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Abstract

Despite the projected global warming and increased pressure on firms to disclose their
exposure to climate-related risk, it is unclear if firm performance is negatively affected
by extremely high temperatures, and if investors anticipate the financial impact of heat
exposure on returns. In this study, I link firm performance records, analyst forecasts,
and earnings announcement returns of an international sample of 4,400 local listed firms
from 1995 to 2017 to temporally and spatially high-resoluted, firm-specific measures
of heat exposure. Estimating the financial impact of randomly distributed variation
in the number of days on which firms were exposed to extremely high temperatures,
I find that increasing exposure reduces revenues and operating income. Moreover,
the deviation of analyst estimates from actual financial performance as well as the
abnormal returns around earnings announcements become more negative when heat
exposure at the firms’ locations increases. These findings suggest that investors do not
anticipate the economic implications of heat as a first-order physical climate risk.
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1. Introduction

According to the Task Force on Climate Change-related Financial Disclosures (TCFD)1

climate change is “one of the most significant, and perhaps most misunderstood, risks that

organizations face today” (TCFD, 2018). With regard to corporate finance and investments,

this notion is reflected in two fundamental but unanswered questions: First, do past records

suggest that physical climate risk affects the financial performance of listed firms? And

second, if so, do investors anticipate the sensitivity of firms’ earnings to climate exposure?

In this paper, I investigate both questions in the context of extremely high temperatures.

Understanding the financial impact of heat as a climate risk is particularly important as high

temperatures are projected to become much more frequent (IPCC, 2013) - and with major

change yet to come, the years since the millennium have given a taste of the projections,

comprising 14 out of the 15 hottest years recorded since 1850 (WMO, 2017).

To approach the question if global warming directly impacts the financial performance of

listed firms, I estimate the past sensitivity of earnings to extremely high temperatures. Find-

ing that both revenues and operating income are negatively affected by heat, I subsequently

test if investors and analysts anticipate these performance implications. I causally identify

the net impact of extremely high temperatures on financial performance using year-to-year

variation in firms’ exposure to extreme temperature days. This variation is exogenous and

randomly distributed, and therefore resembles an ongoing natural experiment2. Days are

classified as extremely warm based on two absolute and two place- and time-contingent

temperature thresholds, using spatially and temporally granular information on daily max-

imum temperatures from the global reanalysis dataset ERA-Interim (European Center for

Medium-term Weather Forecasts). To link firm financials and temperatures, I determine

firms’ headquarters coordinates and spatially match them with the ERA-Interim grid. En-

suring that operations at large were substantially affected by this measure of heat exposure, I

use a sample of 4,400 firms with regionally concentrated assets in Asia and Europe, classified

based on Factset’s international segment reporting. On the financial side, I measure perfor-

mance through quarterly and annual revenues and operating income (Compustat Global).

Furthermore, I obtain analysts’ ex-ante revenue and pre-tax income estimates as a proxy

for investor expectations of financial performance (IBES), and calculate (abnormal) returns

around public earnings announcement dates based on daily returns (Compustat Global).

1The task force aims to help “companies disclose decision-useful information which will enable financial
markets to better understand climate-related financial risks and opportunities” and was formed by the
Financial Stability Board (FSB) in 2015 (Bloomberg, 2018).

2See Auffammer et al. (2013) and Dell, Jones & Olken (2014) for discussions of the econometric approach.
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The question if high temperatures decrease the financial performance of listed firms re-

mains subject to - at times heated - debates. On the one hand, there is broad micro- and

macroeconomic evidence that heat decreases the supply3 and productivity4 of inputs, and

various studies illustrate a negative relation between heat stress and productivity for unlisted

firms5, incomes, and aggregate economic losses. Furthermore, long-run temperature changes

carry a significantly positive equity risk premium (Bansal, Kiku & Ochoa, 2016). Whereas

the relative importance of all potential economic channels is difficult to identify, previous eco-

nomic studies have particularly stressed the persistence of the negative impact on cognitive

and physical worker performance (see Pilcher et al., 2002; Sepannen et al., 2006 for reviews)

and the quantity of hours worked (Graff Zivin & Neidell, 2014). Furthermore, previous stud-

ies argue that the employee-related effects compound to economically relevant magnitudes

and could explain the observed performance sensitivity on the firm (e.g. Somanathan et al.,

2015; Zhang et al., 2018) and aggregate economic level (Park & Heal, 2014). In line with

the general importance of labour as an input, the negative economic heat-output relation

persists not only across, but also within countries, with a documented decrease of 1.2 to 1.9%

in municipal income per additional ◦Celsius (C) (Dell, Jones & Olken, 2009). Countries in

tropical and sub-tropical climates seem to be more severely affected by rising temperatures

(Hsiang, 2010; Dell, Jones & Olken, 2012). However, the effect has been documented to

hold both in developed and developing countries, and in- and outside of the agricultural

sector (Burke, Hsiang & Miguel, 2015). In line with these results, I adopt the alternative

hypothesis that the negative economic impact of heat manifests itself on the firm-level.

On the other hand, if the impact of high temperature on firm operations is material,

economic principles suggest that firms would identify heat as financially harmful, and adapt.

Moreover, particularly listed firms should have sufficient access to finance to expand their

adaptive capacity, e.g. by mitigating worker exposure through cooling, adjusting the combi-

nation of inputs, and scheduling production processes or services around temperature peaks.

If firms are able to fully adapt to high temperatures, random variation in heat exposure

should not be significantly related to financial performance.

3Previous research documents that electricity prices increase with heat exposure (Pechan & Eisenack,
2014), while input supply, e.g. water (Mishra & Singh, 2010) and timber (Teskey et al., 2015) tightens.

4Heat exposure compromises both cognitive (Pilcher, Nadler & Busch, 2002; Sepannen, Fisk & Faulkner,
2003; Sepannen, Fisk & Lei, 2006; Hancock, Ross & Szalma, 2007, Goodman et al. 2018; Park, 2018) and
physical performance (Xiang, Bi, Pisaniello & Hansen, 2014), in and outside of the office environment. Also,
heat exposure can distort operations through damages on utility and transportation infrastructure.

5E.g. Sudarshan and Tewari (2014), Somanathan et al. (2015), Li et al. (2016), Zhang et al. (2016),
Traore & Foltz (2017), and Xie (2017).
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Rejecting this null hypothesis that extremely high temperatures and firm performance are

unrelated, I find that an additional day of heat exposure significantly reduces both revenues

and operating income, and that one additional day of exposure to heat decreases annual

revenues by approximately 13 to 14% of the earnings share of an average day per year. A

year with a one standard deviation increase in the number of extreme temperature days

compared to the average conditions results in a 0.65% reduction in revenue over assets for

the 30◦C threshold (standard deviation of 19.72 days, coefficient -0.032, significant at the

5%-level), and this estimate implies an absolute reduction in annual revenue of 2.197 million

(411,658) U.S. dollar attributable at the average (median) total assets to the increased heat

exposure.

To investigate the economic channels behind this effect, I conduct a series of cross-

sectional tests. Thereby, I find that the negative heat-performance link is mainly driven by

decreases in sales turnover, and to a lesser extent by changes in the cost margin. Moreover,

the effect holds when firms report that asset and sales locations are geographically separated,

which suggests that the revenue decrease is not limited to temperature-related changes in

demand-side dynamics. Additionally, in line with previous studies which suggest that heat

exposure substantially reduces worker performance to an extent that can manifest itself in

performance decreases on the firm level, I find that labour intensive firms - classified both

in absolute terms as well as relative to industry averages - experience the strongest negative

reactions to extremely high temperature days. This sensitivity is particularly plausible as

the actual rates of cooling technology deployed in the studied countries is low (International

Energy Agency, 2018; Figure 9).

The second question becomes all the more important given that firms’ earnings prove

to be heat-sensitive: Do investors and analysts anticipate the performance implications of

extreme temperatures? Whereas the financial theory suggests that asset prices always reflect

all available information, recent debates in the investment community raise doubts about

the extent to which climate change-related information is priced. With regard to climate

change mitigation and the transition to a low carbon economy, financial assessment is often

complicated by policy and climate scenario uncertainty. The case of extremely high temper-

atures as a physical risk, in contrast, provides a clean setting to test investor anticipation for

two reasons: First, information on heat exposure is widely and publicly available. Second,

extreme temperatures cannot be influenced externally.
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To find out if investors have anticipated the financial performance implications of heat

up until today, I conduct two tests. First, I use analyst forecasts as a proxy for investor

revenue and operating income expectations and test if performance surprises are negatively

related to randomly distributed deviations in corporate exposure to heat from average con-

ditions. If extremely high temperature days are financially material and analysts do not

anticipate this effect, revenue and operating income projections should be systematically

too high in periods when firms where affected by more extremely warm days than usual.

Hence, deviations of analyst forecasts from the actual performance should become more

negative with increasing heat exposure - unless analysts correctly assess and incorporate

information on high temperatures. To ensure that information on location-specific exposure

was available, I use revenue and income forecasts that could have been updated after the

heat exposure of the firm was realized, but before earnings were announced. Nevertheless, I

find that earnings surprises become more negative with increased corporate exposure to heat.

In the second test, I investigate if investors at large are surprised by firms’ financial sen-

sitivity to heat. Again, the test hypothesizes that exogenous year-to-year changes in firms’

heat exposure should not be systematically related to announcement returns if investors

incorporate information on temperatures into earnings expectations prior to the announce-

ment. In line with the previous findings, the results indicate that announcement returns be-

come more negative when firms are exposed to more days with extremely high temperatures.

The first part of my study adds to the growing economic literature on heat exposure and

firm productivity as well as the financial literature on the impact of climate hazards on firm

performance and financing decisions. The previous economic studies mostly focus on unlisted

firms in developing countries, and predominantly study economic measures of productivity:

Sudarshan and Tewari (2014) and Somanathan et al. (2015) analyse the impact of extremely

high temperatures on worker productivity and attendance in India and document a sizeable

negative impact. Li et al. (2016) show that temperature shocks reduce Chinese firms’ export

quantities, Zhang et al. (2016) similarly find that heat reduces the productivity of a large

sample of Chinese production facilities. Traore and Foltz (2017) study a detailed data set

of firms in Ivory Coast and document a negative temperature-performance link. Xie (2017)

shows that thermal stress drives exit probabilities of Indonesian firms. My results are in

line with these findings, but show that the relation can be established in a wide range of

relatively developed countries, documented in various industries, and persists in listed and

thereby less capital-constrained firms which would have then necessary access to capital to

invest in adaptive capacity.
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On the financial side, Barrot and Sauvagnat (2016) study the impact of natural dis-

asters on sales growth, and find that disasters negatively affect both the sales growth of

directly exposed firms and their largest customers. Dessaint and Matray (2017) find that

hurricane strikes reduce the market value of firms located in the United States. Brown et

al. (2017) study cold spells and the use of credit and find that extreme cold represents a

shock to firms cash holdings. In contrast to Brown et al. (2017), this study focuses on high

temperature extremes. This choice is due to the projection that temperature distributions

will shift to the right and that specifically high temperatures are expected to become more

frequent in economically important areas. In robustness tests, I control for cold days to en-

sure that the effect I document is not driven by a systematic correlation of hot and cold days.

Beyond the literature on the performance implications of environmental conditions, the

second part of this study is linked to the literature on climate hazards and investor awareness.

For instance, Jona et al. (2016) find that corporate disclosures of adverse climate shocks

reduce the market value of equity. Antilla-Hughes (2016) finds that NASA announcements

of temperature records and ice shelve collapses affect energy company returns. On the same

note, Bernstein et al. (2018) find that real estate exposed to sea level rise sells at a discount.

In contrast to these results, my findings suggest that heat exposure as another type of climate

change-related risk has recently not been factored into investor expectations. My findings

are therefore in line with Hong et al. (forthcoming). The authors study the food sector and

find that information on droughts is predictive of the stock returns. Additionally, they find

that trading on drought-related information is profitable, suggesting that investors do not

anticipate the link between drought conditions and firm performance. However, my results

suggest that heat exposure matters beyond the food and agricultural sector and affect the

economy at large, and that cross-sectional differences in financial sensitivity to heat are more

strongly determined by labour intensity than by industry classifications.

Moreover, my results connect to studies on the financial materiality of environmental in-

formation, which test how firms’ impact on the environment is reflected in financial markets

(e.g. Derwall et al., 2005; Chava, 2014; Krueger, 2015). In contrast to this perspective, I

study the impact of the environment on the firms. Also, there is a large literature on the

direct impact of the weather on investor sentiment and returns (Kamstra, Kramer and Levi,

2003; Cao and Wei, 2005; Symenios, Daskalakis and Markellos, 2010). My study is different

in that I focus on the link between the weather, real economic activity, and investor atten-

tion or ability to assess this economic sensitivity to climate conditions within individual firms.

5



The Bank of England (Reuters, 2018) and the European Central Bank (Bank for Inter-

national Settlements, 2018) have recently voiced growing concern with regard to the threat

climate change poses to financial stability. Furthermore, legislators in France6 and the Eu-

ropean Union7 have recently integrated climate risk into corporate and financial disclosure

requirements - accompanied by the establishment of non-governmental and investor initia-

tives such as the Climate Disclosure Standards Board (CDSB) and the TCFD. To provide

disclosure guidance, the European Bank of Development and Reconstruction (EBRD) re-

leased a report that proposes specific climate risk metrics. Two central recommendations

refer to extremely high temperatures as a climate hazard: First, firms should assess their

exposure to heat as one out of six first-order physical risks. Second, the report recommends

firms to test the sensitivity of their operations to weather variability (EBRD, 2018). There-

fore, this study closely connects to policy debates on climate change-related disclosure and

global warming as a systemic financial risk.

The study proceeds as follows: After explaining how I measure extremely high temper-

atures in section 2, I show the impact of heat exposure on firm performance and cross-

sectional tests in section 3. Section 4 shows the relation of heat exposure to analyst forecast

accuracy and section 5 covers announcement returns. In section 6, I rule out alternative

climate-related and economic explanations, and discuss the extrapolation of the results and

preliminary evidence of corporate adaptive capacity. Section 7 concludes.

2. Measuring Heat Exposure

2.1. Regional Concentration of Firm Operations

To determine a firm-specific measure of heat exposure, the locations of firm operations

have to be sufficiently well identified. Moreover, heterogeneous heat exposures of subsidiaries,

plants, and branches have to be consolidated at the corporate reporting level if firms operate

globally. This consolidation would require a weighting of location-specific exposures based

on their financial contribution, importance in production processes, and sensitivity to tem-

6“Article 173 of the French Law on Energy Transition and Green Growth passed August 2015 requires
major institutional investors and asset management companies to [...] report on the impacts of both physical
risks and transition risks caused by climate change [...].” (Four Twenty Seven, 2018a)

7“The EU laid out a clear plan to move towards mandatory climate risk disclosure as part of a new
set of regulations to finance sustainable growth and support the transition to a low-carbon economy. The
European Commission’s Action Plan lays out a two year time line for implementation, with a goal to create
a taxonomy for climate adaptation finance by the end of 2019.” (Four Twenty Seven, 2018b)
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perature variability. Since it is unclear whether financial results of listed firms at large are

sensitive to temperature variability in the first place, the research question first has to be

addressed in the context of local firms.

To identify firms with locally concentrated operations, I merge the financial data obtained

from Compustat with Factset’s international segment records. Publicly listed firms are

obliged to disclose information on their activities by geographic segments in their interim

financial reports, and include all segments representing more than 10% of total assets, sales,

or income. The granularity of the reported segments differs across firms and ranges from

state to continent levels. I limit the sample to firms that report segments on a country-by-

country basis, and subsequently exclude firms that hold less than 80% of assets in their home

country. If home countries are large and diverse in terms of climate zones, headquarters-based

measurement of extreme temperatures could be too imprecise. To ensure that operations

can be labelled as concentrated based on country-level reports, I restrict the sample to

relatively smaller countries, and to ensure that remote parts of the assets were not exposed

to completely different weather conditions, I restrict the sample to countries with limited

variation in climate zones. The second restriction is based on a qualitative assessment of

the similarity of the climate zones within countries using the Koppen Climate Classification

(Chen & Chen, 2017). The firms included in the final sample are mapped in Appendix I,

Figure 1.

2.2. Daily Temperatures

To calculate a firm-specific measure of heat exposure, I obtain historical records of daily

maximum temperatures available on a global scale from the European Center for Medium-

term Weather Forecasts. The ERA-Interim reanalysis data of the atmosphere provides con-

tinuous daily coverage of a 0.75 x 0.75◦grid dating back from 1979 until today. Dee et al.

(2011) provide a detailed description of the data set. The continuous coverage is a major

advantage of the reanalysis data over station-based weather records, as the regional and

spatial completeness of station-based reporting varies substantially, and requires the inter-

polation of time periods of varying lengths. To match firms and temperature records, I

obtain firm locations from Factset Fundamentals and cross-check whether address countries

match with Compustat Global records. Subsequently, I geocode street-level addresses using

the Bing Maps API, and match firms and ERA-Interim grid nodes minimizing the respective

distance.
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2.3. Extreme Temperature Days Classification Thresholds

Annual or quarterly firm performance can be viewed as sum of daily financial output

over the fiscal quarter or year. To match the daily data on heat exposure with the af-

fected quarterly and annual operational periods, I use the concept of degree days. To do

so, I classify days as normal or exceptionally warm based on four different temperature

thresholds. Two thresholds are absolute choices based on the physiological literature sug-

gesting that individual productivity begins to drop at 25◦C (Tanabe et al., 2013), and falls

with an increasing rate beyond 30◦C (Sepannen et al., 2003). Additionally, I use two addi-

tional location-specific thresholds that are widely used to characterize heatwaves (Perkins &

Alexander, 2013). These thresholds are determined endogenously based on past temperature

distributions between 1980 and 1999. For every day of the year, I gather the daily maximum

temperatures of the past 20 years on the day itself as well as on its five preceding and follow-

ing days in the year. The 90th and 95th percentile temperatures of the resulting distribution

serve as the place- and time-specific thresholds to classify whether a day is exceptionally

hot, compared to what would be normal given past realizations.

For all four measures, I count the number of days on which a firm was exposed to extreme

temperatures during a financial quarter or year. To accommodate different financial year

ends and hence, variation across firms in terms of which months are associated with which

fiscal quarters, I first construct an aggregate heat exposure measure on a monthly basis. To

do so, I count the number of days exposed to heat by firm locations per month. Subsequently,

I carefully match the calendar monthly measures to the fiscal reporting quarters and years,

and generate the quarterly and annual sum of exposed days.

3. Heat Exposure and Financial Performance

3.1. Methodology and Identification Strategy

To shed light on the two competing hypotheses with regard to the impact of heat exposure

on earnings, I collect financial and accounting performance records from Compustat Global.

I convert values from local currencies to U.S. dollar using World Bank tables on exchange

rates. The weather cannot be influenced by firm decisions, though corporate decision making

frequently involves the climate. Figure 6 shows a conceptual framework developed by Kelly

et al. (2005) and illustrates firm activities as a function of climate conditions. If firms are

rational, production or location decisions are made so that the value of any given economic

activity is maximized. Therefore, deriving a causal estimate of the impact of heat exposure
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in the cross-section would require ruling out a large number of potential confounding effects.

However, the impact of heat exposure can be causally identified using within-variation

(see Dell et al. (2014) for a discussion). In contrast to cross-sectional variation, the natural

variability of temperatures and realized hot days around the location-specific average is

randomly distributed and exogenously determined. The arrows in Figure 6 illustrate this

within variation. I use pooled ordinary least squares regressions with fixed effects to study

the impact of the natural variation in the realized heat exposure around the mean exposure

on financial outcomes based on the regression model outlined in equation 1 and 2. Figure 4

and 5 show the cross-sectional and within-variation, and illustrate that the number of days

on which firms are exposed to heat in a given year frequently deviates substantially from the

average exposure.

revenues

assets it
= βExtreme Temperature Daysit + µi + γnt + θt + εint (1)

operating income

assets it
= βExtreme Temperature Daysit + µi + γnt + θt + εint (2)

In equation 1 and 2, i stands for the firms, n represents the firm’s industry, t stands for

the observed year or quarter, µi represents the firm-(quarter)-fixed effect, and γnt (θnt) an

industry-year (year) fixed effect to absorb variation in financial performance due to by tech-

nological change or industry-specific (global economic) trends. Extreme Temperature Days

stands for the number of days in a year (quarter) that firm i experiences temperatures above

one of the four thresholds. Standard errors are clustered two-way at the firm and year level.

I focus on revenues and operating incomes as relatively narrow metrics at the top of the

income statement, which should be less distorted by accounting choices compared to metrics

further down the income statement.

As location-specific inter-temporal variation in heat exposure cannot be actively influ-

enced by firm choices, there should be no firm-specific characteristics that can drive both

the outcome and the measure of heat exposure. Hence, I do not include firm-level controls

in the baseline analysis and thereby avoid over-controlling problems, at the expense of the

potentially unnecessarily high residual variance (Dell et al., 2014).

9



3.2. Results - Operating Income and Revenues

Table 1 describes the firms in the sample of the first part of the analysis on extreme tem-

peratures and financial performance. The first lines show the variation in the measures of

heat exposure. The average annual temperature per year and firm in this sample is 22◦C, with

14.6◦C at the 25th percentile and 28.5◦at the 75th percentile. The wide range indicates that

the sample comprises firms in various climate zones. The variables DifferenceDays > x

show the within variation in the sample with regard to four different temperature thresholds

chosen to classify days as extreme temperature days. The values refer to demeaned firm

exposure to extreme temperature days over the sample period from 1995 to 2017. For quar-

terly observations, the differences refer to the deviation from the same quarter in previous

and subsequent financial years. The standard deviations between 7.4 and 23.3 days indicates

that there is substantial variation in the main dependent variable.

With regard to the differences between the chosen thresholds, there are economic argu-

ments for using universal, absolute thresholds to classify Extreme Temperature Days as

well as for place- and time-contingent thresholds. For instance, physiology suggests that

there are absolute, general temperature thresholds below which variations are unrelated to

physiological performance, but above which workers have to reallocate energy from task

performance to physical cooling functions (e.g., Sepannen et al. 2003). At the same time,

individuals and organizations are likely to adapt to usual weather conditions. Hence, the

classification of temperatures as normal or extreme should depend on the average histor-

ical exposure to heat. To address both arguments regarding the general relation of eco-

nomic performance and temperatures, I use both absolute and relative thresholds to classify

Extreme Temperature Days.

Beyond these conceptual considerations, there are empirical reasons to investigate both

approaches: As the sample covers firms located in different climate zones (see Figure 1, Ap-

pendix I), the average number of days on which firms were exposed to temperatures above

25 or 30◦C is high with 200 days, but varies strongly between firms (25th percentile: 37

days, 75th percentile: 364 days). As the high 75th percentile value suggests, the choice

of absolute thresholds leads to a setting in which some firms in the sample are “always or

never treated”, or in other words, located in climate zones where the 25◦and 30◦temperature

thresholds are always (never) exceeded, restricting the sample with within variation. When

days are classified as exposed or not exposed to extreme temperatures based on average

local conditions using the percentile thresholds, this issue does not exist. In contrast to the

strong regional differences in the cross-sectional variation in exposure to high temperatures,
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the within variation is internationally more consistent, and the standard deviation in the

number of days exposed to heat deviating from the location-specific average is 19.7 (17.5)

days under the 30◦C (95 Pctl) threshold. However, days with low temperatures in absolute

terms can be classified as Extreme Temperature Days if they fall out of the usual seasonal

range. This difference manifests itself in the data, and the correlation between the relative

and absolute measures is relatively low with a pairwise correlation of 9% between the 30◦C

and the 90th percentile threshold day counts on an annual basis.

In line with the expectation that local, listed firms are small firms, the total asset values

in this sample lie between 20 and 195 million U.S. dollar between the 25th and the 75th per-

centile. Moreover, only 11.75% of the firms in the sample have more than 1 billion U.S. dollar

in assets on their balance sheets. Thereby, the firms in the sample are not representative of

listed equities at large, as they do not make up a large share of the stock market capitaliza-

tion in total - the corresponding share on NYSE and AMEX for firms below 303 million in

assets in 2005 is less than 3%. However, the firms are representative of a large number of

firms - on U.S. stock exchanges, firms with less that 303 million U.S. dollar in assets make

up the lower 68.6% of firms listed (SEC, 2005). In terms of other financial characteristics,

the firms in this sample have a mean operating income before depreciation on assets of 8.1%

per year and 2% per quarter. Moreover, the firms have an average annual sales turnover

of 86.4% and a quarterly sales turnover of 22.9%. Unscaled assets, revenues, and operating

income are converted to million U.S. dollar using World Bank data on exchange rates. The

deviation in the number of observations for scaled financial variables is due to the currency

conversion.

The main result with regard to the impact of extreme temperatures on financial perfor-

mance is shown in Table 3. The study is motivated by two competing hypotheses regarding

the impact of heat on firm productivity: On the one hand, the micro- and macroeconomic

literature suggests that the exposure to high temperatures is detrimental to individual and

aggregate economic performance. These studies support the hypothesis that more days with

extremely high temperatures decrease financial performance by limiting input supply and

productivity. On the other hand, firms might be able to neutralize the detrimental impact

of heat on their operations through adapting strategies and technology, so that no empirical

link between shocks in heat exposure and financial productivity can be identified. Contra-

dicting this hypothesis, Column 1 to 4 in Panel A (B) show that the number of days with

temperatures exceeding 30◦C, the 90th percentile, and the 95th percentile temperature are

negatively related to quarterly (annual) revenues. The effect of one additional day of heat

11



exposure is associated with a 0.018 (90th percentile threshold, significant at the 1%-level) to

0.022 (30◦C threshold, significant at the 1% level) percent decline in the quarterly revenues

over assets. On an annual basis, revenues are reduced by 0.031 (90th percentile threshold,

significant at the 5%-level) to 0.033 percent (95th percentile threshold, significant at the

1%-level). Only when days are classified as extreme temperature days based on the 25◦C

threshold, there is no negative or significant relation with revenues and income. The thresh-

old represents a lower boundary of temperatures that could be expected to be economically

suboptimal, but is very close to the average annual temperature of 22◦C.

According to these estimates, a year with a one standard deviation increase in the num-

ber of extreme temperature days compared to the average conditions results in a 0.65%

reduction in revenues over assets for the 30◦C threshold (standard deviation = 19.72 days,

coefficient -0.032, significant at the 5%-level), a 0.57 percent reduction for the 90th percentile

threshold (standard deviation = 23.31 days, coefficient -0.031, significant at the 5%-level),

and a 0.57 percent reduction for the 95th percentile threshold (standard deviation = 17.49

days, coefficient -0.032, significant at the 5%-level). For the 30◦C threshold, the estimate

implies an absolute reduction in annual revenues of 2.197 million (411,658) U.S. dollar given

the mean (median) total assets that is attributable to the increased heat exposure. This

effect magnitude is economically plausible compared to other estimates on the performance

impact of extreme temperatures: Compared to the average revenue over assets in the sample

divided by the days in the respective fiscal period (e.g., as the quarterly (annual) ratio of

23.5% (86.4%) divided by 90 (365)), a day of additional exposure to heat reduces the overall

financial performance by 7 to 9% (13 to 14%). According to Sepannen et al. (2003), worker

exposure to temperatures over 25◦C in the office environment lead to a performance loss of

2 percent per additional ◦C. A daily temperature of 30◦C would hence imply an expected

performance loss of 10%. The observed decrease in financial performance could be driven

by channels other than the employee performance channel. Nevertheless, the reduced form

results thereby fall into a similar range as the estimates specific to the employee performance

channel.

In Table 3, Columns 5 to 8 in Panel A show that operating income is reduced by ap-

proximately -0.003 percent (coefficients between -0.0028 and -0.0032, significant at the 5

and 10%-level) for every additional day of exposure to heat on a quarterly basis (significant

on the 10%-level for the 30◦C and 95th percentile thresholds, and on the 5%-level for the

90th percentile threshold). Related to the sample mean of operating income over assets

per quarter of 1.9% (median 2%), this estimate of the impact of one additional day of un-
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favourable environmental conditions corresponds to a reduction of 14.21% of the financial

output of an average day (1.9% divided by 365). The annual estimates on operating income

all have a negative sign but are not statistically significant. This difference in annual and

quarterly results is puzzling. On the one hand, finding no effect on operating income on

the annual level could mean that firms can compensate performance shocks that are specific

to summer quarters later in the financial year. However, this explanation is not supported

by the consistent, negative impact of extreme temperature days on revenues both on the

annual and quarterly level. Also, the annual impact on revenues is larger than the quarterly

impact, suggesting that if at all, effects compound in the course of the fiscal year, or extreme

temperature exposure is spread out over several quarters for the average firm.

Table 4 shows the impact of extreme temperature days on revenue and operating income

controlling for lagged heat exposure. On a quarterly basis (Panel A), both the immediate

and previous quarter exposure to extreme temperature days negatively affects earnings. On

the quarterly level and in magnitude, the lagged exposure shows a larger effect on revenues

(e.g. coefficient for 90th percentile threshold -0.019, significant at the 1%-level) than the

immediate exposure (90th percentile coefficient -0.014, significant at the 5%-level). The

differences are statistically significant (F test) at the 1%-level for all measures except the

25◦C threshold. Similarly, the lagged coefficients on the impact of extreme temperature

days on operating income are larger in magnitude than the immediate exposure coefficients

except for the 25◦threshold (30◦C, 90th percentile significant at the 1%-level, 95th at the

5%-level). Observing a delayed effect is plausible if extreme temperatures delay or distort

operations, and the result only materializes financially when products are sold or services

are billed. The documented average inventory turnover times support this explanation,

calculated as the number of days in the financial period divided by revenue over inventory.

The turnover times in the sample frequently exceed one quarter, with a mean of 110 days.

On an annual basis, there is little evidence that previous year exposure affects the firms

beyond the year in which extreme temperatures are realized. The immediate impact of

one additional day with extreme temperatures on revenues stays similar in magnitude and

significance for the quarterly and annual effect (e.g. annual effect, 30◦C threshold: coefficient

-0.039%, significant at the 5%.-level). For operating income, the annual impact increases in

magnitude across all exposure measures when controlling for the previous year exposure

(e.g. 30◦C threshold: coefficient -0.004, insignificant). However, only the negative effect of

extreme temperature days above 30◦C is statistically different from zero (coefficients -0.0041

and -0.0028, joint F-test, significant at the 10%-level).
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3.3. Economic Channels

To investigate the nature of the observed negative net impact of heat on financial per-

formance, I conduct additional cross-sectional tests8. In the previous analyses, the impact

of extreme temperature exposure on revenues is most pronounced in terms of statistical

significance. This decrease in turnover through extreme temperatures could stem from two

different sources: On the one hand, heat exposure could indeed compromise firm productiv-

ity, in line with microeconomic studies on input supply and productivity. On the other hand,

the results could indicate that corporate and retail customers that are subject to the same

heat shocks as the observed firms, and substantially reduce their consumption. Naturally,

both effects could also coincide.

Disentangling both effects - or understanding whether both are at work - is not only

meaningful for understanding the economic channels, but also important for the practical

implications. If firms are subject to demand shocks due to heat exposure, investments in

adaptive capacity cannot reduce the associated financial risk. However, the contrary holds

if the performance losses can be attributed to firm productivity. To understand whether the

effect is driven by demand or supply effects, I test the magnitude of the effect if assets and

sales are geographically separated, by interacting Extreme Temperature Days with an in-

dicator of whether firms’ top revenue country is also their home country. Revenues Abroad

indicates the group of firms disclosing this geographic separation of assets and sales. Table

5 shows that the interaction between Revenues Abroad and heat exposure is positive but

insignificant in all cases. For annual operating income, the negative impact of one additional

day of heat exposure increases under this differentiation in terms of statistical significance

and magnitude. Whereas 25◦C again does not appear to represent a relevant threshold to

classify extreme temperatures, all other classification thresholds suggests that the number

of days above 30◦C (coefficient: -0.0072, significant at the 5%-level), the 90th (coefficient:

-0.0039, significant at the 10%-level) and the 95th percentile (coefficient: -0.0049, significant

at the 5%-level) are negatively related to annual operating income. The insignificant inter-

action effect suggests that the negative relation between heat and earnings holds for both

firms with customers exposed to the same heat shocks as well as unaffected customers. How-

ever, the interaction coefficients are positive in magnitude, and joint tests of the coefficients

8In my research design, causal relations can only be inferred based on within variation. In the cross section,
it is hardly possible to control for all possible confounding effects that arise as firms factor climate conditions
into long-term production and location decisions or because of other mechanisms that determine where
firms with particular characteristics settle. Therefore, the cross-sectional tests are only indicative of general
correlations, and could be confounded by changes in industry-, country-, firm size-related compositions of
sub samples or samples used for the estimation of interaction effects.
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indicate that only the impact on annual and quarterly revenue is significant for the 30◦, 90th

and 95th percentile thresholds (annually all at the 5%-level, quarterly 30◦and 95th percentile

at the 5%-level).The tentative evidence that negative effects are amplified if both customers

and suppliers are affected by the same shocks is consistent with the notion that heat waves

lead to a general economic slowdown, and that losses might not be large in magnitude for

individual agents or organizations, but meaningful if whole economic networks are affected

by the same negative impact.

As an additional test, I restrict the count of the number of extreme temperature days

to weekdays and re-estimate the main effect. The underlying assumption is that most firms

produce goods and services during the week. In contrast, heat shocks e.g. in workers leisure

time should affect firm performance less strongly if the observed effect is production-driven.

The results are shown in Table 6. In line with this idea, there is evidence that the impact

of one additional weekday with high temperatures on revenues is stronger compared to the

measures counting all days of the week. For instance, on an annual basis, the estimate of a

weekday with temperatures higher than 30◦C in Table 6 (column 3, coefficient -0.037, signifi-

cant at the 5%-level) suggests that weekdays reduce revenues 70% more than the estimate of

the impact of heat exposure measured on any day. The difference is statistically significant

for the 30◦C, 90th and 95th percentile (F-test). However, the impact on operating income

is weaker in statistical terms both on the quarterly and annual basis.

Moreover, the magnitude of the effect should vary with firms’ operational sensitivity

to heat if the observed decrease in financial performance is supply-side driven. Previous

literature suggests that reduced labour supply (Graff Zivin & Neidell, 2014) productivity

is a major economic channel through which economic output is decreased under extreme

temperatures (Park & Heal, 2014). Hence, I test if firms that are labour intensive are

particularly strongly affected by increases in extreme temperature days. To do so, I obtain

information on labour expenses from Factset and conduct two tests to estimate whether

firms that are labour intensive are more sensitive to exposure to heat. First, I calculate

the share of labour expenses to total expenses and assign firms into absolute and industry-

benchmarked terciles based on their labour expense share. Table 7 shows the results for the

assignment into terciles regardless of industry average intensity. Compared to the lowest

tercile, the effect is more pronounced in the second and most pronounced in the third and

highest labour intensity tercile across most specifications. In Table 8, firms are grouped into

high, medium and low labour intensity groups based on the industry specific distribution

of labour expenses to total expenses. Overall, the results support the previous test, and
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the highest labour intensity terciles appear to be most strongly and adversely affected by

increases in exposure to extreme temperature days.

3.4. Industry Heterogeneity

A common conception is that extreme temperatures are only economically harmful for

sectors in which firm performance is a direct function of temperatures. For instance, there

is a direct, intuitive relation of agricultural returns and extreme temperatures through the

impact of weather and soil conditions on crop yields. This relation has been illustrated to

translate into financial returns in the food industry, have been shown to be directly linked

to droughts (Hong et al., forthcoming). To test if the observed results are different from

Hong et al. (forthcoming), I repeat the baseline regressions after agricultural industries (SIC

code 0) are excluded. The results in Table 9 stay similar in magnitude and significance.

Finding that the negative extreme temperature-performance relation holds outside of the

agricultural industry is in line with Burke et al. (2015), who show that extreme temper-

atures negatively impact agricultural and non-agricultural activity, and Hsiang (2010, who

estimates that output losses in non-agricultural production substantially exceed losses in

agricultural production.

Moreover, I conduct a series of estimations to test if the effect is indeed more general

than widely believed in terms of the affected range of industries. If the negative impact

of heat on earnings is productivity-related and driven by reduced employee performance,

firms across a wide range of industries should be negatively impacted by the exposure

to extreme temperatures. To do so, I individually interact industries with the number

of Extreme Temperature Days9 and I find that the relation holds across wide range of

firms. For instance, for the mining industry (SIC 1st digit 1), I find a negative, signifi-

cant coefficient for Extreme Temperature Days but an insignificant interaction term for

Extreme Temperature Days across all specifications. For manufacturing firms with the

SIC 1st digit 2, I find an additional negative effect on operating income on a quarterly

and annual basis (e.g. annual 90th percentile interaction effect coefficient: -0.0076, signif-

icant at the 10%-level). Wholesale and retail seem to be particularly strongly affected by

Extreme Temperature Days, and interactions of additional days in heat exposure and firms

with SIC 1st digit 5 are consistently negative and significant. All interactions for the service

industry are insignificant (SIC 1st digit 7 and 8) and do not suggest that there is a deviation

from the baseline, negative impact of Extreme Temperature Days.

9Currently unreported but all tables available.
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In addition, the heterogeneity tests of the effect in the cross-section of industries is useful

to ensure that the observed relation between Extreme Temperature Days and firm per-

formance measures is indeed capturing heat exposure, and not some other dynamic that is

coincidentally correlated with extreme temperatures. If the observed effect is indeed driven

by heat exposure, the effect should not be negative in a wide range of industries, but also

positive specifically in industries that directly benefit from extreme temperatures. A clear

case of such an industry is the utilities sector, as high temperatures increase the demand for

cooling. Table 10 shows the impact of extreme temperatures on utilities firms (SIC digits

starting with 49), which is indeed positive (interaction terms in isolation 0.066 and 0.094,

significant at the 5%-level).

In addition, I calculate a measure of asset tangibility based on the ratio of plant, property

and equipment to total assets, assign firms in terciles, and test the sensitivity of firms to

extreme temperature exposure depending on their share of intangible assets. This test is

motivated by Zhang et al. (2018), who find that exposure to more extreme temperature

days decreases both the labour and capital productivity. Table 11 shows that asset tan-

gibility is overall not clearly indicative of sensitivity to extreme temperatures. I conduct

additional tests using similar measures, but overall do not find a systematic moderating

impact. Amongst all conducted cross-sectional tests, labour intensity delivers the clearest

explanation for heterogeneity in the sensitivity to extreme temperatures.

3.5. Geographic Heterogeneity

Besides the sensitivity of different firms and production functions to heat, the adaptive

capacity both of the firm and the institutional environment could be important determi-

nants with regard to how strongly firms are impacted by extreme temperatures. To test the

geographic heterogeneity of the effect, I first test the financial sensitivity to heat depending

on the country-level gross domestic product (GDP) - based on the assumption that more

wealthy countries have better means to mitigate heat exposure through better infrastructure

and higher building standards. Table 12 shows the results for this test, and suggests that

firms in countries with a higher GDP are less affected by high temperatures. Moreover, I

test whether firms operating in hotter countries are less affected by heat, in line with the

notion that higher baseline temperatures represent stronger incentives to develop a suitable

infrastructure to deal with high temperatures. In contrast to this expectation, Table 13

shows that the impact is particularly pronounced in hot countries. However, the tests might
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be confounded by the fact that hot countries also tend to be less wealthy countries, and since

the causal identification is derived from within variation, these results on cross-sectional dif-

ferences have to be interpreted with caution.

The geographic heterogeneity tests can again also serve to test ifExtreme Temperature Days

indeed capture heat exposure, and not some other dynamic that is coincidentally correlated

with extremely warm days. If the observed effect is indeed driven by heat, the effect should

be positive where temperatures increases are likely to represent an opportunity instead of

a threat. To test this notion, I build on the assumption that economies in countries with

mild climates will generally benefit from shifts in temperature distributions. As Table 14

shows, Scandinavian firms are indeed not negatively and rather slightly positively affected

by increases in the number of days on which temperatures are exceeding the 90th or 95th

percentile. I exclude the number of days above 30◦C as particularly the within variation

for days that are warmer than 30◦C in Scandinavia is very limited. Moreover, I test if this

effect holds beyond Scandinavian firms for regions with similar temperature profiles, defined

as other locations where 30◦C are rarely to never realized. Whereas there is a negative net

impact of extreme temperature days classified by the 90th and 95th percentile on annual

revenue, Panel C and D of Table 14 show that there is also a net positive impact of increases

in warm days for firms located in cold areas other than Scandinavia.

3.6. Cooling Technology

Another common notion with regard to the impact of extreme temperatures on individual

performance is that the negative impact can be offset by cooling technology. On the one hand,

there studies in the field suggest that air conditioning strongly reduces the negative impact

(Niemela et al., 2002). At the same time, figures on actual air condition distribution rates

suggests that cooling technology is everything but widespread outside of North America

(Figure 9). In addition, workers do not spend the whole day at work, and performance

can already be compromised if employees are affected by extreme temperatures on their

way to work or due to reduced sleep quality (Libert et al. 1991; Buguet, 2007). Both

on the firm- and country-level, it is difficult to obtain data on actual technology in place,

hence, I limit my analysis to testing if firms located in countries with high distribution

rates of air conditioning are less sensitive to extreme temperatures. To do so, I use an

additional sample of firms in Japan that only report annually (Figure 11) as the report of

the International Energy Agency (2018) suggests that Japan hast the highest percentage of

(domestic) cooling facilities. Table 15 suggests that the impact of extreme temperatures on
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Japanese firms is indeed insignificant or positive (revenue/assets, 30◦C threshold, coefficient:

0.04367, significant at the 10%-level and operating income/assets, 25◦C and 30◦C thresholds

significant at the 5%-level). However, the estimates have to be taken with a grain of salt

- when restricting the estimation to country groups. Thereby, industry-year fixed effects

become country-industry-year effects. If industries are clustered geographically within the

country, a major share of the variation of interest is largely absorbed by the fixed effects.

4. Heat Exposure and Analyst Forecast Accuracy

4.1. Methodology and Identification Strategy

As the results of the first part of the analysis illustrates that heat exposure reduces

revenue and operating income, information on extreme temperature days is relevant for fi-

nancial projections of firm performance. However, policy-makers voice strong concerns that

investors and financial analysts might not be prepared to take climate-related information

into account in pricing securities. As an empirical test if this assumption is justified, I in-

vestigate if heat explains variation in forecast errors. The methodology I employ is similar

to the first part of the analysis. I use the randomly distributed and exogenous variation in

the number of extreme temperature days around firm location averages to measure shocks in

heat exposure on firm operations. If analysts do not incorporate information on realized heat

exposure into their predictions, earnings surprises should be systematically related with the

realized extreme temperature exposure of the firm, and decrease with increases in exposure.

I obtain data on analyst forecasts and actually realized revenues and operating income

from IBES Summary Statistics and focus on the non-per share forecast and actual revenues

and pre-tax income. To ensure that the methodology is consistent with the first part of

the analysis, I obtain both one-period ahead forecast of quarterly and annual fiscal periods

(labelled 1 and 6 in IBES Summary Statistics). Moreover, I restrict the forecasts taken

into account to the last statistical period available before actual earnings are announced.

Thereby, I design the test in a way that analysts would have been able to incorporate in-

formation on heat exposure after the actual exposure was realized, and use the data that

incorporates all final estimate updates. Equation (3) shows the regression specification,

earnings surpriseimft = βExtreme Temperature Daysift + θt + γnt + κi + εimft (3)
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where i stands for the firm and m stands for the forecast measure, either revenues or pre-tax

income. Pre-tax income can be found further down on the income statement than operating

income, and the use of pre-tax income is a slight deviation from the first analysis part which

is inevitable as operating income projections are scarce. f stands for the fiscal period and

can hence refer to quarterly or annual forecast errors n refers to the firm’s industry, and t

stands for the observed time period. θt (γnt) stands for (industry-)time fixed effects, κ stands

for firm fixed or firm-quarter fixed effects. DegreeDays refers to the number of exposed days

based on one out of the four threshold used to classify days as hot, and the number of hot

days refers to the affected fiscal period of which earnings are announced in t (Figure 8). I

calculate earnings surprises es as the difference between the actual value and the estimate,

and scale the difference by total assets. Standard errors are clustered by firms. To control

for confounding effects, I add the book-to-market ratio and industry-year and year fixed

effects to the regression specification following Edmans (2011). To control for firm size and

standardize the surprises, I scale the forecast error by total assets.

4.2. Analyst Forecast Errors - Results

The main results are illustrated in Table 16, with Panel A and B referring to the quarterly,

and Panel C and D referring to forecast errors on annual earnings surprises. Panel A and

C show the results for revenue forecasts and Panel B and D show the estimations regarding

pre-tax income. The negative signs of the coefficients suggest that increase in firms’ extreme

temperature exposure lead to less positive or more negative earnings surprises compared to

years in which firms are exposed to fewer hot days. For the revenue forecasts in Panel A,

the surprise decreases are only significant for the absolute temperature thresholds of 25◦C

(column 1, coefficient -0.00535, significant at the 5%-level) and 30◦C (column 2, coefficient

-0.00494, significant at the 10%-level). It is plausible that lower temperature thresholds be-

come more relevant as the average annual temperature in this sample is 4◦C lower than the

less restricted firm performance analysis if the averages are an indication of the temperatures

that can be considered normal, and if individuals and organizations have adapted to these

temperatures. With regard to pre-tax income (Panel B), increases in extremely warm days

classified by any of the four measures are significantly negatively related to the surprise. The

magnitudes of the estimated effect is economically relevant given that the average median

surprise on quarterly revenues scaled by assets is 0.082 percent, and days with temperatures

over 30◦C have a standard deviation of 7.4 days for the within firm variation.

According to Panel A in Table 3, an additional day on which temperatures exceed 30◦C
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is associated with a reduction in quarterly revenues of 0.023 (significant at the 1%-level),

a reduction of 0.0031 in quarterly operating income (significant at the 10%-level), 0.0032

for annual revenues (significant at the 5%-level), and 0.0036 for annual operating income

(insignificant). If the changes in the forecast accuracy are indeed induced by shocks in heat

exposure that are not well understood by investors, the magnitude of the earnings surprise

should be as large or smaller than the effect on actual earnings. Particularly the estimates

on earnings surprises about actual pre-tax income are very close to the generally estimated

financial performance effect (coefficient Table 16: -0.0037, coefficient Table 3: -0.0031). The

revenue-related estimates, however, are much smaller than the effects estimated in the first

analysis part. Due to sample changes the results are not directly comparable, but in general

the coefficients are based on dependent variable with equal scaling in the first (earnings) and

second part (forecast) of the analysis - (residual) revenues and (residual) operating income

scaled by total assets.

In making annual forecasts, analysts have more financial information at hand that could

be indirectly informative of heat-related performance changes: If firms fiscal years do not

end immediately after a single financial quarter in which extreme temperatures are realized,

analysts have quarterly reports at hand to update annual predictions. If heat exposure

materializes without major delay as Table 4 suggests, analysts receive information about

unexpectedly low revenues and income, and can anticipate weaker than expected annual

performance without necessarily attributing it to heat. Panel C and D in Table 16 partially

reflect this expectation as the effects are less pronounced in terms of significance. Simulta-

neously, the number of observations is not held constant between the regressions and the

comparison is thereby not ultimately conclusive.

Table 17 shows the results for a similar analysis. In Table 14, I show estimations using

firm-fixed, industry-year, and year-fixed effects. However, instead of using firm-fixed effects,

I demean the heat exposure measures as demeaning the median surprise implies the assump-

tion that there is an average earnings surprise level per firm. As this assumption could

be questioned, I repeat the tests without firm-fixed effects, but demean the heat exposure

measure by firm to isolate the random variations around the mean which I use to obtain

a causal estimate. The results are similar in magnitude, but weaker in terms of statistical

significance.
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5. Heat Exposure and Announcement Returns

5.1. Methodology and Identification Strategy

As these results suggest that analysts do not fully anticipate the impact of extreme tem-

peratures on performance, the question of whether investors at large anticipate the negative

relation of heat and firm earnings arises. As an empirical test of this question, I investigate

if heat explains variation in announcement returns. The methodology is aligned with the

second part of the analysis. Again, I use the randomly distributed, exogenous variation of

realized extreme temperature days around the firm-specific location average. If investors

also do not anticipate the relation of heat and earnings, announcement returns should sys-

tematically decrease with random increases in heat exposure.

To put this test into practice, I obtain daily share prices from Compustat Global, con-

vert the series into U.S. dollar, and calculate daily returns. As a proxy for expected re-

turns and benchmark used to estimate the market model, I calculate the equal and market

capitalization-weighted returns of all firms in the sample. I calculate 3-day and 5-day an-

nouncement returns based on the announcement date subsequent to the affected fiscal period.

Thereby, investors would have had access to information on realized extreme temperature

days before the public announcement of earnings and could have incorporated meteorological

information into stock prices. Equation (4) and (5) show the regression specification,

c(a)rift−1,+1 = βExtreme Temperature Daysit + θt + γtn + κi + εift (4)

c(a)rift−2,+2 = βExtreme Temperature Daysit + θt + γtn + κi + εift (5)

where i stands for the firm and t stands for the observed announcement date. θt stands

for year fixed effects, γnt for industry-year, and κ stands for firm-quarter fixed effects.

Extreme Temperature Days refers to the number of exposed days based on one out of

the four threshold used to classify days as hot in any given financial quarter. I calculate

the cumulative announcement returns cr as the cumulative raw returns over a three (equa-

tion 6) and a five day event window (equation 7). Moreover, I estimate the results using

benchmark-adjusted returns and abnormal returns over the expected returns based on the

market model to estimate cumulative abnormal returns car for robustness tests.
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5.2. Announcement Returns - Results

Table 19 shows that there is a consistent negative relation between increases in extreme

temperature days during the financial period and announcement returns at the respective

announcement date. For every additional day with temperatures exceeding the 90th per-

centiles, announcement returns become 0.014 percent more negative over the three day (Panel

A, column 3, significant at the 5%-level), and 0.022 percent more negative over the five day

window (Panel A, column 7, significant at the 1%-level). Both with regard to the abso-

lute thresholds (25 and 30◦C) and relative thresholds (90th and 95th percentile), the higher

thresholds are associated with stronger decreases. Panel A of Table 18 shows all estimations

with firm, industry-year, and year fixed effects. In Panel B, I drop the firm-fixed effects and

demean heat exposure at the firm-quarter-level instead. The results are largely consistent in

magnitude and significance with the results shown in Panel A.

All results in Table 18 are based on raw returns. In an international sample, the choice

of a benchmark can induce noise and bias if firms in different countries load differently on

benchmark returns. I choose the raw return-specification as the main test, but conduct

additional tests to verify the robustness of the results and understand the sensitivity of the

results to using common benchmarks. First, I estimate all results with benchmark adjusted

returns (Table 19) and abnormal returns over the expected returns of the market model

(Table 20). As benchmark returns, I use both the equal weighted returns of the firms in

my sample (Panel A) and the market capitalization weighted returns (Panel B). The results

using the benchmark adjusted returns in Table 19 and 20 are very similar to the baseline

specification. By using the abnormal returns in Table 20, the statistical significance is

somewhat reduced, but all estimates remain similar in magnitude.

6. Alternative Explanations

6.1. Alternative Climate-related Explanations

Using three different analyses involving different data sources, I find that increases in the

exposure to extreme temperature days compared to average conditions is related to weaker

financial performance, and that investors and analysts do not fully anticipate this relation

which is manifested in more negative earnings surprises and announcement returns. I inter-

pret these relations as causal relations, because location-specific inter-temporal variation in

heat exposure cannot be actively influenced by firm choices, is randomly distributed over

time and space, and cannot be predicted beyond a horizon of several days. Thereby, firm-
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specific characteristics should not be able to drive both the outcome and the measure of heat

exposure, and confound what is inferred. However, the measure of extreme temperatures

could arguably be systematically correlated with other climate conditions. If these climate

conditions also prove to influence firm performance, the estimates could be biased, or pick

up phenomena beyond exposure to heat. A plausible case in this context would be that years

with more extreme temperatures in summers also bring about milder winters, and if cold

spells are detrimental to firm performance, the measured impact of heat on an annual basis

could in reality be a combination of a heat and cold effect. Supporting this concern, Brown

et al. (2017) illustrate that cold temperatures can represent an exogenous shock to cash flows.

I therefore run additional tests controlling for the number of cold days. I measure cold

days consistent with extremely warm days using 0◦C as an absolute and the 5th and 10th

percentile as relative thresholds. Table 21 shows that the magnitude and significance of

the Extreme Temperature Days coefficient remains unchanged by this inclusion. In line

with Brown et al. (2017), cold days are also negatively related to firm performance on the

quarterly level, and the effect is statistically significant when using absolute thresholds (e.g.

column (1) and (2), coefficients -0.028 and -0.030, significant at the 10%-level; column (5) and

(6), coefficients -0.01 and -0.01, significant at the 1%-level). However, the negative annual

impact of cold days on revenues (operating income) is insignificant (when both extremely

high and low temperatures are classified using absolute thresholds).

6.2. Alternative Economic Explanations

Extreme temperature exposure is arguably strongly clustered within countries, and this

clustering is reinforced due my geographic identification strategy which restricts the analysis

to small countries with limited variation in climate zones. For this reason, an alternative

explanation for observing the outlined effects could be a coincidental correlation of broader

economic developments over time with variation in heat exposure, or the temporal alignment

of major economic shocks and inverse heat exposure realizations. I estimate all coefficients

with year and industry-year fixed effects to eliminate variation driven by industry-wide

technological change and global economic developments. Beyond these controls, a time-

varying control for country fixed effects would be desirable but is empirically infeasible due

to the clustering of variation in heat exposure on the country level 10. I use three different

10Approximately 60% of the variation in the number of days exceeding the 90 percentile threshold would
be removed by additional country-year fixed effects - based on the residual variation that remains after
regressing firm- and country-year- fixed effects on the 90th percentile heat exposure measure, compared to
residual variation remaining after regressions of firm- and industry-year fixed effects on the same measure of
heat exposure.
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tests to address concerns that industry-year fixed effects are not comprehensive enough to

control for simultaneous economic developments. First, Table 22 shows the results obtained

when excluding 2008 and 2009 as the years of the financial crisis. Second, Table 23 shows the

result when the years 2008 to 2010 are excluded. Both tables do not suggest that the results

are weakened by excluding the financial shock, and analysing the weather conditions also does

not suggest that heat exposure globally increased in the years of the financial crisis compared

to firm average exposures. Third, I conduct a series of placebo tests. If the driver of the

negative relation of heat exposure and earnings was general economic momentum, it would

be likely to also find a systematic relation between shocks in heat exposure, investments,

financing activities, and cash holdings. As Table 24 shows, there is no evidence of any

significant relation between changes in the number of days of heat exposure and financing

activities (Panel A), cash holdings (Panel B), working capital changes (Panel C), and sales

or investments in plant, property and equipment (Panel D).

7. Transitory Shocks and Persistent Warming

7.1. Extrapolation

Transitory shocks or increases in the number of extreme temperature days prove to be

financially material for firms in the short run. In the context of climate change, an important

question at hand is whether this relation also holds for the impact of persistent temperature

trends on financial performance. If the impact of one additional extreme temperature day

stays constant, going forward, a back of the envelope calculation suggests that the financial

impact would be detrimental and economically large: if extreme temperature days triple

until 2050 to 2100 and given a mean in the data of 30 extreme temperature days (measured

as days on which temperatures exceed the 95th percentile historical day of the year- and

location-specific distribution), an average location would face 60 additional extreme temper-

ature days. Whereas the financial impact of one additional day, leading to a loss of roughly

10% in daily productivity is limited, the projection suggests that the financial impact of dete-

riorating production or service provision conditions compounds to economically meaningful

amounts under standard warming predictions. The limited daily and large total numbers

also illustrate that extreme temperatures pose a particular challenge through their chronic

nature, and differ substantially from other extreme weather events that manifest themselves

as discrete financial shocks.

25



Fortunately, there are good reasons to assume that the impact of one additional days

of heat exposure could decrease going forward due to corporate adaptation potential. That

firms did not yet adapt to temperature fluctuations to the point of achieving perfect resilience

does imply irrational behaviour: In the hypothetical scenario that temperature distributions

would remain unchanged and if average local conditions allow the firm to maximize the

value of its production or service provision activities, it could be financially optimal for firms

to not invest in further adaptation, and accept that some years are more productive than

others. However, as soon temperature distributions shift persistently, firms production and

state of adaptation might not be optimal any more given the new average exposure to heat.

The projected number of extreme temperature days and its financial impact suggest that on

average, firms might face substantial financial incentives to invest in adaptive capacity with

the increasing average exposure to extreme temperature days.

The question to what extent firms can adapt depends on whether the documented neg-

ative impact is indeed actually production-related and stems from factors that are under

the firms’ control. In case the main driving channel proves to be employee performance, the

financial incentives to adapt could strongly accelerate the demand for air conditioning and

electricity demand - and thereby represent a negative feedback loop between physical impacts

of climate change and efforts to achieve a comprehensive economic transformation towards a

low carbon economy. However, if the performance reduction under extreme temperatures is

only partially due to the factors that firms can control, and partially caused by heat-induced

inefficiencies in the institutional setting, infrastructure-related distortions, or simultaneous

demand shocks to customers and suppliers that cascade in geographic economic clusters,

firms might have their hands tied and would not be able to choose new levels of adaptation

individually.

7.2. Short-term Adaptive Capacity

In contrast to the robust, negative impact of extreme temperatures on quarterly and

annual revenues and as quarterly operating income, I find that the statistical significance of

the relation between extreme temperature days and annual operating income is attenuated,

and can only be shown in sub samples. As this difference could potentially be evidence for

short-run adaptation, I explore three alternative explanations for this observation. First, the

relation could potentially be weaker than the relations documented for other dependent vari-

ables, but still statistically relevant. Statistical reasons such as measurement error and the

signal to noise in the temperature measure could attenuate the results despite a consistent
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impact on both annual revenue and income. Despite the stringent geographic identification

strategy that I establish, information on the location of firms’ activities is unfortunately not

perfectly precise and extreme temperature exposure is measured with noise. As the lower

r-squared suggests, the within variation operating income is generally harder to predict than

variation in revenues. Hence, the higher residual variation in the annual operating income

regression could inflate standard errors, and the results are marginally insignificant in many

cases. Therefore, further tests with a more extensive sets of control variables and more ac-

curate measures of geographic asset concentration would be of interest to rule out statistical

reasons before concluding that operating income is unaffected on an annual basis despite the

strong annual sales turnover effect.

Second, the weaker effects on the annual level could be explained by actual adaptation

in expense structures. If firms react to operational distortions caused by heat in ways

that reduce expenses proportionally to revenues, sales turnover could substantially decrease.

Nevertheless, there would be no material impact on operating income as costs simultaneously

fall. The predictability of the weather is still limited to relatively short horizons, which limits

firms’ ability to make adjustments in a financial quarter, but could leave more opportunities

for adjustment on an annual basis. Third, the attenuated effect could be explained by

changes in the expense structures brought about by accounting choices, or in other words,

earnings management. To empirically test whether annual expenses are less sensitive to

extreme temperatures than quarterly expenses, the necessary condition for both of these

explanations, I link extreme temperature days and cost margin records. I obtain data on

quarterly and annual total operating expenses from Compustat Global and annual labour-

related costs from Factset. I then again use pooled ordinary least squares regressions with

fixed effects as outlined in equation 6 and 7.

total expenses

revenue ijt
= βExtreme Temperature Daysit + µi + γnt + θt + εint (6)

labour expenses

assets / revenues ijt
= βExtreme Temperature Daysit + µi + γnt + θt + εint (7)

where (labour) expenses stands for total operating (labour) expenses. i stands for the

firms, n represents the firm’s industry, t stands for the observed year, µi represents the firm-

fixed or firm-quarter-fixed effect, and γnt (θnt) an industry-year (year) fixed effect to absorb

variation in financial performance due to by technological change or industry-specific (global

economic) trends. Extreme Temperature Days stands for the number of days in a year
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(quarter) that firm i experiences temperatures above one of the four thresholds. Standard

errors are clustered two-way at the firm and year level.

Table 25, Panel A shows the impact of extreme temperature days on expenses over rev-

enues. Columns 1 to 4 describe quarterly, and columns 5 to 8 describe annual results. On

the quarterly level, there is evidence that cost margins increase with heat exposure (e.g.

30◦threshold in column 3, coefficient 0.026, significant at the 5%-level). This effect could

be driven by increasing input prices or be purely mechanic. If revenues fall and fixed costs

can only be reduced in the long-run, the ratio of fixed costs and revenue automatically in-

creases with sales reductions. In line with the explanation that firms are better able to

decrease expenses at the annual than at the quarterly level if revenues fall, or, that firms

face stronger incentives to manage annual than quarterly earnings, there is no evidence of a

relation between extreme temperature days and expenses at the annual level (columns 5 to 8).

The finding that cost margins increase in the short-run and can be brought back to ini-

tial levels over the course of one financial year is interesting. Economic principles would

suggest firms realize that extreme temperatures are detrimental, and adjust inputs and take

action to maintain stable output levels, e.g. by hiring additional workers if individual per-

formance decreases, by rescheduling production, or by planning in longer lead times. All

of these measures should be costly. In Panel B of Table 25, I test whether the log total

expenses for wages and the ratio of annual labour expenses and revenues are affected by

shocks in heat exposure. Whereas all coefficients are for both dependent variables and the

30◦C, 90th and 95th percentile thresholds are positive, there is only very weak evidence of

a statistically significant relation (column 7, coefficient 0.00022, significant at the 10%-level).

The result that expense ratios increase in the short-run but remain constant in the

long-run helps explain the attenuated impact of extreme temperatures on annual operating

income. The initial expense increase suggests that cost have to be actually cut back in finan-

cial quarters following the temperature shock, or that expenses are distributed differently

over time, producing the same result. Under both explanations, studying the long-run con-

sequences is the next logical step: If firms indeed manage earnings, losses have to be revealed

eventually. Alternatively, if costs are indeed just cut back over the course of the financial

year, firms still face adjustment costs and the exposure to fluctuations in heat exposure in-

troduces volatility into production or service provision processes (Cachon et al., 2012). Both

the question if temperature shocks incentivize earnings management and if inter-temporal

adjustment cost are material in the long-run offer relevant questions for future study.
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8. Conclusion

In this study, I use an international sample of 4,400 listed firms with regionally concen-

trated assets from 1995 to 2017 to test if randomly distributed, firm-specific variation in

heat exposure has a negative impact on financial performance. Previous studies suggest that

heat exposure reduces input supply and productivity to an extent that manifest itself on

the aggregate economic level. In line with these studies, I find that increases in the number

of extremely hot days per fiscal year or quarter represent negative shocks to revenues and

operating income. The negative relation holds when I define what can be considered as

an extremely high temperature based on an absolute threshold of 30◦C, as well as when I

use two different place- and time-contingent thresholds derived from historical temperature

distributions to classify days as normal or extremely hot. The documented negative impact

is both statistically and economically significant: A year with a one standard deviation in-

crease in the number of extreme temperature days results in an average absolute reduction

in annual revenue of 2.197 million (411,658) U.S. dollar given the mean (median) total assets

of the firms in the sample.

In a series of cross-sectional tests, I show that the negative relation between the number

of days with extremely high temperatures and firm performance is mainly driven by reduc-

tions in asset turnover and to a lesser extent by changes in the cost margin. Moreover, I find

evidence that the observed effect is at least partially supply-driven, as both firms with and

without geographically separate asset and sales locations are subject to the negative effect.

Also, measures that only reflect the exposure to extremely high temperatures on weekdays

are more negatively related to firms’ revenues, and firms’ labour intensity appears to be

a relevant determinant of how sensitive firms are to extremely high temperatures. With

regard to geographic differences, I find that the effect is attenuated for firms located in coun-

tries with higher GDPs, and more pronounced in countries with higher average temperatures.

Based on these results, I conduct two tests to understand if analysts and investors antic-

ipate this negative, financial impact of heat exposure on the firm-level. First, I use analyst

forecasts as a proxy for investor revenue and operating income expectations. Second, I cal-

culate the abnormal returns around earnings announcements as a proxy of investor surprises

about the firms’ realized financial performance. If extremely high temperature days are fi-

nancially material and investors do not anticipate this effect, revenue and operating income

expectations should be systematically too high in periods when firms where exposed to more

extremely warm days than usual. Moreover, earnings expectations should similarly be sys-
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tematically higher than actual earnings, leading to negative announcement returns.

Indeed, I find that both earnings surprises and (abnormal) announcement returns become

more negative with increasing heat exposure at the firms’ locations, suggesting that analysts

and investors do not fully take information on high temperatures into account. In a nutshell,

my results thereby contribute to the growing economic and financial evidence that climate

factors matter for firm performance, and to studies that investigate if environmental and

particularly climate-related factors are priced in financial markets. Moreover, my study

closely connects to the recent central bank and investor debates driven by the threat climate

change poses to financial stability, and to legislative initiatives on the disclosure of climate-

related risk exposure.
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Appendix I Figures

A. Geographic Distribution of the Firm Sample

Figure (1) Geographic distribution of the firms in the sample

Figure 1 shows the geographic distribution of the firms in my sample. To determine a firm-

specific measure of heat exposure, the location of firm operations have to be sufficiently well identi-

fied based on headquarters addresses. I obtain Factset’s international segment records and classify

firms’ assets as regionally concentrated if the firm reports to hold at least 80% of assets in its home

country. Furthermore, I restrict the sample to countries with a limited variation in climate zones

to ensure that assets located further away from the headquarters are still likely to be exposed to

similar variation in heat exposure. The country choice results from a qualitative assessment of the

similarity of the climate zones of the firms’ home countries using the Koppen Climate Classification

(Chen & Chen, 2017).
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B. Cross-Sectional Variation, Days Heat Exposure

Figure (2) Levels of heat exposure in days
(absolute thresholds)

Figure (3) Levels of heat exposure in days
(absolute thresholds)

Figure 2 and 3 illustrate the cross-sectional variation in annual heat exposure for all firm-years in

the sample of the first analysis. When extreme temperatures are defined using absolute threshold

choices of 25 and 30◦C (Figure 2 and 3), some firms are either never or always “treated”, or in

other words, located in climate zones were the thresholds are always or never crossed. Figure

3 shows the distribution when thresholds are location-and time-contingent, classifying days as

extreme temperature days when temperatures cross the 90th or 95th percentile of the distribution

of temperatures in a given location between 1980 to 1999, based on temperatures on the same day

as well as the five preceding and following days.
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C. Within Variation, Days Heat Exposure

Figure (4) Variation of heat exposure around the location-specific mean
(fixed thresholds)

Figure (5) Variation of heat exposure around the location-specific mean
(relative thresholds)

Figure 4 and 5 illustrate the within variation in annual heat exposure, or in other words, the

variation in the number of days on which firms were exposed to extreme temperatures compared

to the average number of days of heat exposure the firm is exposed to over the sample period.

Since a substantial share of firms is never (always) exposed to temperatures over 25 and 30◦C,

variation is limited under the absolute threshold measures (Figure 4) compared to the thresholds

estimated based on location-specific 90th and 95th percentile thresholds (Figure 5). These threshold

temperatures vary by day of the year and location, and are estimated per day of the year and

location based on the distribution of temperatures over the period from 1980 to 1999.
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D. Conceptual Framework

Figure 6 and 7 illustrate two different components of the observed variation. Beyond the

average annual exposure (climate) on the horizontal axis, there is natural variability around the

mean (illustrated by the arrows). This year-to-year exposure variation is randomly distributed

and cannot be influenced or factored into decisions by firms beyond the predictive power and

horizons of weather forecasts. Figure 7 illustrates the simultaneous dynamic of climate change -

if temperature distributions shift permanently, the new average exposure might no longer allow

optimal production, and represent an incentive for firms to adapt. In this study, I focus on the

impact of transitory shocks (Figure 6). Figure 6 also shows the endogeneity of heat exposure in the

cross section, as firms’ are likely to choose the production location that maximizes the value of their

production function (location decision) or make production decisions that are optimal given their

location (production decision). The conceptual framework is adopted from Kelly et al. (2005).

Figure (6) Transitory Shocks Figure (7) Permanent Trends
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E. Timeline Heat Shocks:

Affected Fiscal Periods, and Earnings Announcements

Figure 8 illustrates the construction of the analyst forecast accuracy and announcement return

test. The measure of heat exposure (Extreme Temperature Days) is always determined based

on daily maximum temperatures in the months included in the annual or quarterly fiscal period

(Affected Fiscal Period). I thereby take different firm choices with regard to the end of the fiscal

periods into account in constructing the heat exposure measures. Investor reactions in terms of

abnormal returns and analyst forecast errors on revenues and operating income are calculated for

the announcement date on which the firms’ earnings over the affected fiscal period are made public.

31-Mar 30-Jun 30-Sep 31-Dec

Affected F iscal Period = Y ear

1 2 3 4

Heat Exposure

Ann. Date

Figure (8) Annual Timeline Heat Exposure and Investor Reactions
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Figure (9) Packaged and Room Air Conditioner Demand by Region from 2012 to 2017.
Adapted from “World AC Demand”, Japan Refridgeration and Air Conditioning In-
dustry Association, 2018, retrieved from https: // www. jraia. or. jp/ english/

World_ AC_ Demand. pdf . Copyright 2018 by the Japan Refridgeration and Air Condi-
tioning Industry Association.
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Figure (10) Key findings from The Future of Cooling. Percentage of households that have
AC today. Adapted from “The Future of Cooling”, International Energy Agency, 2018,
retrieved from https: // www. iea. org/ cooling/ . Copyright 2018 by the IEA and
OECD.

Figure (11) Geographic Distribution of Japanese Firms (Additional Sample)
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Appendix II Main Tables

Table (1) Descriptive Statistics - Heat Exposure and Financial Performance

Table 1 describes the firms included in the analysis on high temperatures and earnings. N refers

to firm years (quarters) in Panel A (B). Days > x refers to the number of high temperature days

defined by two absolute (25◦C, 30◦C) and two relative (90 pctl., 95th pctl. of the location- and

day-of-the-year-specific temperature distribution, 1980-1999) thresholds. Difference in Days > x

measures heat exposure in a given year compared to the location-specific average. All variables are

trimmed at the 1st and 99th percentile and financial and accounting variables, unlike ratios, are

transformed into U.S. dollar and trimmed at the 1st and 99th percentile. The currency transfor-

mation explains the deviation in the number of observations.

Panel (A) Annual Data

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

VARIABLES N mean p50 sd p25 p75

Days > 25◦C p.a. 41,910.000 199.551 197.000 154.524 37.000 364.000

Difference in Days > 25◦C p.a. 41,910.000 -0.000 -0.111 7.427 -2.167 1.857

Days > 30◦C p.a. 41,910.000 53.083 17.000 70.508 1.000 89.000

Difference in Days > 30◦C p.a. 41,910.000 0.000 -0.176 19.719 -4.300 3.364

Days > 90 Pctl p.a. 41,910.000 59.745 55.000 29.406 40.000 73.000

Difference in Days > 90 Pctl p.a. 41,910.000 0.001 -2.429 23.308 -13.833 11.000

Days > 95 Pctl p.a. 41,910.000 34.470 30.000 21.314 21.000 44.000

Difference in Days > 95 Pctl p.a. 41,910.000 0.001 -2.323 17.489 -9.889 7.167

Annual Average Temperature 41,910.000 22.054 24.966 7.407 14.653 28.474

Operating Income (bef.depr.)/Assets (Year) 41,910.000 0.081 0.081 0.087 0.034 0.133

Revenue/Assets (Year) 41,910.000 0.864 0.759 0.582 0.423 1.179

Revenues mUSD (Year) 40,633.000 185.534 41.295 434.099 12.015 140.374

Operating Income mUSD (Year) 40,912.000 29.162 3.960 90.247 0.578 15.835

Panel (B) Quarterly Data

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

VARIABLES N mean p50 sd p25 p75

Operating Income (bef.depr.)/Assets (Quarter) 150,077.000 0.020 0.020 0.029 0.006 0.036

Revenue/Assets (Quarter) 150,077.000 0.229 0.194 0.167 0.107 0.308

Total Assets mUSD 146,424.000 337.992 63.332 977.687 20.489 194.598

Revenues mUSD (Quarter) 145,287.000 48.701 11.378 109.633 3.217 38.812

Operating Income mUSD (Quarter) 147,350.000 8.112 1.011 26.311 0.095 4.322
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Table (2) Descriptive Statistics - Heat Exposure and Analyst Forecast Accuracy

Table 2 shows descriptive statistics of the analysis on extreme temperatures and analyst forecast

accuracy. The number of observations refers to firm announcement dates and differences in the

number of observations are due to the differing coverage of annual/quarterly revenue/pre-tax in-

come estimates. Days > x refers to the number of high temperature days defined by two absolute

(25◦C, 30◦C) and two relative (90 pctl., 95th pctl. of the location- and day-of-the-year-specific

temperature distribution, 1980-1999) thresholds. Difference in Days > x measures heat ex-

posure in a given year compared to the location-specific average. Data on extreme temperatures

is obtained from ERA-Interim (ECMWF), actual revenues and pre-tax income and estimates are

obtained from IBES. Assets, market capitalization, and book to market values are obtained from

Factset and measured one year before the forecast period end date.

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

VARIABLES N mean p50 sd p25 p75

Days > 25◦C p.a. 63,345.000 108.276 91.000 98.862 39.000 117.000

Difference in Days > 25◦C p.a. 62,081.000 0.322 0.000 7.736 -4.200 4.750

Days > 30◦C p.a. 63,345.000 27.814 17.000 43.930 2.000 31.000

Difference in Days > 30◦C p.a. 62,106.000 0.069 0.000 7.400 -3.000 2.588

Days > 90 Pctl p.a. 63,345.000 56.767 54.000 21.404 43.000 67.000

Difference in Days > 90 Pctl p.a. 62,055.000 0.104 0.000 14.074 -9.364 9.000

Days > 95 Pctl p.a. 63,345.000 32.231 30.000 15.823 22.000 39.000

Difference in Days > 95 Pctl p.a. 62,043.000 0.010 0.000 10.429 -7.000 6.250

Quarterly Average Temperature 63,345.000 16.375 14.578 8.494 8.964 24.383

Annual Average Temperature 63,345.000 17.995 17.308 5.424 14.890 18.963

Actual Annual Revenues in mUSD 37,110.000 739.724 27.479 3,651.592 0.816 289.201

Actual Quarterly Revenues in mUSD 36,053.000 245.255 2.725 1,110.956 0.242 99.242

Actual Annual Pre-Tax Income in mUSD 34,023.000 79.012 0.345 513.170 0.022 22.642
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Table (3) Extreme Temperature Days, Revenues, and Operating Income

Table 3 shows the impact of high temperatures on revenues (Rev-Assets) and operating income

over total assets (OpInc-Assets). Days > x is the number of days on which a firm was exposed to

extreme temperatures, classified based on two absolute (25◦C, 30◦C) and two relative (90 pctl., 95th

pctl. of the location- and day-of-the-year-specific temperature distribution, 1980-1999) thresholds.

Panel A (B) shows the results for quarterly (annual) revenues and operating income, the number

of observations refers to firm quarters (years). All regressions include firm-quarter (firm), quarter

(year), and industry-quarter (industry-year) fixed effects. Standard errors are clustered two-way

(firm and year/quarter level).

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.q. 0.00109 -0.00168

(0.0099) (0.0027)

Days > 30◦C p.q. -0.02283*** -0.00314*

(0.0073) (0.0018)

Days > 90 Pctl p.q. -0.01792*** -0.00276**

(0.0055) (0.0013)

Days > 95 Pctl p.q. -0.01872*** -0.00320*

(0.0069) (0.0018)

Observations 150,077 150,077 150,077 150,077 150,077 150,077 150,077 150,077

R-squared 0.830 0.830 0.830 0.830 0.559 0.559 0.559 0.559

Number Firms 4410 4410 4410 4410 4410 4410 4410 4410

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.a. 0.02844 -0.00344

(0.0332) (0.0052)

Days > 30◦C p.a. -0.03209** -0.00361

(0.0147) (0.0037)

Days > 90 Pctl p.a. -0.03149** -0.00188

(0.0115) (0.0028)

Days > 95 Pctl p.a. -0.03271*** -0.00212

(0.0116) (0.0032)

Observations 41,910 41,910 41,910 41,910 41,910 41,910 41,910 41,910

R-squared 0.829 0.829 0.829 0.829 0.600 0.600 0.600 0.600

Number Firms 4410 4410 4410 4410 4410 4410 4410 4410
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Table (4) Extreme Temperature Days, Revenues, and Operating Income - Lagged Extreme Temperature Days

Table 4 shows the impact of extreme temperatures on revenues (Rev-Assets) and operating income over total assets (OpInc-Assets),

controlling for the exposure in the previous fiscal period (L.Days > x). Days > x is the number of days on which a firm was exposed

to extreme temperatures, classified based on two absolute (25◦C, 30◦C) and two relative (90 pctl., 95th pctl. of the location- and day-

of-the-year-specific temperature distribution, 1980-1999) thresholds. Panel A (B) shows the results for quarterly (annual) revenues and

operating income, the number of observations refers to firm quarters (years). All regressions include firm-quarter (firm), quarter (year),

and industry-quarter (industry-year) fixed effects. Standard errors are clustered two-way (firm and year/quarter level).

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.q. -0.00174 -0.00186

(0.0098) (0.0027)

Days > 30◦C p.q. -0.01511* -0.00194

(0.0076) (0.0017)

Days > 90 Pctl p.q. -0.01403** -0.00243*

(0.0059) (0.0014)

Days > 95 Pctl p.q. -0.01520** -0.00290

(0.0072) (0.0019)

L.Days > 25◦C -0.00563 -0.00186

(0.0079) (0.0019)

L.Days > 30◦C -0.02108*** -0.00467***

(0.0075) (0.0015)

L.Days > 90 Pctl -0.01920*** -0.00316**

(0.0064) (0.0013)

L.Days > 95 Pctl -0.01978** -0.00402**

(0.0081) (0.0016)

Observations 148,713 148,713 148,713 148,713 148,885 148,885 148,885 148,885

R-squared 0.818 0.818 0.818 0.818 0.556 0.556 0.556 0.556

Number Firms 4181 4181 4181 4181 4181 4181 4181 4181
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(Table 4 ctd.)

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.a. 0.02650 -0.00461

(0.0433) (0.0056)

Days > 30◦C p.a. -0.03939** -0.00407

(0.0143) (0.0032)

Days > 90 Pctl p.a. -0.03628*** -0.00348

(0.0122) (0.0022)

Days > 95 Pctl p.a. -0.03580** -0.00355

(0.0134) (0.0028)

L.Days > 25◦C -0.00559 -0.00227

(0.0373) (0.0046)

L.Days > 30◦C -0.00500 -0.00277

(0.0095) (0.0023)

L.Days > 90 Pctl -0.01534 -0.00072

(0.0109) (0.0022)

L.Days > 95 Pctl -0.02260 -0.00100

(0.0142) (0.0032)

Observations 39,056 39,056 39,056 39,056 38,454 38,454 38,454 38,454

R-squared 0.830 0.830 0.830 0.830 0.612 0.612 0.612 0.612

Number Firms 4181 4181 4181 4181 4181 4181 4181 4181
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Table (5) Extreme Temperature Days and Financial Performance - Geographic Revenue Distribution

Table 5 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income scaled by total assets (OpInc-Assets)

in interaction with a dummy variable for firms with a geographic separation of assets and sales (top geographic revenue country is

not the headquarters country), labelled (Rev. Abroad). Days > x is the number of days on which a firm was exposed to extreme

temperatures, classified based on two absolute (25◦C, 30◦C) and two relative (90 pctl., 95th pctl. of the location- and day-of-the-year-

specific temperature distribution, 1980-1999) thresholds. Panel A (B) shows the results for quarterly (annual) revenues and operating

income, the number of observations refers to firm quarters (years). All regressions include firm-quarter (firm), quarter (year), and

industry-quarter (industry-year) fixed effects. Standard errors are clustered two-way (firm and year/quarter level).

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.a. 0.01357 -0.00046
(0.0372) (0.0059)

Days > 30◦C p.a. -0.04393 -0.00720**
(0.0268) (0.0034)

Days > 90 Pctl p.a. -0.03986* -0.00386*
(0.0195) (0.0022)

Days > 95 Pctl p.a. -0.04696** -0.00493*
(0.0196) (0.0028)

>25◦C x Rev. Abroad 0.00811 -0.00443
(0.0474) (0.0079)

>30◦C x Rev. Abroad 0.01338 0.00612
(0.0253) (0.0042)

>90 Pctl x Rev. Abroad 0.00581 0.00355
(0.0191) (0.0034)

>95 Pctl x Rev. Abroad 0.01441 0.00491
(0.0226) (0.0037)

Observations 43,646 43,646 43,646 43,646 42,886 42,886 42,886 42,886
R-squared 0.817 0.817 0.817 0.817 0.595 0.595 0.595 0.595
Number Firms 4410 4410 4410 4410 4410 4410 4410 4410
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(Table 5 ctd.)

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.a. 0.01357 -0.00046
(0.0372) (0.0059)

Days > 30◦C p.a. -0.04393 -0.00720**
(0.0268) (0.0034)

Days > 90 Pctl p.a. -0.03986* -0.00386*
(0.0195) (0.0022)

Days > 95 Pctl p.a. -0.04696** -0.00493*
(0.0196) (0.0028)

>25◦C x Rev. Abroad 0.00811 -0.00443
(0.0474) (0.0079)

>30◦C x Rev. Abroad 0.01338 0.00612
(0.0253) (0.0042)

>90 Pctl x Rev. Abroad 0.00581 0.00355
(0.0191) (0.0034)

>95 Pctl x Rev. Abroad 0.01441 0.00491
(0.0226) (0.0037)

Observations 43,646 43,646 43,646 43,646 42,886 42,886 42,886 42,886
R-squared 0.817 0.817 0.817 0.817 0.595 0.595 0.595 0.595
Number Firms 4410 4410 4410 4410 4410 4410 4410 4410
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Table (6) Extreme Temperature Days and Financial Performance - Weekdays

Table 6 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income

scaled by total assets (OpInc-Assets). #Weekdays/Y ear > x is the number of days on which a

firm was exposed to extreme temperatures, classified based on two absolute (25◦C, 30◦C) and two

relative (90 pctl., 95th pctl. of the location- and day-of-the-year-specific temperature distribution,

1980-1999) thresholds. Panel A (B) shows the results for quarterly (annual) revenues and operating

income, the number of observations refers to firm quarters (years). All regressions include firm-

quarter (firm), quarter (year), and industry-quarter (industry-year) fixed effects. Standard errors

are clustered two-way (firm and year/quarter level).

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Weekdays > 25◦C p.q. 0.00543 -0.00200

(0.0132) (0.0033)

Weekdays > 30◦C p.q. -0.02866*** -0.00371

(0.0100) (0.0023)

Weekdays > 90 Pctl p.q. -0.02169*** -0.00324*

(0.0078) (0.0017)

Weekdays > 95 Pctl p.q. -0.02208** -0.00393

(0.0096) (0.0025)

Observations 150,077 150,077 150,077 150,077 150,077 150,077 150,077 150,077

R-squared 0.830 0.830 0.830 0.830 0.559 0.559 0.559 0.559

Number Firms 4410 4410 4410 4410 4410 4410 4410 4410

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Weekdays > 25◦C p.a. 0.04430 -0.00161

(0.0465) (0.0075)

Weekdays > 30◦C p.a. -0.04113** -0.00377

(0.0195) (0.0053)

Weekdays > 90 Pctl p.a. -0.03710** -0.00147

(0.0170) (0.0040)

Weekdays > 95 Pctl p.a. -0.03878* -0.00205

(0.0189) (0.0046)

Observations 41,910 41,910 41,910 41,910 41,910 41,910 41,910 41,910

R-squared 0.829 0.829 0.829 0.829 0.600 0.600 0.600 0.600

Number Firms 4410 4410 4410 4410 4410 4410 4410 4410
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Table (7) Extreme Temperature Days and Financial Performance - Labour Intensity

Table 7 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income scaled by total assets

(OpInc-Assets) in interaction with a measure of labour intensity (labour expenses/total expenses, firms assigned into

terciles). Days > x stands for extreme temperature days (absolute thresholds 25◦C, 30◦C; relative thresholds 90

pctl., 95th pctl.). Panel A (B) shows the results for quarterly (annual) revenues and operating income, the number of

observations refers to firm quarters (years). All regressions include firm-quarter (firm), quarter (year), and industry-

quarter (industry-year) fixed effects. Standard errors are clustered two-way (firm and year/quarter level).

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.q. 0.02924** -0.00070
(0.0119) (0.0032)

x Labor Int. (2/3) -0.04050*** -0.00219***
(0.0035) (0.0007)

x Labor Int. (3/3) -0.06355*** -0.00403***
(0.0050) (0.0011)

Days > 30◦C p.q. 0.01525 -0.00009
(0.0093) (0.0021)

x Labor Int. (2/3) -0.05878*** -0.00302**
(0.0074) (0.0015)

x Labor Int. (3/3) -0.08222*** -0.00705***
(0.0095) (0.0022)

Days > Pctl p.q. 0.04357*** 0.00227
(0.0109) (0.0022)

x Labor Int. (2/3) -0.08301*** -0.00622***
(0.0102) (0.0019)

x Labor Int. (3/3) -0.11502*** -0.00845***
(0.0146) (0.0027)

Days > Pctl p.q. 0.05189*** 0.00288
(0.0145) (0.0030)

x Labor Int. (2/3) -0.09976*** -0.00893***
(0.0141) (0.0027)

x Labor Int. (3/3) -0.13210*** -0.01003***
(0.0200) (0.0036)

Observations 113,956 113,956 113,956 113,956 113,802 113,802 113,802 113,802
R-squared 0.826 0.824 0.824 0.823 0.569 0.568 0.568 0.568
Number Firms 3663 3663 3663 3663 3663 3663 3663 3663
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(Table 7 ctd.)

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.a. 0.07196 -0.00160
(0.0472) (0.0050)

x Labor Int. (2/3) -0.04124*** -0.00097
(0.0041) (0.0008)

x Labor Int. (3/3) -0.06424*** -0.00222
(0.0050) (0.0015)

Days > 30◦C p.a. 0.01571 -0.00100
(0.0166) (0.0036)

x Labor Int. (2/3) -0.07816*** -0.00201
(0.0106) (0.0026)

x Labor Int. (3/3) -0.11211*** -0.00626
(0.0134) (0.0043)

Days > Pctl p.a. 0.06068*** 0.00217
(0.0181) (0.0034)

x Labor Int. (2/3) -0.12722*** -0.00439
(0.0141) (0.0030)

x Labor Int. (3/3) -0.19003*** -0.00634
(0.0214) (0.0051)

Days > Pctl p.a. 0.08757*** 0.00338
(0.0236) (0.0045)

x Labor Int. (2/3) -0.17375*** -0.00708
(0.0234) (0.0045)

x Labor Int. (3/3) -0.25299*** -0.00897
(0.0350) (0.0069)

Observations 31,503 31,503 31,503 31,503 30,870 30,870 30,870 30,870
R-squared 0.828 0.825 0.826 0.826 0.610 0.610 0.610 0.610
Number Firms 3663 3663 3663 3663 3663 3663 3663 3663
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Table (8) Extreme Temperature Days and Financial Performance - Within Industry Labour Intensity

Table 8 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income scaled by total

assets (OpInc-Assets) in interaction with a measure of labour intensity (lobar expenses/total expenses, firms assigned

into terciles after deducting industry mean). Days > x stands for extreme temperature days (absolute thresholds

25◦C, 30◦C; relative thresholds 90 pctl., 95th pctl.). Panel A (B) shows the results for quarterly (annual) revenues

and operating income, the number of observations refers to firm quarters (years). All regressions include firm-quarter

(firm), quarter (year), and industry-quarter (industry-year) fixed effects. Standard errors are clustered two-way (firm

and year/quarter level).

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.q. 0.02798*** -0.00013
(0.0104) (0.0028)

x Labor Int. (2/3) -0.03249*** -0.00091
(0.0031) (0.0006)

x Labor Int. (3/3) -0.03854*** -0.00217***
(0.0037) (0.0007)

Days > 30◦C p.q. 0.00687 -0.00172
(0.0087) (0.0019)

x Labor Int. (2/3) -0.04585*** -0.00115
(0.0065) (0.0013)

x Labor Int. (3/3) -0.04536*** -0.00284*
(0.0072) (0.0015)

Days > Pctl p.q. 0.03617*** -0.00016
(0.0108) (0.0021)

x Labor Int. (2/3) -0.06937*** -0.00187
(0.0105) (0.0020)

x Labor Int. (3/3) -0.08027*** -0.00437**
(0.0121) (0.0020)

Days > Pctl p.q. 0.04517*** -0.00021
(0.0147) (0.0029)

x Labor Int. (2/3) -0.08492*** -0.00290
(0.0156) (0.0028)

x Labor Int. (3/3) -0.09405*** -0.00471*
(0.0170) (0.0028)

Observations 149,010 149,010 149,010 149,010 149,127 149,127 149,127 149,127
R-squared 0.820 0.819 0.819 0.819 0.562 0.562 0.562 0.562
Number Firms 4327 4327 4327 4327 4327 4327 4327 4327
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(Table 8 ctd.)

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.a. 0.04361 -0.00193
(0.0406) (0.0050)

x Labor Int. (2/3) -0.03347*** -0.00076
(0.0030) (0.0006)

x Labor Int. (3/3) -0.03564*** -0.00099
(0.0033) (0.0008)

Days > 30◦C p.a. -0.00107 -0.00250
(0.0157) (0.0034)

x Labor Int. (2/3) -0.06180*** -0.00143
(0.0086) (0.0017)

x Labor Int. (3/3) -0.05412*** -0.00189
(0.0077) (0.0021)

Days > Pctl p.a. 0.03691** 0.00025
(0.0171) (0.0031)

x Labor Int. (2/3) -0.10196*** -0.00259
(0.0139) (0.0029)

x Labor Int. (3/3) -0.11521*** -0.00330
(0.0146) (0.0028)

Days > Pctl p.a. 0.06108** 0.00086
(0.0221) (0.0040)

x Labor Int. (2/3) -0.14177*** -0.00458
(0.0230) (0.0043)

x Labor Int. (3/3) -0.15419*** -0.00423
(0.0244) (0.0043)

Observations 42,710 42,710 42,710 42,710 41,960 41,960 41,960 41,960
R-squared 0.819 0.818 0.818 0.818 0.596 0.596 0.596 0.596
Number Firms 4327 4327 4327 4327 4327 4327 4327 4327
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Table (9) Extreme Temperature Days and Financial Performance - Excluding Agriculture

Table 9 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income

scaled by total assets (OpInc-Assets) when excluding the agricultural industry (SIC digit 1st digit).

Days > x is the number of days on which a firm was exposed to extreme temperatures, classified

based on two absolute (25◦C, 30◦C) and two relative (90 pctl., 95th pctl. of the location- and day-

of-the-year-specific temperature distribution, 1980-1999) thresholds. Panel A (B) shows the results

for quarterly (annual) revenues and operating income, the number of observations refers to firm

quarters (years). All regressions include firm-quarter (firm), quarter (year), and industry-quarter

(industry-year) fixed effects. Standard errors are clustered two-way (firm and year/quarter level).

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.q. 0.00013 -0.00157

(0.0099) (0.0027)

Days > 30◦C p.q. -0.02272*** -0.00311*

(0.0075) (0.0018)

Days > 90 Pctl p.q. -0.01833*** -0.00271**

(0.0056) (0.0013)

Days > 95 Pctl p.q. -0.01913*** -0.00317*

(0.0069) (0.0018)

Observations 146,732 146,732 146,732 146,732 146,732 146,732 146,732 146,732

R-squared 0.830 0.830 0.830 0.830 0.561 0.561 0.561 0.561

Number Firms 4327 4327 4327 4327 4327 4327 4327 4327

Panel (B) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.a. 0.02585 -0.00319

(0.0336) (0.0052)

Days > 30◦C p.a. -0.03426** -0.00390

(0.0149) (0.0038)

Days > 90 Pctl p.a. -0.03390*** -0.00202

(0.0116) (0.0029)

Days > 95 Pctl p.a. -0.03650*** -0.00247

(0.0111) (0.0033)

Observations 40,990 40,990 40,990 40,990 40,990 40,990 40,990 40,990

R-squared 0.829 0.829 0.829 0.829 0.601 0.601 0.601 0.601

Number Firms 4327 4327 4327 4327 4327 4327 4327 4327
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Table (10) Extreme Temperature Days and Financial Performance - Positive Demand Shocks

Table 10 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income scaled by total assets (OpInc-Assets) for

the whole sample and utility firms (SIC 1st and 2nd digit 49). Days > x stands for extreme temperature days (absolute thresholds 25◦C,

30◦C; relative thresholds 90 pctl., 95th pctl.). Panel A (B) shows the results for quarterly (annual) revenues and operating income, the

number of observations refers to firm quarters (years). All regressions include firm-quarter (firm), quarter (year), and industry-quarter

(industry-year) fixed effects. Standard errors are clustered two-way (firm and year/quarter level).

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.q. 0.00120 -0.00180
(0.0103) (0.0028)

Days > 30◦C p.q. -0.02336*** -0.00320*
(0.0074) (0.0018)

Days > Pctl p.q. -0.01856*** -0.00286**
(0.0057) (0.0014)

Days > Pctl p.q. -0.01952*** -0.00331*
(0.0071) (0.0019)

x Utilities -0.00178 0.00213
(0.0153) (0.0060)

x Utilities 0.01682 0.00208
(0.0184) (0.0043)

x Utilities 0.01675 0.00270
(0.0135) (0.0030)

x Utilities 0.02179 0.00304
(0.0177) (0.0040)

Observations 150,077 150,077 150,077 150,077 150,077 150,077 150,077 150,077
R-squared 0.830 0.830 0.830 0.830 0.559 0.559 0.559 0.559
Number Firms 4410 4410 4410 4410 4410 4410 4410 4410
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(Table 10 ctd.)

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.a. 0.02622 -0.00468
(0.0332) (0.0054)

Days > 30◦C p.a. -0.03321** -0.00369
(0.0149) (0.0038)

Days > Pctl p.a. -0.03380*** -0.00200
(0.0117) (0.0029)

Days > Pctl p.a. -0.03579*** -0.00236
(0.0119) (0.0033)

x Utilities 0.03732 0.02086
(0.0612) (0.0143)

x Utilities 0.03935 0.00259
(0.0355) (0.0091)

x Utilities 0.06641** 0.00328
(0.0279) (0.0082)

x Utilities 0.09376** 0.00739
(0.0348) (0.0107)

Observations 41,910 41,910 41,910 41,910 41,910 41,910 41,910 41,910
R-squared 0.829 0.829 0.829 0.829 0.600 0.600 0.600 0.600
Number Firms 4410 4410 4410 4410 4410 4410 4410 4410
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Table (11) Extreme Temperature Days and Financial Performance - Asset Tangibility

Table 11 shows the impact of extreme temperatures on performance in interaction with asset tangibility (plant, property & equip-

ment/assets, firms assigned to terciles, 3/3 indicates highest tercile). Days > x stands for extreme temperature days (absolute thresholds

25◦C, 30◦C; relative thresholds 90 pctl., 95th pctl.). Panel A (B) shows the results for quarterly (annual) revenues and operating income,

the number of observations refers to firm quarters (years). All regressions include firm-quarter (firm), quarter (year), and industry-quarter

(industry-year) fixed effects. Standard errors are clustered two-way (firm and year/quarter level).

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.q. 0.01115 -0.00046
(0.0099) (0.0029)

Days > 30◦C p.q. -0.00998 -0.00129
(0.0098) (0.0022)

Days > Pctl p.q. -0.00268 -0.00180
(0.0087) (0.0020)

Days > Pctl p.q. 0.00035 -0.00202
(0.0111) (0.0027)

x Asset Tangibility (2/3) -0.00220 0.00043
(0.0040) (0.0008)

x Asset Tangibility (3/3) -0.02334*** -0.00191*
(0.0052) (0.0011)

x Asset Tangibility (2/3) -0.00213 -0.00034
(0.0072) (0.0014)

x Asset Tangibility (3/3) -0.03082*** -0.00400**
(0.0088) (0.0020)

x Asset Tangibility (2/3) 0.00304 0.00173
(0.0096) (0.0020)

x Asset Tangibility (3/3) -0.04407*** -0.00411*
(0.0107) (0.0023)

x Asset Tangibility (2/3) 0.00394 0.00202
(0.0131) (0.0028)

x Asset Tangibility (3/3) -0.05625*** -0.00527
(0.0143) (0.0032)

Observations 145,365 145,365 145,365 145,365 145,365 145,365 145,365 145,365
R-squared 0.833 0.832 0.832 0.832 0.558 0.558 0.558 0.558
Number Firms 4340 4340 4340 4340 4340 4340 4340 4340
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(Table 11 ctd.)

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.a. 0.03853 -0.00353
(0.0343) (0.0051)

Days > 30◦C p.a. -0.02268 -0.00292
(0.0195) (0.0043)

Days > Pctl p.a. -0.02302 -0.00394
(0.0163) (0.0036)

Days > Pctl p.a. -0.02460 -0.00501
(0.0194) (0.0045)

x Asset Tangibility (2/3) 0.00414 0.00074
(0.0048) (0.0008)

x Asset Tangibility (3/3) -0.02071*** -0.00120
(0.0055) (0.0010)

x Asset Tangibility (2/3) 0.01018 0.00100
(0.0104) (0.0018)

x Asset Tangibility (3/3) -0.03602*** -0.00301
(0.0114) (0.0023)

x Asset Tangibility (2/3) 0.02677* 0.00542*
(0.0147) (0.0027)

x Asset Tangibility (3/3) -0.04522*** 0.00054
(0.0159) (0.0029)

x Asset Tangibility (2/3) 0.04200* 0.00748*
(0.0225) (0.0039)

x Asset Tangibility (3/3) -0.06078** 0.00097
(0.0226) (0.0042)

Observations 40,614 40,614 40,614 40,614 40,614 40,614 40,614 40,614
R-squared 0.832 0.832 0.832 0.832 0.600 0.600 0.600 0.600
Number Firms 4340 4340 4340 4340 4340 4340 4340 4340
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Table (12) Extreme Temperatures and Financial Performance - Gross Domestic Product Quintiles

Table 12 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income scaled by total assets (OpInc-Assets),

in interaction with gross domestic product (GDP) quintiles based on the firms’ home countries’ GDP, obtained from the World Bank.

#Days/Y ear > x refers to the number of days in a given year on which firm was exposed to temperatures above one out of the four

thresholds. Panel A shows the results for annual revenue and operating income, Panel B refers to quarterly numbers. The number of

observations refers to firm quarters in Panel A and firm years in Panel B. All regressions include firm fixed effects, year fixed effects, and

industry year fixed effects. Standard errors are two-way clustered at the firm and year/quarter level.

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.q. -0.00574 -0.00325
(0.0231) (0.0049)

Days > 30◦C p.q. -0.02608 -0.00532
(0.0204) (0.0043)

Days > Pctl p.q. -0.04669*** -0.00947***
(0.0142) (0.0027)

Days > Pctl p.q. -0.05497*** -0.01177***
(0.0191) (0.0038)

x GDP Quintiles 0.00283 0.00060
(0.0088) (0.0018)

x GDP Quintiles 0.00180 0.00113
(0.0099) (0.0020)

x GDP Quintiles 0.01230** 0.00275***
(0.0049) (0.0008)

x GDP Quintiles 0.01560** 0.00350***
(0.0068) (0.0011)

Observations 147,206 147,206 147,206 147,206 147,206 147,206 147,206 147,206
R-squared 0.830 0.830 0.830 0.830 0.553 0.553 0.553 0.553
Number Firms 4400 4400 4400 4400 4400 4400 4400 4400
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(Table 12 ctd.)

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.a. -0.03143 -0.01174
(0.0434) (0.0077)

Days > 30◦C p.a. -0.03521 -0.00550
(0.0540) (0.0092)

Days > Pctl p.a. -0.09825*** -0.01522***
(0.0333) (0.0051)

Days > Pctl p.a. -0.10933** -0.01937***
(0.0396) (0.0059)

x GDP Quintiles 0.00965 0.00240
(0.0202) (0.0029)

x GDP Quintiles -0.00311 0.00060
(0.0240) (0.0048)

x GDP Quintiles 0.02622* 0.00525***
(0.0130) (0.0017)

x GDP Quintiles 0.03184* 0.00700***
(0.0176) (0.0021)

Observations 35,481 35,481 35,481 35,481 35,481 35,481 35,481 35,481
R-squared 0.857 0.857 0.857 0.857 0.648 0.648 0.648 0.648
Number Firms 4400 4400 4400 4400 4400 4400 4400 4400
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Table (13) Extreme Temperatures and Financial Performance - Average Annual Temperature Quintiles

Table 13 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income scaled by total assets (OpInc-Assets).

#Days/Y ear > x refers to the number of days in a given year on which firm was exposed to temperatures above one out of the four

thresholds. The measure of heat exposure is interacted with annual average temperature quintiles. Panel A (B) shows the results for

annual (quarterly) revenue and operating income and the number of observations refers to firm quarters (years). Regressions include

firm-quarter (firm) fixed effects, year fixed effects, and industry year fixed effects. Standard errors are two-way clustered at the firm and

year/quarter level.

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.q. 0.02734 0.00426
(0.0217) (0.0054)

Days > 30◦C p.q. 0.01984 0.01070*
(0.0343) (0.0059)

Days > Pctl p.q. 0.01344 0.00402*
(0.0109) (0.0022)

Days > Pctl p.q. 0.01272 0.00507*
(0.0147) (0.0028)

x Temperature Quintiles -0.00845 -0.00197
(0.0060) (0.0015)

x Temperature Quintiles -0.00964 -0.00318**
(0.0079) (0.0014)

x Temperature Quintiles -0.00938*** -0.00211***
(0.0033) (0.0007)

x Temperature Quintiles -0.00932** -0.00259***
(0.0043) (0.0009)

Observations 147,426 147,426 147,426 147,426 147,426 147,426 147,426 147,426
R-squared 0.830 0.830 0.830 0.830 0.553 0.553 0.553 0.553
Number Firms 4410 4410 4410 4410 4410 4410 4410 4410
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(Table 13 ctd.)

(1) (2) (3) (4) (5) (6) (7) (8)
Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.a. 0.00364 -0.00515
(0.0766) (0.0125)

Days > 30◦C p.a. -0.00267 0.00215
(0.0853) (0.0172)

Days > Pctl p.a. 0.01828 0.00388
(0.0367) (0.0047)

Days > Pctl p.a. 0.01354 0.00498
(0.0495) (0.0059)

x Temperature Quintiles -0.00249 -0.00004
(0.0171) (0.0032)

x Temperature Quintiles -0.00841 -0.00150
(0.0214) (0.0035)

x Temperature Quintiles -0.01627 -0.00201
(0.0109) (0.0017)

x Temperature Quintiles -0.01433 -0.00239
(0.0132) (0.0017)

Observations 35,540 35,540 35,540 35,540 35,540 35,540 35,540 35,540
R-squared 0.857 0.857 0.857 0.857 0.648 0.648 0.648 0.648
Number Firms 4410 4410 4410 4410 4410 4410 4410 4410
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Table (14) Extreme Temperatures and Firm Performance, Scandinavian Countries

Table 14 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income

scaled by total assets (OpInc-Assets). #Days/Y ear > x refers to the number of days in a given

year on which firm was exposed to temperatures above one out of the four thresholds. The mea-

sure of heat exposure is interacted with within-industry terciles of labour intensity (Factset labour

expenses/total expenses). Panel A (B) shows the results for annual (quarterly) revenue and oper-

ating income and the number of observations refers to firm quarters (years). Regressions include

firm-quarter (firm) fixed effects, year fixed effects, and industry year fixed effects. Standard errors

are two-way clustered at the firm and year/quarter level.

Panel (B) Annual Revenues and Operating Income - Scandinavia

(1) (2) (3) (4) (5) (6)
Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.q. 0.00317 -0.00193
(0.0096) (0.0027)

Days > Pctl p.q. -0.02031*** -0.00391***
(0.0055) (0.0014)

Days > Pctl p.q. -0.02176*** -0.00472**
(0.0071) (0.0019)

x Scandinavia -0.09957 0.01222
(0.0902) (0.0146)

x Scandinavia 0.03650* 0.01757***
(0.0209) (0.0039)

x Scandinavia 0.05096 0.02549***
(0.0324) (0.0055)

Observations 150,077 150,077 150,077 150,077 150,077 150,077
R-squared 0.830 0.830 0.830 0.559 0.560 0.560
Number Firms 4410 4410 4410 4410 4410 4410

Panel (B) Annual Revenues and Operating Income - Scandinavia

(1) (2) (3) (4) (5) (6)
Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.a. 0.03605 -0.00331
(0.0318) (0.0052)

Days > Pctl p.a. -0.03218** -0.00340
(0.0116) (0.0027)

Days > Pctl p.a. -0.03298*** -0.00395
(0.0116) (0.0031)

x Scandinavia -0.42470 -0.00727
(0.2589) (0.0446)

x Scandinavia 0.01299 0.02848***
(0.0394) (0.0082)

x Scandinavia 0.00532 0.03530***
(0.0548) (0.0119)

Observations 41,910 41,910 41,910 41,910 41,910 41,910
R-squared 0.829 0.829 0.829 0.600 0.600 0.600
Number Firms 4410 4410 4410 4410 4410 4410
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Panel (C) Annual Revenues and Operating Income - Similar Climate Profiles

(1) (2) (3) (4) (5) (6)
Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.q. 0.00287 -0.00182
(0.0092) (0.0026)

Days > Pctl p.q. -0.02085*** -0.00411***
(0.0058) (0.0014)

Days > Pctl p.q. -0.02176*** -0.00488**
(0.0074) (0.0019)

x Cold Locations excl. Scand. -0.02436 0.00199
(0.0288) (0.0054)

x Cold Locations excl. Scand. 0.02261* 0.01045***
(0.0132) (0.0024)

x Cold Locations excl. Scand. 0.02514 0.01391***
(0.0187) (0.0034)

Observations 150,077 150,077 150,077 150,077 150,077 150,077
R-squared 0.830 0.830 0.830 0.559 0.560 0.560
Number Firms 4410 4410 4410 4410 4410 4410

Panel (D) Annual Revenues and Operating Income - Similar Climate Profiles

(1) (2) (3) (4) (5) (6)
Rev-Assets Rev-Assets Rev-Assets OpInc-

Assets
OpInc-
Assets

OpInc-
Assets

Days > 25◦C p.a. 0.03787 -0.00259
(0.0317) (0.0053)

Days > Pctl p.a. -0.03114** -0.00353
(0.0123) (0.0029)

Days > Pctl p.a. -0.03083** -0.00404
(0.0119) (0.0033)

x Cold Locations excl. Scand. -0.12215* -0.01094
(0.0708) (0.0156)

x Cold Locations excl. Scand. -0.00309 0.01483**
(0.0287) (0.0059)

x Cold Locations excl. Scand. -0.01790 0.01827**
(0.0354) (0.0074)

Observations 41,910 41,910 41,910 41,910 41,910 41,910
R-squared 0.829 0.829 0.829 0.600 0.600 0.600
Number Firms 4410 4410 4410 4410 4410 4410
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Table (15) Extreme Temperature Days and Financial Performance - Sample Japan - Cooling Tech-

nology

Table 15 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income

scaled by total assets (OpInc-Assets). #Days/Y ear > x refers to the number of days in a given

year on which firm was exposed to temperatures above one out of the four thresholds. The mea-

sure of heat exposure is interacted with within-industry terciles of labour intensity (Factset labour

expenses/total expenses). Panel A (B) shows the results for annual (quarterly) revenue and oper-

ating income and the number of observations refers to firm quarters (years). Regressions include

firm-quarter (firm) fixed effects, year fixed effects, and industry year fixed effects. Standard errors

are two-way clustered at the firm and year/quarter level.

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.a. 0.01370 0.00711**

(0.0165) (0.0026)

Days > 30◦C p.a. 0.04367* 0.01094**

(0.0219) (0.0050)

Days > 90 Pctl p.a. 0.00590 0.00365

(0.0172) (0.0027)

Days > 95 Pctl p.a. -0.00485 0.00350

(0.0288) (0.0024)

Observations 23,498 23,498 23,498 23,498 23,498 23,498 23,498 23,498

R-squared 0.893 0.893 0.893 0.893 0.620 0.620 0.619 0.619

Number Firms 1790 1790 1790 1790 1790 1790 1790 1790
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Table (16) Extreme Temperature Days and Analyst Forecast Accuracy

Table 16 shows the impact of heat exposure on quarterly analyst forecast accuracy measured by the earnings surprise defined as the

actual value of revenues (Panel A) or pre-tax income (Panel B) minus the median analyst estimate, scaled by total assets of the firm

lagged by one year. #Days/Y ear > x refers to the number of days in a given year on which firm was exposed to temperatures above one

out of the four thresholds. All regressions include firm fixed effects, year fixed effects, and industry-year fixed effects. Standard errors

are clustered at the firm level.

Panel (A) Median Surprise - Quarterly Revenues Panel (B) Median Surprise - Quarterly Pre-Tax Income

(1) (2) (3) (4)

VARIABLES Median Median Median Median

Days > 25◦C p.q. -0.00535**

(0.0023)

Days > 30◦C p.q. -0.00494*

(0.0026)

Days > 90 Pctl p.q. -0.00254

(0.0020)

Days > 95 Pctl p.q. -0.00182

(0.0027)

Book to Market 0.00758 0.01005 0.00922 0.00921

(0.0351) (0.0351) (0.0351) (0.0351)

Observations 28,580 28,580 28,580 28,580

(1) (2) (3) (4)

VARIABLES Median Median Median Median

Days > 25◦C p.q. -0.00222*

(0.0012)

Days > 30◦C p.q. -0.00367***

(0.0014)

Days > 90 Pctl p.q. -0.00254**

(0.0012)

Days > 95 Pctl p.q. -0.00283*

(0.0016)

Book to Market 0.09052*** 0.09202*** 0.09166*** 0.09209***

(0.0228) (0.0229) (0.0229) (0.0229)

Observations 21,426 21,426 21,426 21,426
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Table (16 ctd.)

Panel (C) Median Surprise - Annual Revenues Panel (D) Median Surprise - Annual Pre-Tax Income

(1) (2) (3) (4)

VARIABLES Median Median Median Median

Days > 25◦C p.a. 0.00234

(0.0033)

Days > 30◦C p.a. -0.00877**

(0.0041)

Days > 90 Pctl p.a. -0.00386

(0.0030)

Days > 95 Pctl p.a. -0.00377

(0.0037)

Book to Market -0.20913** -0.20757** -0.20575** -0.20572**

(0.0814) (0.0814) (0.0815) (0.0816)

Observations 31,478 31,478 31,478 31,478

(1) (2) (3) (4)

VARIABLES Median Median Median Median

Days > 25◦C p.a. 0.00236*

(0.0013)

Days > 30◦C p.a. 0.00205

(0.0015)

Days > 90 Pctl p.a. -0.00215*

(0.0011)

Days > 95 Pctl p.a. -0.00328**

(0.0015)

Book to Market 0.00455 0.00486 0.00721 0.00804

(0.0313) (0.0314) (0.0314) (0.0314)

Observations 28,727 28,727 28,727 28,727

68



Table (17) Extreme Temperature Days and Analyst Forecast Accuracy, Cross-Section of Forecast Errors

Table 17 shows the impact of heat exposure on quarterly analyst forecast accuracy measured by the earnings surprise defined as the

actual value of revenues (Panel A) or pre-tax income (Panel B) minus the median analyst estimate, scaled by total assets of the firm

lagged by one year. #Days/Y ear > x refers to the number of days in a given year on which firm was exposed to temperatures above

one out of the four thresholds. In contrast to Table 13, the underlying regressions did not include firm fixed effects but year fixed effects

and industry-year fixed effects. Standard errors are clustered at the firm level.

Panel (A) Median Surprise - Quarterly Revenues Panel (B) Median Surprise - Quarterly Pre-Tax Income

(1) (2) (3) (4)

VARIABLES Rev/Assets Rev/Assets Rev/Assets Rev/Assets

Days > 25◦C-Mean -0.00565***

(0.0021)

Days > 30◦C-Mean -0.00489**

(0.0023)

Days > 90 Pctl.-Mean -0.00138

(0.0016)

Days > 95 Pctl.-Mean -0.00089

(0.0021)

Book to Market 0.08331*** 0.08395*** 0.08376*** 0.08368***

(0.0222) (0.0221) (0.0222) (0.0222)

Observations 35,260 35,260 35,260 35,260

(1) (2) (3) (4)

VARIABLES Pre/Assets Pre/Assets Pre/Assets Pre/Assets

Days > 25◦C-Mean -0.00146

(0.0011)

Days > 30◦C-Mean -0.00127

(0.0013)

Days > 90 Pctl.-Mean 0.00013

(0.0010)

Days > 95 Pctl.-Mean 0.00017

(0.0013)

Book to Market 0.08106*** 0.08123*** 0.08108*** 0.08107***

(0.0135) (0.0135) (0.0135) (0.0135)

Observations 26,658 26,658 26,658 26,658
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Table (17 ctd.)

Panel (C) Median Surprise - Quarterly Revenues Panel (D) Median Surprise - Quarterly Pre-Tax Income

(1) (2) (3) (4)

VARIABLES Rev/Assets Rev/Assets Rev/Assets Rev/Assets

Days > 25◦C-Mean -0.00102

(0.0011)

Days > 30◦C-Mean -0.00349***

(0.0012)

Days > 90 Pctl.-Mean -0.00078

(0.0008)

Days > 95 Pctl.-Mean -0.00072

(0.0011)

Book to Market 0.08391*** 0.08544*** 0.08420*** 0.08403***

(0.0221) (0.0222) (0.0222) (0.0222)

Observations 35,260 35,260 35,260 35,260

(1) (2) (3) (4)

VARIABLES Pre/Assets Pre/Assets Pre/Assets Pre/Assets

Days > 25◦C-Mean 0.00034

(0.0005)

Days > 30◦C-Mean -0.00010

(0.0007)

Days > 90 Pctl.-Mean -0.00109**

(0.0005)

Days > 95 Pctl.-Mean -0.00123*

(0.0007)

Book to Market 0.08101*** 0.08116*** 0.08212*** 0.08206***

(0.0135) (0.0135) (0.0135) (0.0135)

Observations 26,658 26,658 26,658 26,658
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Table (18) Extreme Temperature Days and Earnings Announcement Returns - Raw Returns

Table 20 shows the impact of heat exposure on announcement returns (raw returns). #Days/Y ear >

x refers to the number of days in a given year on which firm was exposed to temperatures above

one out of the four thresholds. Columns 1 to 4 show the announcement returns for a three day

event window (-1 to +1), column 5 to 8 the five day window (-2 to +2). The number of observa-

tions refers to firms x announcements. Regressions in Panel A include firm fixed effects, year fixed

effects, and industry year fixed effects. In Panel B, the heat exposure measure #Days/Y ear > x

is demeaned and regressions include year fixed effects and industry year fixed effects. Standard

errors are clustered at the firm level.

Panel (A) All Fixed Effects

(1) (2) (3) (4) (5) (6) (7) (8)

3 Day 3 Day 3 Day 3 Day 5 Day 5 Day 5 Day 5 Day

VARIABLES EW EW EW EW EW EW EW EW

Days > 25◦C p.q. -0.00879 -0.01486

(0.0139) (0.0164)

Days > 30◦C p.q. -0.04968*** -0.07713***

(0.0130) (0.0149)

Days > 90 Pctl p.q. -0.01422** -0.02165***

(0.0072) (0.0084)

Days > 95 Pctl p.q. -0.02514** -0.03939***

(0.0100) (0.0117)

Observations 22,433 22,532 22,831 22,696 22,416 22,510 22,803 22,669

Panel (B) Demeaned Heat Exposure Measure

(1) (2) (3) (4) (5) (6) (7) (8)

3 Day 3 Day 3 Day 3 Day 5 Day 5 Day 5 Day 5 Day

VARIABLES EW EW EW EW EW EW EW EW

Days > 25◦C-Mean -0.00053 -0.01556

(0.0131) (0.0154)

Days > 30◦C-Mean -0.03863*** -0.06865***

(0.0125) (0.0144)

Days > 90 Pctl-Mean -0.01053 -0.02156***

(0.0070) (0.0082)

Days > 95 Pctl-Mean -0.02009** -0.04203***

(0.0097) (0.0112)

Observations 24,554 24,670 24,961 24,863 24,536 24,649 24,937 24,838
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Table (19) Extreme Temperature Days and Announcement Returns - Benchmark Adjusted Re-

turns

Table 19 shows the impact of heat exposure on announcement returns (benchmark-adjusted re-

turns). #Days/Y ear > x refers to the number of days in a given year on which firm was exposed

to temperatures above one out of the four thresholds. Columns 1 to 4 show the announcement

returns for a three day event window (-1 to +1), column 5 to 8 the five day window (-2 to +2). The

number of observations refers to firms x announcements. Regressions in Panel A include firm fixed

effects, year fixed effects, and industry year fixed effects. In Panel B, the heat exposure measure

#Days/Y ear > x is demeaned and regressions include year fixed effects and industry year fixed

effects. Standard errors are clustered at the firm level.

Panel (A) Equal-weighted returns benchmark

(1) (2) (3) (4) (5) (6) (7) (8)

3 Day 3 Day 3 Day 3 Day 5 Day 5 Day 5 Day 5 Day

VARIABLES EW EW EW EW EW EW EW EW

Days > 25◦C p.q. -0.01991 -0.01978

(0.0132) (0.0156)

Days > 30◦C p.q. -0.02533** -0.04784***

(0.0123) (0.0144)

Days > 90 Pctl p.q. -0.02144*** -0.02520***

(0.0069) (0.0080)

Days > 95 Pctl p.q. -0.03036*** -0.03755***

(0.0096) (0.0112)

Observations 22,448 22,545 22,843 22,710 22,426 22,526 22,817 22,682

Panel (B) Value-weighted returns benchmark

(1) (2) (3) (4) (5) (6) (7) (8)

3 Day 3 Day 3 Day 3 Day 5 Day 5 Day 5 Day 5 Day

VARIABLES EW EW EW EW EW EW EW EW

Days > 25◦C p.q. -0.00949 -0.01013

(0.0132) (0.0155)

Days > 30◦C p.q. -0.01653 -0.04122***

(0.0122) (0.0144)

Days > 90 Pctl p.q. -0.01746** -0.02283***

(0.0069) (0.0080)

Days > 95 Pctl p.q. -0.02296** -0.03267***

(0.0096) (0.0112)

Observations 22,454 22,552 22,851 22,716 22,442 22,541 22,834 22,701
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Table (20) Extreme Temperature Days and Announcement Returns - Market Model

Table 20 shows the impact of heat exposure on announcement returns (expected returns based on

market model). #Days/Y ear > x refers to the number of days in a given year on which firm

was exposed to temperatures above one out of the four thresholds. Columns 1 to 4 show the

announcement returns for a three day event window (-1 to +1), column 5 to 8 the five day window

(-2 to +2). The number of observations refers to firms x announcements. Regressions in Panel A

include firm fixed effects, year fixed effects, and industry year fixed effects. In Panel B, the heat

exposure measure #Days/Y ear > x is demeaned and regressions include year fixed effects and

industry year fixed effects. Standard errors are clustered at the firm level.

Panel (A) Equal-weighted returns benchmark

(1) (2) (3) (4) (5) (6) (7) (8)

3 Day 3 Day 3 Day 3 Day 5 Day 5 Day 5 Day 5 Day

VARIABLES EW EW EW EW EW EW EW EW

Days > 25◦C p.q. -0.01081 -0.01009

(0.0131) (0.0152)

Days > 30◦C p.q. 0.01335 -0.00302

(0.0123) (0.0143)

Days > 90 Pctl p.q. -0.01683** -0.01917**

(0.0069) (0.0080)

Days > 95 Pctl p.q. -0.02008** -0.02567**

(0.0097) (0.0112)

Observations 22,409 22,510 22,803 22,672 22,403 22,507 22,799 22,663

Panel (B) Value-weighted returns benchmark

(1) (2) (3) (4) (5) (6) (7) (8)

3 Day 3 Day 3 Day 3 Day 5 Day 5 Day 5 Day 5 Day

VARIABLES EW EW EW EW EW EW EW EW

Days > 25◦C p.q. 0.00048 0.00265

(0.0130) (0.0152)

Days > 30◦C p.q. 0.00716 -0.01389

(0.0123) (0.0143)

Days > 90 Pctl p.q. -0.00996 -0.01381*

(0.0069) (0.0080)

Days > 95 Pctl p.q. -0.01203 -0.01911*

(0.0096) (0.0112)

Observations 22,398 22,498 22,794 22,659 22,417 22,519 22,809 22,675
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Table (21) Alternative Climate-related Explanations - Control for Cold Days

Table 21 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating in-

come scaled by total assets (OpInc-Assets), controlling for the number of extremely cold days.

#Days/Y ear > x refers to the number of days in a given year on which firm was exposed to tem-

peratures above one out of the four thresholds. Cold days are classified by the absolute threshold

of 0◦C and days with temperatures below the 5th and 10th percentile of the historical distribution

for the location and days of the year. Panel A shows the results for annual revenue and operating

income, Panel B refers to quarterly numbers. The number of observations refers to firm quarters

in Panel A and firm years in Panel B. All regressions include firm fixed effects, year fixed effects,

and industry year fixed effects. Standard errors are two-way clustered at the firm and year/quarter

level.

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.q. 0.00226 -0.00166

(0.0096) (0.0026)

Days > 30◦C p.q. -0.02348*** -0.00360**

(0.0071) (0.0017)

Days < 5 Pctl p.q. -0.00793 -0.00221

(0.0135) (0.0037)

Days < 10 Pctl p.q. -0.01088 -0.00276

(0.0097) (0.0024)

Days > 90 Pctl p.q. -0.01987*** -0.00354**

(0.0057) (0.0014)

Days > 95 Pctl p.q. -0.01929*** -0.00382**

(0.0070) (0.0019)

Days < 0◦C p.q. -0.02824* -0.02949* -0.01010*** -0.01024***

(0.0159) (0.0162) (0.0028) (0.0029)

Observations 147,426 147,426 147,426 147,426 147,426 147,426 147,426 147,426

R-squared 0.830 0.830 0.830 0.830 0.553 0.553 0.553 0.553

Number Firms 4410 4410 4410 4410 4410 4410 4410 4410
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(Table 21 ctd.)

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.a. -0.00527 -0.00574

(0.0339) (0.0060)

Days > 30◦C p.a. -0.04032** -0.00457

(0.0167) (0.0041)

Days > 90 Pctl p.a. -0.03907** -0.00375

(0.0145) (0.0026)

Days > 95 Pctl p.a. -0.03535** -0.00373

(0.0133) (0.0032)

Days < 0◦C p.a. -0.05020 -0.05070 -0.01690*** -0.01680***

(0.0305) (0.0306) (0.0051) (0.0050)

Days < 10 Pctl p.a. -0.01004 -0.00327

(0.0255) (0.0042)

Days < 5 Pctl p.a. -0.00099 -0.00410

(0.0336) (0.0069)

Observations 35,540 35,540 35,540 35,540 35,540 35,540 35,540 35,540

R-squared 0.857 0.857 0.857 0.857 0.649 0.649 0.648 0.648

Number Firms 4410 4410 4410 4410 4410 4410 4410 4410
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Table 22 Alternative Economic Explanations - Financial Crisis Exclusion (1)

Table 22 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating income

scaled by total assets (OpInc-Assets) when the years 2008 and 2009, are excluded. #Days/Y ear >

x refers to the number of days in a given year on which firm was exposed to temperatures above one

out of the four thresholds. Panel A shows the results for quarterly revenue and operating income,

Panel B refers to annual numbers. The number of observations refers to firm quarters in Panel A

and firm years in Panel B. All regressions include firm fixed effects, year fixed effects, and industry

year fixed effects. Standard errors are clustered two-way at the firm and year level.

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.q. -0.00175 -0.00145

(0.0108) (0.0028)

Days > 30◦C p.q. -0.02855*** -0.00376**

(0.0076) (0.0019)

Days > 90 Pctl p.q. -0.01951*** -0.00240*

(0.0055) (0.0014)

Days > 95 Pctl p.q. -0.02205*** -0.00284

(0.0070) (0.0018)

Observations 129,470 129,470 129,470 129,470 129,470 129,470 129,470 129,470

R-squared 0.835 0.835 0.835 0.835 0.575 0.575 0.575 0.575

Number Firms 4401 4401 4401 4401 4401 4401 4401 4401

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.a. 0.01836 -0.00415

(0.0353) (0.0059)

Days > 30◦C p.a. -0.03600** -0.00497

(0.0166) (0.0037)

Days > 90 Pctl p.a. -0.03051** -0.00225

(0.0118) (0.0027)

Days > 95 Pctl p.a. -0.03579*** -0.00303

(0.0119) (0.0028)

Observations 36,343 36,343 36,343 36,343 36,343 36,343 36,343 36,343

R-squared 0.830 0.830 0.830 0.830 0.610 0.610 0.610 0.610

Number Firms 4393 4393 4393 4393 4393 4393 4393 4393
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Table 23 Alternative Economic Explanations - Financial Crisis Exclusion (2)

Table 23 shows the impact of heat exposure on revenues (Rev-Assets) as well as operating in-

come scaled by total assets (OpInc-Assets) when the years 2008, 2009, and 2010 are excluded.

#Days/Y ear > x refers to the number of days in a given year on which firm was exposed to

temperatures above one out of the four thresholds. Panel A shows the results for quarterly revenue

and operating income, Panel B refers to annual numbers. The number of observations refers to

firm quarters in Panel A and firm years in Panel B. All regressions include firm fixed effects, year

fixed effects, and industry year fixed effects. Standard errors are clustered two-way at the firm and

year level.

Panel (A) Quarterly Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.q. 0.00163 0.00087

(0.0120) (0.0028)

Days > 30◦C p.q. -0.03323*** -0.00416**

(0.0072) (0.0018)

Days > 90 Pctl p.q. -0.02291*** -0.00230**

(0.0053) (0.0011)

Days > 95 Pctl p.q. -0.02394*** -0.00220

(0.0072) (0.0015)

Observations 118,148 118,148 118,148 118,148 118,148 118,148 118,148 118,148

R-squared 0.837 0.837 0.837 0.837 0.581 0.581 0.581 0.581

Number Firms 4387 4387 4387 4387 4387 4387 4387 4387

Panel (B) Annual Revenues and Operating Income

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Rev-Assets Rev-Assets Rev-Assets Rev-Assets OpInc-Assets OpInc-Assets OpInc-Assets OpInc-Assets

Days > 25◦C p.a. 0.03136 -0.00043

(0.0386) (0.0059)

Days > 30◦C p.a. -0.04380** -0.00611

(0.0160) (0.0037)

Days > 90 Pctl p.a. -0.03682*** -0.00293

(0.0121) (0.0029)

Days > 95 Pctl p.a. -0.04019*** -0.00334

(0.0133) (0.0033)

Observations 33,165 33,165 33,165 33,165 33,165 33,165 33,165 33,165

R-squared 0.831 0.831 0.831 0.831 0.617 0.617 0.617 0.617

Number Firms 4375 4375 4375 4375 4375 4375 4375 4375
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Table 24 Alternative Economic Explanations - Placebo Tests

Table 24 shows the impact of heat exposure on annual financing activities (Panel A), change in cash holdings (Panel B), working capital

change (Panel C) and plant property & equipment Investments (Panel D) scaled by total assets. The coefficients are displayed in per-

centage points. #Days/Y ear > x refers to the number of days in a given year on which firm was exposed to temperatures above one

out of the four thresholds. All regressions include firm fixed effects, year fixed effects, and industry year fixed effects. Standard errors

are clustered two-way at the firm and year level.

Panel (A) Annual Financing Activities, Net Cash Flow Panel (B) Cash and Cash Equivalents

(1) (2) (3) (4)

VARIABLES FinancingAct FinancingAct FinancingAct FinancingAct

Days > 25◦C p.a. -0.00003

(0.0001)

Days > 30◦C p.a. 0.00006

(0.0000)

Days > 90 Pctl p.a. 0.00002

(0.0001)

Days > 95 Pctl p.a. 0.00004

(0.0001)

Observations 38,905 38,905 38,905 38,905

R-squared 0.317 0.317 0.317 0.317

Number Firms 4322 4322 4322 4322

(1) (2) (3) (4)

VARIABLES CashHoldings CashHoldings CashHoldings CashHoldings

Days > 25◦C p.a. 0.00003

(0.0000)

Days > 30◦C p.a. -0.00004

(0.0000)

Days > 90 Pctl p.a. -0.00001

(0.0000)

Days > 95 Pctl p.a. -0.00001

(0.0000)

Observations 39,690 39,690 39,690 39,690

R-squared 0.104 0.104 0.104 0.104

Number Firms 4344 4344 4344 4344
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(Table 24 ctd.)

Panel (C) Working Capital Change Panel (D) Sale of PPE and Investments

(1) (2) (3) (4)

VARIABLES WorkingCap WorkingCap WorkingCap WorkingCap

Days > 25◦C p.a. 0.00006

(0.0001)

Days > 30◦C p.a. -0.00002

(0.0000)

Days > 90 Pctl p.a. 0.00002

(0.0000)

Days > 95 Pctl p.a. 0.00002

(0.0000)

Observations 30,915 30,915 30,915 30,915

R-squared 0.212 0.212 0.212 0.212

Number Firms 3931 3931 3931 3931

(1) (2) (3) (4)

VARIABLES SalesPPE SalesPPE SalesPPE SalesPPE

Days > 25◦C p.a. 0.00001

(0.0000)

Days > 30◦C p.a. 0.00000

(0.0000)

Days > 90 Pctl p.a. 0.00001

(0.0000)

Days > 95 Pctl p.a. 0.00001

(0.0000)

Observations 24,681 24,681 24,681 24,681

R-squared 0.292 0.292 0.292 0.292

Number Firms 3473 3473 3473 3473
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Table (25) Extreme Temperature Days and Expenses

Table 25 shows the impact of extreme temperatures on quarterly and annual total expenses (Panel

A) in relation to revenues and annual log labour expenses as well as labour expenses in relation

to revenues (Panel B). Days > x is the number of days on which a firm was exposed to high

temperatures, defined by two absolute (25◦C, 30◦C) and two relative (90 pctl., 95th pctl. of the

location- and day-of-the-year-specific temperature distribution, 1980-1999) thresholds. All regres-

sions include firm, year, and industry-year fixed effects. In Panel B, column 1 to 4, I control for

log assets as log labour expenses are unscaled. Standard errors are clustered two-way (firm and

year/quarter level).

Panel (A) Total Expenses

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES Expenses-R Expenses-R Expenses-R Expenses-R Expenses-R Expenses-R Expenses-R Expenses-R

Days > 25◦C p.q. 0.03568

(0.0244)

Days > 30◦C p.q. 0.00876

(0.0160)

Days > 90 Pctl p.q. 0.02671**

(0.0125)

Days > 95 Pctl p.q. 0.02917*

(0.0165)

Days > 25◦C p.a. 0.01999

(0.0190)

Days > 30◦C p.a. -0.00835

(0.0079)

Days > 90 Pctl p.a. -0.00070

(0.0075)

Days > 95 Pctl p.a. -0.00357

(0.0091)

Observations 160,011 160,011 160,011 160,011 43,650 43,650 43,650 43,650

R-squared 0.480 0.480 0.480 0.480 0.531 0.531 0.531 0.531

Number Firms 4305 4305 4305 4305 4305 4305 4305 4305

Panel (B) Labour Expenses

(1) (2) (3) (4) (5) (6) (7) (8)

VARIABLES LogLaborExp LogLaborExp LogLaborExp LogLaborExp LaborExp/Rev LaborExp/Rev LaborExp/Rev LaborExp/Rev

Days > 25◦C p.q. -0.00055 -0.00016

(0.0013) (0.0003)

Days > 30◦C p.q. 0.00054 0.00025

(0.0010) (0.0002)

Days > 90 Pctl p.q. 0.00112 0.00022*

(0.0007) (0.0001)

Days > 95 Pctl p.q. 0.00126 0.00021

(0.0008) (0.0001)

Observations 128,623 128,623 128,623 128,623 128,825 128,825 128,825 128,825

R-squared 0.923 0.923 0.923 0.923 0.910 0.910 0.910 0.910

Number Firms 4151 4151 4151 4151 4163 4163 4163 4163
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