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Abstract
• I study whether and how firms adapt to

climate-induced labor risk through automation.
• I construct a text-based measure of automation

investments at the firm-year level.
• I find that firms with a more climate-exposed

workforce invest more in automation when
✓ Facing adverse long-term climate conditions.
✓ Are financially unconstrained.

• After automation adoption, climate-exposed
firms
✓ Have smaller employment and employee health

insurance buffers.
✓ Enjoy better operating performance under short-term

climate shocks.

Motivation

• Climate-exposed workers suffer losses in working
hours, productivity and safety (e.g., Graff-Zivin and
Neidell, 2014; Somanathan et al., 2021).

• Firms employ a "labor adaptation" strategy
including having more employees and greater
employee insurance costs, but it is ineffective under
climate surprises (Xiao, 2022).

• Firms may resort to capital adaptation, especially,
automation investments that substitute labor.

Data

• Sample period: 2000-2018.
• Material news and events from KeyDevelopment.
• Plant information from NETS Establishment.
• Work-related injuries and illness from OSHA.
• Firm-level employee benefits from Form 5500.
• Daily weather data from NOAA.

Measuring Firm Investments in
Automation

• Substance: 2.7 million items of material news
and events.

• Methodology: word embedding and keyword
discovery algorithms.

• Automation investment intensity
(Auto_Inv): the percentage of automation
keywords in an investment disclosure item averaged
over all items in a firm-year.

Figure 1:Validating Auto_Inv using Industry Robots Shipment

Empirical Findings

Table 1: Workforce Climate Exposure and Automation
Investments

Yit = αi + µjt + βXit-1 + θFirm_Climate_Expit-1 + ϵijt(1)
• Firm_Climate_Exp: the employment-weighted average of

occupation-level climate exposure.

✓More climate-exposed firms do not invest more in
capital/automation.

Interacting with Temperatures

Yit = αi + µjt + βXit-1 + θFirm_Climate_Expit-1

+ ωFirm_Climate_Expit-1 ∗ ∑ DFirm_Lt_Tempit
+ ϵijt (2)

• Firm_Lt_Temp: the 20-year moving average of county-level
temperatures weighted by firm employment in a given county.

✓Climate-exposed firms respond to long-term adverse climate
trends through automation investments, suggesting the

long-term benefits of investment offset the short-term spending.

Labor Adaptation After Automation

• High Group: lagged automation investments in the top 30%.

✓Automation adaptation substitutes labor adaptation.

Operating Performance After
Automation

• Firm_Ab_Temp: the average of abnormal temperatures
(difference between the county annual and 20-year moving
average) weighted by firm employment in a given county.

✓Automation helps mitigate climate-induced risk effectively.

Other Findings

• Only financially unconstrained firms expand
automation investments in response to
increasing climate-induced labor risk.

• Following the passage of the 2005 California
Heat Standard that aims to reduce heat
stress in the workplace, climate-exposed firms
invest more in automation.

• The automation news of climate-exposed
firms sees positive stock market responses.

• Results are robust using various alternative
textual-based proxies for automation
investments.
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