
The commuting costs of high intensity rains
Evidence from Rio de Janeiro

Pedro Henrique Chaves Maia

FGV/EPGE Brazilian School of Economics and Finance

IGC-WB-GWU Young Urban Economist Workshop
January 31, 2023

Pedro Henrique Chaves Maia (FGV/EPGE) The commuting costs of high intensity rains January 31, 2023 1 / 9



Motivation
High intensity rains (HIRs) are a recurrent problem for developing country cities

▶ Seasonal occurrence frequency

▶ HIRs + poor infrastructure ⇒ traffic disruption + floods + landslides
▶ 40.6% of cities over 10 million inhabitants are in the tropic

Extreme rainfall should increase in eastern South America due to climate
change (Gutiérrez et al. 2021)

Losses mainly incurred by the housing sector, followed by the transportation
sector (World Bank 2014)

This paper: Impact of HIRs on buses speed + public transportation demand
▶ Novel GPS database covering the universe of buses in Rio
▶ Contribution literature

⋆ Transportation + rainfall ⇒ high frequency data
⋆ High frequency data ⇒ public transportation.
⋆ Direct policy relevance
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Data

Buses speed
▶ GPS observations (15-minute intervals) for all buses in Rio between 2017-2018
▶ Rush-hour only (4-10 am/pm)
▶ Data mapped onto an one-square-kilometer grid

Rains
▶ 33 pluviometric/telemetric stations spread throughout the city stations

Supply and Demand
▶ Subway system hourly passengers transported
▶ Train system daily passengers transported
▶ Bus system fleet size and passengers transported descriptive statistics
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Measuring HIRs

I measure HIRs by using Sistema Alerta Rio (Rio Alert System, SAR) definition

▶ Stage of Attention (SA): At least 15mm/15min or 20mm/30min or 25mm/1h
▶ Stage of Crisis (SC): At least 40mm/30min or 55mm/1h in two or more stations

SAR was created specifically to measure rainfall intensity and dispersion

I use river level data to validate their definition link
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HIRs-Derived Buses Speed Loss

Speedilt = βASAt + βCSCt + f(Timet) + Linel + Gridcelli + ϵilt

Speed loss between 1.03% (SA) and 7.30% (SC)
Local effects as high as 41.92% link

Control for interventions link
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Supply and Demand Considerations

Reactionitl = βASAt + βCSCt + f(Timet) + Linel + Stationi + ϵtl

Evidence of substitution effect only in SC occurrences
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Back-of-the-Envelope Welfare Cost
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▶ Data limitations.
▶ Upper Bound: the entire sample → inelastic demand
▶ Lower Bound: Census tracts without train or subway stations map

Yearly wage opportunity cost of HIRs: $57.43 - $97.82 million dollars link

▶ Equivalent to 0.82% - 2.18% (Machado and Vianna 2017; Vianna and Young
2015) or 1.01% - 1.72% (O custo dos deslocamentos: RJ 2015) of the total
traffic-derived wage opportunity cost

▶ Expected to increase by 25% by the end of the century (Gutiérrez et al. 2021)
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Conclusion

HIRs do disrupt buses speed to a significant extent
▶ The generalized effect can be as high as 7.3%
▶ The localized effect can be as high as 41.92%

Substitution effect between bus and rail systems during highly disruptive HIRs
(SC occurrences)

Mildly disruptive HIRs (SA occurrences) cause a reduction in demand for the
public transportation system

▶ Likely due to less non-essential trips

HIRs welfare cost can grow up to $122.27 million dollars by the end of the
century
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Thank you
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Related literature
Transportation + precipitation literature

▶ Smith et al. (2020) and Hofmann and O’Mahony (2005).
▶ Contribution: I contribute by isolating the impact of HIRs on buses + rail

system substitution effect discussion

High-frequency big data in urban transportation literature
▶ Kreindler and Miyauchi (2021), Akbar et al. (2018), Gu et al. (2021), and Sun

et al. (2020) .
▶ Contribution: I contribute by using high frequency (15 minute observations)

buses GPS data to infer supply side considerations of HIRs.

Public system weather assessment literature
▶ Guo, Wilson, and Rahbee (2007), Zhou et al. (2017), and Hofmann and O’Mahony

(2005)
▶ Contribution: First, I identify supply-side effects on the bus system front. Sec-

ond, I find evidence for both increase and decrease in both the rail system and
buses demand depending on the intensity of the HIR (rush-hour).
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Descriptive Statistics
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River Level Results
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HIRs-Derived Buses Speed Loss per PA
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Buses Distribution
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Rail System - Line Effects
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Welfare Analysis
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HIRs Distribution
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SAR Stations

back

Pedro Henrique Chaves Maia (FGV/EPGE) The commuting costs of high intensity rains January 31, 2023 9 / 14



Census Tracts and Rail System Stations
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COR Action
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