, whereas expectations of returns only capture
expected compensation for risk, i.e., expected cash flows.!

This paper is the first to back out a measure of household investors’ subjective discount rates
from large-scale survey data. Using this direct measure of discount rates, we investigate the relation
between retail investors’ perceptions of risk and their required compensation for risk. For a given level
of cash flow expectations, we find that forward-looking perceptions of higher volatility or less favorable
macroeconomic conditions are associated with higher discount rates in the cross-section of household
investors. We therefore provide novel evidence that households indeed discount as predicted by theory
and intuition in asset pricing. The relation between perceived investment risk and subjective discount
rates is stronger for financially literate households and during times of financial and economic distress.
Crucially, these results are based on a monthly survey by Gallup/UBS that permits to focus on US
households that actively participate in financial markets with a minimum portfolio size of $10,000.2
Understanding discount rates of real-life retail investors appears particularly relevant since their way
of discounting factors into actual decision-taking: indeed, we find that households whose discount rate
exceeds their return expectation tend to have lower equity exposure.

In our empirical analysis, we isolate variation in subjective discount rates for a fixed level of cash

flow expectations in the following way. First, we use the fact that individual households act as price

1We use the terms ‘return expectations’ and ‘cash flow expectations’ interchangeably because a given return expec-
tation implies a certain cash flow expectation for buying the asset today and selling it at the period end. For example,
if the market price of an asset is 100 and an agent expects a one-year return of 10%, this agent expects to generate a
one-year ahead cash flow of 110 by buying the asset today and selling in a year.

2During our sample period, US retail investors exceeding this threshold held more than 99% of stocks owned directly
or indirectly by US households (Vissing-Jorgensen, 2003).



takers. Households that report the same return expectation in a given survey wave therefore hold the
same cash flow expectation under the minimal assumption that these households observe roughly the
same stock market price at the time of their interview.

Second, we exploit a survey question on households’ subjective stock market valuation, i.e., house-
holds report whether they perceive the market as over-, under- or fairly valued. Without holding
cash flow expectations constant, we cannot infer whether households perceive the stock market as
overvalued because they have a higher subjective discount rate than the market or lower cash flow
expectations. However, comparing only households holding the same return expectations in a given
survey wave, we can infer that households perceiving the market as overvalued must have a higher
discount rate than those reporting fair or undervaluation. For a given level of return expectations,
we therefore obtain an ordinal measure of subjective discount rates. This measure allows to study
retail investors’ risk-return trade-off in the cross-section of investors holding the same stock return
expectations.

In order to generalize our idea to survey data with retail investors reporting many different levels of
return expectations, we introduce survey x expectations of return fixed-effects. This way, we compare
correlations between subjective discount rates and expectations about stock market risk or macro
conditions within groups of households that have the same cash flow expectations in a given survey
wave.

We apply our identification strategy to the Gallup/UBS survey, which is well established in the
finance literature and has been used in various previous studies (e.g., Vissing-Jorgensen, 2003; Mal-
mendier and Nagel, 2011; Amromin and Sharpe, 2014; Nagel and Xu, 2022a; Adam et al., 2021; Nagel
and Xu, 2022b), but not to derive a direct measure of discount rates. The survey elicits expectations
of returns on the stock market as a single percentage number, as well as expectations of stock market
volatility and the macroeconomy. Importantly, it additionally also asks for households’ subjective
stock market valuation. As a first step to backing out ordinal discount rates, we verify that retail
investors indeed understand the question about stock market valuation correctly. Households thinking
the stock market is overvalued expect a lower return. Furthermore, perceived overvaluation predicts
a lower probability of reporting that currently is a good time to invest in the stock market. These
findings therefore confirm our ex ante expectation that retail investors exceeding a portfolio size of
$10,000 should generally be sufficiently familiar with the basic jargon of financial investing.

Having established the validity of our measure for perceived stock market valuation, we first
apply our identification strategy to a simple setting in which cash flow expectations are constant
across households. For this purpose, we only consider the subset of all households that report return
expectations equal to 10%.% Since these retail investors hold the same cash flow expectations within
a given survey wave, households considering the market as overvalued must have a higher discount
rate than those considering it as undervalued. Accordingly, our ordinal discount rate measure takes a
value of 1 for households thinking the market is over-, 0 for fairly and -1 for undervalued. We regress

this measure on retail investors’ expectations of stock market volatility and the macroeconomy with

310% corresponds to the mode of the cross-sectional distribution of return expectations, pooled across all survey
waves.



survey fixed-effects. In other words, we analyze the correlation between subjective discount rates and
perceived stock investment risk for a given level of cash flow expectations and survey wave. We find
a positive relation between the subjective discount rate and expected stock market volatility. We
also document a negative relation between the discount rate and expectations about economic growth
as well as labor market and inflation conditions. Therefore, expectations of a worsening investment
environment raise retail investors’ discount rates.

In a second step, we generalize our identification strategy to the whole data set, allowing for
variation in cash flow expectations across households. For this purpose, we discretize expectations
of returns on the stock market by rounding to full percentage points.* We then again regress our
subjective discount rate measure on perceptions of investment risk, but use survey xexpected stock
market return fixed-effects. Hence, we always estimate the correlation within groups of households
in a given survey wave that hold the same cash flow expectations. Our results fully confirm the
findings from the simplified exercise: households that expect higher risk (or a worse macroeconomic
environment) have a higher subjective discount rate. These findings are in line with standard asset
pricing theory (e.g., Constantinides and Duffie, 1996; Cochrane, 2011). Additionally, we provide
evidence that discount rates are related to actual investment decisions — households whose discount
rate exceeds their return expectation tend to have lower equity exposure.

In a third step, we explore heterogeneity across individual investors’ characteristics and different
investment environments. We find a statistically and economically weaker relation between subjective
discount rates and expected volatility for investors without college education or with lower income. In
addition, the period covered by our survey data (1998-2003) allows to examine the relation between
retail investors’ discount rates and perceptions of risk during two inherently different investment
environments: first, a boom phase in stock markets fuelled by the build-up of the infamous dot-com
bubble until March 2000; second, a subsequent episode of dramatic falls in stock valuations caused by
the burst of the bubble and a recession of the US economy in 2001. We find that the relation between
discount rates and retail investors’ perceptions of stock investment risk becomes more pronounced
during ‘risk-off” periods of financial and economic distress.

Finally, we also corroborate our main findings with evidence from an independent second data
source for a different time period. Between 2011 and 2013, questions from the RAND American Life
Panel survey permit construction of the same measure of ordinal discount rates used in our previous
analyses. We relate this ordinal discount rate measure to interviewees’ subjective probability of high
stock market volatility over the next year and find broad confirmation of our previous results.

Our findings broaden the literature in several ways. First, to the best of our knowledge, we
are the first to back out a direct measure of retail investors’ discount rates from large-scale survey
data. Charles et al. (2021) investigate the influence of perceived risk on discount rates in a con-
trolled experiment. In their experimental setting subjects repeatedly face a dividend paying asset in
a state-switching world. Low dividends have a higher probability of realization in bad than in good
states of this world. Subjects have to report expectations of future cash flow distributions and their

willingness to pay for this asset without explicitly knowing the identity of the current state. Using

4Qverall, only 126 of over 30.000 answers were not integers. Therefore, our findings are not sensitive to discretization.



subjects’ willingness to pay and their expected future cash flow the authors back out discount rates.
In contrast to our findings, their evidence suggests that discount rates decline with higher perceived
risk, measured as the volatility of the conditional expected cash flow distribution, across as well as
within households. Our analysis differs from Charles et al. (2021) along several dimensions: First, we
complement their analysis of experimental data with evidence from large-scale survey data elicited at
multiple points in time, allowing to also observe discount rates during periods of inherently different
investment environments. Second, we focus on real-life retail investors rather than a general sample
of households. Third, we isolate variation in expected stock market volatility (i.e., the second moment
of cash flow expectations), while keeping the subjective expected value of cash flows (i.e., the first
moment) constant. By contrast, in Charles et al. (2021), expected volatility and the expected value
of cash flows move simultaneously. Potentially, a channel between the level of cash flow expectations
and discount rates may therefore be active in their analysis. At the same time, evidence in Charles
et al. (2021) can be viewed as complementary to our findings in the sense that their setting allows to
analyze the implications of an interplay of discount rates, expected risk and cash flow expectations.

Second, we connect to a large strand of literature that documents pro-cyclicality in survey-based
time series of households’ return expectations (e.g., Greenwood and Shleifer, 2014), or in both the time
series and cross-section (e.g., Amromin and Sharpe, 2014; Giglio et al., 2021). Amromin and Sharpe
(2014) use cross-sectional data from the Michigan Survey of Consumers to show that expectations
about the economy are positively correlated to expectations of returns, while they are negatively
correlated to expectations about stock market risk. They interpret their findings as evidence for
pro-cyclical Sharpe ratios of households. Giglio et al. (2021) document a positive cross-sectional
and time series correlation of expectations of returns and GDP growth. While they find a weak
relation between expected stock market variance and equity portfolio share, they do find a strong
negative relation between expectations of returns and expected disaster risk. We can reproduce the
above-described findings with our data, i.e., expectations of returns positively covary with economic
expectations and negatively covary with expected stock market risk, but add new evidence on discount
rates. In contrast to the existing literature we mute cash flow expectations and only concentrate on
variation in subjective discount rates. We find that subjective discount rates across households behave
as predicted by theory (e.g., Constantinides and Duffie, 1996; Cochrane, 2011): households that expect
higher stock market risk or worse macroeconomic conditions have a higher subjective discount rate.

Third, Nagel and Xu (2022b) study the time-series relation between subjective equity risk premia
and subjective perceptions of stock investment risk for both financial professionals and households.
They document a positive risk-return relation for professionals, but find no relation for the aggregate
time series of households’ beliefs. We instead focus on cross-sectional evidence for households that
actively participate in stock markets and examine required returns, i.e., subjective discount rates,
rather than expected equity risk premia. In spite of these differences in methodology and scope, an
interesting commonality between Nagel and Xu (2022b) and our paper is that a statistically positive
risk-return relationship only persists for financially literate agents.

Fourth, our finding of a positive risk-return trade-off also resonates well with Chinco et al. (2022).

They do not directly examine discount rates, but find that households as well as financial professionals



allocate less funds of a hypothetical portfolio to stocks if corresponding simulated stock returns exhibit
higher volatility.

Our findings also add to the literature on optimal survey design (e.g., Bergman et al., 2020) for
surveys eliciting expectations of returns. To further improve insights generated through these surveys,
they should always also elicit the price an interviewee is willing to pay for a stock market investment.
Only long-term efforts to collect subjective discount rates will allow to understand their relation to
other macroeconomic aggregates.

Finally, we also relate to the literature on survey expectations in economics and finance on a more
general level. An early overview is provided by Manski (2004). Work in macroeconomics ranges from
inflation expectations to households’ models of the macroeconomy (e.g., Mankiw et al., 2003; Coibion
and Gorodnichenko, 2012; Malmendier and Nagel, 2016; Roth and Wohlfart, 2020; Hanspal et al., 2021;
Andre et al., 2021). In financial economics survey data has been used to better understand house prices
(e.g., Case et al., 2012; Fuster et al., 2018; Kuchler and Zafar, 2019), bonds (e.g., Buraschi et al., 2018),
rates (e.g., Schmeling et al., 2020), equity markets (e.g., Amromin and Sharpe, 2014; Greenwood and
Shleifer, 2014; Adam et al., 2021; Giglio et al., 2021) and currencies (e.g., Koijen et al., 2015). We
also connect to Vissing-Jorgensen (2003), who was the first to explore the cross-sectional and time
series dynamics of the Gallup/UBS survey. She outlined that subjective stock market valuations show
interesting dynamics in the time series of the survey. Also McCarthy and Hillenbrand (2021) use
subjective stock market valuations to provide evidence for heterogeneous agents in the stock market.

However, neither of the two studies examines households’ subjective risk-return trade-off.

The remainder of this paper is structured as follows. Section 2 provides an overview of the survey
data we use. Section 3 replicates stylized facts on retail investors’ expectations of stock market returns
found in the earlier literature. Section 4 explains our methodology and Section 5 present results for
the relation between discount rates and perceived stock investment risk. Section 6 takes a closer look
at the heterogeneity across individual retail investors and different investment environments. Section
7 demonstrates robustness of our results to considering an alternative time period and source of survey

data. Section 8 concludes.

2 Survey data

Our main data is based on a monthly telephone survey of US households conducted by Gallup and
UBS between 1998 and 2003.° The survey is well established in the finance literature, e.g., see Vissing-
Jorgensen (2003) for an early overview and analysis of this survey and Malmendier and Nagel (2011);
Nagel and Xu (2022a); Adam et al. (2021); Nagel and Xu (2022b) for other applications. The time
period covered by the survey allows to study retail investors’ discount rates in two inherently different
investment environments — a boom phase in stock markets and the subsequent burst of the dot-com
bubble. Each month a cross-section of household heads with more than $10.000 invested in stocks,

bonds and investment accounts was interviewed. The survey elicited return expectations on the stock

5The survey data is accessible via Roper Center.


https://ropercenter.cornell.edu/

market, the perceived stock market valuation as well as expectations of future stock market volatility

and the macroeconomy. Our paper exploits the following survey questions.

Expected stock market return. For measuring expectations of returns on the stock market we

use the following question:

”Thinking about the stock market more generally, what overall rate of return do you think

the stock market will provide investors during the coming twelve months?”

which is available in May, September and November 1998 and then consistently from February 1999
until April 2003. We follow Vissing-Jorgensen (2003) and drop answers that in absolute terms are
larger than 95%.° The variable is called ‘Expected Stock Market Return’ in the remainder of the

paper.

Stock market valuation. We measure the perceived stock market valuation with the question:

”Do you think the stock market is (overvalued/valued about right/undervalued) or are you

unsure?”

which was asked in May, September and November 1998 and from February 1999 until January 2003,
with an exception from October to December 2000. We recode the answers as follows: ‘overvalued’
takes a value of 1, ‘valued about right’ takes a value of 0 and ‘undervalued’ a value of —1. We drop
answers reporting ‘unsure’. The variable is called ‘Discount Rate’ when we apply our identification

strategy to to pin down discount rates on an ordinal scale and ‘Stock Market Valuation’ otherwise.

Expected stock market vola. For measuring forward-looking expectations about stock investment

risk we turn to the following question:

”Do you think the amount of volatility in the marketplace during the next twelve months
will increase, stay at the same level, or decrease from what it has been during the last

several months?”

which was asked in September and November 1998 and is continuously available from February 1999
until October 2000. We again recode the answers to take a value of 1 for an increase, a value of 0 for
no change and -1 for a decrease in expected volatility. We call this variable ‘Expected Stock Market
Vola’.

Macroeconomic expectations. Moreover, we exploit a question eliciting expectations about the

macroeconomy:

6In 1998 and 1999 answers below 1% were recorded in one category. We drop these answers since we cannot infer
the exact return expectation, which is necessary for our identification strategy. However, we thereby only drop around
1% of complete observations in 1998 and 1999 that would otherwise qualify for our analysis.



"Now, I would like to ask you to think about the factors that could affect the overall
investment environment over the next twelve months. On the same five-point scale, as
far as the general condition of the economy is concerned, how would you rate (economic

growth/the unemployment rate/inflation), over the next twelve months?”

Interviewees could decide between ‘very optimistic’, ‘somewhat optimistic’, ‘neither optimistic nor
pessimistic’, ‘somewhat pessimistic’, ‘very pessimistic’ or ‘don’t know’. The question is available in
May, September and November 1998 and then continuously from February 1999 until July 2003. We
recode answers to take a value of 1 for ‘very optimistic’ or ‘somewhat optimistic’, a value of 0 for
‘neither optimistic nor pessimistic’ and -1 for ‘somewhat pessimistic’ or ‘very pessimistic’. Resulting
variables are called ‘Expected Economic Growth’, ‘Expected Labor Market Conditions’ and ‘Expected

Inflation Conditions’ for the remainder of the paper.

Good time to invest. Finally, we use a question eliciting whether now it is a good time to invest.
”Do you think now is a good time to invest in the financial markets, or not?”

Households could answer with ‘yes’, ‘no’” or ‘don’t know’. The question is available in in May, Septem-
ber and November 1998 and then continuously from February 1999 until January 2003, with an
exception of October to December 2000. We recode it as a dummy variable (‘yes’ corresponds to a
value of 1) and drop observations reporting ‘dont’t know’. We use this variable, called ‘Good Time
to invest’, to verify that households understood the stock market valuation question.

Overall, we are now equipped with a measure for households’ expected return on the stock market,
their subjective stock market valuation and their expectations about stock market volatility and
the macroeconomy. The survey also elicited a wide range of standard household characteristics.
Throughout the paper, all of our estimations include education (college/no college), age and age
squared, log(income), employment status (employed /retired /unemployed), wealth invested in financial
assets (below $100k/above $100k) and gender as controls. After recoding all variables, we drop all
observations which contain a missing value in the basic household characteristics and additionally we
drop all observations which did not report expectations of returns on the stock market and expectations

about volatility or the macroeconomy. Summary statistics are presented in Table 1.

[Table 1 about here]

3 Expectations of returns and perceived risk

Existing evidence documents that household investors expect lower returns in bad times, i.e., when
risk is (subjectively or objectively) high (e.g., Greenwood and Shleifer, 2014; Amromin and Sharpe,
2014; Giglio et al., 2021). The present section briefly touches on this well-known stylized fact by
demonstrating that similar patterns also exist in the cross-section of survey participants examined in
this paper.

To do so we relate retail investors’ expectations of 12-month stock market returns to their expecta-

tions about stock market volatility and the macroeconomic environment over the same horizon. More



specifically, we estimate the following regression model.
ERM () = a4+ B+ ER2M [Vola) + o+ BEM [Growth] 4 Bs+ E12M [Unemp] + B+ EL2M [Infl] +vCiy 425 (1)

where E}*M[r] denotes household investor i’s expectation of the 12-month stock market return, elicited
in survey t. E}2M[Vola] measures survey participants’ expectations that stock market volatility will
increase (1), stay the same (0) or fall (-1) during the next 12 months. E}?[Growth], E}2M [Unemp]
and E}?M[Infl] denote expectations about economic growth, unemployment and inflation. In all three
cases, a value of 1 for these variables indicates the expectation of improving conditions over the next
12 months, 0 the expectation of no changes and —1 the expectation of a deterioration in the respective
macro condition. Finally, a; denotes a survey wave fixed-effect and Cj; a vector of household-specific
characteristics including education, age, age squared, log(income), employment status, wealth invested
in financial assets and gender, as detailed in section 2. Standard errors are clustered at the survey
level.

Table 2 presents coefficient estimates for the model in equation 1. Columns 1-4 relate household
investors’ return expectations to forward-looking perceptions of stock market volatility respectively
expectations about one macroeconomic variable at a time. Column 5 comprises all expectations about
volatility and macroeconomic conditions in one specification. In line with the existing literature, we
find that bad times tend to be associated with lower expectations of stock market returns, suggesting

a negative risk-return trade-off.
[Table 2 about here]

However, based on this evidence alone we cannot necessarily conclude that household investors who
hold a more pessimistic outlook on stock market risk and economic fundamentals also apply a lower
discount rate to value expected future cash flows. This is because households with heterogeneous
beliefs can disagree with the current stock market valuation. Subjective discount rates therefore
can deviate from reported expectations of returns in any direction. Potentially, they could also still
align with the principles and intuition from the asset pricing literature that perceived risk should be
positively related to discount rates.

As a first tentative piece of evidence in this direction, we re-estimate the first specification presented
in column 1 of Table 2 above, but this time only consider the subset of retail investors that report that
the market is fairly valued. We do so for two reasons. First, expected stock market volatility most
cleanly isolates perceptions about future stock investment risk, separately from cash flow expectations.
Second, for households in this subset, which represent about a third of our overall sample, expectations
of stock market returns need to equal subjective discount rates. Re-estimating the first specification
thus tests how expected stock market volatility, i.e., risk, varies with subjective discount rates across

households. The main coefficient of interest is reported in equation (2).

EPM[r] = @ 4 0.6221 x EX2M[Vola] +~Cy; + &5 (2)

Compared to column 1 in Table 2, the coefficient of expected stock market volatility flips sign



to positive and is significant with a p-value below 5% (SE=0.2277). In other words, expectations of
higher volatility are now associated with higher return expectations, which in this subset of households
equal their discount rate. To further investigates the relation between discount rates and perceived
investment risk, the following section introduces a measure of discount rates that also applies to retail

investors whose willingness to pay deviates from the current market price.

4 Backing out discount rates from survey data

Observing the current stock market value and an investor’s subjective 12-month return expectation
does not automatically imply her discount rate. Rather, given a fixed current stock market price,
it reveals information about the investor’s subjective 12-month cash flow expectation for buying
the market portfolio today and selling in 12 months. As a consequence of heterogeneity in beliefs,
individual investors’ willingness to pay might — and in most cases does — deviate from the current stock
market valuation. Indeed, only 36% of households report the stock market to be fairly valued across
our whole sample. In the following, we describe how we exploit two questions from the Gallup/UBS
survey on household investors’ stock return expectations and their perceptions of current stock market
valuations to back out an ordinal measure of their individual discount rate, conditional on a fixed

level of stock return expectations.

4.1 Motivating example

We introduce our approach with the following motivating example. Assume that the stock market
currently stands at S; = 100 and you run a survey with household investors ¢ asking for their sub-
jective cash flow expectations, E}[S;y1], and their perception of the current stock market valuation
(undervalued/fair/overvalued). Consider two survey participants, M and P, who hold the same cash
flow expectations of E[S;;1] = 110 over the next period (equivalently, they could report the same
expectations of returns of 10%), but differ in their valuation assessment regarding S; in the following

way:

Survey participant | Cash flow expectations Perceived stock market valuation

M EM[S;4] =110 overvalued

P EF[S;41] =110 undervalued

Survey participants’ view about the current stock market valuation directly implies the following

statement about their current willingness to pay, S}, for a stock market investment:

SM < S, =100, since ‘overvalued’ (3)

SP > S, =100, since ‘undervalued’ 4)



Furthermore, since EM[S;;1] = EF[S;11] = 110, it follows for survey participants’ discount rate r?
that

110 110

=M > P (6)

In words: Since M and P hold the same one-period cash flow expectations (110), but M thinks the
market is overvalued while P thinks it is undervalued, it follows that M must have a higher discount
rate than P.

4.2 Construction of an ordinal discount rate measure from survey data

We now extend the idea underlying the above example to actual responses to the Gallup/UBS sur-
vey. Under the minimal assumption that participants surveyed at the same point in time observe
roughly the same stock market value, participants within a given survey wave and reporting the same
subjective stock return expectations should also hold the same 12-month cash flow expectations. For
a given survey wave, within the group of all survey participants with the same level of stock return
expectations (e.g. 10%), we can therefore construct an ordinal measure of discount rates: Survey par-
ticipants who think the stock market is overvalued have relatively higher discount rates, participants
who regard the market to be fairly valued have ‘medium’ discount rates and participants who think
the market is undervalued have relatively lower discount rates. Accordingly, for participant 4 in survey

t holding a return expectation of level z, we define the ordinal discount rate measure as

1 if ‘overvalued’
rgrd =0 if “fair’ (7)
—1 if ‘undervalued’

Note that the economic interpretation of r% as the ordinal discount rate is only valid within the
group of all participants in survey ¢ reporting the same 12-month expected stock market return equal
to level z. In the next section, we describe an econometric approach tailored to this interpretation
to relate household investors’ discount rates to their outlook on stock market risk. First, however,
the remainder of the present section discusses evidence that survey participants indeed appear to
correctly understand and answer the survey question regarding their assessment of current stock

market valuations.

4.3 Do survey participants understand over- and undervaluation?

A fundamental prerequisite for the construction of the ordinal discount rate measure r¢¢ described
above (equation (7)) is that survey participants understand the notion of ‘overvaluation’, ‘fair valu-
ation’ and ‘undervaluation’. For example, it would be a problem if survey respondents erroneously
answered that the stock market is ‘overvalued’ but meant to express favorable valuation levels or high

future growth potential for stock prices. In the context of the Gallup/UBS survey, such systematic

10



misinterpretation ex ante appears rather implausible, since survey participants have at least $10,000
invested in the financial assets and are therefore likely familiar with the basic jargon of financial in-
vesting. Nevertheless, we also empirically back this assumption. For this purpose, we define a variable

valuation for participant ¢ in survey t as

1 if ‘overvalued’
valuation;; = 0 if “fair’ (8)

—1 if ‘undervalued’

ord

Note that valuation is defined identically to r¢.%, the ordinal discount rate (equation (7)). We use

two separate variables and drop the subscript z for valuation to explicitly stress that 794 can only
be interpreted as the ordinal discount rate conditional on a fixed level z of stock return expectations,
whereas an unconditional interpretation of valuation is possible — values of 1 indicate that stocks are
regarded as too expensive, values of —1 indicate that prices are seen as too low. To check whether
this interpretation also matches the notion that survey participants have in mind, we run regressions
of the form

Yit = oz + B *x valuation;; + yCit + €44 (9)

where y;; denotes i) the subjective 12-month stock return expectation or ii) a binary variable indicating
whether the respondent thinks that now is a good time to invest (1) or not (0). «; denotes a survey
wave fixed-effect and valuation;; the perceived stock market valuation defined in equation 8. Cjy is
a vector of household-specific characteristics with corresponding coefficient vector . Characteristics
include education, age, age squared, log(income), employment status, wealth invested in financial

assets and gender, as detailed in section 2. Standard errors are clustered at the survey level.
[Table 3 about here]

Coefficient estimates are presented in Table 3. According to column 1, household investors who
think that the stock market is currently overvalued (1) hold lower stock market return expectations
than investors who think that the market is fairly valued (0) or undervalued (-1). Similarly, respon-
dents who regard the market as overvalued are less likely to believe that now is a good time to invest.
Both results therefore consistently confirm that survey participants correctly understand the notion

of over- and undervaluation.

5 Discount rates and perceived risk

As demonstrated in Section 3 and consistent with the earlier literature, (prospective) bad times tend
to be associated with lower stock return expectations in the cross-section of households. However,
the relation between perceived risk and expectations of returns switches sign as soon as we only
consider investors whose willingness to pay equals the current price. The present section dives deeper
into the fundamental relation between retail investors’ discount rates and their expectations of stock

investment risk.

11



More specifically, we examine how our ordinal measure of discount rates defined in equation (7),

rod relates to household investors’ subjective expectations of stock market volatility during the next
12 months. Expectations of stock market volatility represent our cleanest and therefore preferred
measure of forward-looking perceptions of stock investment risk. In addition, however, we also explore

expectations about economic growth, unemployment and inflation as potential drivers behind the

discount rate. Recall that an economic interpretation of ¢/ as an ordinal measure of the discount rate
is only sensible within the group of households with the same cash flow expectations z (respectively
expectations of stock returns for a fixed current stock market value). In a first step, we therefore
restrict our sample to only those investors who report an expected return on the stock market of
z = 10% (we relax this restriction further below). As Figure 1 in the Internet Appendix shows, this

is the most frequently reported value in our data. The corresponding regression specification reads
rord o = - Bix ERM [Vola 4 Box ELM [Growth] + B3+ E}2M [Unemp| 4By x ELM [Infl 44 Cyy 4244 (10)

where E}2M [Vola] measures survey participants’ expectations that volatility will increase (1), stay the
same (0) or fall (-1) during the next 12 months. E}?M[Growth], E}?" [Unemp] and E}?M [Infl] denote
expectations about economic growth, unemployment and inflation. In all three cases, a value of 1
for these variables indicates the expectation of improving conditions over the next 12 months, 0 the
expectation of no changes and —1 the expectation of deterioration in the resprective macro variable.
Finally, a; denotes a survey wave fixed effect and C;; a vector of household-specific characteristics
including education, age, age squared, log(income), employment status, wealth invested in financial
assets and gender, as detailed in section 2. Standard errors are clustered at the survey level.

Table 4 presents coefficient estimates for the model in equation (10).7® In columns 1-4, we include
one measure of expected risk at a time, while column 5 simultaneously incorporates all four measures.
For our preferred and most direct measure of perceived stock market risk, the expected change in
volatility, we find that household investors expecting an increase in volatility apply relatively higher
discount rates. In line with this notion, a less favourable outlook on the other three macro variables

is also associated with a higher subjective discount rate.
[Table 4 about here]

In a second step, we now broaden our analysis to include all survey participants, across all levels of
return expectations (rather than just those reporting 10%, as in the previous exercise). For this pur-
pose, it is necessary to refine the model in equation (10) to include fixed-effects ay, for the interaction

between survey waves (time) and each level of subjective return expectations:

riotrzd = .+ *EiltzM [Vola]+ 2 *EithM [Growth]+ 33 EilfM [Unemp]|+ 4 *EiltzM [Infl]+~Ci+ei (11)

"We do not use survey weights out of efficiency concerns (see Deaton, 1997, page 70). Also see Brunnermeier and
Nagel (2008) and Malmendier and Shen (2018) for a similar argument. Nevertheless, we checked robustness of our main
results to using sample weights, with estimates provided in Tables IA.1 and IA.2 in the Internet Appendix.

8Estimation is conducted with OLS throughout the paper. However, we also checked estimates from a non-linear
model, more specifically an ordered logit model, for our main specifications. Results remain economically and statistically
unchanged and are available in Table TA.3 and TA .4 in the Internet Appendix.
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This way, we again exploit variation within groups of household investors holding the same cash flow
expectations at the same point in time. To obtain sensible groups, we discretize particpants’ expec-
tations about the 12-month stock market return by rounding to full percentage points.” Coefficient
estimates are presented in Table 5 and fully confirm results from Table 4. Unambiguously, we find
that for a given level of cash flow expectations, household investors with perceptions of higher future

risk apply higher discount rates.
[Table 5 about here]

Overall, our results are therefore in line with a mechanism emphasized by standard asset pricing
theory: households apply higher discount rates if they expect higher risk. This finding contrast
with recent experimental evidence by Charles et al. (2021) who find that subjects’ discount less when
perceived risk is high. However, our analysis differs from Charles et al. (2021) along several dimensions.
First, we analyze large-scale survey data for real-life retail investors rather than a sample of general
households. Deviations in findings would therefore resonate well with our results in the next section
that the positive relation between discount rates and perceived risk found in our analysis vanishes for
supposedly less sophisticated retail investors. Second, we isolate variation in expected stock market
volatility (i.e., the second moment of cash flow expectations), while keeping the subjective expected
value of cash flows (i.e., the first moment) constant. By contrast, in Charles et al. (2021), expected
volatility and the expected value of cash flows move simultaneously. Potentially, a channel between
the level of cash flow expectations, i.e., the first moment, and discount rates may therefore be active
in their analysis. At the same time, evidence in Charles et al. (2021) can be viewed as complementary
to our findings in the sense that their setting allows to analyze the implications of an interplay of
discount rates, expected risk and cash flow expectations.

A natural question to ask is whether households also act on their subjective beliefs. Therefore,
we examine three survey waves (September 1998, February 2001 and May 2001) which also elicited
households’ portfolio share in equities. To explore whether households with a subjective discount rate
higher than their subjective return expectation adjust their equity exposure accordingly, we estimate
the following regression model:

Portfolio Equity Share,,, = ay, + —4.9422 « 1/ + 40y + &3t (12)

itz

The estimated coefficient of the ordinal discount rate measure is negative and statistically signif-
icant (SE= 0.7374). Thus, households that require a higher compensation for risk than they expect

to get from the market scale back their stock market participation, in accordance with this belief.

90verall, only 146 of nearly 30.000 answers were not integers. Our findings are therefore not sensitive to discretiza-
tion.
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6 Heterogeneity across households and investment environ-

ments

Having established a negative link between subjective discount rates and perceived risk in the cross-
section of retail investors, we now explore heterogeneity of this relation across individual households

and different investment environments.

6.1 Heterogeneity across households

First, to start with cross-sectional heterogeneity, we estimate the following equation, focusing on
expected volatility, our cleanest and therefore preferred measure of perceived stock investment risk.

rord = oy + By x B}2M[Vola] + 61 x EFM [Vola] x Characteristici; +~yCit + i (13)

7

The model is similar to equation (11), except that we focus on expected volatility and interact
EI2M[Vola] with one household characteristic at a time. These characteristics comprise education,
wealth invested, log(income) and gender.

In Table 6 we observe a lower correlation of subjective discount rates with expected stock market
volatility conditional on having no college education or a lower income. No college education or low
income imply a relationship close to zero between subjective discount rates and expected volatility.'°
This suggests that financial literacy potentially plays an important role for setting discount rates in

line with asset pricing theory.
[Table 6 about here]

Interestingly, heterogeneity along proxies for financial literacy only applies to the relation between
discount rates and expectations of stock market volatility. As shown in Tables [A.5, TA.6 and TA.7
in the Internet Appendix, we find a broadly homogeneous relationship between discount rates and
expectations about macroeconomic fundamentals. That is, for macro expectations, the relationship
holds irrespective of proxies for financial literacy and yields no consistently significant interaction

terms.

6.2 Heterogeneity across investment environments

The time frame covered by the Gallup/UBS survey data (1998-2003) allows to study the relationship
between retail investors’ discount rates and perceived stock investment risk in two inherently different
investment environments — a boom phase in stock market prices and an episode of severe market
correction accompanied by an economic recession. From 1995 to its peak in March 2000, the NASDAQ
Composite index rose by a factor of five during the build-up of the infamous dot-com bubble, fuelled
by speculative investment in internet companies. The subsequent bubble burst saw the index fall by
nearly 80% from its peak by October 2002. In addition, in March 2001, the US economy entered

10The lowest observation for income in our data is $10000, i.e., log(10000) ~ 10.
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an eight-month recession. Accordingly, our subsequent analysis distinguishes two periods illustrated
in Figure 1: first, a ‘risk-on’ period covering the bull-market from the beginning of our sample up
to and including the NASDAQ Composite peak in March 2000; second, a ‘risk-off” period covering
all subsequent observations, characterized by a dramatic fall in valuations across all major US stock

market indices and a recession episode.
[Figure 1 about here]

We define a ‘risk-off’ dummy, D"s%°f that takes a value of 1 for all observations falling into the
latter period and augment the model in equation (11) to include interactions between the dummy and

expectations of stock market volatility respectively macroeconomic fundamentals.

thzd = a4+ 61 * BJ2M[Vola] + 61  E}2M[Vola] x Dltrisk-off+
By ERM[Growth] + 85 * EX2M [Growth] x Diisk-off
5 % B22M [Unemp] + 63 * ELM [Unemp] x D;isk—of}"+ (14)
« EMInfl] + 8, « M [Infl] x Dyl
YCit +€it

Table 7 presents coefficient estimates for the model in equation (14). In columns 1-4, we include one
expectation measure of risk at a time, while column 5 simultaneously incorporates all four measures.
We find the positive relation between retail investors’ discount rates and their perceptions of risk to
strengthen in the aftermath of the dot-com bubble burst. This result is particularly pronounced for
our cleanest measure of expected stock investment risk: for retail investors’ expected stock market
volatility, the interaction remains significant also when simultaneously including all four measures of

expectations (volatility and macro conditions) at once.
[Table 7 about here]

Overall, our findings from this section therefore strongly suggest that the general investment
environment plays an important role for the responsiveness of retail investors’ discount rates to their
expectations of stock investment risk. During ‘risk-off’ periods, i.e., episodes of financial and economic

distress, the positive relation between discount rates and perceptions of risk becomes more pronounced.

7 Additional evidence from the American Life Panel survey

Finally, we corroborate our main findings with evidence from an independent second survey source
for a different time period. With the caveat of focusing on a sample of general US households rather
than retail investors, 15 survey waves from the RAND American Life Panel, fielded between 2011
and 2013, strongly support our results. During this period, the survey included the following three
questions: 1) it asked interviewees what a $1000 investment in the S&P500 index would be worth in a

year; ii) it elicited the perceived probability that the actual realization would fall within £5% around
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this subjective expectation respectively would fall outside the interval; iii) it asked survey participants
whether they perceived the stock market as under-, fairly or overvalued.

The first question directly reveals households’ one-year cash flow expectations. Using the second
question, we construct a proxy for expected stock market volatility. More specifically, we interpret
the perceived probability that the realized value would deviate by more than £5% from the subjec-
tive expected value as the perceived probability of high stock market volatility. That is, for survey

participant ¢ at time ¢,

P} (high vola) = P} (S&P5004 12 < 0.95E;[S&P500¢41201] | S&P50044 1207 > 1.05E; [S&P500;11221])

(15)
The third question again allows to construct an ordinal discount rate measure for a fixed level of cash
flow expectations.

Column 1 in Table 8 presents coefficient estimates for re-estimating the model in equation (11) with
data from the American Life Panel, i.e., we regress the ordinal discount rate measure on the perceived
probability of high stock market volatility, including controls for household characteristics and fixed
effects for the interaction between survey waves and each level of subjective return expectations.'' In
line with our previous findings, an increase in the subjective probability of high stock market volatility
is associated with a higher discount rate. In columns 2—4, we additionally interact the subjective
probability of high volatility with selected household characteristics (cf. the model in equation (13)).
Confirming our previous results, proxies for low levels of financial literacy (no college, low income) are
associated with a weaker respectively less positive relation between perceived stock investment risk

and subjective discount rates.!'?

[Table 8 about here]

8 Conclusion

For the majority of retail investors, return expectations do not coincide with their discount rate since
their subjective stock market valuation does not equal the current market price. We back out retail
investors’ subjective discount rates by exploiting their stock return expectations and perceptions
of current stock market valuations elicited in a survey by Gallup/UBS. We then relate subjective
discount rates to perceived investment risk in the cross-section of households. Whereas the existing
literature generally finds a negative relation between perceived investment risk and ezpectations of
risk compensation, i.e., return expectations, we find a positive relationship between perceived risk
and required risk compensation, i.e., discount rates. This result is broadly in line with standard
asset pricing theory. The positive risk-return trade-off appears stronger for financially literate retail
investors. Moreover, we document a stronger relation in ‘risk-off’ periods, i.e., after the burst of

the dot-com bubble and the subsequent recession of the US economy, compared to ‘risk-on’ periods,

11See Table 8 in the Internet Appendix for summary statistics of the sample.

12Tn Table 6 for the Gallup/UBS data, we also consider the interaction with a dummy for wealth invested below
$100k. This variable is not observable in the American Life Panel Survey and therefore omitted in Table 8.
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i.e., in the run-up to the bubble peak. Furthermore, our results also speak to the literature on the
optimal design of surveys: to further improve insights about households’ discount rates, these surveys
should also include questions about the price investors are willing to pay for the stock market. Only
long-term efforts to collect subjective discount rates will allow to understand their relation to other
macroeconomic aggregates. This point is also particularly important for research relating disaster risk
probabilities to return expectations. The relation between return expectations and subjective disaster
risk is at least partially mechanical, since a higher weight in the left tail of the return expectation
distribution also tends to shift its mean downwards. An important step towards reconciling survey
responses with theoretic disaster risk models could be to directly measure required risk compensation,

rather than relying on subjective return expectations.
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Table 1: Summary statistics Gallup/UBS survey sample

This table displays summary statistics for the Gallup/UBS survey sample. Panel A shows summary statistics
for the main regression variables, while panel B summarizes household characteristic used as control variables.

Sample weights provided by Gallup are used.

Mean Median SD Min Max
Panel A. Main Variables
Expected Stock Market Return 10.64 9.13 11.63 -74.00 95.00
Stock Market Valuation 0.31 0.37 0.74 -1.00 1.00
Expected Stock Market Vola 0.23 0.28 0.74 -1.00 1.00
Expected Economic Growth 0.37 0.48 0.83 -1.00 1.00
Expected Labor Market Cond. 0.25 0.34 0.86 -1.00 1.00
Expected Inflation Cond. 0.25 0.33 0.84 -1.00 1.00
Good Time to invest 0.70 0.70 0.46 0.00 1.00
Panel B. Household Characteristics

Education (college) 0.54 0.54 0.50 0.00 1.00
Age 49.48 48.26 14.22 18.00 99.00
Age squared 2650.82 2328.91 1493.85 324.00 9801.00
Income 64358.03 63466.86 26554.80  10000.00  100000.00
Wealth invested (above 100k) 0.59 0.59 0.49 0.00 1.00
Gender (female) 0.40 0.40 0.49 0.00 1.00
Employed 0.73 0.73 0.44 0.00 1.00
Unemployed 0.06 0.06 0.24 0.00 1.00
Retired 0.21 0.21 0.41 0.00 1.00
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Table 2: Expectations of returns, expected risk and macroeconomic conditions

This table presents OLS regression results for equation (1). The dependent variable is the expected stock
market return over the next 12 months at the household level measured in percentage points. The main inde-
pendent variables are the expected stock market volatility, expected economic growth, expected labor market
conditions and expected inflation at the household level over the next 12 months. Expected stock market
volatility can take values € {—1,0,1}, where —1 corresponds to an expected decrease, 0 to no change and 1
to an increase in volatility over the next 12 months. For expected economic growth, expected labor market
conditions and expected inflation conditions a value of 1 indicates the expectation of improving conditions over
the next 12 months, 0 the expectation of no changes and —1 the expectation of deterioration in the respective
macro condition. All estimations include age, age squared, log(income), employment status, wealth invested
in financial assets and gender as controls. Survey wave fixed-effects are included in all estimations. Standard
errors are clustered at the survey level.

Dependent Variable: Expected Stock Market Return
Model: (1) (2) 3) (4) (5)
Variables
Expected Stock Market Vola -0.3168*" -0.2511
(0.1494) (0.1540)
Expected Economic Growth 2.154*** 1.573"**
(0.1032) (0.1368)
Expected Labor Market Cond. 1.435%** 0.0374
(0.1194) (0.1295)
Expected Inflation Cond. 1.030"**  0.5709***

(0.0711)  (0.1261)

Household Characteristics Yes Yes Yes Yes Yes

Fized-effects

Survey Yes Yes Yes Yes Yes

Fit statistics

Observations 15,069 33,859 33,584 33,607 14,763
R? 0.03988 0.12303  0.11024  0.10570 0.05514
Within R? 0.03094 0.04990  0.03564  0.03036 0.04618

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table 3: Retail investors understand ‘stock market valuation’

This table presents OLS regression results for equation (9). The first column presents results for regressing
the expected stock market return over the next 12 months on the perceived current stock market valuation at
the household level. The second column presents results for regressing a dummy variable indicating whether
a household reported that it is a good time to invest on the perceived current stock market valuation at the
household level. Stock market valuation can take values € {—1,0,1}, where —1 corresponds to an under-,
0 to a fair and 1 to an overvaluation. All estimations include age, age squared, log(income), employment
status, wealth invested in financial assets and gender as controls. Survey wave fixed-effects are included in all
estimations. Standard errors are clustered at the survey level.

Dependent Variables: Expected Stock Market Return  Good Time to Invest

Model: (1) (2)

Variables

Stock Market Valuation -1.602*** -0.1489***
(0.1089) (0.0046)

Household Characteristics Yes Yes

Fized-effects

Survey Yes Yes

Fit statistics

Observations 27,606 27,266
R? 0.11083 0.08788
Within R? 0.03453 0.06962

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table 4: Discount rates, volatility and macro expectations — 10% return expectations

This table presents OLS regression results for equation (10). The sample consists of all households that
reported stock market return expectations of 10%. The dependent variable is our ordinal discount rate measure
(1 for high, 0 for medium and —1 for low discount rate). The main independent variables are the expected
stock market volatility, expected economic growth, expected labor market conditions and expected inflation
conditions at the household level over the next 12 months. Expected stock market volatility can take values
€ {—1,0,1}, where —1 corresponds to an expected decrease, 0 to no change and 1 to an increase in volatility
over the next 12 months. For expected economic growth, expected labor market conditions and expected
inflation conditions a value of 1 indicates the expectation of improving conditions over the next 12 months, 0
the expectation of no changes and —1 the expectation of deterioration in the respective macro condition. All
estimations include age, age squared, log(income), employment status, wealth invested in financial assets and
gender as controls. Survey wave fixed-effects are included in all estimations. Standard errors are clustered at
the survey level.

Dependent Variable: Discount Rate
Model: (1) (2) (3) (4) (5)
Variables
Expected Stock Market Vola 0.0710*** 0.0631***
(0.0126) (0.0130)
Expected Economic Growth -0.0754*** -0.0511"**
(0.0128) (0.0158)
Expected Labor Market Cond. -0.0558"** 0.0023
(0.0130) (0.0166)
Expected Inflation Cond. -0.0657***  -0.0338"**

(0.0105)  (0.0114)

Household Characteristics Yes Yes Yes Yes Yes

Fized-effects

Survey Yes Yes Yes Yes Yes

Fit statistics

Observations 3,063 5,608 5,563 5,565 3,001
R? 0.04712 0.22687 0.22353 0.22475 0.05410
Within R? 0.02128 0.01487 0.01241 0.01422 0.02792

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table 5: Discount rates, volatility and macro expectations — full sample

This table presents OLS regression results for equation (11). The dependent variable is our ordinal discount
rate measure (1 for high, 0 for medium and —1 for low discount rate). The main independent variables are the
expected stock market volatility, expected economic growth, expected labor market conditions and expected
inflation at the household level over the next 12 months. Expected stock market volatility can take values
€ {—1,0,1}, where —1 corresponds to an expected decrease, 0 to no change and 1 to an increase in volatility
over the next 12 months. For expected economic growth, expected labor market conditions and expected
inflation conditions a value of 1 indicates the expectation of improving conditions over the next 12 months, 0
the expectation of no changes and —1 the expectation of deterioration in the respective macro condition. All
estimations include age, age squared, log(income), employment status, wealth invested in financial assets and
gender as controls. Survey wave X expected stock market return fixed-effects are included in all estimations.
Standard errors are clustered at the survey level.

Dependent Variable:

Discount Rate

Model: (1) (2) (3) (4) (5)
Variables
Expected Stock Market Vola 0.0502*** 0.0453***
(0.0078) (0.0079)
Expected Economic Growth -0.0923*** -0.0610"**
(0.0066) (0.0073)
Expected Labor Market Cond. -0.0666"** -0.0016
(0.0078) (0.0097)
Expected Inflation Cond. -0.0594™**  -0.0263***
(0.0066) (0.0074)
Household Characteristics Yes Yes Yes Yes Yes
Fized-effects
Survey x Expected Stock Market Return Yes Yes Yes Yes Yes
Fit statistics
Observations 12,846 27,508 27,293 27,313 12,603
R? 0.11372 0.23345 0.22933 0.22853 0.12120
Within R? 0.01352 0.01753 0.01313 0.01238 0.02184

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table 6: Heterogeneity across investor characteristics — expected stock market volatility

This table presents OLS regression results for equation (13). The dependent variable is our ordinal discount
rate measure (1 for high, 0 for medium and —1 for low discount rate). The main independent variable is
the expected stock market volatility at the household level over the next 12 months. Expected stock market
volatility can take values € {—1,0, 1}, where —1 corresponds to an expected decrease, 0 to no change and 1
to an increase in volatility over the next 12 months. All estimations include age, age squared, log(income),
employment status, wealth invested in financial assets and gender as controls. Survey wave X expected stock
market return fixed-effects are included in all estimations. Standard errors are clustered at the survey level.

Dependent Variable: Discount Rate

Model: (1) (2) 3) (4)
Variables

Expected Stock Market Vola 0.0708™**  0.0463"**  -0.5979***  0.0663™**

(0.0104)  (0.0098)  (0.1579)  (0.0096)

Expected Stock Market Vola x No College -0.0568"**
(0.0168)
Expected Stock Market Vola x Wealth Invested below $100k 0.0084
(0.0135)
Expected Stock Market Vola x log(Income) 0.0581***
(0.0142)
Expected Stock Market Vola x Female -0.0449**
(0.0166)
Household Characteristics Yes Yes Yes Yes
Fized-effects
Survey x Expected Stock Market Return Yes Yes Yes Yes
Fit statistics
Observations 12,846 12,846 12,846 12,846
R? 0.11477 0.11374 0.11455 0.11437
Within R? 0.01469 0.01355 0.01445 0.01424

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table 7: Heterogeneity across ‘risk-on’ and ‘risk-off’ episodes

This table presents OLS regression results for equation (14). The dependent variable is our ordinal discount
rate measure (1 for high, 0 for medium and —1 for low discount rate). The main independent variables are the
expected stock market volatility, expected economic growth, expected labor market conditions and expected
inflation at the household level over the next 12 months. Expected stock market volatility can take values
€ {-1,0,1}, where —1 corresponds to an expected decrease, 0 to no change and 1 to an increase in volatility
over the next 12 months. For expected economic growth, expected labor market conditions and expected
inflation conditions a value of 1 indicates the expectation of improving conditions over the next 12 months,
0 the expectation of no changes and —1 the expectation of deterioration in the respective macro condition.
Risk-Off is a dummy variable which takes a value of 1 after the burst of the dot-com bubble (March 2000). All
estimations include age, age squared, log(income), employment status, wealth invested in financial assets and
gender as controls. Survey wave X expected stock market return fixed-effects are included in all estimations.
Standard errors are clustered at the survey level.

Dependent Variable: Discount Rate
Model: 1) 2 (3) 4) (5)
Variables
Expected Stock Market Vola 0.0401*** 0.0347**
(0.0086) (0.0087)
Expected Stock Market Vola x Risk-Off 0.0336™* 0.0357**
(0.0142) (0.0138)
Expected Economic Growth -0.0704*** -0.0590™**
(0.0078) (0.0088)
Expected Economic Growth x Risk-Off -0.0306™** -0.0058
(0.0114) (0.0151)
Expected Labor Market Cond. -0.0438™** -0.0110
(0.0091) (0.0097)
Risk-Off x Expected Labor Market Cond. -0.0320™" 0.0318
(0.0134) (0.0224)
Expected Inflation Cond. -0.0385"**  -0.0251*

(0.0079) (0.0093)
Expected Inflation Cond. x Risk-Off -0.0314™* -0.0044

(0.0118)  (0.0156)

Household Characteristics Yes Yes Yes Yes Yes

Fized-effects

Survey x Expected Stock Market Return Yes Yes Yes Yes Yes

Fit statistics

Observations 12,846 27,508 27,293 27,313 12,603
R? 0.11404  0.23363 0.22953 0.22877 0.12179
Within R? 0.01388  0.01776 0.01340 0.01268 0.02249

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table 8: Robustness check: American Life Panel survey

This table presents OLS regression results for equations (11) and (13) with data from the American Life Panel
survey. The dependent variable is our ordinal discount rate measure (1 for high, 0 for medium and —1 for
low discount rate). The main independent variable is a proxy for the expected stock market volatility, P(High
Vola), at the participant level over the next 12 months as defined in equation (15). P(High Vola) can take
values from 0 to 100, where O represents the lowest possible volatility expectation (zero subjective probability
of high volatility). All estimations include age, age squared, log(income), employment status and gender as
controls. Survey x expected stock market return fixed-effects are included in all estimations. Standard errors
are clustered at the survey as well as the participant level.

Dependent Variable: Discount Rate

Model: (1) (2) (3) (4)
Variables

P(High Vola) 0.0006**  0.0012** -0.0072** 0.0004

(0.0003)  (0.0004)  (0.0026)  (0.0004)

P(High Vola) x No College -0.0008*
(0.0004)
P(High Vola) x log(Income) 0.0007***
(0.0002)
P(High Vola) x Female 0.0003
(0.0005)
Household Characteristics Yes Yes Yes Yes
Fized-effects
Survey x Expected Stock Market Return Yes Yes Yes Yes
Fit statistics
Observations 40,391 40,391 40,391 40,391
R? 0.13013  0.13031 0.13059 0.13016
Within R? 0.02936  0.02956 0.02988 0.02940

Clustered (Survey & Participant) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Figure 1: Stock market development and sample period

This figure displays the evolution of the NASDAQ Composite and the S&P 500 stock market indices
from 1996 to 2005. The shaded areas mark our sample period. The blue shaded area indicates our
sample period before the dot-com bubble burst, i.e., the ‘risk-on’ period, while the pink shaded areas
indicate the sample period after the burst, i.e., the ‘risk-off’ period. The dark shaded pink area
indicates the period in which expected stock market volatility has been elicited, the dark and light
shaded areas together show the period in which macroeconomic expectations have been elicited.
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Table IA.1: WLS: Discount rates, volatility and macro expectations — 10% return expec-
tations

This table presents weighted least squares regression results for equation (10). Weights used for estimation
are provided by Gallup. The sample consists of all households that reported stock market return expectations
of 10%. The dependent variable is our ordinal discount rate measure (1 for high, 0 for medium and —1
for low discount rate). The main independent variables are the expected stock market volatility, expected
economic growth, the expected labor market conditions and expected inflation at the household level over
the next 12 months. Expected stock market volatility can take values € {—1,0,1}, where —1 corresponds
to an expected decrease, 0 to no change and 1 to an increase in volatility over the next 12 months. For
expected economic growth, the expected labor market conditions and expected inflation conditions a value of
1 indicates the expectation of improving conditions over the next 12 months, 0 the expectation of no changes
and —1 the expectation of deterioration in the respective macro condition. All estimations include age, age
squared, log(income), employment status, wealth invested in financial assets and gender as controls. Survey
wave fixed-effects are included in all estimations. Standard errors are clustered at the survey level.

Dependent Variable: Discount Rate
Model: (1) (2) (3) (4) ()
Variables
Expected Stock Market Vola 0.0686*** 0.0607***
(0.0140) (0.0146)
Expected Economic Growth -0.0835*** -0.0585™*
(0.0170) (0.0244)
Expected Labor Market Cond. -0.0495*** -0.0159
(0.0171) (0.0270)
Expected Inflation Cond. -0.0588*** -0.0301
(0.0137) (0.0185)
Household Characteristics Yes Yes Yes Yes Yes

Fized-effects

Survey Yes Yes Yes Yes Yes

Fit statistics

Observations 3,063 5,608 5,563 5,565 3,001
R? 0.05690  0.19349 0.18779 0.18940  0.06777
Within R2 0.03415  0.01824 0.01319 0.01452  0.04343

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table IA.2: WLS: Discount rates, volatility and macro expectations — full sample

This table presents weighted least squares regression results for equation (11). Weights used for estimation are
provided by Gallup. The dependent variable is our ordinal discount rate measure (1 for high, 0 for medium and
—1 for low discount rate). The main independent variables are the expected stock market volatility, expected
economic growth, expected labor market conditions and expected inflation at the household level over the
next 12 months. Expected stock market volatility can take values € {—1,0,1}, where —1 corresponds to an
expected decrease, 0 to no change and 1 to an increase in volatility over the next 12 months. For expected
economic growth, expected labor market conditions and expected inflation conditions a value of 1 indicates
the expectation of improving conditions over the next 12 months, 0 the expectation of no changes and —1
the expectation of deterioration in the respective macro condition. All estimations include age, age squared,
log(income), employment status, wealth invested in financial assets and gender as controls. Survey wave X
expected stock market return fixed-effects are included in all estimations. Weights provided by Gallup are
used for estimation. Standard errors are clustered at the survey level.

Dependent Variable: Discount Rate
Model: (1) (2) 3) (4) (5)
Variables
Expected Stock Market Vola 0.0334™** 0.0283***
(0.0098) (0.0094)
Expected Economic Growth -0.0906™** -0.0708"**
(0.0073) (0.0103)
Expected Labor Market Cond. -0.0608"** -0.0046
(0.0096) (0.0147)
Expected Inflation Cond. -0.0555"*"  -0.0246™"
(0.0073) (0.0101)
Household Characteristics Yes Yes Yes Yes Yes

Fized-effects

Survey x Expected Stock Market Return Yes Yes Yes Yes Yes

Fit statistics

Observations 12,846 27,508 27,293 27,313 12,603
R? 0.15065 0.23682 0.23375 0.23171 0.16054
Within R? 0.01694 0.01814 0.01312 0.01291 0.02708

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table IA.3: Ordered Logistic Regression: Discount rates, volatility and macro expectations
— 10% return expectations

This table presents regression results for estimating equation (10) with ordered logistic regression. The sample
consists of all households that reported stock market return expectations of 10%. The dependent variable is
our ordinal discount rate measure as an ordered categorical variable, i.e. low, medium and high discount
rate. The main independent variables are the expected stock market volatility, expected economic growth,
the expected labor market conditions and expected inflation at the household level over the next 12 months.
Expected stock market volatility can take values € {—1,0, 1}, where —1 corresponds to an expected decrease,
0 to no change and 1 to an increase in volatility over the next 12 months. For expected economic growth,
the expected labor market conditions and expected inflation conditions a value of 1 indicates the expectation
of improving conditions over the next 12 months, 0 the expectation of no changes and —1 the expectation
of deterioration in the respective macro condition. All estimations include age, age squared, log(income),
employment status, wealth invested in financial assets and gender as controls. Survey wave fixed-effects are
included in all estimations. Standard errors are clustered at the survey level.

Dependent Variable: Discount Rate
Model: (1) ©) 3) (4) (5)
Variables
Expected Stock Market Vola 0.2801*** 0.2518***
(0.0468) (0.0488)
Expected Economic Growth -0.2529*** -0.2371%**
(0.0434) (0.0684)
Expected Labor Market Cond. -0.1736™** 0.0309
(0.0403) (0.0677)
Expected Inflation Cond. -0.2256***  -0.1597***

(0.0358)  (0.0537)

Household Characteristics Yes Yes Yes Yes Yes

Fized-effects

Survey Yes Yes Yes Yes Yes

Fit statistics
Observations 3,063 5,608 5,563 5,565 3,001

AIC 4758.499  10145.230 10078.490  10068.760  4634.584

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table IA.4: Ordered Logistic Regression: Discount rates, volatility and macro expectations
— full sample

This table presents regression results for equation (11) estimated with ordered logistic regression. Weights
provided by Gallup are used for estimation. The dependent variable is our ordinal discount rate measure as an
ordered categorical variable, i.e. low, medium and high discount rate. The main independent variables are the
expected stock market volatility, expected economic growth, expected labor market conditions and expected
inflation at the household level over the next 12 months. Expected stock market volatility can take values
€ {—1,0,1}, where —1 corresponds to an expected decrease, 0 to no change and 1 to an increase in volatility
over the next 12 months. For expected economic growth, expected labor market conditions and expected
inflation conditions a value of 1 indicates the expectation of improving conditions over the next 12 months, 0
the expectation of no changes and —1 the expectation of deterioration in the respective macro condition. All
estimations include age, age squared, log(income), employment status, wealth invested in financial assets and
gender as controls. Survey wave x expected stock market return fixed-effects are included in all estimations.
Weights provided by Gallup are used for estimation. Standard errors are clustered at the survey level.

Dependent Variable: Discount Rate

Model: (1) (2) 3) (4) (5)

Variables

Expected Stock Market Vola 0.2020*** 0.1817***

(0.0278) (0.0285)
Expected Economic Growth -0.3054*** -0.2910***
(0.0214) (0.0336)
Expected Labor Market Cond. -0.2151** -0.0111
(0.0229) (0.0405)

Expected Inflation Cond. -0.2000"**  -0.1237***
(0.0202) (0.0310)

Household Characteristics Yes Yes Yes Yes Yes

Fized-effects

Survey x Expected Stock Market Return Yes Yes Yes Yes Yes

Fit statistics
Observations 12,846 27,508 27,293 27,313 12,603

AIC 20959.00 52783.20 52517.59 52554.90 20427.42

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table TA.5: Heterogeneity across investor characteristics — economic growth expectations

This table presents regression results for equation (13) estimated with OLS. The dependent variable is our
ordinal discount rate measure (1 for high, 0 for medium and —1 for low discount rate). The main independent
variable is expected economic growth at the household level over the next 12 months. Expected economic
growth can take values € {—1,0,1}, where a value of 1 indicates the expectation of improving conditions
over the next 12 months, 0 the expectation of no changes and —1 the expectation of deterioration in economic
growth. All estimations include age, age squared, log(income), employment status, wealth invested in financial
assets and gender as controls. Survey wave X expected stock market return fixed-effects are included in all
estimations. Standard errors are clustered at the survey level.

Dependent Variable: Discount Rate

Model: (1) (2) 3) (4)
Variables

Expected Economic Growth -0.0950***  -0.1003***  -0.2792  -0.0987"**

(0.0078)  (0.0086)  (0.1683)  (0.0079)

Expected Economic Growth x No College 0.0074
(0.0121)
Expected Economic Growth x Wealth Invested below $100k 0.0176"
(0.0103)
Expected Economic Growth x log(Income) 0.0167
(0.0151)
Expected Economic Growth x Female 0.0177
(0.0120)
Household Characteristics Yes Yes Yes Yes
Yes
Fized-effects
Survey x Expected Stock Market Return Yes Yes Yes Yes
Fit statistics
Observations 27,508 27,508 27,508 27,508
R? 0.23347 0.23354 0.23351 0.23353
Within R? 0.01755 0.01764 0.01760 0.01763

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table TA.6: Heterogeneity across investor characteristics — labor market expectations

This table presents regression results for equation (13) estimated with OLS. The dependent variable is our
ordinal discount rate measure (1 for high, 0 for medium and —1 for low discount rate). The main independent
variable is expected labor market conditions at the household level over the next 12 months. Expected labor
market conditions can take values € {—1,0,1}, where a value of 1 indicates the expectation of improving
conditions over the next 12 months, 0 the expectation of no changes and —1 the expectation of deterioration
in labor market conditions. All estimations include age, age squared, log(income), employment status, wealth
invested in financial assets and gender as controls. Survey wave x expected stock market return fixed-effects
are included in all estimations. Standard errors are clustered at the survey level.

Dependent Variable: Discount Rate

Model: (1) (2) (3) (4)
Variables

Expected Labor Market Cond. -0.0689***  -0.0716™**  -0.3731***  -0.0672***

(0.0082)  (0.0090)  (0.1207)  (0.0085)

Expected Labor Market Cond. x No College 0.0063
(0.0098)
Expected Labor Market Cond. x Wealth Invested below $100k 0.0108
(0.0104)
Expected Labor Market Cond. X log(Income) 0.0275™*
(0.0108)
Expected Labor Market Cond. x Female 0.0017
(0.0109)
Household Characteristics Yes Yes Yes Yes
Yes
Fized-effects
Survey x Expected Stock Market Return Yes Yes Yes Yes
Fit statistics
Observations 27,293 27,293 27,293 27,293
R? 0.22934 0.22936 0.22948 0.22933
Within R? 0.01315 0.01318 0.01334 0.01313

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table TA.7: Heterogeneity across investor characteristics — expected inflation conditions

This table presents regression results for equation (13) estimated with OLS. The dependent variable is our
ordinal discount rate measure (1 for high, 0 for medium and —1 for low discount rate). The main independent
variable is the expected inflation condition at the household level over the next 12 months. Expected inflation
can take values € {—1,0,1}, where a value of 1 indicates the expectation of improving conditions over the
next 12 months, 0 the expectation of no changes and —1 the expectation of deterioration in inflation. All
estimations include age, age squared, log(income), employment status, wealth invested in financial assets and
gender as controls. Survey wave X expected stock market return fixed-effects are included in all estimations.
Standard errors are clustered at the survey level.

Dependent Variable: Discount Rate

Model: (1) (2) (3) (4)
Variables

Expected Inflation Cond. -0.0664***  -0.0576™*  -0.0363  -0.0583"**

(0.0074)  (0.0090)  (0.1493)  (0.0084)

Expected Inflation Cond. x No College 0.0191*
(0.0102)
Expected Inflation Cond. x Wealth Invested below $100k -0.0041
(0.0103)
Expected Inflation Cond. x log(Income) -0.0021
(0.0134)
Expected Inflation Cond. x Female -0.0029
(0.0103)
Household Characteristics Yes Yes Yes Yes
Yes
Fized-effects
Survey x Expected Stock Market Return Yes Yes Yes Yes
Fit statistics
Observations 27,313 27,313 27,313 27,313
R? 0.22863 0.22854 0.22853 0.22854
Within R? 0.01250 0.01238 0.01238 0.01238

Clustered (Survey) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table 8: Summary Statistics American Life Panel

This table displays summary statistics for our American Life Panel sample. Panel A shows summary
statistics for the main regression variables, while panel B summarizes household characteristic used
as control variables. Sample weights provided by ALP are used.

Mean Median SD Min Max

Panel A. Main Variables

Expected Stock Market Return 11.88 9.94 24.21 -80.00 99.90
Stock Market Valuation 0.11 0.13 0.70 -1.00 1.00
P(High Vola) 35.84 31.00 24.04 0.00 100.00

Panel B. Household Characteristics

Education (college) 0.33 0.33 0.47 0.00 1.00
Age 49.18 50.24 16.00 18.00 99.00
Age squared 2675.17 2524.19 1605.52 324.00 9801.00
Income 70153.98  58882.21 49158.61 2500.00 200000.00
Gender (female) 0.49 0.49 0.50 0.00 1.00
Employed 0.61 0.61 0.49 0.00 1.00
Unemployed 0.15 0.15 0.36 0.00 1.00
Retired 0.24 0.24 0.43 0.00 1.00




Figure 1: Histogram expectations of returns

This figure shows the empirical distribution of expectations of returns across our entire Gallup/UBS survey
sample.
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