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Abstract. The article estimates the effect of extreme temperature on labor in the manufacturing
and services sectors in the Philippines. We use firm-level survey and temperature data and exploit
the exogenous annual variation of maximum temperature. We find a rise in the projected annual
increase of extreme temperature from climate change by 0.08°C, reduces employment by 14
workers for a firm with 136 employees in export-focused industries in dry regions. Male,
temporary, skilled workers in large, technology-dependent, non-food firms, are most affected by
extreme temperature. The mechanism is the reduction in capital investment leading to a

complementary reduction in labor hired.
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1. Introduction

A large literature has investigated the effect of climate change on various facets of the
economy such as agricultural yield (Mendelsohn et al., 1994), human health (Deschenes, 2014),
infrastructure (Islam and Hyland, 2019) and human capital (Graff Zivin et al., 2018). A growing
literature focuses on how temperature affects labor. Graff Zivin and Neidall (2014) show that
increases in temperature reduce hours worked in outdoor-intensive industries in the United States.
Similar negative effects of temperature on labor time and labor productivity are found in other
countries such as Mexico (Jessoe et al. 2018) and India (Somanathan et al. 2021). These effects
focus on the intensive marginal effect of temperature on labor productivity, i.e., how temperature
change affects the productivity of an employed worker. The consequences of extreme temperature
on labor allocation change raise two questions. First, how does temperature change affect the
extensive margin of hired labor, i.e., the number of workers hired? Second, what #ype of labor is
affected by temperature change?

The objective of this article is to estimate the effect of changes in extreme temperature on
different types of labor in the manufacturing and services sectors in the Philippines. We pool firm-
level survey data in the Philippines from the World Bank Enterprise Surveys (WBES) and match
it with the annualized temperature data from the Philippine Atmospheric, Geophysical and
Astronomical Services Administration (PAGASA). We exploit the exogenous annual variation of
maximum temperature across regions where firms are located to test the impact of changes in
temperature on labor allocation. Our article contributes to the literature in three ways. First, we
measure the effect of extreme temperature on the extensive marginal firm labor employment in the
manufacturing and service sectors. Second, we identify how extreme temperature affects different
workers based on status, gender and skill across different firm types. Finally, we identify an

alternative mechanism — the relationship of capital with labor - to explain our results.



Downloaded from by guest on August 15, 2026. Copyright 2026

Our study contributes to the growing literature on the adaptation of labor to changes in
temperature. Graff Zivin and Neidall’s (2014) seminal work shows a negative effect of daily
maximum temperature on outdoor labor productivity using hourly use data in the United States.
Indoor warm conditions also reduce labor productivity. Adhvaryu et al. (2020) shows that using
conventional light bulbs that emit more heat than LED lights reduces productivity on factory floors
in India. Somanathan et al. (2021) also shows hotter indoor temperature are related with lower
output and more absences in firms from the Indian garment sector. These studies show how
temperature affects the intensive margin of labor productivity. Our work contributes to the
literature by measuring the effect of extreme temperature changes on labor hired at the firm level
across different types of workers. In the parlance of the climate adaptation literature, we investigate
the ex post effect of extreme temperature on the firm’s labor decisions (Carleton et al. 2024).

Some studies examine the effect of extreme temperature on regional employment. Jessoe
et al. (2018) show a general equilibrium effect of temperature on labor employment in Mexico
where extreme heat increase movement from rural to urban locations and the probability of
migration to the US. Albert et al. (2021) and Huang et al. (2020) show a similar migration in Brazil
and China, respectively, where extreme temperatures lead to a labor reduction in the agricultural
sector being absorbed by outside manufacturing sectors. In India, the reverse happens where
extreme temperatures inhibit structural change leading to an increase in the share of labor in the
agricultural sector and a decline in the nonagricultural sector (Liu et al. 2023). Gray et al. (2021)
use individual level panel data to illustrate how drought and rising temperature negatively affects
the likelihood of employment for women, part-time workers and unskilled workers. These articles

do not examine firm level changes in labor hired which we contribute to the literature.
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The closest studies to our article are Colmer (2021) who examined how changes in
agricultural labor demand due to rising temperature affected non-agricultural labor in India and
Lyu et al. (2024) who measure the effect of extreme heat days on Chinese firms’ labor share. Lyu
et al. (2024) show that more days that hit extreme temperature levels reduce the ratio of labor
compensation to value added in Chinese manufacturing firms. Colmer (2021) shows a more
responsive effect of temperature on temporary labor employment than permanent labor in the
manufacturing sector as they absorb labor from a contracting agricultural sector in India.

We expand the literature in three ways. First, we examine the extensive effect of
temperature changes on firm employment decisions such as hiring temporary versus permanent
workers, skilled versus unskilled workers and labor by gender. Knowing the type of labor being
affected is important in creating policy safety nets for specific types of labor that are responsive to
extreme temperature. Second, we investigate a different mechanism between extreme temperature
and labor using data from the Philippines, which has a different composition in manufacturing and
service sectors than India or China. Colmer (2021) and Lyu et al. (2024) examine the movement
from the agricultural sector and subsequent reduction in manufacturing wage as a means to change
employment in manufacturing firms. We show that there is an alternative mechanism where a
reduction in capital investment from extreme temperature also affects labor. Third, we identify the
types of firms within the manufacturing and service sector that are likely to be affected by extreme
temperature. The firms most sensitive to extreme temperature are those in regions where dry spell
shocks occur and those that employ technologies with an elastic degree of substitutability /
complementarity between inputs.

We investigate the link between extreme temperature and labor through the labor-capital

relationship in the firm. Capital-intensive firms have a strong link between extreme temperature
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and hired labor. The strength of this link is likely to vary across tradable versus non-tradable
industries and dry anomalous regions versus non-dry areas. Firms in tradable industries are export-
oriented firms with high elasticity of substitution between inputs while firms from non-tradable
industries are domestic-oriented firms with low elasticity of substitution between inputs. If a firm
uses a technology with high elasticities of substitution between inputs, any change in capital
investment will affect the decision to hire labor. We define dry anomalous regions as areas that
experience reductions in rainfall shocks for the bottom 25% of our sample based on a rainfall index
while non-dry regions are the remaining 75% of the sample. Negative rainfall shocks affect energy
use and labor employment. Hydropower energy producers are not the only electricity generating
firms reliant on water. Electricity from coal depends on water throughout multiple phases of their
operation (Fthenakis and Kim, 2010). Despite the Philippines’ reliance on coal, the country
remains susceptible to significant electricity disruptions during anomalous dry spells.

Our identification strategy is to exploit the exogenous variation of maximum temperature
recorded at the weather station level to measure the impact of extreme temperature on labor
allocation at the firm level. We use a fixed effects model where we compare the effect of the
variable of interest on labor in firms from dry anomalous regions and industries where the elasticity
of substitution of inputs is high versus firms in non-dry regions and industries with low elasticity
of substitution of inputs. Our firm level data is a nationally representative survey conducted by the
World Bank. We match each firm with weather data from the closest weather station.

The TPCC (2021) forecasted an estimated global surface temperature increase of 1.5°C
from 2021-2040 which translates to an annual average increase of 0.08°C. We find that a rise in
extreme temperature by 0.08°C is found to reduce total employment by 14 employees for an

average firm with 136 employees from tradable industries in dry regions compared to a similar
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firm from a non-tradable industry in a non-drought region. There is a significant reduction in
temporary employees but not permanent employees. Males are affected but not females. Finally,
skilled labor is significantly negatively affected, but unskilled labor is not significantly affected.
Labor employed in large firms that are technology dependent, i.e., rely on emails, in the non-food
sector from tradable industries in dry regions are most susceptible to extreme temperature changes.
The mechanism by which extreme temperature affects labor employment is through a reduction in
capital investments especially reductions in land and building investments.

2. Conceptual Framework

We model the effect of extreme temperature on a firm’s labor demand. Our mechanism
focuses on the relationship between labor and capital in production where they have a
complementary or substitutable relationship.

Extreme temperature affects firm’s capital input purchases through two different channels:
actual and anticipated weather shocks from climate change. Extreme temperatures cause dry spells
leading to an increase in the operation costs and the cost of equity capital (Lin and Sheng, 2022).
Climate change can also lead to lower asset valuation (Cevik and Miryugin, 2022), reducing the
leverage firms need for physical investments. Anticipation of future negative effects from climate
change also affect capital costs. Uncertainty from extreme weather events due to climate change
reduces physical investment (Pindyck, 1988). The increased likelihood of extreme weather events
due to climate change lead to firms holding more cash and more long-term debt thereby reducing
capital investment stock in the economy (Huang et al 2018). In our framework, we proxy the effect
of extreme temperature on capital through an increase in capital price.

The magnitude of the effect of extreme temperature on labor use via capital changes may

differ based on two factors: rainfall shock levels and the degree of substitutability or
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complementarity between inputs. If a firm employs a Leontief technology, any change in the price
of capital will not have any effect on labor demand given the fixed proportions in production. On
the other hand, if a firm uses a linear technology, a change in the price of capital could have an
extreme effect on labor due to perfect substitutes. The other factor is the level of rainfall shock
levels. Firms in regions experiencing drought are likely to be more affected by extreme
temperature than firms in non-drought regions. Thus, the elasticity of substitution and a measure
of current rainfall shocks determine the effect of extreme temperature on labor.

We define a production function with two inputs: capital, K, and labor, producing output,
Y. We incorporate two different types of labor into the model: skilled labor, Ls and unskilled labor,
Lu. A skilled worker is more expensive than an unskilled worker but there is a larger productivity
boost from hiring skilled workers. We assume a quadratic production function,

Y =arpK +asls+ ayl, — O-S(ﬂkk(pKz + ,BSSLSZ + ﬁuuLuz)

_(ﬁks(pKLs +.Bku(pKLu +:BsuLs Lu ) [1]

where ¢ is an efficiency parameter for capital; B;; Vi € k,s,u;i#j is a measure of
substitutability or complementarity such that §;; < (>)0 indicates complements (substitutes); and
a; >0,0; >0V i €k,s,u are positive parameters representing parts of the elasticity of output
for input i. The parameters s and [y, are important because they illustrate the degree of
substitutability / complementarity between labor and capital. The efficiency parameter ¢
represents how efficient capital can be in different environmental settings. Firms in regions that
are very dry or experience extreme drought may not have efficient capital equipment so ¢ is low
while in mild regions capital equipment may be efficient so ¢ is high.

The objective of a competitive firm is to maximize profit by choosing inputs such that,
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Kl‘lzgz(u pY —cK — (w+v)Ls —wl, [2]

where p is output price, ¢ is the cost of capital, w is the base price of labor, and v is a price
premium paid to skilled labor. The effect of extreme temperature in the model is through an
increase in capital cost, c.

We totally differentiate the first order conditions to derive a measure of the effect of capital
cost on inputs. We find that capital decreases as capital cost increases. The effect of capital cost
on both types of labor is ambiguous and dependent on the degree of complementarity or

substitutability between labor and capital in production. If all inputs are complements, we find that

skilled and unskilled labor will decline as capital price increases. Formally, this is % < 0 and

ALy

e < 0. The effect is larger in absolute terms when the degree of complementarity is high. Even

when one type of labor is a substitute for capital, there is still a possibility of a reduction in labor

as long as the substitutability between capital and the own labor type is small enough relative to
the complementarity of capital with the other labor type, i.e. By; < By; %Vi =u,s;i #j (see
7]

Appendix A). The efficiency parameter also influences the effect of the price of capital on labor.

As @ decreases, the absolute value of the negative impact of price of capital on labor increases

27 %
ch; > 0 (see Appendix A). We formalize the results in the hypothesis below.

further, 1.e.

Hypothesis. A rise in extreme temperature leads to a reduction in firm employment of
skilled and unskilled labor through a reduction in capital equipment, ceteris paribus. The
magnitude of this effect is larger when labor and capital are strong complements and when
the efficiency of capital is low.

Our model also provides one reason for the differential effect of ¢ on skilled versus

unskilled labor. The marginal effect of ¢ on skilled workers is larger than unskilled labor as long
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as Prs < Pru (%) (see Appendix A). This condition means that if the degree of

substitutability between skilled labor and capital is larger than the degree of substitutability
between capital and unskilled labor weighted by a factor, then a larger decline in skilled labor
occurs compared to unskilled labor when the price of capital increase.

Note that even though we model the effect of unskilled versus skilled labor, these results
can also be extrapolated for permanent and temporary labor. If we define Ls as temporary labor
while L. is permanent labor, we derive similar results relating the price of capital to these types of
labor. We also find that the marginal effect of capital price on temporary workers is larger than
permanent workers if the degree of complementarity between capital and temporary labor is larger
than the degree of complementarity between capital and permanent labor weighted by a factor.

Based on our model, there are three factors that determine if our hypothesis will hold. First,
a significant temperature increase must occur. Slight increases in temperature near the mean are
unlikely to affect labor - only drastic temperature shocks affect labor (Graff Zivin and Neidall,
2014). Second, firms must employ a technology where changes in inputs are responsive to one
another so that if we observe a change in capital, there is a measurable change in labor. Finally,
firms in dry anomalous areas are more responsive to temperature changes since these conditions
lead to a reduction in capital investments, such as building and land, leading to lower labor.

3. Data and Identification Strategy

We present our data source and descriptive statistics. We use some of our data to justify

the identification strategy for our empirical model.
Data
We use data from two sources. We use repeated cross-sectional firm-level survey data in

the Philippines from two waves of the WBES. The first wave was conducted in 2009 with a sample
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of 1,326 firms, while the second round was conducted in 2015 with 1,335 firms. The dataset covers
essential business environment elements and a range of firm characteristics. The WBES are
nationally representative surveys of private formal firms with 5 or more employees from the
manufacturing and services sector, excluding extractive and agriculture industries. Thus, the data
does not allow us to investigate the effect of extreme temperature on labor in the agricultural sector.
The surveys are collected via face-to-face interviews with business owners or top managers. The
survey utilized stratified random sampling with location, sector, and size as the strata. Several
quality control checks in data collection are implemented to guarantee data quality.

Appendix Table B1 displays the summary statistics for the whole sample. The average firm
is 21 years old, led by experienced top managers, employ 136 workers with almost twice as many
male employees as females. Among employees, 84% are permanent workers and the rest
temporary workers. Majority of the employees are considered skilled workers. Skilled workers are
employees that attended tertiary education or learned their skills on the job.? In our data, 79% of
firms operate in tradable industries. The average capital expenditure in local currency units by the
firm is PhP23 million. About 56% of our firms experienced power outages.

Appendix Table B2 summarizes firm characteristics across different sizes, reliance on
technological communication and if they are connected to the agricultural industry.? Large firms
with at least 100 workers are the oldest at 23 years old while small and medium sized firms with
less than 100 workers are 3 years younger. There is no significant difference in age between food
and non-food industries at 21 years while firms with extensive email communication are 3 years
older than those that do not use email. Large firms also have the top managers with 20 years work
experience while small and medium-sized firm managers have 18 years work experience. Large

firms in the non-food industry that rely on email communication tend to export, hire more workers

10
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and have a line of credit compared to small/medium sized firms in the food industry who do not
rely on email.

Figure 1 maps the sample regions: Metro Manila, Central Luzon, Southern Tagalog, and
Metro Cebu, covering 12 weather stations in this study. Metro Manila is where production in
manufacturing sector is concentrated in the Philippines (anan and Lindfield, 2017). In 2018,
Southern Tagalog generated the highest value of output (PhP 2.4 trillion) in manufacturing,
followed by Metro Manila (PhP 1.1 trillion), Central Luzon (PhP 930.3 billion), and Central
Visayas (PhP 321.5 billion) where Metro Cebu is located (Philippine Statistics Authority, 2020).

<<Figure 1 about here>>

We match our firm level data with the annualized maximum temperature and rainfall based
on balanced panel data of daily values reported at the weather station-level from PAGASA. We
observe annual maximum temperature variations between 0.03 to 3.4 °C during 2008 and 2014
across the weather stations in the sample. We assign the average annual maximum temperature at
the weather station that is closest to the municipal center where the firm is located. We use the

annualized rainfall data to calculate the rainfall shock index, z, to determine whether the region

Tst—Ts

experienced an anomalous dry spell. The rainfall shock index is computed as z = TR

, Where

Ty 1s the average annual rainfall in station s at year ¢, 15 is the historical average annual rainfall in
station s from the years 2006 to 2015, and d(r); is the standard deviation of rainfall values across
years. This index is the number of standard deviations away from the local mean to the maximum
measured rainfall in our time range. Values that are more negative indicate severity in a reduction
in rainfall shocks. Scores of +/- 2 are considered extremely large shocks (Damania et al., 2017).
Appendix Table B3 summarizes the regional weather variables used in the analysis. In our

sample, Metro Cebu experienced the most annual rainfall at 7.7 millimeters (mm) while Southern

11
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Tagalog had the least at 5.6mm. Metro Cebu had the highest rainfall shock index at 0.2, implying
that the region’s annual rainfall is above the 25™ percentile in our sample. Other regions had
negative rainfall shock indices indicating an average rainfall during our sample period below the
annual historical average. The average annual maximum temperature is highest in Metro Manila
at 31.8°C and lowest is Metro Cebu at 31.07°C.

Identification Strategy

We consider annual extreme temperature events as exogenous shocks, which are drawn
from annual weather data in a locale. Based on our theoretical model, the magnitude of the effect
of extreme temperature on a firm’s hired labor depends on the degree of substitutability /
complementarity of inputs and the rainfall shock level which proxies for capital efficiency in a
locality from our theory. Appendix Figure C1 illustrates the relationships we derive in our
theoretical framework showing where the effect of extreme temperature on labor is lowest when
the elasticity of substitution is relatively inelastic and the rainfall shock is low. The effect is largest
and most statistically significant ~when there is an elastic degree of
substitutability/complementarity and a high rainfall shock level. We calculate mean differences in
labor hired between different groups of firms based on rainfall shock indices and type of input
relationship to determine if the relationships we outlined hold with basic statistics.

Input relationships are measured by the elasticity of substitution between inputs. We
categorize firms based on how sensitive labor is to changes in capital. Garita (2021) shows that
the elasticity of substitution between labor and capital for firms in tradable sectors in Costa Rica
is almost twice that of firms in non-tradable sectors. The tradable sectors are export-oriented
industries that include firms producing output that can easily be transported to other jurisdictions

while non-tradable sectors are domestic-oriented industries that include firms producing output

12
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that cannot be easily transported across jurisdictions. Export-oriented industries exhibit higher
elasticities of substitution in inputs because of a wider range of technology options and more access
to global suppliers. We group firms into tradable versus non-tradable industries to proxy how
elasticity of substitution is larger in the former than the latter (Garita, 2021).*

Our rainfall shock measure represents a local, long term rainfall shock within a
geographical region. Given our sample, we consider any score of at least +/- 0.07 as a mild shock
which represents the 25% percentile effects in our sample.” This index allows us to group firms
based on the weather shocks they experience in their region. We label an anomalous dry region as
a region experiencing reductions in rainfall shocks belonging to the bottom 25% of our sample
versus a non-dry region not experiencing a reduction in rainfall shock. In the Philippines, firms
located in anomalous dry regions are more prone to power failures (Teves 2019). Power failure
may lead to a reduction in capital investment, which may affect hiring of workers. We group
regions into dry and non-dry areas to capture the different impact of an increase in temperature on
regions that are vulnerable to blackouts relative to those that are not.

For extreme temperature to have a significant effect on firm labor, the rainfall shock needs
to be significant and the firm technology allows strong responsiveness between capital and labor
as highlighted in our conceptual framework. Table 1 shows the mean difference in various types
of labor across tradable versus non-tradable industries and dry versus non-dry regions. There is
significantly more labor hired by firms from tradable industries in non-dry regions than similar
firms in dry regions. Similarly, there is more labor hired in non-dry regions for firms in non-
tradable industries than similar firms in dry regions, but the difference is not statistically
significant. This pattern holds for different types of labor. We find that the difference in labor

between dry and non-dry regions are two times larger in permanent employees than temporary

13
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employees. There is also two times more male labor than female labor between dry and non-dry
regions. Finally, there is a large difference in skilled employment in non-dry versus dry regions
compared to unskilled labor.
<<Table 1 about here>>

The results in Table 1 do not take into account the impact of regional and firm
characteristics. It does show the need to examine the differences across weather stations and across
industries in a more systematic empirical model.
4. Empirical Model

Our identification strategy relies on the assumption that extreme temperatures are
exogenous shocks conditional on industry, region and year fixed effects as well as firm and region
controls. We estimate a fixed effects model that uses the variation in extreme temperature intensity

across regions of rainfall shock and firms being in a tradable or non-tradable industry,

Lfrt =ag+a; Dy + azlfrt + a3y + a4TrtIfrt + asTy Dy + a6lfrtDrt +
a7TrtDrtIfrt + BXfrt + CYrt + ei + Uy + Ot + gfrt [3]

where Lg,. 1s labor hired by firm f'in region r where the weather station is located in year ¢, D, is
a dry region dummy indicating if the rainfall shock index is less than 25% of the entire sample in
region r in year £, Ig,¢ is a dummy indicating if firm f’is in the tradable industry in region 7 in year
t; Ty¢ 1s the maximum temperature level in region 7 in year #; Xge is a vector of firm specific
variables; Y is a vector of regional variables; a;, B, C are parameters; 6; is an industry level
dummy; y, is a region level dummy; o, is a year dummy and &g, is a random disturbance term.
The dependent variable is a set of labor types hired at the firm level. We distinguish

between permanent and temporary labor, skilled and unskilled labor, and labor by gender. Since
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our variables are recorded in weather stations that capture regional weather, we cluster our standard
errors at the weather station closest to where the firm is located. Our fixed effects model allows us
to control weather location region fixed effects (time-invariant regional variables), industry level
fixed effects (time invariant industry characteristics) and year time effects.

The coefficient of interest is @; which measures the difference in the impact of maximum
temperature levels on firm labor when the rainfall index reduction is greater than 25% of the entire
sample among firms in tradable industries relative to firms from non-tradable industries located in
areas with abundant rainfall. For our hypothesis to hold, we expect that @, < 0. This means that
firms that are in tradable industries where there are more rainfall shock reductions are more likely
to reduce labor when temperature is high compared to similar firms from non-tradable industries
where there are no rainfall shock reductions.

To investigate the mechanism, we estimate a similar model as (3) but use firm’s capital
input as the dependent variable. We use investment in machinery equipment and land/building as
capital proxies. We also test two alternative mechanisms: supply chain disruptions and labor
productivity. If these mechanisms are negatively impacted by extreme temperature, they could also
contribute to a reduction in labor hired by the firm.

Our identification strategy assumes there is exogenous annual variation of maximum
temperature across regions where firms are located to measure the causal impact of changes in
temperature on labor allocation. This assumption is likely to hold but there are some potential
threats to identification that we address. First, we may have omitted variable bias from time
invariant regional variables and common shocks that affect all firms across time. We incorporate
regional fixed effects as well as time effects. Second, there may be omitted variable bias from

time-varying regional variables. We gather regional variables and add them into our regression as
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a robustness check. Finally, we are unable to control for firm-level time invariant omitted
variables, so we include a set of firm level characteristics.®

There may be heterogeneous effects across firms with differing technologies, technological
access to clients in the market and connections to the agricultural sector. Various factors such as
firm size (Kumar et al., 1999), technological intensity (Goldin and Katz, 1998) and type of industry
(Damodaran, 2022) are important determinants of capital intensity. We conduct subsample
analysis to identify any differential effect of extreme temperature across these subgroups of firms.
5. Results

We present the baseline results then we proceed to discuss the heterogeneous effects across
different firm types. We conclude with robustness checks.
Baseline results

Table 2 summarizes baseline results. All models include firm-level characteristics,
industry-level fixed effects, region-level fixed effects, and year fixed effects. All standard errors
are clustered at the weather station location level. We start by showing a fixed effects model on
the impact of extreme temperature on total employment for the average firm and then examine
how results change when incorporating dry region and tradable industry dummies. In specification
(1), our estimates show that the effect of extreme temperature on total employment for the average
firm is statistically insignificant. This is expected based on our theory. In specification (2), we do
not find any significant results when we use an interaction term to examine if extreme temperature
affects firm labor in dry anomalous regions and non-dry regions differently because it assumes an
average level of degree of input substitutability. In specification (3), similar non-significance is
found when we interact extreme temperatures on tradable and non-tradable industries because it

assumes an average level of current environmental conditions in the region.
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<<Table 2 about here>>

When we isolate firms in dry anomalous regions and tradable industries in specification
(4), our coefficient of interest is significant and negative which lends support to our hypothesis.
This illustrates a significant effect of extreme temperature on labor hired by firms from tradable
industries in dry regions relative to labor hired by firms from non-tradable industries in non-dry
regions. The IPCC (2021) estimates an increase in global surface temperature over the near-term
from 2021-2040 of about 1.5 °C with a range of 1.2 °C to 1.9 °C. This translates to an annual
average increase in temperature in the near-term of 0.06°C to 0.10°C with a mean of 0.08°C. From
our estimates, the total employment in firms that are in tradable industries located in dry regions
will decrease by 14, with a range of 11 to 18, given an average number of 136 employees relative
to similar firms in non-dry regions from non-tradable industries.

We examine how extreme temperature changes affect types of labor in Table 3. We find
that both permanent and temporary workers are negatively affected by extreme temperature in
tradable industries and dry regions but only the latter is statistically significant which is similar to
Colmer (2021). We also find that skilled workers are significantly negatively affected by extreme
temperature but the effect on unskilled workers is insignificant. We also find that male workers
are significantly affected by extreme temperatures, but female workers are not. Our conceptual
framework provides a viable explanation for these results. If there is a more elastic degree of
complementarity between capital and temporary, male, skilled labor than the elasticity of the
degree of complementarity between capital and permanent, female, unskilled labor, we expect that
the reduction in temporary, male and skilled labor to be larger when temperature increases.

<<Table 3 about here>>
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Our estimates are different compared to estimates in the literature due to differences in
units of observation and measures in temperature. Gray et al. (2021) show that a rise in the number
of days above 31°C decreases the probability of employment in the manufacturing sector in South
Africa but the impact was insignificant. They utilize individual level data and not firm level data.
Lyu et al. (2024) estimate that an additional day above 90°F leads to a decrease in manufacturing
firm labor share (labor compensation value divided by value added to output) by 0.1% in China.
Since we do not measure the value of labor, it is hard to compare these results even if their
estimates are at the firm level. Colmer (2021) estimates a 1°C increase in temperature leads to a
decrease in the number of contract workers in the manufacturing sector by 14.8% in India.
Assuming that there are proportional changes at the sector level and the individual firm level, this
would translate to a reduction in the number of contract workers by 1.18% for a rise in 0.08°C.
Our estimate of a reduction of 14 total workers from an average of 136 employees is approximately
a 10% reduction. However, when we isolate only temporary/seasonal workers similar to Colmer
(2021), we find that an increase of 0.08°C leads to a decline of 1.37 employees based on the
estimates from Table 3, column 2. This is equivalent to a 1% reduction in temporary workers given
an average of 136 employees which is in line with Colmer’s estimate.

We check the capital mechanism linking extreme temperature to labor hired in Table 4. We
find that a 0.08°C increase in extreme temperature over the sample time period leads to a decrease
in capital expenditure of PhP 6.6 million (where the mean is PhP 23 million) as shown in
specification (1). The negative parameter estimate indicates that capital and labor are
complements. Aggregate capital is composed of two components: machinery equipment versus
land and building. Between the two types of capital, land and building is significant indicating that

reductions in such investment is the primary driver in the capital mechanism as shown in
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specifications (1) and (2). These results align with Pindyck’s (1988) model stating that with
increased uncertainty in investment returns, due to factors such as extreme weather events, firms
tend to cut back on investment in the most expensive fixed capital assets such as land and building.
<<Table 4 about here>>

In Table 4, we also examine two alternative mechanisms: labor productivity and supply
chain logistics. We do not find any significant effects of extreme temperature on labor productivity
and there does not seem to be any significant effect on output losses from breakage or spoilage
which reduces the potential for these mechanisms. The only alternative mechanism to have a
significant effect is through the number of day for exports to clear customs where a 1°C increase
in average extreme temperature increases the number of days for export clearing by 26 days.
Longer and more variable delivery times may be driven by heat-related infrastructure damage,
including deterioration in pavement performance which can disrupt the supply chain.” However,
delays in exporting can also be attributed to the negative effect of extreme heat on capital
productivity (Zhang et al., 2018) because climate-driven stress reduce investment in capital related
to transportation logistics. Since we are not able to distinguish how the delay occurred due to the
increase in temperature, we classify this as either a supply chain logistic or a capital mechanism.
Heterogeneous effects across different firm types

We determine if there is a differential effect of temperature on labor across firms of
different sizes, firms with different internet reliance and firms linked to agriculture. Each
coefficient in Table 5 represents the sign and significance of the coefficient of interest from a
baseline regression similar to Table 3. Our results show that total employment from tradable
industries in dry regions is significantly reduced by extreme temperature for large firms but it is

not significant for small and medium sized firms. In large firms, all types of labor are significantly
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negatively affected. Both male and female workers are negatively impacted in the same level.
Permanent employees are 11 times more affected by extreme temperature than temporary workers
in large firms from tradable industries located in dry regions. Extreme temperature significantly
reduces skilled workers, but unskilled workers remain unaffected in large firms. These specific
results for large firms seem to indicate that there is a more elastic degree of complementarity
between capital and permanent, skilled labor than capital and temporary, unskilled labor as
indicated in our conceptual framework.
<<Table 5 about here>>

One explanation of this result is through our capital mechanism. In Table 6, we do find that
the effect of extreme temperature on total capital for firms from tradable industries in dry regions
is only significant for large firms and not for small and medium sized firms. This implies that large
firms are more likely to invest in capital, especially land and building, which means they are more
sensitive to extreme temperature changes and, consequently, affects their hired labor. In contrast,
small and medium sized firms may not significantly invest in capital equipment which insulates
their labor them from extreme temperature. The correlation between capital intensity and firm size
is supported in the literature (Kumar et al. 1999).

<<Table 6 about here>>

Our results in Table 5, rows 3 and 4, also show that labor by firms frequently using email
communication from tradable industries in dry regions are significantly negatively affected by
extreme temperature, especially temporary, male and skilled employment, but it has a positive
significant effect on female labor employment of firms that do not rely on email.® Our mechanism
check in Table 6 support this result. We find that firms using email significantly reduce their

capital use with more extreme temperature leading to a decrease in labor. In contrast, firms that do
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not use email see a slight increase in capital machinery leading to a slight increase in female labor.
There are two explanations to these results supported by the literature. First, email usage could be
a proxy for capital intensity in input use. Firms adopting more technology are also more likely to
adopt more capital (Hill, 2020). Here, barriers to the use of technology, such as climate shocks,
can lead to a reduction in capital investments. Second, Goldin and Katz (1996) notes that
technology and physical capital are complements to human capital. This may imply more
sensitivity in input responses of technologically-intensive industries such as those that use email.

Finally, labor employment of firms that are not related to food production are more
sensitive to extreme temperature than firms in food related sectors as shown in the last two rows
of Table 5. Permanent, skilled and male employees in non-food related industries are significantly
affected by extreme temperature.’ The capital mechanism also explains this result. Capital in non-
food industries are significantly lower with more extreme temperature but the impact is not
significant in food industries. Investment in capital as well as technological equipment are
dominated by non-food related industries (Damodaran, 2022) with energy, transportation and
telecommunications leading the way. If climate change leads to more extreme temperature which
affects prices of capital equipment (Kling et al., 2021), the results from the subsample analysis
coincide with the findings in the literature.

Our results provide support to the hypotheses from the conceptual framework. Labor in
manufacturing firms from tradable industries in dry regions are sensitive to extreme temperature
changes. In particular, temporary, skilled, male employees are negatively affected by rises in
extreme temperature especially for large firms dependent on email use in the non-food sector. We
also show that changes in total capital investment, especially land and building investment, could

potentially explain the link between extreme temperature and labor choice.
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Robustness Checks

To test for robustness in our results, we incorporate time-varying regional variables, an
alternative functional form and alternative measures of our extreme temperature.

To account for time-varying regional variables, we include labor force participation,
population and gross regional domestic product, in our baseline regression in Appendix Table BS5.
We find that our coefficient estimates have the same level of significance and the parameter
estimates are close to our baseline results. Total employment is lower for firms from tradable
industries in dry regions as extreme temperature rises especially temporary, male and skilled
workers. The mechanism of capital use is still significant.

We investigate a non-linear functional form for our variable of interest in Appendix Table
B6. We use an inverse hyperbolic sine transformation, which is an approximation of the natural
log transformation for our main variable of interest. Our main variable of interest has many zeros
because of multiple interaction terms. We use a linear-arcsinh specification which allows us to
retain zero valued observations while approximating a linear-log specification without the need
for ad hoc transformations of variables with 0 or dropping of 0.!° We find similar significance
levels for different types of labor. Our mechanism through capital continues to be significant.

Weather stations provide reliable data within a 60-mile radius for large scale weather
patterns (Elshikha et al. 2025) but accuracy can vary significantly depending on topographical
characteristics of the land. We interpolated the average maximum temperature values for firms
outside the 20-mile radius of the nearest weather station using topographical characteristics such
as elevation of the town where the firm is located and slope of town as determining factors. This
allows for a more granular analysis but does integrate interpolated data. There are 141 firms outside

the 20-mile radius of the nearest weather station, so we interpolated 141 more observations of
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extreme temperature. Appendix Table B7 summarizes the results from this exercise. The results
closely mirror our baseline findings where firms in tradable industries and in drier regions
experience declines in employment in response to changes in extreme temperatures, relative to
firms in non-tradable industries and in non-dry regions.

Finally, we included a measure of the number of days in a year exceeding the 95th
percentile of the maximum temperature recorded at each weather station instead of the level of
average extreme temperature. This approach accounts for cumulative exposure and duration-based
effects. As shown in Appendix Table BS, the results are consistent with our main findings that
extreme temperature continues to have a negative and statistically significant effect on total
employment, skilled and male workers. However, owing to the different measure of extreme
temperature, temporary employment is no longer significant but permanent employment is
significant along with female employment.

6. Conclusions

The objective of this article is to determine the effect of extreme temperature on different
types of labor employed by firms in manufacturing and service sectors. We contribute to the
literature on climate change and labor by estimating the negative extensive labor effects of extreme
temperature at the firm level. We estimate a fixed effects model that isolates the effect of extreme
temperature in dry anomalous regions and tradable industries. The identification strategy relies on
the assumption that there is exogenous variation of maximum temperature recorded at the weather
station level across different industry types to test the marginal impact of extreme temperature on
firm labor. We compare the marginal impact of firms in a tradable industry and located in dry

anomalous regions versus firms in a non-tradable industry and located in a non-dry region.
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We find that there is a significantly larger negative effect of extreme temperature on total
employment for firms from tradable industries located in dry regions. A mean annual increase in
extreme temperature by 0.08°C leads to 14 fewer total workers for firms from tradable industries
in dry regions relative to similar firms from non-tradable industries in non-dry regions. In
particular, extreme temperature has an adverse effect on labor for male, temporary, and skilled
employees. This occurs in large firms within the non-food manufacturing industries and firms that
use email to improve market connectivity. Our mechanism is a complementary reduction in capital,
especially reductions in investment in land and buildings and delays in exporting to clear customs.

Our results have important implications in policy development to mitigate long term
structural shocks from climate change. We identify large firms in non-food manufacturing and
service industries that rely on technology to communicate are most affected by extreme
temperature changes through reductions in capital investment. This implies the need for targeted
policies that incentivize investment in land and buildings resilient to climate change effects to help
alleviate negative labor shocks. This study also adds to the discussion on how to think about
climate change costs. Previous research considered low-cost technologies to protect workers from
extreme temperature (Somanathan et al., 2021) or a shift to automation. Our findings suggest that
there is also a capital story where climatic shocks may hinder the ability of firms to invest and
engage in adaptation investments (Kling et al, 2021). The Philippines government engaged in a
number of initiatives. For instance, the 2021 Energy Efficiency and Conservation Act
institutionalizes energy efficiency, conservation and sustainability through a market-driven
approach. The effectiveness of this law may depend on how they insulate capital investment from

the effects of climate change which, in turn, will also affect firms’ labor hiring decisions.
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Future research in the literature could examine the external validity of our results in other
countries. We are also limited in our analysis by only using annual data which masks any seasonal
effects of extreme temperature especially on temporary workers. Even though we do find a
significant negative effect on temporary workers, our estimates may be a lower bound because
they do not capture seasonal labor changes. We are also unable to examine two important
alternative mechanisms: capital investments that counter the effects of extreme temperatures in the
workplace (such as air conditioning units) and the intensive marginal effect on labor (firing
individuals because of heat-related absences). A future study could examine these mechanisms
together. Finally, we are unable to examine the connection between firms in the primary sector
and upstream manufacturing and service sector because of limits to the data. Future studies that do
so may be able to recommend more precise policies that mitigate extreme temperature shocks

along the supply chain to reduce variation in output.
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Table 1. Mean Difference in Labor Hired Across Industries and Rainfall Shock Regions

&Labor Type Industry of Interest Labor Type Industry of Interest
X Tradable industries N Non-tradable N Tradable industries N Non-tradable N
S industries industries
=Total Employment
3 Dry anomalous Shock 95.92 681 93.64 247
g (10.88) (22.03)
N No dry Shock 166.42 925 182.29 190
3 (13.80) (52.32)
1%:-:Difference T70.50%** 1,606 88.65 437
Z (17.623) (56.77)
gPermanent Employment Seasonal Employment
g Dry anomalous Shock 86.28 678 80.30 246 Dry anomalous Shock 10.20 669 14.24 237
) (8.80) (21.43) (2.93) (3.15)
& No dry Shock 132.00 922 162.66 187 No dry Shock 35.78 901 23.56 179
% (10.18) (49.76) (6.72) (6.75)
“Difference 45.72%** 1,600 82.36 433 Difference 25.58%** 1,570 9.32 416
% (13.46) (54.17) (7.33) (7.45)
OFemale Employment Male Employment
g Dry anomalous Shock 30.30 589 49.16 237 Dry anomalous Shock 68.21 589 41.75 236
a (4.60) (19.37) (8.18) (5.21)
No dry Shock 54.06 652 87.05 180 No dry Shock 135.18 652 85.12 178
(7.02) (29.04) (15.37) (27.11)
Difference 23.76%** 1,241 37.89 417 Difference 66.97*** 1,241 43.36 414
(8.39) (34.91) (17.41) (27.61)
Skilled Labor Unskilled Labor
Dry anomalous Shock 54.93 607 80.04 23 Dry anomalous Shock 9.91 609 6.26 23
(6.80) (28.81) (1.89) (3.12)
No dry Shock 102.65 855 623.11 28 No dry Shock 16.02 855 4.29 28
(8.70) (272.53) (2.07) (2.84)
Difference 47 772%** 1,462 543.06 51 Difference 6.11%* 1,464 -1.98 51
(11.05) (274.05) (2.80) (4.22)

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Tradable industries are based on the classification from the “Benchmark” estimates in Table 4 in Mano and
Castillo (2015). Appendix Table B4 summarizes our classification of tradable and non-tradable industries given our dataset. The sample used to generate these statistics are based

on the sample used in the baseline estimation in Table 2.
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Table 2. Effect of Extreme Temperature on Total Employment using Fixed Effects

€] ) 3) “)
Average Maximum Temperature 10.469 17.264 -3.968 -24.184
(15.815) (12.864) (37.565) (56.369)
Dry areas -16.887 1,214.277 -16.608 -2,967.743
(20.892) (989.476) (20.782) (2,819.562)
Tradable Industry -230.803 -226.415 -789.889 -1,824.353
(233.801) (235.174) (1,490.8) (2,036.855)
Average Maximum Temperature X -38.774 93.110
Dry areas (31.214) (89.014)
Average Maximum Temperature x 17.730 50.132
Tradable Industry (40.981) (59.215)
Dry areas x Tradable Industry 5,681.824*
(3,092.105)
Average Maximum Temperature x Dry areas x -179.039*
Tradable Industry (97.27)
Firm Level Regressors Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes Yes
Region Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
R-squared 0.107 0.107 0.107 0.109
Observations 2,043 2,043 2,043 2,043

Standard errors are clustered at the weather station region level. *** p<0.01, ** p<0.05, * p<0.1. Firm level regressors include firm age, manager experience, top

manager gender, percentage of exports, credit availability and power outage experience.
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Table 3. Fixed Effects Models Across Types of Labor

Status Gender Quality
(1 ) 3) “4) &) (6)
Permanent Seasonal/ Female Male . Unskilled
Employment Temporary Employment Employment Skilled Employment Employment
Employment
Average Maximum Temperature -36.602 1.784 -12.515 -19.780 -3,039.570%* -0.075
(60.586) (6.081) (27.058) (34.705) (1,328.734) (7.183)
Dry areas -3,329.611 1.620 -1,637.298 -896.341 -92,501.527*%* 258.573
(3,017.368) (262.891) (1,973.042) (1,317.964) (41,946.089) (292.268)
Tradable Industry -2,080.557 -93.881 -1,074.380 -1,592.556 -96,961.449%* -28.347
(2,168.834) (168.882) (1,227.899) (1,266.100) (42,219.294) (226.255)
Average Maximum Temperature x 104.438 0.025 51.457 28.482 2,911.809** -8.140
Dry areas (95.373) (8.285) (62.583) (41.472) (1,321.700) (9.265)
Average Maximum Temperature x 57.747 3.219 28.321 48.572 3,054.081** 1.369
Tradable Industry (63.522) (5.288) (35.580) (37.769) (1,330.220) (7.189)
Dry areas x Tradable Industry 5,530.921 533.371 2,694.842 3,473.075% 94,097.259%* -110.578
(3,189.365) (301.648) (2,092.688) (1,693.774) (42,074.392) (273.831)
Average Maximum Temperature x -173.986 -17.115% -84.622 -110.045* -2,961.599** 3.267
Dry areas x Tradable Industry (100.493) (9.496) (66.156) (53.180) (1,325.654) (8.712)
Firm Level Regressors Yes Yes Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes Yes Yes Yes
Region Fixed Effects Yes Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes Yes
R-squared 0.107 0.051 0.093 0.093 0.288 0.028
Observations 2,033 1,986 1,658 1,655 1,504 1,504

Standard errors are clustered at the weather station region level. *** p<0.01, ** p<0.05, * p<0.1. Firm level regressors include firm age, manager experience, top manager gender,
percentage of exports, credit availability and power outage experience. Sample for skilled and unskilled employment only include manufacturing firms.
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Table 4. Fixed Effects Models Across Types of Capital, Supply Chain and Labor Productivity

Capital Capital / Supply Chain Labor Productivity
Supply Chain
(1) ) 3) “) &) (6) (7)
Total Machinery Land and Number of Exports loss due  Domestic loss due  Total Sales Per
Capital Building days for to to Employee
(Machinery + exports to breakage/spoilage  breakage/spoilage
Land and clear customs
Building)
Average Maximum -0.018 -0.031 0.013 17.560%*** 2.627%** -0.049 25,159.717
Temperature (0.065) (0.051) (0.033) (3.252) (0.570) (0.321) (1,281,275.570)
Dry areas -12.004 -4.274 -7.586 768.043%** 55.558 -12.971 52,372,808.738
(8.341) (5.747) (5.193) (216.992) (65.580) (33.520) (59,925,295.281)
Tradable Industry -5.672 -5.837 0.106 601.169%** 83.611%** 0.193 -6.467¢+07
(6.168) (6.243) (0.989) (83.913) (15.489) (6.349) (66,146,367.813)
Average Maximum Temperature x 0.378 0.131 0.243 -24.928*** -1.757 0.402 -1,714,732.209
Dry areas (0.264) (0.179) (0.165) (6.943) (2.100) (1.058) (1,904,223.735)
Average Maximum Temperature X 0.191 0.194 -0.001 -18.923%** -2.647%** -0.015 2,024,613.253
Tradable Industry (0.201) (0.203) (0.031) (2.691) (0.495) (0.180) (2,149,218.383)
Dry areas x Tradable Industry 25.881* 9.406 16.705* -813.273%** -39.473 -9.391 1.088¢+08
(11.956) (6.373) (8.375) (235.696) (69.913) (33.869) (1.192¢+08)
Average Maximum Temperature x -0.824* -0.301 -0.530* 25.985%** 1.232 0.293 -3,485,533.288
Dry areas x Tradable Industry (0.378) (0.203) (0.265) (7.546) (2.250) (1.070) (3,749,120.059)
R-squared 0.021 0.014 0.037 0.180 0.094 0.020 0.010
Observations 1,909 1,868 1,894 180 206 1,517 1,835

Standard errors are clustered at the weather station region level. *** p<0.01, ** p<0.05, * p<0.1. Firm level regressors include firm age, manager experience, top
manager gender, percentage of exports, credit availability and power outage experience. All regressions include industry, region, and year fixed effects. Sample
for (4) and (5) include large firms only.
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Table 5. The Effect of Temperature on Labor in Dry Anomalous Regions in Tradable Industries Using Fixed Effects by Subsample
Groups

) 2 3 “ ) (6) (7
Subsample Group Total Permanent Tseer?li)%rgi‘/y Female Male Skilled Unskilled
Employment Employment Employment Employment Employment Employment Employment

Large Firms -2,101.461** -1,942.604** -173.168*** -1,134.610%* -1,136.703***  -4.451.409*** -35.437

(679.203) (691.166) (46.765) (460.630) (257.660) (284.863) (44.984)
Small and 3.059 0.561 1.518 2.846 -2.115 -2.992 5.869
Medium Sized (4.351) (4.729) (1.790) (3.377) (5.443) (6.544) (5.830)
Firms
Email -233.612* -223.526 -23.630%* -113.246 -141.084** -2,962.238** 4.416
Communication (118.881) (125.941) (11.057) (84.370) (64.098) (1,307.844) (13.787)
No Email 18.248 16.311 1.811 14.585%* 13.221 n.a. n.a.
Communication (16.973) (16.492) (1.613) (7.838) (12.496)
Food n.a n.a
Manufacturing 20.918 -8.937 1.545 30.874 -66.958 o
and Service (62.688) (72.859) (6.562) (19.603) (64.322)
Industry
Non- Food -228.699%* -210.046* -19.502 -108.749 -118.633* -2,958.142* -4.342
Manufacturing (120.109) (113.486) (11.862) (80.140) (58.007) (1,330.950) (6.553)
and Service
Industry

Note: Each cell represents the coefficient and corresponding standard error of the variable “Average Maximum Temperature x Dry areas x Tradable Industry”
from a separate regression. The coefficient and standard error show the difference in the effect of temperature on labor hired of firms in tradable industries located
in dry regions relative to other firms from non-tradable industries in non-dry regions. The specifications are the same as those in Table 3 where we control for firm
level characteristics, industry fixed effects, year fixed effects and region fixed effects. Robust standard errors in parentheses are clustered at the weather station
level. *** p<0.01, ** p<0.05, * p<0.1. “n.a” indicates that there were insufficient sample for the estimation. Sample for skilled and unskilled employment only
include manufacturing firms.
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Table 6. Fixed Effects Models Across Types of Capital, Supply Chain and Labor Productivity by Subsample Groups

Capital Capital / Supply Chain Labor Productivity
Supply Chain
(1) 2) 3) “4) &) (6) (7)
Total Machinery Land and Number of  Exports loss due Domestic loss Total Sales Per
Capital Building days for to due to Employee
(Machinery exports to  breakage/spoilage breakage/spoilage
+ Land and clear
Building) customs

Large Firms -4.689* -2.795 -2.089%*  25.985%** 1.232 0.322 10,721,431.876

(2.263) (2.141) (0.772) (7.546) (2.250) (2.745) (13,603,142.111)
Small and Medium 0.011 0.014 -0.002 - - 0.565 5,309,125.660
Sized Firms (0.018) (0.017) (0.005) (1.304) (4,126,920.596)
Email -1.129%* -0.417 -0.712%*  26.285%** 1.185 0.385 -461,994.071
Communication (0.496) (0.272) (0.305) (7.310) (2.189) (0.861) (2,540,464.274)
No Email 0.037* 0.043%* -0.006 - - -9.440 -1.055¢+07
Communication (0.019) (0.017) (0.005) (9.771) (10,196,439.870)
Food
Manufacturing 0.061 0.041 -0.003 - - -1.456 -2.192e+07
and Service (0.122) (0.097) (0.042) (2.270) (12,808,268.279)
Industry
Non- Food -1.004* -0.379 -0.635* 23.768* 1.641 0.725 -1,320,122.040
Manufacturing and (0.461) (0.256) (0.317) (12.685) (2.438) (1.144) (3,267,672.155)

Service Industry

Note: Each cell represents the coefficient and corresponding standard error of the variable “Average Maximum Temperature x Dry areas x Tradable Industry”
from a separate regression. The coefficient and standard error shows the difference in the effect of temperature on labor hired of firms in tradable industries
located in dry regions relative to other firms from non-tradable industries in non-dry regions. The specifications are the same as those in Table 3 where we
control for firm level characteristics, industry fixed effects, year fixed effects and region fixed effects. Robust standard errors in parentheses are clustered at the
weather station level. *** p<0.01, ** p<0.05, * p<0.1. “n.a* indicates that there were insufficient sample for the estimation. Sample for skilled and unskilled
employment only include manufacturing firms. Sample for columns (4) and (5) include large firms only.
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Figures

Figure 1. Map of Sample Regions and Weather Stations
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!'Sampling weights are used to correct for unequal probability of selection. Consistency checks are employed for 10%
and 50% batches of the data during the survey to allow callbacks to respondents. More information on the WBES
methodology is available at http://www.enterprisesurveys.org.

2 In the 2009 survey, only manufacturing firms were surveyed to ask the number of skilled and unskilled workers. In
the 2015 survey, both manufacturing and services firms were surveyed on skilled and unskilled workers. To ensure
consistency, we limit our sample to only manufacturing firms for the estimations with skilled and unskilled workers.
3 Firms that process food include those that belong to ISIC 15 (manufacture of food products and beverages), 16
(manufacture of tobacco products), 20 (manufacture of wood and products of wood and cork, except furniture;
manufacture of articles of straw and plaiting materials), and 55 (hotels and restaurants).

4 Tradable and non-tradable industries are based on the “Benchmark” classification from Table 4 in Mano and Castillo
(2015). Appendix Table B4 summarizes the industries classified as tradable versus non-tradable by ISIC code.

> We are unable to go 20% or lower because there are two few treated firms to allow us to run a regression. We tried
variations where the cutoff was higher than 25%. When we used up to a 30% cutoff, the results still hold. When we
reached 35%, significance levels reduced. This suggests that the effect of extreme temperature is more pronounced
in firms from drier areas as stated in our hypothesis. Results are available from the authors upon request.

¢ Firm level regressors include firm age, manager experience, top manager gender, percentage of exports, credit
availability and power outage experience.

7 See Sen et al. (2022), Maadani et al. (2021) and Dave and Hoplin (2015) for examples on how extreme temperature
affects public infrastructure, thereby influencing supply chain logistics.

8 There are not enough observations of firms with no email use that have unskilled workers so we do not have
estimates for this model.

® There are not enough firms in the food sector with skilled workers so we cannot estimate this model.

10 The main pre-requisite for this specification is that the mean untransformed value of the variable is greater than 10
which applies for our case (Bellemare and Wichman, 2020).
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