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Retail Investors’ Activity on Pleasant and Unpleasant Firms

Abstract

This study investigates whether retail investors trade depending on a firm’s exposure to extreme

temperatures as a proxy for physical climate risks. We define pleasant (P), unpleasant hot (UH),

and cold (UC) firms as those firms without and with exposure to such events. Retail trading

in both pleasant and unpleasant firms is in the right direction on average, yet their trading in

UC and UH firms weakens and strengthens their imbalances’ positive predictability for certain

future returns. We document that while the performance of a trading strategy relying on UC

firms is higher in the short run than that of P and UH firms, the P strategy outperforms in the

long run. Retail order imbalances of UH and P firms also convey the most substantially positive

effects on earnings surprises. Finally, retail investors’ activity in pleasant and unpleasant firms

leads to comovement in their return and imbalance levels.

JEL Codes: G11, G12, G14, Q50.
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1 Introduction

Do retail investors trade depending on a firm’s exposure to weather? Climate impacts, such as

increasing temperatures, are more prominent and evident, affecting firms’ returns and amplifying

the awareness of climate change (Cuculiza et al., 2024; Bortolan et al., 2022; Choi et al., 2020;

Makridis and Schloetzer, 2023). Several studies show that firms’ exposure to extremely high tem-

peratures also adversely affects earnings (Addoum et al., 2023; Cuculiza et al., 2021; Hugon and

Law, 2019), equity valuations (Bansal et al., 2019) and reduces revenues and operating income

at the firm level (Pankratz et al., 2023) and global supply-chains (Pankratz and Schiller, 2024).1

Yet, despite this large body of literature on climate change’s impacts and scientists’ consensus,

little is known about whether retail investors’ trading decisions reflect these risks, as measured by

firms’ exposure to extreme temperatures. Understanding such retail trading activity and how it

can influence stock prices is especially relevant given the above evidence and the 2024 Securities

and Exchange Commission’s (SEC) climate disclosure rule, requiring publicly traded companies to

increase their disclosures on climate risks, including those from extreme weather.2

This study uses extreme temperatures, e.g., hot and cold, as proxies for physical climate risks to

assess and better understand whether retail investors’ activity varies in firms with exposure to such

unpleasant weather.3 Aside from separately considering their trading in unpleasant hot (UH) and

1In addition, Bansal et al.’s (2019) theoretical model predicts that climate change due to rising temperatures also
adversely influences the economy, such that assets with high exposure to temperature also display high growth risks.
Thus, “...temperature is a source of long-run economic risks and underscores the importance of forward-looking capital

markets for understanding the impact and cost of climate change.” Alike, Natoli (2023) documents that unfavorable
temperatures reduce the GDP, consumer prices, and interest rates. For an excellent literature survey on i) weather’s
effects on economic outcomes and ii) weather and climate change risks, see Dell et al. (2014) and Hong et al. (2020),
respectively.

2For instance, according to S-K and S-X regulations, companies must report the impacts of severe weather events
and other natural conditions and the costs of transitioning to sustainability.

3Also, it recognizes the difficulty of finding a good proxy for climate change and, thus, physical climate risk.
However, given the extensive use of extreme temperature in the existing literature (among others; see Addoum et al.
(2023) and Hugon and Law (2019)) and their granular availability across the U.S. and at a daily level, we consider our
extreme temperature measures reliably suitable. Brian Deese, Head of Sustainable Investing at BlackRock, also agrees
with this; e.g., according to the Financial Times, 4th April 2019 (“BlackRock analysis helps define climate-change
risk”), he states that this may be due to climate models not incorporating the “recent acceleration in the frequency
and severity of extreme weather events” and the unavailability of precise firm-level data. Choi et al. (2020) reinforce
the above, emphasizing that “extreme local temperatures therefore serve as “wake-up calls” that alert investors to

climate change.” Similarly, Alekseev et al. (2022) state, “Just as local extreme temperatures increase local climate

change awareness, U.S.-wide extreme heat events have the potential to drive national awareness.” Along the same
lines, Friederike Otto, Head of the Environmental Change Institute at the University of Oxford, highlights, “Where

we really see the clearest and biggest sign of climate change is in extreme temperatures.”
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cold (UC) firms, it also includes pleasant (P) firms, i.e., those without exposure to such extreme

temperatures. To do so, we identify the U.S. retail trades (both purchases and sales) from January

2010 to December 2018 using the well-known sub-penny approach of Boehmer et al. (2021). As for

the pleasant and unpleasant weather, relying on the daily minimum and maximum temperatures,

we follow Schlenker and Roberts (2009) in computing the degree days above 30°C and below 0°C

at the county level (see, e.g., Addoum et al., 2023). When these are zero, we define temperatures

as pleasant and otherwise as unpleasant, i.e., hot and cold, respectively.

To this extent, does retail investors’ trading vary on pleasant and unpleasant (UH, UC) firms?

Our results show that, indeed, it does. Retail investors trade significantly less on unpleasant than

pleasant firms, i.e., those firms with and without exposure to extreme hot and cold temperatures.

Moreover, their trading activity also significantly differs between the unpleasant firms, e.g., they

trade substantially less in UC than UH firms. This finding highlights the necessity of distinguishing

between extremely hot and cold temperatures and, therefore, retail investors’ activity in such

firms.4 It also reinforces Blackrock’s (2019) concerns that “Investors who are not thinking about

climate-related risks, or who view them as issues far off in the future, may need to recalibrate their

expectations.”

The above interesting inferences also prompt us to explore further the distinct role of retail investors’

trading in pleasant and unpleasant firms (with less and more noticeable exposure to climate physical

risk) in stock pricing and, thus, their potential informativeness for future stock prices. To this

end, we document an overall positive relationship between retail order imbalances of pleasant and

unpleasant firms and future returns, which i) holds up to ten versus four and two weeks ahead

(for the UH and UC firms) and ii) typically is less intense for the former than latter firms. The

significant contribution of private information and P firms’ price pressure explains most of this

relationship. Nonetheless, what is likewise interesting is the different incremental effects of their

unpleasant trading on returns. That is, while retail imbalances of UC firms weaken the positive

4We acknowledge that some firms may benefit or suffer less from climate change since managers may take actions
to tackle it, such as diversifying across regions or products and using weather derivatives to hedge their exposure to
extreme temperatures. Indeed, Hugon and Law (2019) document a reduction in the adverse effects of temperature
on these firms’ earnings and those with a high climate lobbying. Nevertheless, given their limited resources, retail
investors may not necessarily own such detailed firm-level information. Instead, if they hold it, we expect them to
trade in pleasant and unpleasant firms closely, which our results show is not the case.
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predictability for the up to one week ahead returns, those of both UH and UC firms strengthen

it for the four and two weeks ahead, respectively. In addition, retail imbalances of pleasant and

unpleasant firms positively predict earnings surprises, with the effects of the former being more

substantial and holding in the long run, too. These empirical conclusions suggest that although

retail investors are usually informed when trading in unpleasant firms, especially the unpleasant

cold ones, they are more likely to do so in the wrong direction, i.e., make mistakes in the short

run. Indeed, corroborating this conclusion to some extent, our study points out the insignificant

high−low (Q5−Q1) portfolio returns for the UC firms. However, the Q4−Q1 returns are positively

significant for pleasant and unpleasant firms. Moreover, while the UC trading strategy outperforms

the others in the short run, the P strategy dominates in the long run.

Our study offers several contributions. First, our paper contributes to the debate on whether

retail investors are informed (Boehmer et al., 2021; Barrot et al., 2016; Kelley and Tetlock, 2013;

Kaniel et al., 2008; Kaniel et al., 2012) or not (Barber et al., 2008; Barber and Odean, 2000, 2001,

2008) about future stock returns by separately considering their trading decisions in pleasant and

unpleasant hot and cold firms. As such, it aims to understand better the potential variation in the

informativeness of these decisions and, thus, the predictive ability of retail trades in pleasant and

unpleasant firms for future stock returns. The findings of retail investors being more i) informed

about future returns when trading in pleasant firms and ii) likely to trade in the wrong direction, at

least in the short term, when trading in unpleasant cold firms provides new and additional evidence

on their trading decisions in firms with various exposure to extreme weather events. These also

add to the study of Finta (2022), documenting the substantial influence of climate disasters on the

predictive power of retail trades on future returns.

Second, we extend the literature on the effects of weather on investors trading behavior and stock

markets by showing that U.S. retail investors trade significantly less on unpleasant than pleasant

firms (Cuculiza et al., 2021, 2024; Addoum et al., 2020, 2023; Makridis and Schloetzer, 2023;

Alekseev et al., 2022; Choi et al., 2020).5 Thus, to a certain degree, our results imply that they

are aware of and consider the potential effects of firms’ exposure to more extreme temperatures,

5For a comprehensive review of the literature on climate change risks and their effects on financial markets, see
Giglio et al. (2021).
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which may intensify and become more frequent, as shown by the current studies. For instance,

Cuculiza et al. (2024) find that the stocks with higher exposure to abnormal temperature changes

earn lower returns. In addition, analysts issue less optimistic forecasts for these overpriced firms.

Thus, when firms’ exposure to climate change is high, analysts and institutional investors can

better understand the influence of climate change on firms’ performance (Cuculiza et al., 2021).

Pankratz et al. (2023) further document the adverse effects of extremely hot temperatures on a

firm’s performance, decreasing revenues and operating income. Likewise, according to Addoum et

al. (2023), extreme temperatures impact earnings in more than 40% of industries, which are not

necessarily limited to agriculture-related firms. Yet, in their 2020 paper, authors find no effect on

sales, productivity, and profitability of firms with exposure to temperature nor among the industries,

implying no relationship between climate risk and near-term cash flows. Hugon and Law (2019),

instead, confirm the negative effects of climate change on firms’ earnings at their headquarters.

For example, a 1°C increase in temperature leads to an earning’ decrease of $1.6 million and a

double rise in managers’ probability of issuing an optimistic forecast for firms with high exposure

and skepticism to climate change. The unusually high temperature also influences retail investors

but not institutional, who are likelier to buy and sell stocks with low and high climate sensitivity,

respectively (Choi et al., 2020).6

Finally, our empirical evidence complements the weather-induced mood literature, informing us

about the role of weather in investors’ and analysts’ decision-making, which, thus, affects financial

markets (Jiang et al., 2021; Baylis, 2020; Dehaan et al., 2017; Goetzmann et al., 2015; Schmittmann

et al., 2015; Bassi et al., 2013; Hirshleifer and Shumway, 2003; Kamstra et al., 2003). Notably,

different from these studies, it highlights that physical climate risk in terms of extreme temperatures

matters, especially the effectiveness of both pleasant and unpleasant, hot and cold weather, to the

retail investors’ return predictability. As such, it explores the weather-related physical impacts

instead of the weather-induced mood ones.7

6As a proxy for the retail investors’ trading, Choi et al. (2020) rely on the quarterly equity positions of block
holders and institutions and define retail ownership as the difference between 100% and the combined ownership of
previous investors. Our paper, instead, looks at the aggregate retail purchases and sales in pleasant and unpleasant
firms.

7In other words, our definition of unpleasant weather differs from that of literature’s weather-mood, which usually
focuses on cloudy, rainy, snowy, or windy days as a proxy for an unpleasant mood and, e.g., sunshine for a good
mood.
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The remainder of the paper is organized as follows. In Section 2, we describe the retail and weather

data. Section 3 presents the empirical findings, and Section 4 concludes the paper.

2 Data

To compute the retail investors’ activity, we follow the sub-penny price improvement approach of

Boehmer et al. (2021), covering the period from January 2010 to December 2018. Specifically, using

the TAQ trade data for common stocks with shares codes 10 and 11, we first identify the retail buy

and sell trades when prices are just below and above the round penny. We second calculate the

order imbalance measure as the difference between the retail buy and sell volume divided by the sum

of the retail buy and sell volume. Table 1 reports the summary statistics of these retail measures,

e.g., the cross-sectional averages of the time-series statistic (i.e., mean, median, standard deviation,

skewness, kurtosis, and percentile values). The negative mean retail order imbalances, e.g., −0.04,

indicate that, on average, retail investors buy less than they sell. Their average purchases and sales

confirm the above, i.e., the average volume is 38141 and 38207, respectively.

The U.S. weather data, namely, the daily minimum and maximum temperatures, are from the

National Oceanic Atmospheric Administration (NOAA) and span from January 2010 to December

2018. Following Addoum et al. (2023) and Schlenker and Roberts (2009), we first compute the

degree days above 30°C and below 0°C by fitting a double sine curve that passes through the consec-

utive daily minimum and maximum temperatures. Table 1 shows that the average unpleasant hot

and cold degree days above 30°C and below 0°C are around 0.5°C and 3°C, respectively, confirming

the existence of extreme temperatures. As such, we can use these daily measures at the county

level to define our pleasant and unpleasant firms by considering their headquarters’ location in each

county. In particular, we define pleasant firms as those that, during certain days, exhibit pleasant

temperatures, i.e., when the degree days above 30°C and below 0°C are zero. Unpleasant hot and

cold firms are those when, on various days, the former and later variables are different from zero.

Given these definitions, we then create the daily pleasant and unpleasant hot and cold dummy

variables at the firm level, which we use over the entire paper. Specifically, the pleasant dummy for

each firm is one when the degree days above 30°C and below 0°C are zero and otherwise, is zero.

In other words, the pleasant dummy is one when there are no days with unpleasant temperatures,
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either above 30°C or below 0°C. The unpleasant hot and unpleasant cold dummies are one when

the degree days above 30°C and below 0°C, respectively, exist and zero otherwise.

INSERT TABLE 1 HERE

3 Empirical Findings

This section discusses empirical results by exploring in Section 3.1 whether the retail investors’

trading depends on a firm’s exposure to weather, i.e., whether their trading significantly varies

in pleasant and unpleasant firms. It then explores in Section 3.2 the determinants of retail order

imbalances, especially the role of past pleasant and unpleasant imbalances. Next, Section 3.3

investigates the predictive role of retail order imbalances of pleasant and unpleasant firms for

future stock returns and earnings surprises. In addition, Section 3.4 decomposes the stock return

predictability using retail pleasant and unpleasant imbalances. Section 3.5 further shows whether

retail investors’ trading in pleasant and unpleasant firms may help construct a profitable trading

strategy. Finally, Sections 3.6 and 3.7 study if their pleasant and unpleasant trading leads to return

and own order imbalance comovement. Following Boehmer et al. (2021), our analysis, excluding

that in Section 3.1, uses overlapping daily frequency data for the weekly order imbalance and return

measures.

3.1 Does retail investors’ trading vary depending on a firm’s exposure to weather?

We initiate the empirical findings section by investigating retail investors’ trading in firms with

various exposures to weather. That is, if there is a significant mean difference in their trading

activity, e.g., the order imbalances and buy and sell volume, on and between pleasant and unpleasant

firms, namely, those without and with exposures to extreme hot and cold temperatures. Table 2

documents significantly negative order imbalances implying that retail investors are, on average, net

sellers, i.e., sell more than buy, in both pleasant and unpleasant hot and cold firms. It also points

out the significant positive mean difference between retail order imbalances of unpleasant firms.

These less negative imbalances of unpleasant hot than cold firms indicate that retail investors have

less net selling in UH versus UC firms. Looking at the average retail trading volume in pleasant and

unpleasant firms, we observe i) that retail buy and sell volumes are significant and ii) a significantly
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positive difference in both retail buy and sell volumes between pleasant and both unpleasant hot

and cold firms, as well as between the latter. Specifically, retail investors trade around 9% and 32%

less in unpleasant hot and cold firms than pleasant ones. They also trade approximately 25% less

in unpleasant cold than hot firms.

INSERT TABLE 2 HERE

The above results suggest that retail investors trade depending on a firm’s exposure to pleasant

and unpleasant temperatures. There is significantly less trading in firms with exposures to extreme

temperatures, both hot and cold, versus those without exposure to such temperatures, i.e., the

pleasant firms, which may point towards their preference to trade more on the latter versus former

firms. This preference might be due to or reflect their concerns about the potential future effects

of extreme temperatures and, thus, climate change risks on firms where they trade.

3.2 What explains retail investors’ order imbalances?

The previous section shows that retail investors’ trading significantly varies between pleasant and

unpleasant firms and unpleasant hot and cold ones. Thus, firms’ exposures to extreme temperatures

matter for retail investors. Given this, Table 3 of this section explores the determinants of retail

investors’ order imbalances by separately considering retail trading in pleasant and unpleasant hot

and cold firms, i.e., past pleasant and unpleasant retail order imbalances. To do so, we use Fama

and Macbeth’s (1973) two-step estimation where in the first step, for each week, we estimate the

following regression:

Oib(i, w) = b0 + b1 ∗Oib(i, w − 1) ∗ P dummy + b2 ∗Oib(i, w − 1) ∗ UH dummy

+ b3 ∗Oib(i, w − 1) ∗ UC dummy + b′4 ∗ Controls(i, w − 1) + u0(i, w),

(1)

where Oib(i, w − 1) =Oib(i, w − 1) ∗ P dummy + Oib(i, w − 1) ∗ UH dummy + Oib(i, w − 1) ∗

UC dummy. The daily P dummy, UH dummy, and UC dummy is one when the degree days

above 30°C and below 0°C are zero, degree days above 30°C and below 0°C exist, respectively,

and zero, otherwise. Note that as the beginning of this section states, our analysis employs daily

overlapping frequency data of a weekly magnitude (see, e.g., Boehmer et al., 2021). Therefore, on
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a given day, e.g., Oib(i, w) is the retail order imbalance measure for a firm i at week w, i.e., from

day 1 to day 5, and so forth for each of the other days. Similarly, the Oib(i, w−1) is the past order

imbalance measure from day −4 to day 0. The interaction coefficients of the Oib(i, w − 1) with

each of the P dummy, UH dummy, and UC dummy, i.e., b1, b2, and b3, capture the relationship

between one-week ahead retail order imbalances and past pleasant and unpleasant order imbalances,

i.e., retail activity in pleasant and unpleasant firms. In addition, we account for the past week,

month, and six-month returns and several control variables such as the previous month’s turnover,

volatility of daily returns, size (i.e., the logarithm of market capitalization), and the logarithm of

book-to-market (B/M). In the second step, we take the average of the above daily coefficients and

adjust the standard errors using Newey-West (1987) with five lags given Equation (1)’s overlapping

daily frequency data.

Table 3 shows the positive relationship between past pleasant and unpleasant order imbalances

and the one-week ahead retail imbalances. For instance, the statistically significant b1, b2, and

b3 coefficients of 0.1340, 0.1293, and 0.1240 indicate that retail order imbalances of both pleasant

and unpleasant firms are persistent. Nevertheless, the most substantial effects belong to past

pleasant order imbalances, whereas the least belong to unpleasant cold imbalances. Appendix

A.1 confirms these findings by documenting a statistically significant reduction in the effects of

past UC order imbalances on future imbalances, e.g., these decrease by 0.0103. The negatively

and statistically significant past week, month, and six-month returns coefficients, e.g., −0.6437,

−0.2361, −0.0531, underline the contrarian behavior of retail investors, namely, they sell winners

and buy losers. Regarding the relationship between control variables and order imbalances, we

remark on a positively significant relationship for turnover, volatility, and size and a negative one

for B/M.8

INSERT TABLE 3 HERE

8Appendix A.2 also separately reports the determinants of pleasant and unpleasant order imbalances, i.e., the
estimates of a similar regression as in Equation (1) for each subgroup of firms exhibiting pleasant and unpleasant
hot and cold weather. In line with our main results, it shows that order imbalances of unpleasant firms are the least
persistent, and retail investors are also the most contrarian in these firms. That is, they buy more unpleasant losers
and sell more unpleasant winners.
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3.3 Predicting future stock returns and earnings surprises with retail order imbalances of

pleasant and unpleasant firms

Previous sections highlight that retail investors’ activity in pleasant and unpleasant firms matters,

and their pleasant and unpleasant trades explain future imbalances. As such, this section next

examines whether retail order imbalances of pleasant and unpleasant hot and cold firms can predict

future stock returns and earnings surprises. Tables 4 and 5 consider their predictive role for future

stock returns, whereas Table 6 looks at earnings surprises.

We start by first estimating the role of pleasant and unpleasant imbalances in predicting returns

using Fama and Macbeth (1973) regressions as follows:

Ret(i, w) = c0 + c1 ∗Oib(i, w − 1) ∗ P dummy + c2 ∗Oib(i, w − 1) ∗ UH dummy

+ c3 ∗Oib(i, w − 1) ∗ UC dummy + c′4 ∗ Controls(i, w − 1) + u1(i, w),

(2)

Ret(i, w) = d0 + d1 ∗ UH dummy + d2 ∗Oib(i, w − 1) ∗ UH dummy

+ d3 ∗ UC dummy + d4 ∗Oib(i, w − 1) ∗ UC dummy + d5 ∗Oib(i, w − 1)

+ d′6 ∗ Controls(i, w − 1) + u2(i, w),

(3)

where the P dummy, UH dummy, and UC dummy is one when the degree days above 30°C and

below 0°C are zero, degree days above 30°C and below 0°C exist, respectively, and zero, otherwise.

Ret(i, w) is the stock returns for a firm i over certain days of week w, e.g., [1, 5] captures the

returns from day 1 to day 5, and w weeks ahead. The Oib(i, w − 1) is the past order imbalance

measure from day −4 to day 0. The interaction coefficients of the Oib(i, w − 1) with each of the

P dummy, UH dummy, and UC dummy, i.e., c1, c2, and c3, capture the relationship between past

pleasant and unpleasant order imbalances, i.e., retail activity in pleasant and unpleasant firms, and

future stock returns. We also include the control variables from Equation (1).

Examining Table 4, we find a significantly positive relationship between the past week’s order

imbalances of pleasant and unpleasant hot and cold firms and future returns. In addition, we

remark that the predictive power of pleasant and unpleasant order imbalances differs and depends

on the short and long-run future returns. For instance, the pleasant and unpleasant imbalances’
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effects on the one-week ahead return, i.e., the c1, c2, and c3 coefficients, are around 0.10% versus

0.07% and 0.05%, respectively. The higher c1 coefficient than the c2 and c3 coefficients underlines

that the average impacts of pleasant order imbalances on future returns are substantially larger than

those of unpleasant imbalances. The results generally hold at both short and long-run predictive

return horizons. We further show that while pleasant order imbalances positively predict returns

up to ten weeks ahead, unpleasant hot and cold imbalances only predict them up to four and two

weeks ahead. Also, unpleasant order imbalances’ predictive power is stronger for these horizons

than pleasant imbalances.

INSERT TABLE 4 HERE

Table 5 reinforces Table 4’s conclusion, pointing to an average lower influence from retail order im-

balances of unpleasant firms on short-run returns and higher on the long-run returns. In particular,

the negatively and typically statistically significant coefficients of the Oib(i, w − 1)*UC dummy,

i.e., d4, from Equation (3) indicate that unpleasant cold order imbalances attenuate their average

positive predictability on short-run returns. Hence, their average effects on returns are lower, as

Table 4 reports. Instead, these imbalances strengthen the positive relationship for the two weeks

ahead returns (see, e.g., the positive significant d4 coefficient of 0.04%) and, thus, lead to stronger

average return predictability, as Table 4 shows. Regarding the unpleasant hot order imbalances’

effects on returns, we observe that the d2 coefficient of Oib(i, w − 1)*UH dummy is usually neg-

ative but not statistically significant. However, it is positively and statistically significant for the

four weeks ahead returns, i.e., 0.05%, suggesting an enhancement in the positive predictability of

unpleasant hot imbalances. Hence, it consolidates Table 4’s finding on the average predictive power

of unpleasant imbalances being the strongest for this return horizon.

Considering the influence of past returns, both Tables 4 and 5 report negative and statistically

significant coefficients on the past week’s returns for the short-run future returns, i.e., up to one week

ahead. Instead, the past month and six-month return coefficients are not statistically significant,

indicating that significant reversals occur only in the short term. The other control variables are

usually insignificant. However, we observe a significant negative turnover and size for certain future

returns (e.g., from [1, 4] to four weeks ahead and six to twelve weeks ahead for the former and
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latter variables, respectively).9

INSERT TABLE 5 HERE

The above findings confirm that, on average, retail investors’ trading in both pleasant and un-

pleasant firms is in the right direction, i.e., higher buying than selling in a given week leads to

significantly higher future stock returns. Thus, they are informed. However, retail trading in un-

pleasant cold and hot firms weakens and strengthens the positive predictability for certain future

returns and, hence, the overall predictability of retail imbalances.

Second, we look at the role of pleasant and unpleasant imbalances in predicting earnings surprises

which we proxy by the sign of analysts’ earnings forecast errors, namely, the difference between

actual earnings-per-share and the median I/B/E/S analyst forecast. To do so, we estimate the

following Fama and Macbeth (1973) regression:

FE(i, [t + x, t+ y]) = e0 + e1 ∗Oib(i, [0]) ∗ P dummy + e2 ∗Oib(i, [0]) ∗ UH dummy

+ e3 ∗Oib(i, [0]) ∗ UC dummy + e4 ∗Ret(i, [0]) + e5 ∗Ret(i, [−5,−1])

+ e6 ∗Ret(i, [−26,−6]) + e′7 ∗ Controls(i, w − 1) + u3(i, [t + x, t+ y]),

(4)

where the P dummy, UH dummy, and UC dummy variables are the same as in previous equations,

and FE(i, [t+ x, t+ y]) is the forecast error dummy equal to one when the earnings forecast errors

over days t + x and t + y are positive and zero if there is a negative surprise for a firm i. The

independent variables consist of theOib(i, [0]) and Ret(i, [0]), i.e., the daily order imbalance measure

and returns of firm i for day 0. Additionally, we control for the past week (Ret(i, [−5,−1])) and

month Ret(i, [−26,−6]) returns and the past month’s size and logarithm of the book-to-market.

Following Kelley and Tetlock (2013), we include at least fifty earnings announcements for each

daily logistic regression.

9Appendix A.3 also separately reports the return predictability of pleasant and unpleasant order imbalances, i.e.,
the estimates of a similar regression as in Equation (2) for each subgroup of firms exhibiting pleasant and unpleasant
hot and cold weather. Similar to Tables 4 and 5, it documents a significantly positive relationship between past
order imbalances of pleasant and unpleasant firms and their one-week-ahead returns, with the unpleasant cold firms
displaying the least strong relationship. In addition to the negatively significant coefficients of the past week’s returns
for both pleasant and unpleasant firms, the past month’s coefficients are also statistically significant for pleasant and
unpleasant cold firms, indicating the existence of reversals.
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Table 6 shows that both pleasant and unpleasant order imbalances positively and significantly

predict the short-run earnings surprises, e.g., during days [1, 2], [1, 3], and [1, 5]. The predictability

of the former imbalances also holds in the long-run. Still, retail order imbalances of unpleasant hot

and pleasant firms convey the most substantial effects. For instance, a bottom-to-top decile change

in imbalances of P, UH, and UC firms yields a change of around 46% (e0.1560(0.685–(–0.735))–1 ), 49%

and 42%, respectively, in the odds ratio for a positive one week ahead earnings surprise.

INSERT TABLE 6 HERE

In sum, our previous results highlight that return predictability varies with i) the pleasant and

unpleasant hot and cold imbalances and ii) the short and long-run horizons. Retail order imbalances

of pleasant and unpleasant firms also correctly and significantly predict earnings surprises in the

short run.

3.4 Decomposition of stock return predictability using retail order imbalances of pleasant

and unpleasant firms

The previous section shows the significant influence of retail investors’ trades in pleasant and

unpleasant firms on future returns. Moreover, the study by Boehmer et al. (2021) proposes a

new method, namely, the two-stage decomposition, to explain the order imbalances’ predictive

power for future returns by distinguishing between three alternative hypotheses. These are the

order imbalances’ persistence, i.e., price pressure (Chordia and Subrahmanyam, 2004), contrarian

(Kaniel et al., 2008), and the other information hypothesis (Kelley and Tetlock, 2013). Given

our empirical evidence, in this section, we adapt this decomposition approach to our setting and

decompose the stock return predictability using pleasant and unpleasant retail order imbalances.

That is, we distinguish between the order imbalances’ persistence of pleasant and unpleasant hot

and cold firms besides accounting for the latter two hypotheses. In particular, we decompose order

imbalances into five components, i.e., pleasant persistence, unpleasant hot persistence, unpleasant

cold persistence, contrarian relates to the past returns over different horizons, and other imbalances.

These reflect the price pressure in pleasant and unpleasant firms, the liquidity provision hypothesis,

and the private information of future returns.
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To decompose the past weeks’ order imbalances, i.e., Oib(i, w − 1), we use Fama and Macbeth’s

(1973) two-step estimation where in the first step for each week, we estimate the following regression:

Oib(i, w − 1) = f0 + f1 ∗Oib(i, w − 2) ∗ P dummy + f2 ∗Oib(i, w − 2) ∗ UH dummy

+ f3 ∗Oib(i, w − 2) ∗ UC dummy + f ′

4 ∗Ret(i, w − 2) + u4(i, w − 1).

(5)

We then use Equation’s (5) time series of coefficients, i.e., f̂0, f̂1, f̂2, f̂3, and f̂ ′

4, to compute the

five components of Oib(i, w − 1) as follows:

Ôib
P persistance

i,w−1 = f̂1 ∗Oib(i, w − 2) ∗ P dummy,

Ôib
UH persistance

i,w−1 = f̂2 ∗Oib(i, w − 2) ∗ UH dummy,

Ôib
UC persistance

i,w−1 = f̂3 ∗Oib(i, w − 2) ∗ UC dummy,

Ôib
contrarian

i,w−1 = f̂ ′

4 ∗Ret(i, w − 2),

Ôib
other

i,w−1 = û4 + f̂0,

(6)

where Ôib
persistance

i,w−1 = Ôib
P persistance

i,w−1 + Ôib
UH persistance

i,w−1 + Ôib
UC persistance

i,w−1 . Therefore, given Equa-

tions (5) and (6), we can calculate the past weeks’ order imbalances by adding the above five

components as follows:

Oib(i, w− 1) = Ôib
P persistance

i,w−1 + Ôib
UH persistance

i,w−1 + Ôib
UC persistance

i,w−1 + Ôib
contrarian

i,w−1 + Ôib
other

i,w−1. (7)

In the second step, we estimate the future return predictability by considering the above five

components in a similar regression as in Equation (2) as follows:

Ret(i, w) = g0 + g1 ∗ Ôib
P persistance

i,w−1 + g2 ∗ Ôib
UH persistance

i,w−1 + g3 ∗ Ôib
UC persistance

i,w−1

+ g4 ∗ Ôib
contrarian

i,w−1 + g5 ∗ Ôib
other

i,w−1 + g′6 ∗ Controls(i, w− 1) + u5(i, w),

(8)

where g1, g2, and g3 coefficients reflect the contribution of the three persistence components of

Oib(i, w−1), namely, pleasant persistence, Ôib
P persistance

i,w−1 , unpleasant hot persistence, Ôib
UH persistance

i,w−1 ,

and unpleasant cold persistence, Ôib
UC persistance

i,w−1 , respectively, to future returns. The g4 and g5

coefficients capture the contribution of last two components of Oib(i, w−1) to returns, namely, the
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contrarian patterns, Ôib
contrarian

i,w−1 and residual, Ôib
other

i,w−1.

Table 7 reports the decomposition results from Equations (5) and (8) in Panels A and B, respec-

tively. In line with Table 3, Panel A points out the significantly positive relationship between the

past week’s pleasant and unpleasant and future retail order imbalances. It also confirms retail

investors’ contrarian trading, e.g., the past week, month, and six-month return coefficients are

significantly negative, i.e., −0.4240, −0.2104, and −0.0467, respectively. Panel B then reports the

individual contribution of pleasant and unpleasant persistence and contrarian and other informa-

tion from Equation (6) to the one-week ahead return predictability. We observe that the coefficient

of pleasant persistence, 0.0045, is statistically significant, whereas that of unpleasant hot and cold

persistence is insignificantly positive and negative, i.e., 0.0179 and −0.0044. These results indicate

that the price pressure of pleasant firms significantly and positively contributes to the pleasant

retail order imbalances’ predictive power. Instead, with respect to the pressure of unpleasant firms,

we cannot reject the null hypothesis that it does not contribute to their respective order imbalances’

predictability. Likewise, the insignificant contrarian coefficient implies that we cannot reject the

null hypothesis that the contrarian patterns do not add to the predictive ability of order imbalances.

The last coefficient from the order imbalances’ decomposition of 0.0008 is statistically significant,

indicating the other information’s relevance.10

INSERT TABLE 7 HERE

3.5 Can we use retail investors’ trading in pleasant and unpleasant firms as a signal to

create a profitable trading strategy?

In this section, we investigate if retail investors’ trading in pleasant and unpleasant firms may help

construct profitable trading strategies. In particular, do retail investors correctly select pleasant and

unpleasant firms to buy and sell? If not, is there a significant difference in their choices regarding

the purchases and sales of pleasant and unpleasant hot and cold firms? What about their trading

ability in unpleasant hot and unpleasant cold firms? To explore these questions, we sort firms

into quintiles each day using the previous week’s retail order imbalance measure. Then, for each

10Considering the retail return decomposition separately for each subgroup of firms, namely, pleasant and unpleas-
ant hot and cold, Appendix A.4 displays similar results.
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quintile, we select those firms exhibiting pleasant, unpleasant hot, and unpleasant cold weather,

holding them from one to twelve weeks. Table 8 reports the average value-weighted portfolio returns

relying on the previous month’s market capitalization for each quintile and those of two long−short

strategies, namely, Q5−Q1 and Q4−Q1, in Panel A and average order imbalances across quintiles

in Panel B. These consist of buying stocks of the pleasant and unpleasant firms in the top highest

order imbalance quintiles, i.e., Q5 and Q4, and selling the pleasant and unpleasant stocks in the

lowest order imbalance quintile, Q1. If retail investors trade in the right direction, then the returns

of both pleasant and unpleasant firms should be larger when their order imbalances are high, i.e.,

for Q5 and Q4, than when these are low, Q1. For each quintile and long−short strategy, Table 8

also reports the difference in average portfolio returns between i) pleasant and unpleasant hot firms

(P−UH), ii) pleasant and unpleasant cold firms (P−UC), and iii) unpleasant hot and unpleasant

cold firms (UH−UC). If retail investors’ trading varies depending on a firm’s exposure to weather,

then we would expect a significant difference in these average portfolio returns between pleasant

and unpleasant firms and between unpleasant ones.

Exploring Table 8, we usually note an increase in returns of pleasant and unpleasant hot firms from

Q1 to Q5. These significant patterns convey that retail net buyers of these firms exhibit higher

returns than net sellers. Indeed, over a one-week horizon, remark the positively significant pleasant

and unpleasant hot Q5−Q1 portfolio return of 0.11% and 0.18%. Their significance holds across

all horizons, namely, up to over twelve weeks ahead, when the average P and UH return reaches

0.67% and 0.87%, respectively. Instead, unpleasant cold firms’ returns significantly rise until Q4

and then drop in Q5.11 For instance, the portfolio return of UC firms with the highest retail order

imbalances, Q5, is lower than that of Q4 and Q3, e.g., 0.24% versus 0.46% and 0.38%. Additionally,

it is comparable to the around 0.23% portfolio return of the lower retail order imbalances in Q1 and

Q2, i.e., when retail investors are net sellers. The statistically insignificant Q5−Q1 portfolio return,

although usually positive up to the 12-week horizon, also consolidates our above results. As such,

this decline in the UC return holding across our horizons suggests that by being net sellers and

buyers in unpleasant cold firms, retail investors do not experience similar benefits as they would

11The portfolio return of UH firms is also similar in Q4 and Q3, and over various week horizons, it is even slightly
lower in the former than in the latter quintile. Appendix A.5 also reports similar patterns for the alphas of UC firms.
However, in contrast to the UC portfolio return, the highest order imbalance quintile, Q5, displays the highest return.
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by trading in pleasant and unpleasant hot firms. The low Q5 portfolio return is possibly due to

trading in the wrong direction, especially regarding their inability to choose the UC firms to buy

correctly. This finding aligns with that of Table’s 5, which shows that retail investors’ trades in UC

firms reduce the positive return predictability of order imbalances. It also makes sense, given that

the UC portfolio return is significantly higher when average retail order imbalances are lower in

Q4 versus Q5, e.g., 0.36 versus 1.31. Moreover, the Q4−Q1 portfolio return is significantly positive

from one up to four weeks ahead, e.g., around 0.21%, 0.33%, and 0.35% for the 1, 2, and 4-week

horizon, respectively. These results imply that retail investors trade the UC firms in the right

direction but only in the short-run and when, although they are not necessarily net buyers, they

still buy more than they sell.

Next, we examine whether a significant return difference exists between retail trading activity in

pleasant and unpleasant firms and between their long−short strategies. First, the difference between

pleasant and unpleasant hot portfolio return P−UH is significantly positive from one and six to

12-week horizon for Q4 and Q3, respectively. This positive difference, e.g., for Q4 of around 0.8%,

0.13%, 0.29%, 0.42%, 0.57%, 0.66%, and 0.57% across the holding horizon to 1, 2, 4, 6, 8, 10, and 12

weeks indicate that retail investors achieve a better performance when buying and selling P than UH

stocks, i.e., those of firms exposed to pleasant rather than unpleasant hot weather. In particular,

when they are neither net sellers nor buyers, i.e., their average P imbalances are approximately

−0.10 and 0.35 (see the Q3 and Q4). Moreover, the average return of the long−short portfolio of

the P firms is significantly higher than that of UH firms, confirming the above for Q4−Q1 in the

long run, i.e., for the 8, 10, and 12-week horizon when it is 0.42%, 0.46%, and 0.47%, respectively.

Second, comparing the pleasant and unpleasant cold portfolio returns across quintiles, note that

the latter’s average return is significantly higher, especially for Q4 and Q3. For instance, over the

one- and two-week horizon, the average return difference P−UC is statistically significant around

−0.14%, and −0.24% for Q4, whereas, for Q3, it is negatively significant over two to six weeks

ahead. These findings suggest that retail investors may be better off trading in UC firms, at least

over a holding horizon of up to two or six weeks, only when they either buy more than sell but are

not net sellers (Q4) or sell slightly more than buy (Q3), respectively. Instead, when retail investors

are net buyers in P and UC firms, i.e., Q5, the average return of the former portfolio is significantly
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greater than the latter portfolio, e.g., the mean difference P−UC is 0.12% and 0.15% over the

one- and two-week horizon. The substantially significant performance of the long−short portfolio

of UC than P firms over a holding horizon of up to two weeks reconfirms the previous inference,

highlighting that retail investors better choose the stocks of UC firms to buy and sell than those

of P firms. For example, the average return difference between these trading strategies, Q4−Q1, is

approximately −0.17% and −0.32%.

Third, looking at the return difference between unpleasant hot and cold portfolios, UH−UC across

quintiles, we find that over the 12-week horizon, it is significantly negative for both Q4 and Q3.

In other words, it suggests that when retail investors either buy marginally more than sell or sell

marginally more than buy but are neither net buyers nor sellers, trading in UC firms provides them

substantially higher returns than in UH firms. Nevertheless, the significantly superior performance

of the UC long−short trading strategy to that of the UH long−short strategy only holds over a

one- and two-week horizon. For instance, the Q4−Q1 return difference between these strategies is

−0.21% and −0.41%, respectively.

INSERT TABLE 8 HERE

Overall, our findings emphasize i) that P and UH firms with higher order imbalances outperform

those with lower imbalances (see, e.g., Q5−Q1) and ii) the insignificant Q5−Q1 portfolio return of

UC firms but the positively significant return for the Q4−Q1 strategy. This evidence suggests that

retail investors trade in the right direction, P and UH firms, but cannot correctly choose UC firms

to buy such that the Q5 portfolio return is higher than that of Q1. Nevertheless, when they buy

marginally more than sell UC firms, the Q4−Q1 trading strategy provides an even better return

than those strategies of P and UH firms. Specifically, results show that i) in the shorter run, the

performance of the UC trading strategy is significantly higher than that of the P and UH (w=1-2),

and ii) in long-run, the performance of the P trading strategy is significantly larger than that of

the UH (w=8-12).12

12Appendix A.5 reports akin results on the alphas of these P, UH, and UC portfolios across quintiles and the
long−short trading strategies.
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3.6 Can retail investors’ trading in pleasant and unpleasant firms induce return comove-

ment?

The previous section documents the significant performance of pleasant and unpleasant portfolio

returns across retail order imbalance quintiles and the significant return difference between their

trading strategies. As such, this section further examines whether retail trading in pleasant and

unpleasant firms induces a comovement in their returns. Specifically, Tables 9 and 10 present the

return comovement inferences of the rolling regression models from Equations (9) and (10) using

a forward-looking 30-day window13 for each of the low and high retail order imbalance portfolio

return as well as the pleasant and unpleasant low and high portfolio returns as follows:

Ret(i, t) =h0 + h1 ∗ Pf(t) + h′2 ∗ Controls(t) + u6(i, t), (9)

Ret(i, t) =m0 +m1 ∗ PfP/UH/UC(t) +m′

2 ∗ Controls(t) + u7(i, t), (10)

where Ret(i, t) is the firm’s i returns on the day t, Pf is the low and high portfolio return, and

PfP/UH/UC captures each of the low and high portfolio returns of pleasant and unpleasant hot and

cold firms. We also include Fama and French’s (1993) three factors as control variables (Goetzmann

et al., 2015).

Using the time series coefficients ĥ1 capturing each low and high order imbalance return comove-

ment, we select the firms exposed to P, UH, and UC weather. Panels A and B of Table 9 report the

value- and equal-weighted average comovement coefficients and their difference between i) pleasant

and unpleasant firms and ii) high and low return portfolios. We document a significant difference

in return comovement between P, UH, and UC firms with low and high return portfolios, e.g., the

P−UH, P−UC, and UH−UC coefficients are negatively significant. These findings indicate that

regardless of whether retail investors are net buyers or sellers, unpleasant firms’ returns comove

more than pleasant ones, and the return comovement of UC firms is higher than that of UH firms.

Additionally, we find that returns of pleasant and unpleasant firms comove less (more) with the

high (low) return portfolios, respectively, e.g., the high−low value-weighted average comovement

13As robustness, Appendices A.6 and A.7 provide consistent results using a 90-day window.
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coefficients of P, UH, and UC firms are negatively significant, −0.056, −0.055, and −0.050. Thus,

pleasant and unpleasant firms exhibit a significantly weaker comovement with the return portfolio

of firms where retail investors are net buyers rather than net sellers.

INSERT TABLE 9 HERE

Similarly, we also sort firms into P, UH, and UC, using the m̂1 coefficients capturing the low and

high order imbalance comovement of pleasant and unpleasant hot and cold firms. By doing so, we

explore whether retail trading in pleasant and unpleasant firms induces a return comovement in

their returns. Panels A and B of Table 10 report the value- and equal-weighted average pleasant

and unpleasant comovement coefficients and their difference between i) pleasant and unpleasant

firms and ii) high and low return portfolios. Investigating the return comovement with pleasant

and unpleasant low and high return portfolios, in line with Table 9, unpleasant firms comove signifi-

cantly more than pleasant firms, e.g., the P−UH, P−UC, and UH−UC coefficients are substantially

negative. Likewise, the negative and significant high−low coefficients indicate that return comove-

ment is weaker with the high than low return portfolio. Nevertheless, examining their magnitude,

note that the high−low coefficients of pleasant firms are less negative for the P portfolio, which

underlines their lower comovement than of UH and UC firms with the return portfolio of pleasant

firms where retail investors are net buyers. Also, as we expect, the return comovement degree of

UH and UC firms is higher with the UH and UC portfolio, respectively, yet the negative high−low

coefficients indicate that firms comove substantially less when retail investors are net buyers than

sellers.

INSERT TABLE 10 HERE

3.7 Can retail investors’ trading in pleasant and unpleasant firms lead to own order imbal-

ance comovement?

This section examines if retail trading in pleasant and unpleasant firms induces a comovement in

order imbalances. Similar to previous Section 3.6, we estimate the order imbalance comovement
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using rolling regressions with a forward-looking 30-day window as follows:14

Oib(i, w) = p0 + p1 ∗ Pfoib(w) + u8(i, w), (11)

Oib(i, w) = s0 + s1 ∗ Pf
P/UH/UC
oib (w) + u9(i, w), (12)

where Oib(i, w) is the firm’s i order imbalances, Pfoib is the low and high order imbalance portfolio,

and Pf
P/UH/UC
oib captures each of the low and high order imbalance portfolios of pleasant and

unpleasant hot and cold firms. Akin to the previous section, we sort firms into P, UH, and UC,

relying on the time series coefficients p̂1 and ŝ1. The former coefficients inform about the order

imbalance comovement of pleasant and unpleasant firms with the low and high order imbalance

portfolios, i.e., those consisting of firms where retail investors are net sellers and buyers. The latter

ones capture the comovement of pleasant and unpleasant with the pleasant and unpleasant low and

high order imbalance portfolios, i.e., those of pleasant and unpleasant firms where retail investors

are net sellers and buyers.

In general, Table 11 shows a larger comovement in retail imbalances of unpleasant than pleasant

firms. Nevertheless, although the comovement difference between these firms is negative, i.e.,

P−UH, P−UC, and UH−UC, usually only that between P and UC firms is statistically significant.

Using a 90-day window to estimate Equation (11), Appendix A.8 also reports a negatively significant

comovement difference between UH and UC firms. The negatively significant high−low imbalance

comovement of P firms suggests that these firms comove significantly less with the high than low

imbalance portfolio, i.e., with firms where retail investors are net buyers than sellers. Instead, retail

imbalances’ of unpleasant firms comove closely with low and high imbalance portfolios.

INSERT TABLE 11 HERE

Table 12 documents higher order imbalance comovement of UC firms than of P and UH firms, e.g.,

P−UC and UH−UC coefficients are negatively significant, with low and high imbalance portfolios

of pleasant and unpleasant firms. Examining the high−low imbalance comovement of pleasant

and unpleasant firms, we generally find no significant differences, suggesting that pleasant and

14The average results in Appendices A.8 and A.9 are generally robust when using a 90-day window.
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unpleasant firms’ imbalances comove similarly with P, UH, and UC firms regardless of whether

retail investors are net buyers or sellers in them. However, as an exception, we note that P firms’

imbalances comove significantly less with P firms where retail investors are net buyers, i.e., the

high imbalance portfolio.

INSERT TABLE 12 HERE

4 Conclusion

This paper assesses retail investors’ activity on pleasant and unpleasant firms, i.e., whether their

trading depends on a firm’s exposure to extreme weather as a proxy for physical climate risk. It

applies Boehmer et al.’s (2021) sub-penny approach to identify retail trades and defines pleasant

and unpleasant firms as those without and with exposure to extreme temperatures, e.g., hot and

cold.

Empirical findings highlight that retail investors trade substantially less in unpleasant firms, i.e.,

UH and UC, than pleasant firms. This evidence may reflect the recognition of the possible future

effects of such extreme events on firms in which they trade. The retail imbalances of UH and UC

firms are also less persistent and positively predict future returns up to four and two weeks ahead.

In contrast, the imbalances’ predictability of P firms holds up to ten weeks ahead, yet its predictive

power is less strong than that of unpleasant firms for the four and two weeks ahead returns. We

consolidate these inferences by showing that the incremental return predictability of UC firms’

imbalances usually weakens in the short run, i.e., up to one week ahead, while that of both UH and

UC firms’ imbalances strengthens for the four and two weeks ahead, respectively. The past retail

order imbalances of pleasant and unpleasant firms also positively predict earnings surprises in the

short run, whereas those of the former also hold in the long run.

By further decomposing return predictability using retail order imbalances of pleasant and unpleas-

ant firms, we emphasize the relevance of P firms’ price pressure, which positively contributes to the

P retail order imbalances’ predictive power and future returns’ private information. Furthermore,

we uncover that while in the short run, the performance of a UC trading strategy dominates those

of P and UH strategies, in the long run, the P strategy outperforms. Hence, retail investors’ trading
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in pleasant and unpleasant firms may provide valuable signals for trading strategies. Finally, return

and order imbalance comovement generally varies depending on pleasant and unpleasant firms and

retail investor activity in these firms. At the return level, unpleasant firms comove more than

pleasant ones, and when retail investors are net buyers and sellers, both pleasant and unpleasant

firms comove less and more, respectively. Regarding retail imbalances, the UC firms comove more,

and retail net purchases led to less comovement in P and UC firms.
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Table 1: Summary Statistics

Percentile

Mean Median StdDev Skewness Kurtosis 5th 25th 75th 95th

Order imbalances −0.04 −0.05 0.47 0.01 2.64 −0.74 −0.42 0.35 0.69

Buy volume 38141 22901 60797 8.65 142 6974 13445 41169 112619

Sell volume 38207 23668 59009 8.93 148 7722 14246 41393 110069

Unpleasant
hot 0.47 0.30 0.52 1.91 8.18 0.002 0.07 0.70 1.48

cold 2.72 2.15 2.34 1.26 4.90 0.19 0.92 3.87 7.48

Note: This table presents summary statistics of retail order imbalances, buy and sell volume, and degree days
above 30°C and below 0°C as proxies for the unpleasant hot and cold weather. Specifically, we take the time-series
statistic (i.e., mean, median, standard deviation, skewness, kurtosis, and percentile values) for each retail measure
and firm and then report the cross-sectional mean of it. The sample period is January 2010 to December 2018.
We compute the retail measures using the sub-penny price improvement approach of Boehmer et al. (2021) and
the degree days variables following Addoum et al. (2023) and Schlenker and Roberts (2009). We calculate the
order imbalance measure by dividing the difference between the retail buy and sell volume to the sum of the retail
buy and sell volume.
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Table 2: Retail Investors’ Activity on Pleasant and Unpleasant Firms

P UH UC P − UH P − UC UH − UC

Order imbalances −0.0264 −0.0229 −0.0321 −0.0035 0.0056 0.0092

−22.59 −7.31 −7.79 −1.20 1.43 1.90

Buy volume 47570 44033 32487 3537 15163 11526

64.38 41.98 25.02 3.05 12.22 7.03

Sell volume 47288 43138 32577 4150 14783 10531

67.06 51.55 25.59 4.30 12.43 7.02

Note: This table presents the retail investors’ activity in pleasant (P), unpleasant hot (UH), and cold (UC) firms.
Specifically, it reports the time-series averages of the cross-sectional mean and their difference for retail measures
of pleasant and unpleasant firms. The sample period is January 2010 to December 2018. We define pleasant firms
as those without exposures to extreme temperatures, i.e., with days when the degree days above 30°C and below
0°C measures are zero. Unpleasant hot and cold firms are those with exposure to extreme temperatures, i.e.,
when degrees above 30°C and below 0°C measure, respectively, is different from zero.
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Table 3: Determinants of Retail Order Imbalances

Constant −0.3700

−12.87

Order imbalances (w−1) * P dummy 0.1340

35.32

Order imbalances (w−1) * UH dummy 0.1293

21.64

Order imbalances (w−1) * UC dummy 0.1240

21.55

Returns (w−1) −0.6437

−19.73

Returns (m−1) −0.2361

−13.23

Returns (m−7, m−2) −0.0531

−8.45

Turnover 0.0132

2.16

Volatility 0.2565

2.14

Size 0.01220

9.09

B/M −0.01515

−8.80

Adj. R2 2.55%

Note: This table presents the retail investors’ trading activity determinants, considering the past imbalances of
pleasant (P) and unpleasant hot (UH) and cold (UC) firms. The sample period is January 2010 to December
2018. We estimate Equation (1) using the Fama-MacBeth procedure, considering retail order imbalances of
firms exhibiting pleasant and unpleasant hot and cold weather. The P dummy, UH dummy, and UC dummy

is one when the degree days above 30°C and below 0°C are zero, degree days above 30°C and below 0°C exist,
respectively, and zero, otherwise. The dependent variable is the one-week ahead retail order imbalance measure.
The independent variables consist of the past week’s pleasant and unpleasant order imbalances and returns and
the past one and six-month returns. As control variables, we include the previous month’s turnover, volatility of
daily returns, size (i.e., the logarithm of market capitalization), and the logarithm of book-to-market (B/M). We
adjust the standard errors using Newey-West (1987) with five lags to correct the serial correlation.
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Table 6: Analysts’ Earnings Forecast Error Predictability of Retail Pleasant and
Unpleasant Firms

[1, 2] [1, 3] [1, 5] [6, 20]

Constant −6.6520 −6.2913 −5.7306 −6.2018

−31.04 −25.04 −22.05 −32.55

Order imbalances [0] * P dummy 0.2366 0.1906 0.1560 0.0233

8.83 7.97 7.72 2.02

Order imbalances [0] * UH dummy 0.3063 0.2554 0.1994 0.0432

4.63 4.60 4.05 1.39

Order imbalances [0] * UC dummy 0.1577 0.1579 0.1005 −0.00001

3.03 4.10 3.21 −0.0003

Returns [0] 0.2059 0.2641 0.2826 −0.1707

0.82 1.37 1.45 −1.24

Returns [−5, −1] 0.2769 0.1584 0.0460 −0.1159

1.93 1.18 0.35 −0.95

Returns [−26, −6] −0.0259 −0.0695 −0.0574 −0.0057

−0.28 −0.81 −0.70 −0.09

Size 0.1695 0.1629 0.1540 0.1932

15.52 12.78 11.16 18.63

B/M −0.0145 −0.0304 −0.0591 −0.0954

−1.12 −2.20 −4.38 −8.10

Adj. R2 1.15% 1.45% 2.09% 3.57%

Note: This table presents the analysts’ earnings forecast error predictability of the retail order imbalances of
pleasant (P) and unpleasant hot (UH) and cold (UC) firms. The sample period is January 2010 to December
2018. We estimate Equation (4) using the Fama-MacBeth procedure with the logistic regression model considering
firms exhibiting pleasant and unpleasant hot and cold weather. The P dummy, UH dummy, and UC dummy

is one when the degree days above 30°C and below 0°C are zero, degree days above 30°C and below 0°C exist,
respectively, and zero, otherwise. The forecast error is the difference between actual earnings-per-share and the
median I/B/E/S analyst forecast. The dependent variable is the forecast error dummy, which equals one when
the forecast error over days t + x and t + y is positive and zero otherwise. The independent variables include
the order imbalances and returns on day zero and the previous week’s and month’s returns. As control variables,
we consider the previous month’s size (i.e., the logarithm of market capitalization) and the logarithm of book-
to-market (B/M). Following Kelley and Tetlock (2013), we require at least fifty earnings announcements for each
daily logistic regression. We adjust the standard errors using Newey-West (1987) with five lags to correct the
serial correlation.
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Table 7: Decomposition of Return Predictability of Retail Pleasant and Unpleasant
Firms

Panel A

Constant −0.1006

−19.58

Order imbalances (w−2) * P dummy 0.1400

37.36

Order imbalances (w−2) * UH dummy 0.1319

23.50

Order imbalances (w−2) * UC dummy 0.1277

21.13

Returns (w−2) −0.4220

−16.27

Returns (m−1) −0.2104

−11.29

Returns (m−7, m−2) −0.0467

−7.36

Adj. R2 2.44%

(continued)
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Table 7 (continued): Decomposition of Return Predictability of Retail Pleasant and
Unpleasant Firms

Panel B

Constant 0.0034

1.21

P Persistence (w−1) 0.0045

2.40

UH Persistence (w−1) 0.0179

1.09

UC Persistence (w−1) −0.0044

−0.55

Contrarian (w−1) −0.0227

−0.88

Other (w−1) 0.00088

11.65

Returns (w−1) −0.0342

−9.07

Returns (m−1) −0.0068

−0.66

Returns (m−7, m−2) 0.0010

0.38

Turnover −0.0020

−1.79

Volatility −0.0021

−0.11

Size 0.0000

0.08

B/M 0.0003

1.17

Adj. R2 3.95%

Note: This table presents the decomposition of one-week ahead return predictability of the retail order imbalances
considering those of pleasant (P), unpleasant hot (UH), and cold (UC) firms. The sample period is January
2010 to December 2018. Panels A and B report the estimates of Equations (5) and (8) using the Fama-MacBeth
procedure considering firms exhibiting pleasant and unpleasant hot and cold weather. The P dummy, UH dummy,
and UC dummy is one when the degree days above 30°C and below 0°C are zero, degree days above 30°C and
below 0°C exist, respectively, and zero, otherwise. The dependent variable is the one-week-ahead returns, and
the independent variables consist of the past week’s pleasant and unpleasant order imbalances and returns and
the past one and six-month returns. Equation (5) decomposes the order imbalances into five components as
Equation (6) shows, i.e., P persistence, UH persistence, UC persistence, contrarian, and other order imbalance
measures reflecting the price pressure, liquidity provision hypothesis, and the future returns’ private information,
respectively. As control variables, we include the previous month’s turnover, volatility of daily returns, size (i.e.,
the logarithm of market capitalization), and the logarithm of book-to-market (B/M). We adjust the standard
errors using Newey-West (1987) with five lags to correct the serial correlation.
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Table 9: Return Comovement Estimates on the Low and High Return Portfolios and
their Relationship with Pleasant and Unpleasant Firms

P UH UC P − UH P − UC UH − UC

Panel A

Low return comovement 1.0172 1.0867 1.1089 −0.0771 −0.0892 −0.0414

289.85 109.07 88.06 −7.77 −6.52 −1.98

High return comovement 0.9611 1.0309 1.0581 −0.0797 −0.0957 −0.0507

252.48 110.45 82.88 −7.99 −6.88 −2.50

High − Low comovement −0.0561 −0.0558 −0.0508

−13.90 −11.68 −11.36

Panel B

Low return comovement 1.0586 1.1030 1.0692 −0.0571 −0.0032 0.0401

103.91 79.50 83.78 −7.91 −0.37 2.93

High return comovement 0.9955 1.0395 1.0076 −0.0584 −0.0080 0.0351

108.78 81.94 87.14 −8.51 −0.94 2.73

High − Low comovement −0.0630 −0.0634 −0.0616

−13.85 −12.39 −12.60

Note: This table presents the relationship between the return comovement estimates on the low and high return
portfolios and the pleasant (P) and unpleasant hot (UH) and cold (UC) firms. In particular, we sort firms into
two groups each day using the previous week’s retail order imbalance. We define pleasant firms as those without

exposures to extreme temperatures, i.e., with days when the degree days above 30°C and below 0°C measures are zero.
Unpleasant hot and cold firms are those with exposure to extreme temperatures, i.e., when degrees above 30°C and
below 0°C measure, respectively, is different from zero. We compute the value-weighted portfolio returns based on the
previous month’s market capitalization. The sample period is January 2010 to December 2018. Following Goetzmann
et al. (2015), we redesign the return comovement analysis to accommodate our context (Green and Hwang, 2009;
Kumar et al., 2013). Specifically, we obtain the daily return comovement coefficients by using a forward-looking 30-
day window to estimate the rolling regression model of Equation (9) for each low and high portfolio. The dependent
variable is the firm’s returns, and the independent variable includes the portfolio returns. Panel A reports the value-
weighted comovement coefficients based on the previous month’s market capitalization for pleasant and unpleasant
firms, whereas Panel B reports the equal-weighted comovement coefficients. We also report the return comovement
difference between pleasant and unpleasant firms, e.g., P−UH, P−UC, and UH−UC. The high−low comovement
captures the difference between high and low return comovement coefficients. We adjust the standard errors using
Newey-West (1987) with five lags to correct the serial correlation.
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Table 11: Order Imbalance Comovement Estimates on the Low and High Order Im-
balances Portfolios and their Relationship with Pleasant and Unpleasant Firms

P UH UC P − UH P − UC UH − UC

Panel A

Low imbalances comovement 0.5483 0.5923 0.7116 −0.0514 −0.1794 −0.1416

22.62 11.09 8.51 −0.98 −2.12 −1.18

High imbalances comovement 0.5103 0.5815 0.6914 −0.0746 −0.1951 −0.1514

19.21 11.58 10.55 −1.58 −3.01 −1.58

High − Low comovement −0.0380 −0.0108 −0.0202

−1.90 −0.30 −0.33

Panel B

Low imbalances comovement 0.7267 0.7677 0.9299 −0.0546 −0.2104 −0.1962

60.11 17.52 12.33 −1.24 −2.83 −1.80

High imbalances comovement 0.7404 0.8215 0.8288 −0.0978 −0.0887 0.0062

63.85 17.61 14.04 −2.19 −1.50 0.07

High − Low comovement 0.0136 0.0538 −0.1012

1.37 1.95 −1.73

Note: This table presents the relationship between the retail order imbalances comovement estimates on the low and
high order imbalance portfolios and their relationship with pleasant (P), unpleasant hot (UH), and cold (UC) firms.
In particular, we sort firms into two groups each day using the previous week’s retail order imbalance. We define
pleasant firms as those without exposures to extreme temperatures, i.e., with days when the degree days above 30°C
and below 0°C measures are zero. Unpleasant hot and cold firms are those with exposure to extreme temperatures,
i.e., when degrees above 30°C and below 0°C measure, respectively, is different from zero. We compute the equal-
weighted order imbalance portfolios. The sample period is January 2010 to December 2018. Following Goetzmann et
al. (2015), we redesign the return comovement analysis to accommodate our context (Green and Hwang, 2009; Kumar
et al., 2013). Specifically, we obtain the daily order imbalance comovement coefficients by using a forward-looking
30-day window to estimate a similar rolling contemporaneous regression model as in Equation (11) for each low and
high portfolio. The dependent variable is the firm’s order imbalance, and the independent variable includes the retail
order imbalance portfolio. Panel A reports the value-weighted order imbalance comovement coefficients based on
the previous month’s market capitalization for pleasant and unpleasant firms, whereas Panel B reports the equal-
weighted comovement coefficients. We also report the pleasant and unpleasant imbalance comovement difference
between pleasant and unpleasant firms, e.g., P−UH, P−UC, and UH−UC. The high−low comovement captures the
difference between high and low order imbalance coefficients. We adjust the standard errors using Newey-West (1987)
with five lags to correct the serial correlation.
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Appendix A.1: Determinants of Retail Order Imbalances

Constant −0.3706

−12.85

UH dummy 0.0120

2.87

Order imbalances (w−1) * UH dummy −0.0027

−0.52

UC dummy −0.0035

−0.64

Order imbalances (w−1) * UC dummy −0.0103

−1.99

Order imbalances (w−1) 0.1335

35.19

Returns (w−1) −0.6446

−19.69

Returns (m−1) −0.2366

−13.28

Returns (m−7, m−2) −0.0534

−8.48

Turnover 0.0134

2.20

Volatility 0.2554

2.14

Size 0.01215

9.03

B/M −0.01532

−8.95

Adj. R2 2.56%

Note: This table presents the retail investors’ trading activity determinants considering the past imbalances of
pleasant (P) and unpleasant hot (UH) and cold (UC) firms. The sample period is January 2010 to December 2018.
We estimate a similar regression as in Equation (1) using the Fama-MacBeth procedure considering retail order
imbalances of firms exhibiting pleasant and unpleasant hot and cold weather. The UH dummy and UC dummy

is one when degree days above 30°C and below 0°C exist and zero, otherwise. The dependent variable is the
one-week ahead retail order imbalance measure. The independent variables consist of the past week’s pleasant
and unpleasant order imbalances and returns and the past one and six-month returns. As control variables, we
include the previous month’s turnover, volatility of daily returns, size (i.e., the logarithm of market capitalization),
and the logarithm of book-to-market (B/M). We adjust the standard errors using Newey-West (1987) with five
lags to correct the serial correlation.
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Appendix A.2: Determinants of Retail Order Imbalances for Pleasant and Unpleas-
ant Firms

P UH UC

Constant −0.3571 −0.4015 −0.3056

−15.83 −10.47 −7.69

Order imbalances (w−1) 0.1366 0.1339 0.1312

52.88 33.92 33.37

Returns (w−1) −0.6979 −0.7344 −0.7090

−24.65 −17.92 −15.06

Returns (m−1) −0.2496 −0.2367 −0.2020

−17.16 −10.10 −7.10

Returns (m−7, m−2) −0.0428 −0.0326 −0.0541

−7.79 −3.54 −4.52

Turnover 0.0160 0.0412 0.0359

2.48 3.07 2.39

Volatility 0.3808 0.2145 0.3572

3.64 1.44 2.54

Size 0.0110 0.0134 0.0082

10.64 7.70 4.17

B/M −0.0153 −0.01439 −0.0216

−9.50 −5.30 −6.64

Adj. R2 2.62% 2.50% 2.24%

NNote: This table presents the retail investors’ trading activity determinants for pleasant (P) and unpleasant hot
(UH) and cold (UC) firms. The sample period is January 2010 to December 2018. We estimate Equation (1)
using the Fama-MacBeth procedure for each subgroup of firms exhibiting pleasant and unpleasant hot and cold
weather. We define pleasant firms as those without exposures to extreme temperatures, i.e., with days when the
degree days above 30°C and below 0°C measures are zero. Unpleasant hot and cold firms are those with exposure
to extreme temperatures, i.e., when degrees above 30°C and below 0°C measure, respectively, is different from
zero. The dependent variable is the one-week ahead retail order imbalance measure. The independent variables
consist of the past week’s order imbalances and returns and the past one and six-month returns. As control
variables, we include the previous month’s turnover, volatility of daily returns, size (i.e., the logarithm of market
capitalization), and the logarithm of book-to-market (B/M). We adjust the standard errors using Newey-West
(1987) with five lags to correct the serial correlation.
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Appendix A.3: Retail Return Predictability of Pleasant and Unpleasant Firms

P UH UC

Constant 0.0054 0.0094 0.0007

2.44 2.21 0.16

Order imbalances (w−1) 0.0009 0.0009 0.0008

11.43 4.42 4.00

Returns (w−1) −0.0327 −0.0334 −0.0304

−9.65 −5.83 −4.65

Returns (m−1) −0.0049 −0.0024 −0.0066

−2.70 −0.81 −1.70

Returns (m−7, m−2) −0.0001 0.0000 0.0008

−0.17 0.03 0.50

Turnover −0.0021 −0.0046 −0.0066

−2.23 −2.09 −2.20

Volatility 0.0294 −0.0115 0.0138

1.96 −0.41 0.35

Size −0.0001 −0.0003 0.0002

−1.13 −1.34 0.92

B/M 0.0002 0.00039 0.0005

0.68 1.21 1.12

Adj. R2 4.70% 7.14% 9.10%

Note: This table presents the one-week-ahead return predictability of the retail order imbalances for pleasant
(P) and unpleasant hot (UH) and cold (UC) firms. The sample period is January 2010 to December 2018. We
estimate Equation (2) using the Fama-MacBeth procedure for each subgroup of firms exhibiting pleasant and
unpleasant hot and cold weather. We define pleasant firms as those without exposures to extreme temperatures,
i.e., with days when the degree days above 30°C and below 0°C measures are zero. Unpleasant hot and cold
firms are those with exposure to extreme temperatures, i.e., when degrees above 30°C and below 0°C measure,
respectively, is different from zero. The dependent variable is the one-week-ahead returns, and the independent
variables include the order imbalances and returns over the previous week and the previous month and six-month
returns. As control variables, we consider the previous month’s turnover, volatility of daily returns, size (i.e., the
logarithm of market capitalization), and the logarithm of book-to-market (B/M). We adjust the standard errors
using Newey-West (1987) with five lags to correct the serial correlation.
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Appendix A.4: Decomposition of Retail Return Predictability of Pleasant and Un-
pleasant Firms

Panel A

P UH UC

Constant −0.1093 −0.1004 −0.1168

−24.46 −19.04 −16.94

Order imbalances (w−2) 0.1407 0.1365 0.1316

54.75 34.19 29.18

Returns (w−2) −0.4515 −0.4964 −0.4269

−17.42 −9.46 −7.90

Returns (m−1) −0.2149 −0.2137 −0.2063

−13.71 −7.53 −5.89

Returns (m−7, m−2) −0.0368 −0.0298 −0.0438

−6.77 −3.14 −3.14

Adj. R2 2.52% 2.71% 2.04%

(continued)

44



Appendix A.4 (continued): Decomposition of Retail Return Predictability of Pleas-
ant and Unpleasant Firms

Panel B

P UH UC

Constant 0.0057 0.0088 −0.0008

2.61 2.08 −0.18

Persistence (w−1) 0.0037 −0.0026 −0.0054

3.21 −0.58 −0.54

Contrarian (w−1) 0.0052 0.027 −0.0142

0.29 1.30 −0.69

Other (w−1) 0.00082 0.00082 0.00076

10.93 3.73 3.60

Returns (w−1) −0.0314 −0.0315 −0.0278

−9.35 −5.56 −3.68

Returns (m−1) −0.0047 −0.0049 −0.0198

−0.71 −0.47 −1.45

Returns (m−7, m−2) 0.0034 −0.001 −0.0004

1.73 −0.31 −0.08

Turnover −0.0022 −0.0040 −0.0065

−2.38 −1.87 −2.25

Volatility 0.0253 0.0009 0.0343

1.72 0.03 0.97

Size −0.0001 −0.0003 0.0003

−1.22 −1.30 1.17

B/M 0.0002 0.00038 0.0002

0.73 1.16 0.45

Adj. R2 5.06% 7.69% 9.31%

Note: This table presents the decomposition of one-week ahead return predictability of the retail order imbalances
for pleasant (P) and unpleasant hot (UH) and cold (UC) firms. The sample period is January 2010 to December
2018. Panels A and B report the estimates of Equations (5) and (8) using the Fama-MacBeth procedure or each
subgroup of firms exhibiting pleasant and unpleasant hot and cold weather. We define pleasant firms as those
without exposures to extreme temperatures, i.e., with days when the degree days above 30°C and below 0°C
measures are zero. Unpleasant hot and cold firms are those with exposure to extreme temperatures, i.e., when
degrees above 30°C and below 0°C measure, respectively, is different from zero. The dependent variable is the
one-week-ahead returns, and the independent variables consist of the past week’s order imbalances and returns
and the past one and six-month returns. For each subgroup of firms, we decompose the order imbalances into
three components, i.e., persistence, contrarian, and other order imbalance measures reflecting the price pressure,
liquidity provision hypothesis, and the future returns’ private information, respectively. As control variables, we
include the previous month’s turnover, volatility of daily returns, size (i.e., the logarithm of market capitalization),
and the logarithm of book-to-market (B/M). We adjust the standard errors using Newey-West (1987) with five
lags to correct the serial correlation.
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Appendix A.6: Return Comovement Estimates on the Low and High Return Portfolios
and their Relationship with Pleasant and Unpleasant Firms

P UH UC P − UH P − UC UH − UC

Panel A

Low return comovement 1.0154 1.0874 1.0941 −0.0803 −0.0786 −0.0215

369.89 126.52 119.36 −9.20 −7.75 −1.29

High return comovement 0.9604 1.0333 1.0393 −0.0812 −0.0775 −0.0248

294.80 130.84 111.08 −9.54 −7.86 −1.58

High − Low comovement −0.0549 −0.0540 −0.0548

−17.26 −13.79 −14.71

Panel B

Low return comovement 1.0439 1.0929 1.0524 −0.0625 −0.0028 0.0467

127.20 93.23 109.90 −9.88 −0.42 4.08

High return comovement 0.9849 1.0329 0.9947 −0.0614 −0.0037 0.0429

129.00 95.56 107.78 −10.57 −0.58 3.95

High − Low comovement −0.0590 −0.0600 −0.0577

−16.44 −14.17 −15.64

Note: This table presents the relationship between the return comovement estimates on the low and high return
portfolios and the pleasant (P) and unpleasant hot (UH) and cold (UC) firms. In particular, we sort firms into
two groups each day using the previous week’s retail order imbalance. We define pleasant firms as those without

exposures to extreme temperatures, i.e., with days when the degree days above 30°C and below 0°C measures are zero.
Unpleasant hot and cold firms are those with exposure to extreme temperatures, i.e., when degrees above 30°C and
below 0°C measure, respectively, is different from zero. We compute the value-weighted portfolio returns based on the
previous month’s market capitalization. The sample period is January 2010 to December 2018. Following Goetzmann
et al. (2015), we redesign the return comovement analysis to accommodate our context (Green and Hwang, 2009;
Kumar et al., 2013). Specifically, we obtain the daily return comovement coefficients by using a forward-looking 90-
day window to estimate the rolling regression model of Equation (9) for each low and high portfolio. The dependent
variable is the firm’s returns, and the independent variable includes the portfolio returns. Panel A reports the value-
weighted comovement coefficients based on the previous month’s market capitalization for pleasant and unpleasant
firms, whereas Panel B reports the equal-weighted comovement coefficients. We also report the return comovement
difference between pleasant and unpleasant firms, e.g., P−UH, P−UC, and UH−UC. The high−low comovement
captures the difference between high and low return comovement coefficients. We adjust the standard errors using
Newey-West (1987) with five lags to correct the serial correlation.
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Appendix A.8: Order Imbalance Comovement Estimates on the Low and High Order
Imbalances Portfolios and their Relationship with Pleasant and Unpleasant Firms

P UH UC P − UH P − UC UH − UC

Panel A

Low imbalances comovement 0.6131 0.6077 0.7110 0.0178 −0.1094 −0.1401

38.94 19.07 16.24 0.58 −2.60 −2.14

High imbalances comovement 0.5879 0.5727 0.7223 0.0327 −0.1442 −0.2029

30.45 20.86 18.43 1.44 −4.05 −3.89

High − Low comovement −0.0253 −0.0350 0.0113

−1.76 −1.13 0.37

Panel B

Low imbalances comovement 0.7523 0.7147 0.8234 0.0276 −0.0659 −0.1244

82.90 30.59 22.40 1.21 −1.89 −2.37

High imbalances comovement 0.7961 0.8028 0.8765 −0.0149 −0.0736 −0.0850

87.35 36.30 27.19 −0.68 −2.29 −1.75

High − Low comovement 0.0437 0.0881 0.0531

5.97 4.56 2.07

Note: This table presents the relationship between the retail order imbalances comovement estimates on the low and
high order imbalance portfolios and their relationship with pleasant (P) and unpleasant hot (UH), and cold (UC)
firms. In particular, we sort firms into two groups each day using the previous week’s retail order imbalance. We define
pleasant firms as those without exposures to extreme temperatures, i.e., with days when the degree days above 30°C
and below 0°C measures are zero. Unpleasant hot and cold firms are those with exposure to extreme temperatures,
i.e., when degrees above 30°C and below 0°C measure, respectively, is different from zero. We compute the equal-
weighted order imbalance portfolios. The sample period is January 2010 to December 2018. Following Goetzmann et
al. (2015), we redesign the return comovement analysis to accommodate our context (Green and Hwang, 2009; Kumar
et al., 2013). Specifically, we obtain the daily order imbalance comovement coefficients by using a forward-looking
90-day window to estimate a similar rolling contemporaneous regression model as in Equation (11) for each low and
high portfolio. The dependent variable is the firm’s order imbalance, and the independent variable includes the retail
order imbalance portfolio. Panel A reports the value-weighted order imbalance comovement coefficients based on
the previous month’s market capitalization for pleasant and unpleasant firms, whereas Panel B reports the equal-
weighted comovement coefficients. We also report the pleasant and unpleasant imbalance comovement difference
between pleasant and unpleasant firms, e.g., P−UH, P−UC, and UH−UC. The high−low comovement captures the
difference between high and low order imbalance coefficients. We adjust the standard errors using Newey-West (1987)
with five lags to correct the serial correlation.

50



A
p
p
e
n
d
ix

A
.9
:
P
le
a
sa

n
t
a
n
d

U
n
p
le
a
sa

n
t
O
rd

e
r
Im

b
a
la
n
c
e
s
C
o
m
o
v
e
m
e
n
t
E
st
im

a
te
s
o
n

th
e
P
le
a
sa

n
t
a
n
d

U
n
p
le
a
sa

n
t

L
o
w
,
H
ig
h

a
n
d

H
ig
h

−
L
o
w

O
rd

e
r
Im

b
a
la
n
c
e
s
P
o
rt
fo
li
o
s
a
n
d

th
e
ir

R
e
la
ti
o
n
sh

ip
w
it
h

P
,
U
H
,
a
n
d

U
C

F
ir
m
s

L
o
w

H
ig
h

H
ig
h

−
L
o
w

c
o
m
o
v
e
m
e
n
t

P
U
H

U
C

P
−

U
H

P
−

U
C

U
H

−
U
C

P
U
H

U
C

P
−

U
H

P
−

U
C

U
H

−
U
C

P
U
H

U
C

P
a
n
e
l
A

P
le
a
sa

n
t
c
o
m
o
v
e
m
e
n
t

0.
52
12

0.
51
71

0.
59
84

0.
00
18

−
0.
08
75

−
0.
10
20

0.
46
64

0.
42
99

0.
56
78

0.
04
50

−
0.
10
50

−
0.
17
86

−
0.
05
48

−
0.
08
72

−
0.
03
06

35
.4
7

18
.6
6

15
.6
3

0.
07

−
2.
46

−
1.
82

30
.2
3

16
.7
1

18
.6
8

2.
10

−
3.
63

−
4.
02

−
4.
90

−
2.
67

−
1.
14

U
n
p
le
a
sa

n
t
h
o
t
c
o
m
o
v
e
m
e
n
t

0.
19
02

0.
23
81

0.
23
02

−
0.
01
42

−
0.
04
60

−
0.
03
95

0.
20
65

0.
23
07

0.
28
77

0.
00
40

−
0.
07
90

−
0.
10
37

0.
01
46

−
0.
00
77

0.
05
43

14
.1
5

14
.0
5

7.
91

−
1.
22

−
1.
82

−
1.
12

16
.4
2

13
.3
0

9.
90

0.
39

−
3.
24

−
3.
24

1.
79

−
0.
58

2.
28

U
n
p
le
a
sa

n
t
c
o
ld

c
o
m
o
v
e
m
e
n
t
0.
21
92

0.
16
70

0.
25
53

0.
02
19

−
0.
01
77

−
0.
04
37

0.
21
56

0.
18
71

0.
26
64

−
0.
00
13

−
0.
03
29

−
0.
03
61

−
0.
00
36

0.
02
01

0.
01
11

14
.2
6

7.
70

13
.8
1

1.
51

−
1.
67

−
2.
04

12
.8
9

8.
55

13
.9
3

−
0.
10

−
3.
29

−
1.
76

−
0.
42

1.
28

0.
86

P
a
n
e
l
B

P
le
a
sa

n
t
c
o
m
o
v
e
m
e
n
t

0.
63
77

0.
58
98

0.
71
67

0.
03
10

−
0.
07
55

−
0.
14
32

0.
65
22

0.
63
93

0.
67
87

−
0.
00
23

−
0.
02
10

−
0.
03
33

0.
01
45

0.
04
96

−
0.
03
80

58
.3
4

27
.5
0

22
.5
6

1.
65

−
2.
59

−
3.
27

60
.0
0

29
.0
2

24
.3
9

−
0.
12

−
0.
83

−
0.
81

2.
14

2.
80

−
1.
69

U
n
p
le
a
sa

n
t
h
o
t
c
o
m
o
v
e
m
e
n
t

0.
23
32

0.
29
40

0.
27
80

−
0.
02
31

−
0.
04
09

−
0.
03
17

0.
28
16

0.
34
74

0.
32
27

−
0.
03
29

−
0.
03
70

−
0.
01
99

0.
04
55

0.
05
20

0.
04
08

16
.9
9

16
.9
1

9.
82

−
2.
35

−
1.
80

−
1.
01

20
.9
1

20
.5
6

11
.6
5

−
3.
53

−
1.
78

−
0.
69

6.
62

5.
13

1.
76

U
n
p
le
a
sa

n
t
c
o
ld

c
o
m
o
v
e
m
e
n
t
0.
26
99

0.
22
30

0.
32
80

−
0.
00
21

−
0.
03
39

−
0.
03
79

0.
27
70

0.
22
21

0.
35
18

0.
00
61

−
0.
04
79

−
0.
06
31

0.
00
71

−
0.
00
09

0.
02
38

17
.5
5

11
.4
1

18
.7
8

−
0.
20

−
3.
73

−
2.
22

16
.4
0

9.
68

18
.8
9

0.
49

−
5.
32

−
3.
48

1.
38

−
0.
07

2.
42

N
o
te
:
T
h
is

ta
b
le

p
re
se
n
ts

th
e
re
la
ti
o
n
sh
ip

b
et
w
ee
n
th
e
p
le
a
sa
n
t
a
n
d
u
n
p
le
a
sa
n
t
o
rd
er

im
b
a
la
n
ce

co
m
ov

em
en

t
es
ti
m
a
te
s
o
n
th
e
p
le
a
sa
n
t
a
n
d
u
n
p
le
a
sa
n
t
lo
w

a
n
d

h
ig
h
o
rd
er

im
b
a
la
n
ce

p
o
rt
fo
li
o
s
a
n
d
th
ei
r
re
la
ti
o
n
sh
ip

w
it
h
p
le
a
sa
n
t
(P

)
a
n
d
u
n
p
le
a
sa
n
t
h
o
t
(U

H
)
a
n
d
co
ld

(U
C
)
fi
rm

s.
In

p
a
rt
ic
u
la
r,

ea
ch

d
ay
,
w
e
so
rt

fi
rm

s
in
to

tw
o
g
ro
u
p
s
u
si
n
g
th
e
p
re
v
io
u
s
w
ee
k
’s
re
ta
il
o
rd
er

im
b
a
la
n
ce
,
a
n
d
th
en

fo
r
ea
ch

g
ro
u
p
,
w
e
co
n
si
d
er

th
e
fi
rm

s
ex

h
ib
it
in
g
P
,
U
H
,
a
n
d
U
C

w
ea
th
er
.
W
e
d
efi

n
e
p
le
a
sa
n
t

fi
rm

s
a
s
th
o
se

w
it
h
o
u
t
ex

p
o
su
re
s
to

ex
tr
em

e
te
m
p
er
a
tu
re
s,

i.
e.
,
w
it
h
d
ay

s
w
h
en

th
e
d
eg
re
e
d
ay

s
a
b
ov

e
3
0

°C
a
n
d
b
el
ow

0

°C
m
ea
su
re
s
a
re

ze
ro
.
U
n
p
le
a
sa
n
t
h
o
t

a
n
d
co
ld

fi
rm

s
a
re

th
o
se

w
it
h
ex

p
o
su
re

to
ex

tr
em

e
te
m
p
er
a
tu
re
s,

i.
e.
,
w
h
en

d
eg
re
es

a
b
ov

e
3
0

°C
a
n
d
b
el
ow

0

°C
m
ea
su
re
,
re
sp

ec
ti
v
el
y,

is
d
iff
er
en

t
fr
o
m

ze
ro
.
W
e

co
m
p
u
te

th
e
eq

u
a
l-
w
ei
g
h
te
d
o
rd
er

im
b
a
la
n
ce

p
o
rt
fo
li
o
s.

T
h
e
sa
m
p
le

p
er
io
d
is
J
a
n
u
a
ry

2
0
1
0
to

D
ec
em

b
er

2
0
1
8
.
F
o
ll
ow

in
g
G
o
et
zm

a
n
n
et

a
l.

(2
0
1
5
),
w
e
re
d
es
ig
n
th
e

re
tu
rn

co
m
ov

em
en

t
a
n
a
ly
si
s
to

a
cc
o
m
m
o
d
a
te

o
u
r
co
n
te
x
t
(G

re
en

a
n
d
H
w
a
n
g
,
2
0
0
9
;
K
u
m
a
r
et

a
l.
,
2
0
1
3
).

S
p
ec
ifi
ca
ll
y,

w
e
o
b
ta
in

th
e
d
a
il
y
p
le
a
sa
n
t
a
n
d
u
n
p
le
a
sa
n
t

o
rd
er

im
b
a
la
n
ce

co
m
ov

em
en

t
co
effi

ci
en

ts
b
y
u
si
n
g
a
fo
rw

a
rd
-l
o
o
k
in
g
3
0
-d
ay

w
in
d
ow

to
es
ti
m
a
te

a
si
m
il
a
r
ro
ll
in
g
re
g
re
ss
io
n
m
o
d
el

a
s
in

E
q
u
a
ti
o
n
(1
2
)
fo
r
ea
ch

o
f
th
e
p
le
a
sa
n
t
a
n
d
u
n
p
le
a
sa
n
t
lo
w

a
n
d
h
ig
h
p
o
rt
fo
li
o
s.

T
h
e
d
ep

en
d
en

t
va

ri
a
b
le

is
th
e
fi
rm

’s
o
rd
er

im
b
a
la
n
ce
s,

a
n
d
th
e
in
d
ep

en
d
en

t
va

ri
a
b
le

in
cl
u
d
es

th
e
o
rd
er

im
b
a
la
n
ce

p
o
rt
fo
li
o
.
P
a
n
el

A
re
p
o
rt
s
th
e
va

lu
e-
w
ei
g
h
te
d
p
le
a
sa
n
t
a
n
d
u
n
p
le
a
sa
n
t
o
rd
er

im
b
a
la
n
ce

co
m
ov

em
en

t
co
effi

ci
en

ts
b
a
se
d
o
n
th
e
p
re
v
io
u
s
m
o
n
th
’s

m
a
rk
et

ca
p
it
a
li
za
ti
o
n
fo
r
p
le
a
sa
n
t
a
n
d
u
n
p
le
a
sa
n
t
fi
rm

s,
w
h
er
ea
s
P
a
n
el

B
re
p
o
rt
s
th
e
eq

u
a
l-
w
ei
g
h
te
d
co
m
ov

em
en

t
co
effi

ci
en

ts
.
W
e
a
ls
o
re
p
o
rt

th
e
p
le
a
sa
n
t
a
n
d
u
n
p
le
a
sa
n
t

im
b
a
la
n
ce

co
m
ov

em
en

t
d
iff
er
en

ce
b
et
w
ee
n
p
le
a
sa
n
t
a
n
d
u
n
p
le
a
sa
n
t
fi
rm

s,
e.
g
.,
P
−
U
H
,
P
−
U
C
,
a
n
d
U
H
−
U
C
.
T
h
e
h
ig
h
−
lo
w

co
m
ov

em
en

t
ca
p
tu
re
s
th
e
d
iff
er
en

ce
b
et
w
ee
n
h
ig
h
a
n
d
lo
w

o
rd
er

im
b
a
la
n
ce

co
effi

ci
en

ts
.
W
e
a
d
ju
st

th
e
st
a
n
d
a
rd

er
ro
rs

u
si
n
g
N
ew

ey
-W

es
t
(1
9
8
7
)
w
it
h
fi
v
e
la
g
s
to

co
rr
ec
t
th
e
se
ri
a
l
co
rr
el
a
ti
o
n
.
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