The Deadly Combination of Heat and Humidity
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June 6, 2015 – 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°F 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 4th- or 5th-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.
Scientists measure the combination using a metric known as wet-bulb temperature.  It’s called that because it can be measured with a thermometer wrapped in a wet cloth, distinguishing it from the commonly reported dry-bulb temperature, measured in open air.  Wet-bulb temperature can also be calculated from relative humidity, surface pressure, and air temperature.
It’s essentially a measure of how well you can cool your skin by sweating, which is how humans stay alive in the worst heat.  High humidity can defeat that cooling system; it makes the heat that much more dangerous.
The wet-bulb temperature is not typically reported.  While dangerous levels depend on a person’s activity level and clothing, wet-bulb temperature offers a stark measure of risk in a warming world, which will experience more extreme combinations of both heat and humidity.
Temperature and wet-bulb temperature are not in a 1-to-1 relationship; both higher temperatures and higher humidities increase wet-bulb temperature.  For instance, during the Chicago heat wave, on July 13, 1995, the maximum wet-bulb temperature of 85°F occurred at noon when the temperature was 99°F.  But when it hit 106°F at 5 p.m., the wet-bulb temperature was 83°F.  The former was more dangerous.
A human’s core temperature is about 98.6°F, but the skin temperature of the trunk is about 4 to 9°F colder, depending on how warm it is and how active a person is.  But sweating, which helps keep the core body temperature constant, becomes increasingly ineffective in increasingly humid air; it can never cool the skin to below the wet-bulb temperature.
A person who is physically active at a wet-bulb temperature of 80°F will have trouble maintaining a constant core temperature and risks overheating.  A sedentary person who is naked and in the shade will run into the same problem at a wet-bulb temperature of 92°F.  A wet-bulb temperature of 95°F is lethal after about 6 hours.
In the Indian state of Andhra Pradesh, the highest wet-bulb temperatures of the latest heat wave peaked around 86°F — levels approaching the worst of the 1995 Midwest heat wave, which set records in the United States for humid heat.
Heat waves are the natural disasters easiest to tie to climate change.  Statistical analyses and climate modeling indicate that the 2010 Russian heat wave was about 5 times more likely to have occurred in 2010 than it would have been in the cooler 1960s.  An analysis conducted after the 2003 European heat wave concluded that it was twice as likely as it would have been before the Industrial Revolution.  A recent study in the journal Nature Climate Change found that the 1.5°F of global warming since the start of the Industrial Revolution had quadrupled the probability of moderate heat extremes.
In work one of us (Robert Kopp) led for the Risky Business Project, we found that, over the period from 1981 to 2010, the average American experienced about 4 dangerously humid days, with wet-bulb temperatures exceeding 80°F.  By 2030, that level is expected to more than double, to about 10 days per summer.  Manhattanites are expected to experience nearly 7 uncomfortably muggy weeks in a typical summer, with wet-bulb temperatures exceeding 74°F, about as many as residents of Washington have experienced recently.
That increase over the next couple of decades is locked in by the greenhouse gases we’ve already emitted, and by our current energy system.  Since we can’t avoid it now, we must make our communities more resilient to heat and humidity extremes.  One step is to expand access to air-conditioning for those who can’t afford it.  We must also improve cooling in stiflingly hot factories and warehouses, strengthen public health systems, improve public warnings when heat and humidity are dangerously high, and be willing to shift outdoor work schedules.
Of course, air-conditioning poses its own problems.  Air-conditioners use a lot of electricity, and generating it with our current power system, along with the leakage of coolants from these machines, will add to the heat-trapping gases in the atmosphere.
Still, as a society, we can influence the weather of the future by the decisions we make today.  If we choose not to reduce emissions of heat-trapping gases, and instead continue to rely upon fossil fuels, the average American could expect to see about 17 dangerously humid days in a typical summer in 2050 and about 35 in 2090.
Some summers would have days so stiflingly muggy that a healthy individual would suffer heat stroke in less than an hour of moderate, shaded activity outside.  Carrying on this way through the 22nd century locks in a trajectory where summer outdoor conditions could become physiologically intolerable for humans and livestock in the eastern United States — and in regions currently home to more than half the planet’s population.
But this fate is not yet locked in.  Moderate reductions in emissions of heat-trapping gases — sufficient to stop global emissions growth by 2040 and bring emissions down to half their current levels by the 2070s — can avoid those paralyzing extremes and limit the expected late-century experience of the average American to about 18 dangerously humid days a year.  Strong reductions — bringing global emissions to zero by the 2080s — can cap the growth of humidity extremes by mid-century.
Climate change is increasing the risks to our health, our economy and our environment.  Communities need to prepare.  But as world leaders get ready for the United Nations climate change conference in Paris this December, it’s also important to recognize that shifting to carbon-free energy will reduce the risks we will face from extreme heat and humidity.  As India’s tragic heat wave shows, these risks cannot be ignored.
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