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The Deadly Combination of Heat and Humidity
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THE most deadly weather-related disasters aren’t 
necessarily caused by floods, droughts or hurricanes. 
They can be caused by heat waves, like the sweltering 
blanket that’s taken over 2,500 lives in India in recent 
weeks.

Temperatures broke 118 degrees in parts of the country. 
The death toll is still being tallied, and many heat-related 
deaths will be recognized only after the fact. Yet it’s 
already the deadliest heat wave to hit India since at least 
1998 and, by some accounts, the fourth- or fifth-
deadliest worldwide since 1900.

These heat waves will only become more common as the 
planet continues to warm.

They don’t just affect tropical, developing countries; 
they’re a threat throughout the world. The July 1995 heat 
wave in the Midwest caused over 700 deaths in Chicago. 
The August 2003 heat wave in western Europe led to 
about 45,000 deaths. The July-August 2010 heat wave in 
western Russia killed about 54,000 people.

But as anyone who’s spent a summer in the eastern 
United States knows, it’s not just the heat; it’s also the 
humidity. Together, they can be lethal, even if the heat 
doesn’t seem quite so extreme.
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The Paris Heatwave:  Deaths and Temperatures



Heat stress arises when humans cannot dissipate internally generated 
energy

Source: Buzan and Huber, Annual Review of Earth and 
Planetary Sciences, 2020 

This arises under:
- High temperatures
- Humid conditions
- High solar radiation
- Manual labor

This looks a lot like farming 
and construction work in the 
tropics!



Modern maximum wetbulb 
temperature 

Sherwood and Huber, 2010



Future maximum wetbulb temperature Sherwood and Huber, 2010



WBGT estimated work ability in warm outdoor environments 
(Bröde et. al. 2018)



Figure 11-5 | The 1980–2009 average of the hottest months globally, measured in web bulb globe 
temperature (WBGT), which combines temperature, humidity, and other factors into a single index of 
the impact on work capacity and threat of heat exhaustion. The insert shows the International 
Organization for Standardization standard (ISO,1989) for heat stress in the workplace that leads to 
recommendations for increased rest time per hour to avoid heat exhaustion at different work levels. This 
is based on studies of healthy young workers and includes a margin of safety. Note that some parts of the 
world already exceed the level for safe work activity during the hottest month. In general, with climate 
change, for every 1°C that Tmax goes up, the WBGT goes up by about 0.9°C, leading to more parts of the 
world being restricted for more of the year, with consequent impacts on productivity, heat exhaustion, 
and need for air conditioning to protect health (Lemke and Kjellstrom, 2012). IPCC AR5 WG II Ch. 11



The consequences of heat stress are dramatic in the tropics where high humidity combines with high temperatures 

Source: Buzan and Huber, Annual Review of Earth and Planetary Sciences, 2020 

Population-weighted total labor capacity under climate 
change



Global Trade Analysis Project (GTAP) Framework
• Widely used global 

economic model
• Includes entire economy 

sectors; inter-sector 
linkages

• Bilateral trade permits 
assessment of how 
geography of trade 
distributes economic 
impacts







Summary

▪ It is clear from climate model results that heat stress will cause 
widespread labor reductions

▪ But, predicting how this will effect different sectors and countries and 
how economies and behaviors will change requires a granular and 
accurate representation of detailed interactions

▪ How this detailed representation feeds back on to global scales 
(including emissions scenarios, land-use change, and global climate) is an 
intriguing next step



Observed distribution of Tw extremes 
ERA-Interim 1979-2015
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Heat stress causes labor productivity loss
• A	body	of	scientific	literature	estimates	this	loss	of	productivity	

• Physiological	methods;	empirical	methods

• We	assess	the	economic	implications	of	this	loss	of	productivity:
• We account	for	heterogeneity	of	labor	types,	their	work	intensity,	and	exposure	
to	the	sun	within	the	same	sector

• Analysis	at	a	disaggregated	level:	65	sectors,	137	regions,	4	labor	types
• Also	assess	implications	on	poverty	headcounts	in	a	subset	of	regions



WBGT accounts for all factors; we use the more 
accurate Lijegren approximation

The recommended approximation: 
Liljegren	et	al	(2008)



Estimated work ability in warm outdoor environments 
(Bröde et. al. 2018)



National labor capacity losses largest in tropics

Labor capacity losses assuming 3°C Mean Global Warming



Across the tropics, output in agriculture and construction 
declines; prices increase

a
Agriculture Construction



National labor 
capacity losses 

translate into lower 
GDP 


