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a b s t r a c t

We draw from research that finds local weather conditions affect individuals’ belief-formation process
and asset prices to investigate whether ‘‘extreme’’ local temperatures impact individuals’ beliefs
about U.S. economic conditions (i.e., economic sentiment) and the stock returns of local firms. We
combine Gallup’s U.S. Daily Poll, which provides the daily-level economic sentiment of a population-
representative random sample of 1.5 million individuals, with daily weather conditions based on
survey respondent location. We document that extreme local temperatures decrease individuals’
sentiment about the U.S. economy and that this decrease relates to declines in the stock returns of
local firms. Further tests distinguish this extreme local temperature–sentiment effect from the effect
of perceived life satisfaction on individuals’ economic sentiment, suggesting that the potential effect
of extreme temperatures on individuals’ moods is not driving our results. We conclude that extreme
local temperatures affect individuals’ sentiment about economic activity beyond the potential effect
of temperature on firm- or local-level economic variables, with implications for stock returns.

© 2022 Elsevier B.V. All rights reserved.
1. Introduction

Scholars across economics and finance, among other disci-
lines, are naturally interested in individuals’ views about eco-
omic activity and their potential impact on real economic out-
omes. For instance, studies find that investors’ beliefs about
uture cash flows and investment risks are a strong negative
redictor of asset prices, suggesting that such sentiment is a be-
avioral factor associated with asset prices that diverge from their
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fundamental values (DeLong et al., 1990; Shefrin, 2005). The con-
sequences of individuals’ views about economic activity relate to
other economic outcomes, such as influencing managers’ disclo-
sure choices and analysts’ earnings forecasts (Bergman and Roy-
chowdhury, 2008; Seybert and Yang, 2012; Brown et al., 2012;
Bochkay and Dimitrov, 2015; Jiang et al., 2019). The underlying
reasoning for such consequences is that individuals throughout
the economy are affected by behavioral factors that cause them
to form overly optimistic or pessimistic beliefs about the future
(e.g., Shleifer (2000)). Despite the important implications of indi-
viduals’ views about economic activity, relatively less is known
about how individuals form such beliefs.

This paper extends our understanding of the economic impli-
cations of sentiment by investigating how individuals form beliefs
about U.S. economic conditions and linking these beliefs to stock
returns. We broadly define the notion of economic sentiment as
reflecting a belief about the state of the U.S. economy that is not
justified by the available facts (hereafter, economic sentiment). We
situate our work in the broader literature on how individuals in-
corporate information about local shocks in their belief formation
process (Johnson and Tversky, 1983; Arkes et al., 1988; Saunders,

https://doi.org/10.1016/j.jbef.2022.100710
https://www.elsevier.com/locate/jbef
http://www.elsevier.com/locate/jbef
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbef.2022.100710&domain=pdf
mailto:cmakridi@stanford.edu
mailto:jds99@georgetown.edu
https://doi.org/10.1016/j.jbef.2022.100710


C.A. Makridis and J.D. Schloetzer Journal of Behavioral and Experimental Finance 37 (2023) 100710

1
h
2
c
i
s
a
t
e
v
s

w
m
s
d
a
c
t
g
e
m
U
d
s
l
t
t
s
f

d
i
b
r
‘
F
a
l
H
t
f

n
l
l
i
p
t
t
c
s
t
t
t
o
s
o
e

t
s

G
b
d

993; Hirshleifer and Shumway, 2003; Cao and Wei, 2005) and
ow personal experiences impact beliefs (Malmendier and Nagel,
016; Bailey et al., 2018). We then draw on studies linking lo-
al weather conditions with individuals’ psychological states to
nvestigate whether a behavioral factor–namely, perceived life
atisfaction–contributes to the formation of economic sentiment
nd, in turn, influences stock returns. As a result, we conjecture
hat individuals’ psychological states impact the formation of
conomic sentiment with implications for asset prices, leveraging
ariation in local weather conditions to develop our identification
trategy.
We use data from Gallup’s U.S. Daily Poll to test our frame-

ork. The U.S. Daily Poll measures individuals’ economic senti-
ent and well-being from a population-representative randomly
ampled group of 1,000 U.S. citizens per day. This high-frequency
ata has at least two features that make it well-suited for our
nalyses. First, Gallup’s infrastructure and expertise enable it to
onduct large-scale, well-organized surveys using similar ques-
ions over long periods. Second, the survey collects respondents’
eographic information, enabling us to study the formation of
conomic sentiment after accounting for local labor and housing
arket shocks that likely relate to individuals’ sentiment about
.S. economic conditions. We link the U.S. Daily Poll data with
aily county-level temperatures from 2008 to 2018, yielding a
ample of 1.5 million respondent-days. This empirical design al-
ows us to use plausibly exogenous variation in local temperature
o study the formation of economic sentiment and its implica-
ions for daily asset prices. Furthermore, we can use respondents’
elf-reported well-being data to investigate a potential behavioral
actor through which these results occur.

The analysis proceeds in three steps. We first use the Gallup
ata to study the relationship between local temperature and
ndividuals’ economic sentiment. Consistent with an interplay
etween weather and individuals’ economic sentiment, our tests
eveal that an additional degree increase in what we label as
‘extreme’’ temperatures (below 15 degrees or above 85 degrees
ahrenheit) is associated with a 0.2-0.4pp decline in individu-
ls’ sentiment about the strength of the U.S. economy, particu-
arly individuals’ sentiment towards future economic conditions.2
ence, extreme local temperatures reduce individuals’ percep-
ions of U.S. economic conditions, particularly perceptions of
uture economic activity.

Next, we use the Gallup data to examine a potential mecha-
ism through which these results manifest–individuals’ perceived
ife satisfaction. Our results indicate that increases in perceived
ife satisfaction relate to increases in economic sentiment, which
s compatible with models in which behavioral factors affect
rojections about the future independent of available informa-
ion (Loewenstein et al., 2000; Mehra and Sah, 2002). Of par-
icular interest, we show that the temperature–sentiment effect
annot be explained by the life satisfaction–sentiment effect,
uggesting that, while individuals’ psychological states extend to
heir sentiment regarding economic activity, they do not explain
he temperature–sentiment relationship. Therefore, we document
hat the effect of extreme local temperatures on assessments
f U.S. economic conditions forms separately from the relation-
hip between perceived life satisfaction and sentiment, suggestive
f the strength of the effect of extreme local temperatures on
conomic sentiment.
Given the evidence of an interrelation between local daily

emperature and economic sentiment, the third step in our analy-
is establishes economic implications by investigating the relation

2 We follow the environmental economics literature (e.g., Deschenes and
reenstone (2011)) to define the temperature bins we use throughout our study:
elow 15 degrees Fahrenheit, 16–30, 31–53, 54–59, 60–70, 71–84, and above 85
egrees Fahrenheit.
2

between temperature, economic sentiment, and asset prices. We
link daily county-level temperatures with the daily stock returns
of local firms using corporate headquarters to proxy for loca-
tion—we take this assumption from the literature on investor
‘‘home bias’’ (Coval and Moskowitz, 1999). Our baseline specifica-
tion exploits daily temperature fluctuations within-county and is
conditional on a rich set of individuals’ demographic and income
characteristics and local labor and housing market conditions.
The results show that an additional degree increase at extreme
temperatures is associated with a 0.2-0.3pp decline in the stock
returns of local firms; the result persists after accounting for the
potential contemporaneous effect of temperature on firm- and
local-level productivity. To strengthen the interpretation of an
economic sentiment effect, we document a positive association
between economic sentiment and the monthly stock returns of
local firms. Overall, our evidence highlights how extreme temper-
atures affect the process through which individuals form beliefs
about economic activity, with implications for stock returns.

Our paper extends the literature on the capital market impli-
cations of individuals’ beliefs about economic activity. Focusing
on the sentiment of capital market participants, Baker and Wur-
gler (2006), Baker and Wurgler (2007), Yu and Yuan (2011),
Baker et al. (2012), Stambaugh et al. (2012), and Huang et al.
(2015), among others, provide evidence of return predictabil-
ity with stock market-based investor sentiment measures. Other
work examines the potential implications of such sentiment on
manager and analyst outcomes. For example, managers reduce
the frequency of long-term earnings forecasts and are more likely
to disclose pro forma earnings when sentiment is high (Bergman
and Roychowdhury (2008), Brown et al. (2012)), while Hribar
and McInnis (2012) find that analysts’ earnings forecasts are
more optimistic for difficult-to-value firms in periods of high
investor sentiment. Related work focuses on the measurement of
sentiment (Arif and Lee, 2014; Jiang et al., 2019; Gregory, 2021).
Our paper contributes to this literature by shifting attention to
how individuals form their sentiment about economic activity.
We examine the formation of individuals’ sentiment about U.S.
economic conditions and establish that extreme local tempera-
tures help explain variation in economic sentiment beyond the
effect of temperature on firm- or local-level economic variables.
Moreover, our evidence indicates that life satisfaction is unlikely
to be the driving force behind this temperature–economic sen-
timent relationship. We note this result is not in conflict with
research on how mood affects abstract and cognitively-intensive
judgment (Schwarz and Clore, 1983; Forgas, 1995); we indeed
find strong empirical evidence that decreases (increases) in per-
ceived life satisfaction relate to decreases (increases) in individ-
uals’ economic sentiment. Instead, our findings point out that
extreme local temperatures do not impact this behavioral factor
(i.e., life satisfaction). We conclude that, while individuals’ psy-
chological states extend to their sentiment regarding economic
activity through perceptions of life satisfaction, our findings on
decreases in individuals’ economic sentiment from extreme local
temperatures are not driven by temperature-induced decreases
in perceived life satisfaction. This finding provides new insights
into our understanding of the hypothesized link between emo-
tions and assessments of future prospects (Johnson and Tversky,
1983; Arkes et al., 1988). We then show that the extreme local
temperature–sentiment effect impacts the stock returns of local
firms.

Finally, our results raise the possibility of future research
along several broad themes. For example, our evidence regarding
the impact of temperature on economic sentiment suggests the
interesting potential for scholars to uncover whether changing
local temperatures contribute to the formation of managers’ firm-

specific sentiment (i.e., the formation of manager sentiment;
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ee Jiang et al. (2019) for more about the capital market implica-
ions of manager sentiment). Furthermore, our findings suggest
limate-related impacts might influence managerial decisions in-
ernal to the firm that require assessments of the future, such as
orecasting, target setting, and capital investment decisions. More
enerally, given the development of asset pricing models seeking
o quantify the economic effects of climate change (Giglio et al.,
015; Bansal et al., 2016), studies of the mechanisms through
hich climate affects the sentiment of economic agents and
conomic activity is of increasing interest. Our evidence of a null
elationship between extreme local temperatures and individuals’
erceived life satisfaction contributes to the discussion of how
limate factors such as temperature influence behavioral factors
hat ultimately contribute to the sentiment of economic agents.

The remainder of the paper proceeds as follows. Section 2
eviews related literature and develops our hypotheses. Section 3
escribes the sample and provides descriptive statistics. Section 4
resents our results, and Section 5 concludes.

. Previous literature and hypotheses development

Our study relates to three prominent streams of literature,
hich examine whether sentiment affects stock prices and the
ctivities of capital market participants (e.g., managers, analysts),
he micro-foundations of sentiment formation and their impact
n various economic outcomes, and the role of climate in in-
luencing individuals’ beliefs and economic outcomes. The key
nnovation of our study is leveraging research on how climate
actors affect psychological states to examine how individuals
orm beliefs about U.S. economic conditions and their implica-
ions for stock returns within a unified framework. Taking this
pproach, we present evidence that extreme local temperatures
elp explain variation in economic sentiment beyond the effect of
emperature on firm- or local-level economic variables. We then
how that individuals’ perceived life satisfaction is unlikely to be
he driving force behind this temperature–economic sentiment
elationship. Lastly, we offer evidence that this extreme local
emperature–economic sentiment effect impacts stock returns.

At least as early as Keynes (1936), researchers have inves-
igated whether sentiment about economic activity affects eco-
omic outcomes. The notion that underlies these studies is that
ndividuals with high (low) sentiment tend to make overly op-
imistic (pessimistic) judgments and choices. One large area of
entiment research deals with investor sentiment, with stud-
es such as DeLong et al. (1990), Shleifer and Vishny (1997),
nd Shleifer (2000) laying out the foundations regarding investors
eing subject to sentiment. These foundations were extended by
tudies examining the association between various measures of
nvestor and, more recently, manager sentiment and important
conomic outcomes. For instance, Baker and Wurgler (2006),
aker and Wurgler (2007), Yu and Yuan (2011), Baker et al.
2012), Stambaugh et al. (2012) and many others provide evi-
ence of return predictability with stock market-based investor
entiment measures. Other work focuses on different approaches
o measuring investor sentiment (Arif and Lee, 2014; Huang
t al., 2015).3 Research also examines the implications of in-

vestor sentiment for economic activity other than stock returns,
including managers’ disclosure behavior and analysts’ forecasts
(e.g., Bergman and Roychowdhury (2008), Brown et al. (2012),
and Hribar and McInnis (2012)). Taken together, studies demon-
strate that the sentiment of individuals about an important aspect
of the broader economy (i.e., capital markets) affects asset prices
and the activities of economic actors (e.g., managers, analysts).

3 See, for example, Zhou [2018] for a review of how studies measure investor
entiment.
 s

3

A related but largely parallel literature focuses on the micro-
foundations of sentiment, seeking to understand the broader
notion of sentiment formation and its implications across a wide
array of non-economic and economic outcomes. Within this lit-
erature, studies often appeal to psychological foundations, such
that uncertainty means that the effect of overconfidence, rep-
resentitiveness, and conservatism is more pronounced (Daniel
et al., 1988; Barberis et al., 1998; Shleifer, 2000). On the impor-
tance of personal experience, macroeconomic theory models have
long emphasized the presence of learning from experience (Bray,
1982; Marcet and Sargent, 1983; Sargent, 1993). Agents in these
models use adaptive-learning algorithms as heuristics to avoid
cognitive and computational constraints associated with devoting
attention to and processing every piece of information. Recent
empirical work demonstrates the role of personal experience in
shaping beliefs about inflation (Malmendier and Nagel, 2016) and
housing price growth (Kuchler and Zafar, 2019), while other work
investigates the relationship between learning about climate and
assessments of rare disaster risk (Gillman et al., 2015; Lu and
Siemer, 2016). Overall, this line of research finds that behavioral
factors serve as micro-foundations of sentiment formation, with
implications for important non-economic and economic activity.

Within these two streams of literature, an emerging set of
studies investigates how climate factors (e.g., pollution, lack of
sunshine) impact individuals’ beliefs and behaviors and how such
climate factors affect economic outcomes. Studies generally find
that climate factors impact individual beliefs and behaviors. For
example, Baylis (2020) and Baylis et al. (2018) analyze social
media posts to show that temperature influences individuals’
underlying hedonic states. Deryugina (2013) uses environmental
polling data to study how temperature affects beliefs about the
probability of climate change, finding evidence that long-run
shocks to temperature indeed have an effect. Herrnstadt and
Muehlegger (2014) examine Google search data and find that
hotter temperatures raise the frequency that people search for
the terms ‘‘global warming’’ or ‘‘climate change’’ during winter
and summer months. Anderson et al. (2013) find that individ-
uals generally create reasonable forecasts about future energy
prices, but considerable heterogeneity mirrors the variation in
the valuation of energy efficiency programs. Moreover, there is a
general recognition that weather affects macroeconomic activity
(Gallup et al., 1999; Dell et al., 2012), with recent empirical
evidence pointing to the non-linear effects (Burke et al., 2015)
and persistent effects (Hsiang and Jina, 2014) of climate factors
on economic growth.4

There is also growing evidence of the microeconomic effects
of weather events on human behavior. For example, Obradovich
and Fowler (2017) find that temperature increases may lead to a
net increase in recreational activity. However, Obradovich et al.
(2018) document an important consequence: short-term expo-
sure to extreme weather events can lead to declines in mental
health. These papers are consistent with evidence on the adverse
effects of temperature on student test scores (Park et al., 2020;
Park, 2019) and pollution on subjective well-being (Zheng et al.,
2019). Other work builds from an extensive psychology litera-
ture that shows how mood influences abstract and cognitively-
intensive judgment, especially in the absence of concrete and
full information (Schwarz and Clore, 1983; Forgas, 1995), and
how emotions affect assessments of future prospects (Johnson
and Tversky, 1983; Arkes et al., 1988), to show, for instance,
that a lack of sunshine not only increases the likelihood of
depression (Eagles, 1994) and suicide (Tietjen and Kripke, 1994),
but also decreases stock returns (Saunders, 1993; Hirshleifer

4 See Diaz and Moore (2017) for a survey of the literature and current
ystems modeling approaches.
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Table 1
Main Gallup U.S. daily poll survey questions.
Variable Survey question Rating

Life satisfaction Please imagine a ladder with steps numbered from zero at the
bottom to ten at the top. The top of the ladder represents the
best possible life for you and the bottom of the ladder
represents the worst possible life for you. On which step of
the ladder would you say you personally feel you stand at this
time?

0–10 scale

Expected future life satisfaction On which step do you think you will stand about five years
from now?

0–10 scale

Perception of current economic
activity

How would you rate economic conditions in this country
today: as excellent, good, only fair, or poor?

1–4 scale

Perception of future economic
activity

Right now, do you think that economic conditions in this
country, as a whole, are getting better, staying the same, or
getting worse?

1–3 scale

Notes.- The table reports the survey questions and associated rating index used by Gallup when speaking with respondents.
m
y

l
(

and Shumway, 2003; Cao and Wei, 2005).5 Weather conditions
nfluence even financially sophisticated investors. For example,
oetzmann et al. (2015) show that cloud cover influences per-
eptions of market mispricing among institutional investors, and
oetzmann and Zhu (2005) show that cloud cover influences
etail investor propensities to buy and sell. In this sense, the fact
hat climate factors influence sophisticated investors is consistent
ith the view that ‘‘mood betas’’ help explain security prices (Hir-
hleifer et al., 2018). However, such studies do not explicitly
ncorporate tests of whether behavioral factors indeed drive the
bserved relations between weather conditions and economic
utcomes.
In summary, our study examines how individuals form beliefs

bout U.S. economic conditions and their implication for stock
eturns through the following three predictions. First, extending
tudies that find weather events affect the formation of indi-
iduals’ beliefs and human behavior, we expect that extreme
ocal temperatures will be negatively associated with individuals’
entiment about U.S. economic conditions. Second, we anticipate
hat temperature-induced changes to behavioral factors will be
mechanism through which temperature influences economic

entiment. Finally, consistent with studies that link sentiment
bout economic activity with stock returns, we expect that these
emperature-induced effects on economic sentiment will be neg-
tively associated with stock returns. Overall, we complement
nd extend our understanding of the link between how indi-
iduals form beliefs about economic activity and the relation
etween these beliefs and real economic outcomes by quantifying
ow extreme local temperatures influence individuals’ economic
entiment and its implications for asset prices.

. Sample and descriptive statistics

Our primary data source consists of licensed data from Gallup’s
.S. Daily Poll, which surveys 1,000 population-representative
andomly sampled individuals per day on various political, eco-
omic, and well-being topics.6 To construct the U.S. Daily Poll, ap-
roximately 200 Gallup interviewers conduct computer-assisted
elephone interviews with respondents aged 18 and over from all
0 states and the District of Columbia. Gallup’s polling procedures
re methodical; they use live rather than automated interviews

5 A related literature focuses on seasonal affective disorder as a source behind
hanges in the marginal investor’s risk aversion and, therefore, helps account
or the seasonality displayed in stock returns (Kamstra et al., 2003). Although
here has been some dispute (e.g., Kelly and Meschke (2010)), but Kamstra et al.
2012) reconcile the perceived differences.
6 These data have been used by Kahneman and Deaton (2010) to study

he relation between well-being and income, and by Deaton (2012) to study
ell-being during the Great Recession.
 o

4

administered in English or Spanish, dual-frame sampling, includ-
ing random-digit-dial, of landline and wireless phone numbers,
and a three-call design to reach respondents who do not answer
the original attempt.

The sampling frame (2008 through 2018) reaches each of the
more than 3000 U.S. counties, with over 1000 counties having at
least 300 respondents. Half of the respondents receive the ‘‘well-
being track’’ version of the survey (with a nine percent survey
response rate), while the other half receives the ‘‘politics and
economy track’’ version (with a 12 percent survey response rate).
The two surveys contain different topical questions, but both have
identical identifying demographic information. Gallup combines
the survey responses with detailed location data, including the
ZIP Code and metro area, and is available with corresponding
sample weights. While Gallup modified a subset of survey ques-
tions in 2014, the main variables we require are available from
2008 to 2018 without modification. Table 1 presents survey ques-
tions about economic sentiment and well-being, which Gallup
labels as life satisfaction.

We then obtain weather data by matching the U.S. Daily Poll
data to daily county average temperature and precipitation data
from PRISM Climate Group’s AN81d gridded weather data set.
The data set provides measurements at approximately 4 × 4
kilometer grid cells for the U.S. using the Parameter-elevation
Relationships on Independent Slopes Model (PRISM). PRISM in-
terpolates measurements from over 10,000 weather stations and
corrects terms based on a regression that accounts for altitude
and other influences on local weather that a distance-based in-
terpolation method may fail to capture (Daly et al., 2002). Like
others have noted (e.g., Baylis (2020)), we use the forward value
on maximum daily temperature and precipitation because PRISM
days are defined using a ‘‘day-end naming’’ standard.7 We aggre-
gate the gridded data to a county × day frequency to coincide
with the frequency of Gallup data in our sample.

To investigate the relationship between how individuals form
beliefs about the economy and asset prices, we use daily returns
net of dividends from CRSP. We then match these daily data
to annual data from Compustat to obtain the ZIP Code of the
headquarters and firm financial information (e.g., employment,
revenues, capital expenditures). We cross-walk ZIP Codes into
counties and use the location of the headquarters to proxy for
local investment in the corresponding stock based on the result
that local investors display a bias towards holding local stocks
(Coval and Moskowitz, 1999).8 Although linking counties to firms

7 For further discussion, see ‘‘Yesterday’s maximum temperature is...today’s
aximum temperature?’’ available here: http://www.g-feed.com/2017/07/
esterdays-maximum-temperature-is.html.
8 Reasons for this behavior include investors have better information about

ocal firms (Bernile et al., 2015) or place greater weight on personal experience
e.g., direct interactions with the firm). See Hirshleifer (2015) for a broad survey
f the reasons behind behavioral inconsistencies among investors.

http://www.g-feed.com/2017/07/yesterdays-maximum-temperature-is.html
http://www.g-feed.com/2017/07/yesterdays-maximum-temperature-is.html
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Fig. 1. Variation in Life Satisfaction and Economic Sentiment Across Time. Notes.-The figures plots the spatial variation across states for two sets of questions. For
anels A and B, the question asks participants: Please imagine a ladder with steps numbered from zero at the bottom to ten at the top. The top of the ladder
epresents the best possible life for you and the bottom of the ladder represents the worst possible life for you. On which step of the ladder would you say you
ersonally feel you stand at this time? For Panels C and D, the question asks participants: How would you rate economic conditions in this country today: as
xcellent, good, only fair, or poor? We subsequently compute the z-score of the one to four index coded such that higher values represent more favorable responses.
ample weights are used to produce the state averages in the different years.
ased on headquarters location introduces measurement error, it
s a common approach within the literature (e.g., see Bernile et al.
2015) and Tuzel and Zhang (2017) for recent applications) and
ill only serve to attenuate any results that are present.9
Table 2 presents descriptive statistics regarding the resulting

ata set. Of note, the demographic information is comparable to
ther nationally representative data sets.10 We report descriptive
tatistics in three time periods to mitigate concerns about a
hifting composition of survey respondents over time. The typical
espondent is 48 years old, 48 percent are male, 67–72 percent
re Caucasian, 32 percent have a college degree, 51–54 percent
re married, has approximately one child, and 59–63 percent are
mployed depending on the year. The data set has a strong rep-
esentation throughout the income distribution. Although many
f the individuals earning less than $1,500 in monthly income are
nemployed or out of the labor force, roughly 49 percent of the
ample is considered at least middle class (i.e., earning at least
3,500 per month).
We also document meaningful variation in economic sen-

iment. For instance, while between 2008 and 2010, only 27
ercent of the sample reports that the economy will improve,
his proportion increased to 42 percent by 2014–2017. Simi-
arly, the share of individuals reporting that the current economy
s in a good state nearly doubles from 13 percent to 24 per-
ent between the 2008–2010 and 2014–2017 sample periods.
o provide a visual characterization of spatial variation, Fig. 1
lots perceived life satisfaction and economic sentiment mea-
ures across all U.S. states in 2008 and 2017. Panels A and B

9 For example, Bernile et al. (2015) study the relation between the geograph-
cal dispersion of a firm’s economic activities and investor portfolio decisions by
inking firm activities to the states mentioned in the firm’s Form 10-K.
10 Gallup designs its polling methods to ensure such comparability. For details,
ee https://www.gallup.com/178685/methodology-center.aspx.
5

reveal significant heterogeneity in the average z-score of current
life satisfaction across states. Panels C and D plot the average
z-score of perceptions about the current state of the economy, re-
vealing significant heterogeneity in the average z-score of current
economic sentiment.

Finally, we note evidence of significant variation in tempera-
ture across the sample period, with the lower and upper parts of
the temperature distribution appearing in the data set (i.e., below
15 degrees and above 85 degrees, respectively).11 Fig. 2 plots dis-
tributions of daily average temperature across four years—2008
compared with 2010 (Panel A), and 2014 compared with 2017
(Panel B). Because the identifying variation in the analyses will
arise from fluctuations in average daily temperature, these plots
highlight the wide array of variation available across space and
time. Even though ‘‘extreme’’ temperatures (below 15 degrees
Fahrenheit or above 85 degrees Fahrenheit) are, by construction,
uncommon, Fig. 2 shows that there is still variation in the data.
Specifically, roughly 2.9 percent of the sample experiences days
less than 15 degrees Fahrenheit and 2.4 percent of the sample
experiences days over 85 degrees Fahrenheit (untabulated).

4. Analysis

This section first examines individuals’ economic sentiment
formation using temperature as a plausibly exogenous identifi-
cation strategy. We then investigate a potential channel through
which individuals’ psychological states impact economic senti-
ment formation–namely, perceived life satisfaction. Finally, we

11 As noted previously, we follow the environmental economics literature
(e.g., Deschenes and Greenstone (2011)) to define the temperature bins we
use throughout our study: below 15 degrees Fahrenheit, 16–30, 31–53, 54–59,
60–70, 71–84, and above 85 degrees Fahrenheit.

https://www.gallup.com/178685/methodology-center.aspx
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Table 2
Descriptive statistics.

2008–2010 2011–2013 2014–2017

mean sd mean sd mean sd

demographics
College 0.32 0.47 0.32 0.47 0.32 0.47
Male 0.48 0.50 0.49 0.50 0.49 0.50
White 0.72 0.45 0.69 0.46 0.67 0.47
Age 48.4 18.1 47.7 18.8 48.1 19.1
Number of children 0.9 3.7 0.9 4.2 0.9 4.8
Married 0.54 0.50 0.52 0.50 0.51 0.50
Employed 0.59 0.49 0.62 0.48 0.63 0.48

income/sentiment
Monthly income, <1500 0.26 0.44 0.25 0.43 0.22 0.41
Monthly income, 1500–2500 0.14 0.35 0.14 0.35 0.13 0.34
Monthly income, 2500–3500 0.12 0.32 0.12 0.32 0.11 0.31
Monthly income, 3500–5500 0.10 0.30 0.11 0.31 0.10 0.30
Monthly income, 5500–6500 0.17 0.38 0.17 0.38 0.17 0.38
Monthly income, 6500–8500 0.08 0.26 0.07 0.26 0.09 0.29
Monthly income, >8500 0.14 0.35 0.14 0.34 0.17 0.38
Good economy 0.13 0.33 0.15 0.36 0.24 0.43
Economy improving 0.27 0.45 0.40 0.49 0.42 0.49
Feeling good 0.62 0.48 0.65 0.48 0.67 0.47

temperature
Below 15 F 0.02 0.13 0.01 0.11 0.02 0.15
16–30 F 0.08 0.27 0.06 0.24 0.07 0.25
31–53 F 0.32 0.47 0.33 0.47 0.29 0.45
54–59 F 0.11 0.32 0.11 0.31 0.11 0.31
60–70 F 0.20 0.40 0.20 0.40 0.21 0.40
71–84 F 0.24 0.43 0.26 0.44 0.28 0.45
above 85 F 0.03 0.17 0.03 0.18 0.03 0.17

Observations 802952 822104 823541

Notes.- The table reports individual demographic, income, economic sentiment,
and county weather information. College, male, race, married, employed, good
economy (reporting a current state of the economy index of 3 or 4), getting
better (reporting a future of the economy index of 3), feeling good (life ladder
is at least a 7 out of 10 index), income brackets and temperature bins are
all measured as percentages. Age and number of children are measured as
continuous variables. Sample weights are used.

examine the implications of these relations on daily and monthly
stock returns to provide evidence of the economic implications of
the results.

4.1. Formation of economic sentiment

We estimate the following model using daily variation in
ounty-level temperature across time among observationally-
quivalent individuals to conduct our analysis:

= ψkT + βkX + ηk + λk + ϵk , ∀k (1)
icdt cdt it ct dt icdt

6

here s, denotes the measure of economic sentiment from the
.S. Daily Poll, i indexes individuals, c indexes counties, d indexes
he day of the year, t indexes the year-month, T is the tem-
erature associated with the kth temperature bin, X is a vector
f individual and weather covariates, and η and λ denote fixed

effects on county and day of the year, respectively. We partition
daily county temperature in degrees Fahrenheit into bins to al-
low for heterogeneous treatment effects across the temperature
distribution. This empirical approach follows related work with
one difference–to retain day-to-day variation in temperature, T
denotes daily temperature instead of the number of days in a year
between a particular temperature threshold. We cluster standard
errors by county to allow for arbitrary degrees of autocorrelation
within the same geography across time (Bertrand et al., 2004) and
use population-representative sample weights.

The individual and weather covariates include common demo-
graphic characteristics and weather covariates motivated by prior
research. For the demographic characteristics, Eq. (1) includes
respondents’ employment status, marital status, a quadratic in
age, education fixed effects (less than high school, technical, some
college, college, and more than college), and race fixed effects
(White, non-White). For the weather covariates, we include his-
torical county temperature as suggested by Simonsohn (2010),
and precipitation, cloud cover, and rain to control for poten-
tially spurious factors jointly correlated with temperature and
economic sentiment. We also explore specifications that include
county × year × month fixed effects to control for seasonal
shocks that may affect a county, and the day-of-the-year fixed
effects to control for aggregate shocks.

Fig. 3 plots the outcome from Eq. (1) using two measures of
economic sentiment. Panel A measures national economic sen-
timent with a one to four index of perceptions about current
economic conditions (Excellent, Good, Only Fair, Poor), and Panel
B measures economic sentiment with an indicator for percep-
tions about whether economic activity will improve (Getting
Better, Staying the Same, Getting Worse). Our specification al-
lows the coefficients to vary across the temperature distribution.
The panels show an inverse-U shape for both perceptions about
current and future economic conditions, with the gradients for
perceptions about the future economy reaching statistical sig-
nificance. In particular, Panel B shows that an additional degree
increase on days of extreme temperatures is associated with a
0.2-0.4pp decline in the probability that an individual reports the
national economy will improve (p- value < 0.10 for the below
15 degrees temperature bin and p- value < 0.00 for the above
85 degrees temperature bin), whereas Panel A depicts a similar
inverted U-shaped distribution on perceptions about the current
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Fig. 3. Temperature and Economic Sentiment. Notes.-The figure plots the coef-
icients associated with regressions of the z-score of perceptions about current
conomic conditions (one to four index) and an indicator for the perception
hat future economic conditions will improve on average daily temperature
nteracted with bins on the temperature range (below 0, 0–15, 16–30, 31–53,
4–59, 60–70, 71–84, and above 85 degrees Fahrenheit), individual controls,
onditional on county historical temperature and precipitation, individual demo-
raphics, and county and day-of-the-year fixed effects. Individual controls: an
ndicator for whether the individual is employed, marital status, a quadratic in
ge, male, education fixed effects (less than high school, technical, some college,
ollege, and more than college), and race (White/non-White). Standard errors are
lustered at the county-level and sample weights are used.

tate of the economy, but the extreme local temperature bins
o not reach conventional levels of statistical significance (p-

value > 0.10). Hence, the results establish that extreme local tem-
peratures reduce individuals’ economic sentiment, particularly
sentiment about future economic conditions.

Next, we explore these results in more detail by present-
ing a series of estimates obtained by regressing an indicator
for individuals’ perceptions about future economic conditions
on a series of temperature measurements and interactions. This
analysis is important because Deryugina (2013) emphasizes that
both long-run temperature changes and temperature volatility
influence individuals’ beliefs about the future. Given that Fig. 3
illustrates that perceptions about the future, more so than the
current, economic conditions are most sensitive to extreme local
temperatures, it is important to examine whether the baseline
result relates to long-run temperature changes and temperature
volatility. Failing to find such a relation would call into question
the drivers of the baseline result.

Column 1 in Table 3 confirms that the baseline result per-
sists—a one degree increase in temperature is associated with a
0.024pp decline in the probability that an individual reports the
national economy will improve. Motivated by the non-linearities
7

in Fig. 3, column 2 interacts daily temperature with an indi-
cator for extreme temperatures on that day. As column 2 re-
ports, extreme temperatures are associated with an incremental
0.012pp decline in economic sentiment. Column 3 interacts daily
temperature with an indicator for whether the individual is at
least 65 years old, capturing the fact that older individuals may
be more heat-sensitive.12 Column 3 reports that the gradient
of 0.036pp on this interaction term is roughly twice as large
as the direct effect of 0.017pp, consistent with the view that
heat-sensitive individuals will adjust their expectations more
elastically.

Regarding alternative temperature measurements, column 4
shows that a 1pp rise in the five-year temperature growth rate
is associated with a sizable 6.011pp decrease in the probability
that individuals report that economic conditions will improve.
The fact that the gradient is so large compared to transient
daily temperature fluctuations is consistent with the evidence
in Deryugina (2013) that long-run shifts in temperature are most
salient to individuals. Column 5 subsequently shows that in-
creases in temperature dispersion also cause declines in economic
sentiment, consistent with studies that show individuals prefer
more stable climates (Albouy et al., 2015). Finally, column 6
provides robustness by showing that the main results persist
when using logged daily temperature–a one percent increase in
temperature is associated with a 0.501pp decrease in the proba-
bility that individuals perceive that economic conditions will im-
prove. Of note, all coefficients are identified from within-county
variation after controlling for real economic activity (i.e., quar-
terly county employment, housing price growth) and the set of
demographic and weather covariates previously discussed (em-
ployment status, marital status, a quadratic in age, education
fixed effects, race fixed effects, historical county temperature,
precipitation, cloud cover, and rain). Collectively, these results
are consistent with our first prediction–local temperature, partic-
ularly extreme local temperatures, is negatively associated with
individuals’ sentiment about the U.S. economy.

We discuss two potential concerns with these results before
concluding this subsection. Wilson (2019) suggests that weather
predicts changes in employment, potentially due to its effect
on the timing and magnitude of non-durables consumption. In
Eq. (1), if day-to-day temperature changes influence real eco-
nomic factors, the variation in economic sentiment could arise
indirectly due to the county-level economic consequences of tem-
perature fluctuations (e.g., lower employment) rather than tem-
perature per se. To assuage such concerns, note that our results
are robust to the inclusion of county × year × month fixed ef-
fects, which removes variation from any potential real economic
factors. Moreover, our results persist when we include quarterly
county-level employment and county-level growth in housing
prices as additional controls (untabulated). Second, temperature
fluctuations might affect the composition of survey respondents
across time. We examine this potential concern by replacing the
dependent variable in Eq. (1) with an indicator for college attain-
ment. We find no evidence of differential selection–the gradient
on daily temperature is 0.00045 (p- value = 0.431, untabulated)
for the coldest temperature bin and 0.00055 (p- value = 0.603,
untabulated) for the warmest temperature bin. Thus, it is unlikely
that temperature fluctuations unduly impact the composition
of survey respondents. Overall, our results are robust to these
potential concerns, indicating support for our first prediction.

12 For further discussion, see ‘‘Heat and older adults’’ available here: https:
//www.cdc.gov/disasters/extremeheat/older-adults-heat.html.

https://www.cdc.gov/disasters/extremeheat/older-adults-heat.html
https://www.cdc.gov/disasters/extremeheat/older-adults-heat.html
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Table 3
Temperature and economic sentiment.
Dep. var. = 1[future state of the economy is improving]

(1) (2) (3) (4) (5) (6)

daily temperature −.00024*** −.00023*** −.00017***
[.00006] [.00006] [.00006]

×1[extreme temp.] −.00012*
[.00007]

5-year temperature growth −.06011***
[.00523]

×1[age > 65] −.00036***
[.00006]

sd(daily temperature) −.00080***
[.00030]

ln(daily temperature) −.00501***
[.00190]

R-squared .09 .09 .09 .09 .09 .09
Sample Size 1536762 1540661 1536762 1361805 1536762 1533201
Controls Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes

Notes.- The table reports the coefficients associated with regressions of the z-score of perceptions about the current state of the
economy (one to four index) and an indicator for the perception that the future state of the economy will improve on different
measures of average daily temperature (in Fahrenheit), conditional on year-to-year county employment and housing price growth,
daily precipitation and historical county average, county and day-of-the-year fixed effects, and the following individual controls: day
of the week fixed effects, an indicator for whether the individual is employed, marital status, a quadratic in age, male, education
fixed effects (less than high school, technical, some college, college, and more than college), and race (White/non-White). The
different measures of temperature are: daily average temperature, its interaction with an indicator for whether that particular day
has extreme temperatures (below 15 or above 85 degrees Fahrenheit), an interaction for whether the individual is in a sensitive
age group (defined as over age 65), the five-year growth rate in monthly temperature, the standard deviation of temperature over
the year, and logged daily temperature. Standard errors are clustered at the county-level and sample weights are used.
.2. Evidence on potential mechanisms

One potential reason that extreme local temperatures affect
eliefs about economic sentiment is that extreme temperatures
dversely influence behavioral factors that, in turn, explain the
emperature–sentiment relationship. We explore this potential
y drawing on the Gallup U.S. Daily Poll data regarding individu-
ls’ perceived life satisfaction to investigate the interplay between
conomic sentiment and perceived life satisfaction through re-
ressions of the form:

it = ξ lit + ωwit + βXit + ηc + λt + ϵict (2)

where l denotes a standardized z-score of an individual’s self-
reported life satisfaction (one to ten scale), w denotes individual
monthly income bins, X is the vector of individual and weather
covariates discussed previously (employment status, marital sta-
tus, a quadratic in age, education fixed effects, race fixed ef-
fects, historical county temperature, precipitation, cloud cover,
and rain), and η and λ denote fixed effects on county and day
of the year, respectively. The identifying assumption is that un-
observed shocks to individuals’ economic sentiment are uncorre-
lated with their self-reported life satisfaction.

Table 4 reports the results. We find that a standard deviation
increase in perceived life satisfaction is associated with a 0.18sd
increase (column 1) in perceptions about the current state of the
economy and a 0.047pp increase (column 4) in the probability
that an individual reports the economy will improve. Of note,
these estimates are robust to specifications containing both in-
dustry and income fixed effects as controls (columns 2–3 and
5–6). In this sense, while we cannot control fully for selection
effects, the invariance of these estimates to including detailed
controls suggests that the relationship is meaningful. Hence, we
find that a behavioral factor–perceived life satisfaction–influences
individuals’ economic sentiment.

Next, we examine whether this life satisfaction–sentiment re-
lationship explains the temperature–sentiment relationship doc-
umented previously. We explore this by estimating analogous re-
gressions to Eq. (1), but using life satisfaction instead of economic
8

sentiment as the dependent variable. Fig. 4 plots the outcome
from Eq. (1) using two measures of perceived life satisfaction–a
z-score of perceived current life satisfaction and an indicator
for whether an individual is thriving, defined by Gallup as in-
corporating both current and expected future life satisfaction.
Again, our specification allows the coefficients to vary across
the temperature distribution. The panels fail to show a strong
inverse-U shape for both perceptions about current life satis-
faction (Panel A) and whether an individual is thriving (Panel
B). Hence, the null associations and large confidence intervals
suggest that life satisfaction is unlikely to be the driving force
behind the temperature–economic sentiment relationship docu-
mented previously. That is not to disagree with prior research
on how mood affects abstract and cognitively-intensive judg-
ment (Schwarz and Clore, 1983; Forgas, 1995), but instead to
point out that extreme local temperatures do not impact this
behavioral factor. We conclude that, while individuals’ psycholog-
ical states extend to their sentiment regarding economic activity
through perceptions of life satisfaction, our evidence on decreases
in individuals’ economic sentiment from extreme temperatures
is not due to temperature-induced decreases in perceived life
satisfaction.

4.3. Economic sentiment and asset prices

The evidence presented in the preceding subsections links
extreme local temperatures to the formation of economic sen-
timent. Motivated by this evidence, we examine their real eco-
nomic implications for firm-level stock returns using the follow-
ing specification:

rjcdt = ψkTcdt + ηkj +Φk
ct + λkdt + ϵkjcdt , ∀k (3)

where r denotes the stock return net of dividends, j indexes
firms, c indexes counties, d indexes the day of the year, t indexes
year-month, η and λ denote firm and year / month fixed effects,
and k denotes the temperature bin (below 15 degrees Fahren-
heit, 16–30, 31–53, 54–59, 60–70, 71–84, and above 85 degrees
Fahrenheit). We again cluster standard errors at the county-level
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Table 4
Perceived life satisfaction and economic sentiment.
Dep. var. = State of the Economy (z-score) Believes Economy is Improving

(1) (2) (3) (4) (5) (6)

Life Satisfaction (z-score) .180*** .191*** .190*** .047*** .049*** .049***
[.001] [.002] [.002] [.001] [.001] [.001]

R-squared .12 .11 .12 .10 .12 .12
Sample Size 1643323 785430 679085 1620427 776215 671994
Controls Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes
Industry FE No Yes Yes No Yes Yes
Income FE No No Yes No No Yes

Notes.- The table reports the coefficients associated with regressions of standardized (z-score) perceptions about
current economic conditions (one to four index) and an indicator for beliefs that economic conditions will improve
on standardized current life satisfaction (zero to ten index), conditional on county historical temperature and
precipitation, individual demographics, and county and day-of-the-year fixed effects. Individual controls: an indicator
for whether the individual is employed, marital status, a quadratic in age, male, education fixed effects (less than high
school, technical, some college, college, and more than college, and race (White/non-White). Industry fixed effects
include: professional services (e.g., lawyer), manager or executive, business owner, clerical or office, sales, service,
construction or mining, transportation, installation or repair worker, farming/fishing/forestry, or other. Income fixed
effects include: under $720, $720–5,999, 6,00–11,999, $12,00–23,999, $24,000–35,999, $36,00–47,999, $48,000–
59,999, $60,000–89,999, $90,000–119,999 and over $120,000. Standard errors are clustered at the county-level and
sample weights are used.
nd use sample weights. To generate spatial variation in stock
eturns, we proxy the location of each firm by the county that
heir headquarters resides in based on the insight from Coval and
oskowitz (1999) that investors display a strong preference for

nvesting close to home, as discussed previously.
The coefficient of interest, ψ , is identified by within-county

luctuations in daily temperature. The inclusion of firm and year /
onth fixed effects removes time-invariant heterogeneity across

irms that might be driven by seasonality; for example, firms with
oods in higher demand during the winter are also more produc-
ive. We note that including other firm-level controls (i.e., total
mployment, total assets) and location-level controls (i.e., local
mployment and growth in housing prices) do not alter the
esults. We omit these controls due to the potential concern that
ndogeneity between stock prices and firm fundamentals may
ias the estimated marginal effect on temperature; we include
hem to assess robustness because temperature could have direct
roductivity effects that, in turn, affect individuals’ economic
entiment through an income effect or productivity channel. The
dentifying assumption in Eq. (3) is that unobserved shocks to the
tock returns of local firms are uncorrelated with fluctuations in
aily temperature within the same firm over time.
We begin the analyses using an ordinary least squares ap-

roach before presenting semi-parametric results. Recognizing
he confounding role of time-invariant factors across location and
ime, we regress daily stock returns on daily average temperature,
onditional on year, month, and firm fixed effects. The results
how that an additional degree increase in temperature is as-
ociated with a 0.0236pp decline in the stock returns of local
irms (p- value < 0.00; untabulated). Next, we examine the non-
inearities that are present in the data. Fig. 5 plots the gradients
ssociated with different temperature bins over the tempera-
ure distribution. We find that an additional degree increase at
xtreme temperatures relates to a 0.2-0.3pp decrease in daily
county-firm) stock returns (p- value < 0.00 for the below 15
egrees temperature bin and p- value < 0.10 for the above 85
egrees temperature bin).13 In addition, the figure shows the

13 While we identify these gradients using short-run temperature variations,
t is useful to put them in context of the broader debate. For example, the
0th and 90th percentiles of day-to-day temperature changes are −7.6 and
.5 degrees Fahrenheit, respectively, meaning that marginal effects could be
pproximately seven times as large when evaluated at the tails. Moreover, given
he importance of compounding, the evidence has cumulative consequences. For
9

relation between temperature and daily returns is insignificant
from zero in all other parts of the temperature distribution. To
strengthen the evidence on temperature-induced impacts to the
returns of local firms, we examine whether the effects are driven
by the potential for real effects of temperature on productivity
via local risk factors (Tuzel and Zhang, 2017). If temperature
fluctuations impact certain industries (e.g., energy) more than
others, then counties with, for instance, more energy firm head-
quarters might drive the observed effects. We test this possibility
by augmenting Eq. (3) with an indicator for whether the firm is
in the energy sector and its interaction with daily temperature.
Untabulated tests reveal a statistically insignificant interaction
term, suggesting it is unlikely that the inverse-U relation in Fig. 5
is driven by the real effects of temperature on productivity.

Having confirmed and extended results on the relation be-
tween temperature and stock returns, we next complete the
analysis by documenting the impact of economic sentiment on
stock returns. Using the Gallup data, Fig. 6 produces a monthly
panel across counties and plots the share of individuals who re-
port that the economy will improve with monthly stock returns.
In addition to a strong raw correlation—a 1pp increase in the
share of individuals reporting that the economy will improve
is associated with a 0.37pp increase in a local firm’s stock re-
turn—the correlation is robust to the inclusion of year, month,
and firm fixed effects—a 1pp increase in the share of individuals
reporting that economic conditions will improve is associated
with a 0.19pp increase in a local firm’s stock return (untabulated).
Collectively, this evidence indicates that economic sentiment and
stock returns are highly correlated within a county. Hence, con-
sistent with our third prediction, we find that extreme local
temperature-induced decreases in economic sentiment relate to
declines in the stock returns of local firms. Overall, the evidence
complements and extends our understanding of the link between
how individuals form beliefs about economic activity and the
relation between these beliefs and real economic outcomes by
quantifying how climate factors influence individuals’ economic
sentiment, with implications for stock returns.

instance, Hassan and Mertens (2015) and Hassan and Mertens (2017) show that
even if individual manager forecasts contain a small but common error, the
resulting resource misallocation can be substantial.
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Fig. 4. Temperature and Perceived Life Satisfaction. Notes. -The figure plots the
oefficients associated with regressions of the z-score of current life satisfaction
on a zero to ten index) and an indicator for whether the individual is thriving
n average daily temperature interacted with bins on the temperature range
below 0, 0–15, 16–30, 31–53, 54–59, 60–70, 71–84, and above 85 degrees
ahrenheit), conditional on county historical temperature and precipitation,
ndividual demographics, and county and day-of-the-year fixed effects. We
lassify individuals as thriving if they report at least a 7 out of 10 on current
ife satisfaction and at least an 8 out of 10 on expected future life satisfaction.
ndividual controls: an indicator for whether the individual is employed, marital
tatus, a quadratic in age, male, education fixed effects (less than high school,
echnical, some college, college, and more than college, and race (White/non-
hite). Standard errors are clustered at the county-level and sample weights

re used.

. Conclusion

Scholars across various disciplines are interested in individ-
als’ views of economic activity and their potential impact on
eal economic outcomes, and a series of studies reveal how sen-
iments held by different economic agents (e.g., investors, man-
gers, individuals) impact a wide variety of outcomes (e.g., return
redictability, managers’ disclosure choices, inflation expecta-
ions). The fundamental reasoning that guides these studies is
hat individuals throughout the economy are affected by be-
avioral factors that cause them to form overly optimistic or
essimistic beliefs about the future. Despite the importance of
his sentiment formation process, we know comparatively less
10
Fig. 5. Temperature and the Stock Returns of Local Firms. Notes.-The figure plots
he coefficients associated with regressions of the stock return net of dividends
n average daily temperature separately across seven temperature bins (below
, 0–15, 16–30, 31–53, 54–59, 60–70, 71–84, and 85+), county, year, and month
ixed effects and daily county precipitation. Stock returns for each firm are
onditional the county location of their headquarters based on the result from
oval and Moskowitz (1999) that investors tend to invest more heavily in local
tocks. Standard errors are clustered at the county-level and observations are
nweighted.

bout how individuals form beliefs about economic activity. Un-
erstanding how individuals form such beliefs is important be-
ause they ultimately affect how individuals optimize and make
ecisions under bounded rationality (Simon, 1955).
This paper extends studies of the economic implications of

ndividuals’ sentiment by investigating how individuals form be-
iefs about U.S. economic conditions (i.e., economic sentiment) and
examining its implication for asset prices. We use individual-
level data from Gallup’s U.S. Daily Poll on economic sentiment
and link it with daily county-level temperatures across time. This
empirical design enables us to use plausibly exogenous variation
in temperature to study the formation of economic sentiment
and its impact on daily asset prices without taking sentiment as
exogenous. Furthermore, we can use survey respondents’ self-
reported well-being data to investigate a potential behavioral
factor through which these results may occur.

We find that an additional degree increase at extreme local
temperatures (below 15 degrees Fahrenheit or above 85 degrees
Fahrenheit) is associated with a significant decline in individu-
als’ economic sentiment, particularly their sentiment about fu-
ture economic activity. We then provide fresh evidence that
these decreases in individuals’ economic sentiment are not due to
temperature-induced decreases in perceived life satisfaction. We
complete the analysis by providing evidence of a negative relation
between extreme temperatures and stock returns, indicating that
local temperatures are an important contributing force behind
this negative relation.

Overall, the results suggest that extreme local temperatures
impact individuals’ beliefs about the economy beyond the effect of
temperature on firm- or local-level economic variables. Moreover,
our evidence regarding the importance of perceived life satisfac-
tion in explaining variation in economic sentiment while having
little role in explaining the temperature–sentiment link provides
new insights into our understanding of the connections between
climate factors, behavioral factors, and assessments of future
prospects (Johnson and Tversky, 1983; Arkes et al., 1988). More
generally, given the development of asset pricing models seeking
to quantify the economic effects of climate change (Giglio et al.,

2015; Bansal et al., 2016), studies of the mechanisms through
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Fig. 6. Economic Sentiment and the Stock Returns of Local Firms. Notes.-The figure plots a bin-scatterplot of the share of individuals in a county month reporting
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hich climate factors, including extreme local temperatures, in-
luence the sentiment of economic agents and economic activity
s of increasing interest.
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