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Introduction



Heatwaves impose major economic challenges

• Extreme heat reduces paid working hours: workers work less or more slowly

• Large economic losses: 2% of global working hours by 2030 ($2.4 trillion USD) (ILO,

2024)

• Impacts are not evenly distributed:

– across countries: stronger in hotter and lower-income contexts (Burke, Hsiang, and

Miguel,2015)

– across workers: depending on exposure and job characteristics (Rode et al., 2022)
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Missing piece: The gender dimension

This paper:

• Research question 1: Do men and women adjust their paid working time
differently to heat shocks in urban areas?

– Heterogeneous exposure across sectors and workplaces, with women in services and indoor

occupations

• Research question 2: What about the unpaid work margin?

– Women spent more time than men doing domestic work and childcare (Charmes,2019)

– If workers spend less time on paid activities, do women and men reallocate differently to

domestic activities?
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This paper

• Setting: High temperatures in Urban Colombia

– Gender gaps in paid and unpaid work + increasing heat waves

– Survey data on weekly time use in labor market and domestic activities

– High-dimensional data on daily temperature

• Preview of findings (hot days > 33°C)
– Paid work: women reduce time by 30 min/week (1%), no effect for men

– Unpaid work: women increase time by 30–40 min/week (2%), no effect for men

⇒ Heat shocks trigger a gendered reallocation of time toward unpaid work
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Contribution to the literature

1. Temperature shocks and labor supply

– Heat reduces labor supply and productivity (Graff Zivin & Neidell, 2014; Garg et al., 2019;

Schwarz, 2018; Rode et al., 2022; Higa, 2025)

– This paper: heterogeneous effects by gender and reallocation toward unpaid work

2. Gendered responses to economic and climate shocks

– Evidence mostly from rural settings using drought (Afridi et al., 2024; Fruttero et al., 2023;

Hidalgo-Arestegui et al., 2024)

– This paper: urban context and short-run (weekly) adjustments

3. Environmental shocks and time use

– Evidence on non-health impacts of weather shocks (Aragón et al., 2017; Hanna & Oliva, 2015;

Hoffmann & Rud, 2024)

– This paper: time-use margin of adjustment
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Context and Data



Context: Urban Colombia

Figure: 23 largest cities in Colombia

• Middle-income country in South
America

• Highly urbanized population
(80%)

• Tropical climate
• Increasing frequency of
heatwaves



Data, period of study: 2008W1-2019W52

1. GEIH Colombian Labor Force Survey

– Final sample: 3.1m paid workers (aged 15–64) in 23 cities

– Outcomes: paid and unpaid working time (hours/week)

▶ Household chores, childcare, and eldercare

– Job, socio-demographic, and household characteristics

2. ERA5 reanalysis weather data

– Satellite imagery + meteorological stations + climate model

– Daily maximum temperature (Tmax) and precipitation

– Spatial resolution: 0.25◦ × 0.25◦

Merge: match individuals to daily weather by city and survey week
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Persistent gender gaps on time use

Variable All Women Men

Outcomes Paid Work (hours/week) 46.16 41.65 50.02
Unpaid work (%) 0.71 0.90 0.54
Total unpaid work (hours/week) 19.36 25.20 11.20
Household chores (hours/week) 12.81 17.1 6.59
Childcare (hours/week) 6.09 7.46 4.14

Controls Informal (%) 0.60 0.61 0.59
Works outdoors (%) 0.26 0.12 0.39
Works indoors (%) 0.63 0.70 0.56
Self-employed (%) 0.49 0.45 0.52
Has a secondary job (%) 0.06 0.07 0.05
Age (years) 38.05 38.19 37.93
Post-secondary education (%) 0.35 0.41 0.31
Presence of children under 14 0.39 0.38 0.39

No. of observations 3,101,927 1,441,267 1,660,660

Table: Descriptive statistics by gender



Temperature in Urban Colombia

Figure: Distribution of weekly maximum temperatures



Temperature exposure à la Deschênes and Greenstone (2007)

• f(Tmax) = { (< 18), [18, 21), [21, 24), [24, 27), [27, 30), [30, 33), [33+) }

Mean SD Min Max

Max temperature °C 25.93 4.85 13.21 37.70
Temperature Bin: <18 °C 0.45 1.18 0.00 7.00
Temperature Bin: 18–21 °C 1.03 1.82 0.00 7.00
Temperature Bin: 21–24 °C 1.08 1.72 0.00 7.00
Temperature Bin: 24–27 °C 1.13 1.76 0.00 7.00
Temperature Bin: 27–30 °C 1.62 2.23 0.00 7.00
Temperature Bin: 30–33 °C 1.20 2.04 0.00 7.00
Temperature Bin: 33+ °C 0.48 1.38 0.00 7.00
Rainfall (mm) 12.08 10.16 0.00 70.25
Rainfall squared (mm) 50.52 81.11 0.00 1549.03

Observations 3101927

Table: Descriptive statistics of weekly temperature exposure



Empirical Strategy



Main Specification: Gender differential effects
Empirical model à la Deschênes and Greenstone (2007)

yict = α+ βf(Tmaxct) + θ (Womani × f(Tmaxct))

+ ϕc + χt + ψXi + ϵict
(1)

• yict: weekly hours in paid or unpaid work (individual i, city c, time t)

• Womani: gender indicator

• Xi: individual controls (age, education, marital status, sector, employment type, firm size, occupation,
etc.). Weather controls: rainfall and rainfall2

• Fixed effects: city (ϕc), week-of-the-year and year (χt) and standard errors clustered at the city level

• θ captures gender-differential effects of temperature

Identifying assumption: Temperature shocks are randomly assigned, conditional on FE
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Heterogeneous effects

yict = α+ βf(Tmaxct) + θ(Womani × f(Tmaxct))

+ µ(zi × f(Tmaxct))

+ ϕ(Womani × zi × f(Tmaxct))

+ ϕc + χt + ψXi + ϵict.

(2)

zi:

• Job characteristics (formality status, outdoor work, self-employment)

• Household structure (e.g., presence of children of different ages, elderly)



Empirical Results



Main finding: Gender differential effects under heat

• One hot day above 33◦C: women paid ↓ 30 min/week; unpaid ↑ 40 min/week

(a) Paid work (b) Unpaid work



Main finding: Gender differential effects under heat

• One hot day above 33◦C: women paid ↓ 30 min/week; unpaid ↑ 40 min/week

(a) Paid work (b) Unpaid work



Heterogeneous effects by formality status

• In formal jobs, gender gaps in paid work disappear, but gaps in unpaid work persist

(a) Paid work (b) Unpaid work

Work location Self employment
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Mechanism 1: Job market protections

• Having a written contract allows workers to decrease paid work, but still a gendered
allocation of time

(a) Paid work (b) Unpaid work



Mechanism 2: Gender norms

• Unpaid work gaps are larger in less gender-egalitarian cities



Taking stock: summary of findings

• Heat reduces labor supply (intensive margin), consistent with higher disutility of work

• Effects on paid work are concentrated among formal workers; informal workers show little
response

• Women, but not men, increase unpaid domestic work, reinforcing gendered time allocation

• Overall: a labor supply story in which job market protections shape responses in paid
work, while gender norms drive reallocation to unpaid work



Ruling out alternative mechanisms

• Lower demand for market work

– Private vs. public sector: No significant differences; responses reflect worker choices rather

than public sector policies More

– Heat-exposed sectors: Similar reductions across sectors; no shutdown evidence More

– Firm closures: No effect on employment; hours adjust on the intensive margin More

• Increased demand for unpaid domestic work

– Children in household: Effects unchanged by the presence of children of different ages More

– School closures: No role of school calendar More

– Elderly presence: No differential effects More

• Lower home production productivity

– Non-working women: No increase in unpaid hours More

– Men’s domestic work: No heat response More



Robustness checks

• Functional form of temperature

– Finer bins (2°C): Same inverted-U (paid) and monotonic increase (unpaid) More

– Polynomials: Results unchanged More

– Heat intensity measures: Stable across thresholds (27°C–33°C) More

• Fixed effects structure

– Adding month, region, and seasonal FE: results unchanged More

– Robust to alternative controls for trends and seasonality More

• Clustering

– City, two-way, and regional clustering: similar estimates More

• Sample sensitivity

– Excluding hottest and bigger cities: results stable More



Conclusion



Conclusion

• Main takeaway: Heat shocks affect worker’s time use across both paid and unpaid
margins in urban Colombia

– Formal workers, with job market protections, reduce weekly paid work by 1%

– Only women increase unpaid work by 2%, consistent with gender norms determining

reallocation of time

• Policy implications

– Strengthen protection for vulnerable (especially informal) workers during extreme heat

– Account for gendered distributional effects of climate shocks

• Future research

– Urban Latin America: informality, gender gaps in time use, and rising heat exposure
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Appendix



Distribution of weekly hours by gender

(a) Paid work (b) Unpaid work



Distribution of weekly hours by gender and formality status

(a) Paid work: Formal workers (b) Unpaid work: Formal workers

(c) Paid work: Informal workers (d) Unpaid work: Informal workers



Gender composition by workplace



Gender composition by economic sector



Distribution of weekly maximum temperatures by gender



Additional Empirical Results



Heterogeneous effects by work location

(a) Paid work (b) Unpaid work

Back



Heterogeneous effects by self-employment

(a) Paid work (b) Unpaid work

Back



Heterogeneous effects by presence of children

(a) Paid work (b) Unpaid work

Back



Heterogeneous effects by school calendar

(a) Paid work (b) Unpaid work

Back



Heterogeneous effects by elderly presence

(a) Paid work (b) Unpaid work

Back



Heterogeneous effects by economic sector (Heat-exposed sectors)

Back



Heterogeneous effects by economic sector (Other sectors)

Back



Main specification: Extensive margin

(a)

Paid work (b) Unpaid work Back



Robustness Checks



Functional form: 2°C bins

(a)

Paid work (b) Unpaid work

Back



Polynomials Back

(a) Paid work — quadratic (b) Paid

work — cubic (c) Unpaid work — quadratic

(d) Unpaid work — cubic



Robustness: Alternative hot day thresholds

Paid work (hours/week) Unpaid work (hours/week)

T > 27°C T > 30°C T > 33°C T > 27°C T > 30°C T > 33°C
Hot Days (T > 27°C) 0.037 -0.241***

(0.043) (0.057)

Women × Hot Days (T > 27°C) -0.214*** 0.560***
(0.061) (0.099)

Hot Days (T > 30°C) -0.027 -0.350***
(0.063) (0.098)

Women × Hot Days (T > 30°C) -0.167 0.528***
(0.114) (0.171)

Hot Days (T > 33°C) 0.060 -0.292***
(0.048) (0.090)

Women × Hot Days (T > 33°C) -0.323*** 0.630***
(0.111) (0.211)

Observations 3004819 3004819 3004819 2213270 2213270 2213270
Mean of Dep. Variable 46.427 46.427 46.427 17.913 17.913 17.913

Back



Fixed effects robustness: Paid work
(1) (2) (3) (4) (5) (6)

Work (hours/week) Work (hours/week) Work (hours/week) Work (hours/week) Work (hours/week) Work (hours/week)

¡18 -0.188∗∗∗ -0.235∗∗∗ -0.220∗∗∗ -0.191∗∗∗ -0.167∗∗∗ -0.160∗∗∗
(0.038) (0.044) (0.048) (0.034) (0.033) (0.040)

18-21 -0.079∗∗ -0.133∗∗∗ -0.136∗∗∗ -0.095∗∗∗ -0.085∗∗ -0.065∗
(0.029) (0.041) (0.043) (0.031) (0.032) (0.032)

24-27 0.036 0.052∗ 0.057∗ 0.029 0.035 0.019
(0.033) (0.030) (0.031) (0.038) (0.037) (0.035)

27-30 0.061 0.098 0.091 0.081 0.088 0.066
(0.058) (0.060) (0.065) (0.058) (0.052) (0.065)

30-33 -0.084 -0.037 -0.046 -0.022 -0.014 -0.047
(0.075) (0.078) (0.083) (0.078) (0.079) (0.080)

33+ -0.002 0.056 0.057 0.060 0.067 0.042
(0.060) (0.065) (0.067) (0.055) (0.052) (0.063)

Women × ¡18 0.098 0.098 0.098 0.098 0.098 0.098
(0.078) (0.078) (0.078) (0.078) (0.078) (0.078)

Women × 18-21 0.051 0.049 0.050 0.052 0.051 0.050
(0.057) (0.058) (0.058) (0.058) (0.058) (0.057)

Women × 24-27 -0.017 -0.018 -0.018 -0.016 -0.018 -0.017
(0.071) (0.071) (0.071) (0.071) (0.071) (0.071)

Women × 27-30 -0.209∗∗∗ -0.209∗∗∗ -0.209∗∗∗ -0.205∗∗ -0.205∗∗ -0.205∗∗
(0.073) (0.074) (0.073) (0.074) (0.074) (0.074)

Women × 30-33 -0.032 -0.032 -0.032 -0.030 -0.030 -0.030
(0.133) (0.133) (0.134) (0.134) (0.134) (0.134)

Women × 33+ -0.317∗∗∗ -0.317∗∗∗ -0.317∗∗∗ -0.317∗∗∗ -0.317∗∗∗ -0.317∗∗∗
(0.103) (0.103) (0.103) (0.104) (0.103) (0.103)

R-squared 0.135 0.136 0.136 0.133 0.134 0.136
Observations 3004819 3004819 3004819 3004819 3004819 3004819
Mean of Dep. Variable 46.427 46.427 46.427 46.427 46.427 46.427
City FE Yes Yes Yes Yes Yes Yes
Year FE Yes - - - - -
Week FE Yes Yes Yes - - -
Year × Month FE - Yes Yes - - -
Region × Month FE - - Yes Yes - -
Region × Year FE - - - Yes - Yes
Region × Month × Year FE - - - - Yes -
Region × Week FE - - - - - Yes

Back



Fixed effects robustness: Unpaid work

(1) (2) (3) (4) (5) (6)
Unpaid work (hours/week) Unpaid work (hours/week) Unpaid work (hours/week) Unpaid work (hours/week) Unpaid work (hours/week) Unpaid work (hours/week)

¡18 0.031 0.062 0.080 0.062 0.081 0.051
(0.065) (0.067) (0.063) (0.048) (0.052) (0.056)

18-21 0.024 0.065 0.075∗ 0.035 0.085∗∗ 0.030
(0.034) (0.041) (0.043) (0.037) (0.040) (0.038)

24-27 0.001 -0.001 0.003 0.005 -0.000 0.006
(0.039) (0.042) (0.043) (0.039) (0.044) (0.039)

27-30 -0.139∗ -0.161∗∗ -0.187∗∗ -0.185∗∗∗ -0.218∗∗∗ -0.187∗∗

(0.072) (0.068) (0.078) (0.065) (0.061) (0.067)

30-33 -0.205∗ -0.233∗ -0.265∗∗ -0.222∗ -0.256∗ -0.223∗

(0.114) (0.114) (0.117) (0.120) (0.124) (0.120)

33+ -0.129 -0.169∗ -0.178∗∗ -0.144 -0.177∗ -0.140
(0.080) (0.084) (0.082) (0.085) (0.098) (0.086)

Women × ¡18 -0.198∗ -0.199∗ -0.199∗ -0.200∗ -0.202∗ -0.200∗

(0.102) (0.101) (0.101) (0.103) (0.103) (0.103)

Women × 18-21 -0.107∗ -0.107∗ -0.107∗ -0.107∗ -0.107∗ -0.107∗

(0.059) (0.059) (0.059) (0.058) (0.058) (0.058)

Women × 24-27 0.098 0.097 0.097 0.097 0.097 0.097
(0.104) (0.104) (0.104) (0.105) (0.105) (0.105)

Women × 27-30 0.481∗∗∗ 0.480∗∗∗ 0.479∗∗∗ 0.482∗∗∗ 0.480∗∗∗ 0.482∗∗∗

(0.116) (0.117) (0.116) (0.119) (0.119) (0.119)

Women × 30-33 0.452∗∗ 0.452∗∗ 0.452∗∗ 0.440∗∗ 0.438∗∗ 0.440∗∗

(0.166) (0.166) (0.166) (0.169) (0.170) (0.170)

Women × 33+ 0.518∗∗∗ 0.517∗∗∗ 0.518∗∗∗ 0.517∗∗∗ 0.517∗∗∗ 0.517∗∗∗

(0.145) (0.146) (0.145) (0.145) (0.145) (0.145)
R-squared 0.288 0.289 0.289 0.289 0.291 0.290
Observations 2213270 2213270 2213270 2213270 2213270 2213270
Mean of Dep. Variable 17.913 17.913 17.913 17.913 17.913 17.913
City FE Yes Yes Yes Yes Yes Yes
Year FE Yes - - - - -
Week FE Yes Yes Yes - - -
Year × Month FE - Yes Yes - - -
Region × Month FE - - Yes Yes - -
Region × Year FE - - - Yes - Yes
Region × Month × Year FE - - - - Yes -
Region × Week FE - - - - - Yes

Back



Clustering robustness
Paid work (hours/week) Unpaid work (hours/week)

¡18 -0.188*** -0.188*** -0.188*** 0.031 0.031 0.031
(0.038) (0.063) (0.020) (0.065) (0.070) (0.047)

18-21 -0.079** -0.079* -0.079** 0.024 0.024 0.024
(0.029) (0.043) (0.023) (0.034) (0.039) (0.031)

24-27 0.036 0.036 0.036 0.001 0.001 0.001
(0.033) (0.038) (0.056) (0.039) (0.041) (0.040)

27-30 0.061 0.061 0.061 -0.139* -0.139 -0.139
(0.058) (0.067) (0.038) (0.072) (0.082) (0.086)

30-33 -0.084 -0.084 -0.084 -0.205* -0.205* -0.205*
(0.075) (0.079) (0.054) (0.114) (0.118) (0.068)

33+ -0.002 -0.002 -0.002 -0.129 -0.129 -0.129
(0.060) (0.072) (0.051) (0.080) (0.086) (0.069)

Women × ¡18 0.098 0.098 0.098* -0.198* -0.198* -0.198**
(0.078) (0.083) (0.036) (0.102) (0.106) (0.039)

Women × 18-21 0.051 0.051 0.051 -0.107* -0.107 -0.107
(0.057) (0.063) (0.025) (0.059) (0.067) (0.076)

Women × 24-27 -0.017 -0.017 -0.017 0.098 0.098 0.098
(0.071) (0.075) (0.103) (0.104) (0.111) (0.081)

Women × 27-30 -0.209*** -0.209** -0.209*** 0.481*** 0.481*** 0.481**
(0.073) (0.076) (0.027) (0.116) (0.123) (0.131)

Women × 30-33 -0.032 -0.032 -0.032 0.452** 0.452** 0.452***
(0.133) (0.138) (0.045) (0.166) (0.168) (0.056)

Women × 33+ -0.317*** -0.317*** -0.317** 0.518*** 0.518*** 0.518**
(0.103) (0.109) (0.064) (0.145) (0.148) (0.100)

Observations 3004819 3004819 3004819 2213270 2213270 2213270
Mean of Dep. Variable 46.427 46.427 46.427 17.913 17.913 17.913
Clustering City City × Week Region City City × Week Region

Back



Wild cluster bootstrap p-values

Paid work Unpaid work

Interaction term Bootstrap p Bootstrap p

Women × <18 0.206 0.092

Women × 18–21 0.424 0.230

Women × 24–27 0.802 0.332

Women × 27–30 0.121 0.040

Women × 30–33 0.837 0.003

Women × 33+ 0.162 0.130

Wild cluster bootstrap, 999 replications, clustered at city level.
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Sample sensitivity
Paid work (hours/week) Unpaid work (hours/week)

Baseline Bogota Coldest Hottest Baseline Bogota Coldest Hottest

¡18 -0.186*** -0.146 -0.318 -0.184*** 0.046 0.223** 0.238 0.075
(0.039) (0.109) (0.212) (0.039) (0.066) (0.087) (0.148) (0.067)

18-21 -0.078** -0.043 -0.044 -0.076** 0.030 -0.060 0.037 0.046
(0.030) (0.050) (0.059) (0.030) (0.040) (0.103) (0.084) (0.041)

24-27 0.037 0.026 0.026 0.014 0.004 -0.009 0.006 -0.017
(0.033) (0.033) (0.032) (0.029) (0.041) (0.041) (0.041) (0.041)

27-30 0.060 0.056 0.056 0.021 -0.140* -0.180** -0.162** -0.092
(0.058) (0.059) (0.060) (0.069) (0.072) (0.066) (0.066) (0.103)

30-33 -0.085 -0.088 -0.087 0.002 -0.206* -0.252* -0.231* -0.195
(0.075) (0.072) (0.071) (0.081) (0.115) (0.125) (0.127) (0.160)

33+ -0.003 -0.018 -0.017 -0.015 -0.127 -0.182** -0.159* -0.097
(0.061) (0.059) (0.059) (0.063) (0.077) (0.083) (0.085) (0.077)

Women × ¡18 0.097 0.107 0.201 0.112 -0.208* -0.236 -0.146 -0.212**
(0.079) (0.088) (0.282) (0.082) (0.101) (0.220) (0.163) (0.101)

Women × 18-21 0.050 -0.037 -0.044 0.065 -0.112* 0.128 -0.070 -0.114*
(0.059) (0.078) (0.090) (0.060) (0.065) (0.151) (0.073) (0.062)

Women × 24-27 -0.017 -0.010 -0.012 0.027 0.102 0.080 0.054 0.115
(0.071) (0.073) (0.072) (0.064) (0.111) (0.084) (0.079) (0.110)

Women × 27-30 -0.208** -0.214** -0.215** -0.161* 0.489*** 0.482*** 0.453*** 0.339**
(0.074) (0.078) (0.076) (0.088) (0.120) (0.112) (0.109) (0.152)

Women × 30-33 -0.030 -0.040 -0.041 -0.165 0.452** 0.438** 0.408** 0.570**
(0.135) (0.137) (0.137) (0.123) (0.169) (0.164) (0.163) (0.225)

Women × 33+ -0.317*** -0.316*** -0.317*** -0.271** 0.512*** 0.500*** 0.470*** 0.494***
(0.104) (0.104) (0.102) (0.099) (0.147) (0.137) (0.135) (0.137)

Observations 3004819 2813434 2596145 2548136 2213270 2058923 1873797 1911355
Mean of Dep. Variable 46.427 46.229 46.306 46.416 17.913 18.766 18.785 17.427
Excl. cities None Bogota Coldest (3) Hottest (3) None Bogota Coldest (3) Hottest (3)
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