How Global Warming Is Making Heat Waves and Precipitation More Extreme
by Andrew Freedman
Nov. 25, 2014 - Extreme weather and climate events are one of the most tangible impacts of global warming so far.  Such extremes hit close to home, whether you live in the U.S., Europe, Africa or Asia.  Scientists have been making significant advances in their understanding of how the characteristics of certain extreme weather events, such as heat waves and heavy rain or snowstorms, are or are not changing as a result of manmade climate change.
What the public often hears is the message that the weather is growing more extreme, and that this trend is only going to worsen with time.  However, this is an over-generalization of what's really going on.  Yes, some extreme events are already becoming more common and severe.  But others are not, or are undergoing changes that haven't been attributed to global warming so far.  So, scientists say that some extreme weather events are become more extreme, but not all aspects of weather are.  (At least not yet.)  There is much research yet to be done.
The Fundamentals
Every weather event that occurs today takes place in an atmosphere that has been fundamentally altered by human activities, such as the burning of fossil fuels like coal and oil for energy.  As a result, there is now more CO2, the main long-lived greenhouse gas, in the air than there has been at any other point in human history.  There is also more water vapor in the air, which provides energy for storms and can lead to more extreme precipitation events.
In other words, all weather now occurs against a different backdrop, with different ingredients, than it did before.  It's like cooking a dish with slightly different ingredients to start with, every time.  In a sense, many climate scientists now view all extreme weather events with increasing suspicion.  However, tying an extreme event to climate change is no easy task, scientifically speaking.
But even in cases where plenty of scientific evidence exists that ties an extreme storm to climate change, it's best to think of the role that global warming plays as being akin to the driver of the getaway car associated with a crime.  Climate change rarely, if ever, holds up the bank; instead, it plays an enabling role.  That's why you won't hear climate specialists say that global warming "caused" a particular storm to occur.
Another popular analogy is the steroids comparison.  In this analogy, global warming plays a similar role that performance-enhancing drugs can play in allowing a baseball player to hit more home runs over the long-term.  Just as it's difficult to prove that a specific home run was because of steroids, over time a player's inflated home run statistics will become clear, as the drugs increase the odds of home runs over time.  Similarly, climate change stacks the deck in favor of certain extreme events.
Global Warming's Role Depends on the Event You're Talking About
The science is largely in, when it comes to 2 particular extreme events: heat waves and heavy precipitation events.  The science is less clear when dealing with hurricanes.  Even more uncertainty exists with the relationship between tornadoes and a warming climate.  (But even there, the science is getting more precise.)
Researchers still have a lot to learn.  A sub-field within climate science, known as extreme event attribution, is still in its infancy.
Here's a summary of what scientists know regarding how global warming is already altering, or is likely to change, the characteristics of each of these extreme events.
1.  Heat Waves
The bottom line: There are more of them, they're lasting longer, and they are getting more intense.
According to the most recent scientific research, there is evidence showing that the number of warm days and nights has increased globally, while the number of cold days and nights has decreased.  The frequency of heat waves has gone up in Europe, Asia and Australia, according to a comprehensive report from the U.N. Intergovernmental Panel on Climate Change (IPCC).
The IPCC said that it is likely that human activities more than doubled the chances for heat waves in some parts of the world, but it's less clear whether heat-related human mortality is climbing as cold-related mortality is decreasing.
According to a study published in 2012, the odds of extremely hot summers (above a particular temperature threshold) have risen at a dramatic rate since the middle of the 20th century.
According to the study, during the period from 1951-1980, extremely hot summers covered just 1% of Earth’s land area.  This had risen to 10% of the Earth’s land area by the period from 1981-2010, and even higher during the 2006-2010 period.
To put this another way, the study found that the odds of such extreme summers were about 1-in-300 during the 1951-1980 timeframe, but had increased to nearly 1-in-10 by 1981-2010.
Scientists have conducted climate attribution studies of many individual heat events, sometimes with rather startling results.  For example, a groundbreaking study on the 2003 European heat wave — an event that killed at least 40,000 people — found that global warming made the deadly heat wave much more likely to occur.
Some of the most definitive findings linking extreme heat events to climate change were published in September of this year.  They detail record-shattering heat in Australia in 2013, when the Bureau of Meteorology was famously forced to add a new color to its weather maps to show extremely hot temperatures up to 129°F.
The studies, which were published in the Bulletin of the American Meteorological Society, showed extremely low chances that the heat could have occurred without manmade global warming.  One of the studies found the % of risk of the event that could be attributable to manmade global warming to be "essentially 100%."
September 2013 was the hottest September on record in Australia.  One of the studies found that the risk of such heat in September has jumped 5-fold, due to manmade climate change.
Scientists gain confidence in conclusions about extreme events when multiple studies use different methods, while arriving at similar conclusions.  5 independent research teams looked at different factors related to the record heat in Australia in 2013.  Each team came to the separate conclusion that human-caused climate change increased the likelihood and severity of that event.  This raises scientists' confidence that global warming made the prolonged heat wave in Australia much worse.
2.  Extreme Precipitation Events
The bottom line: Extreme precipitation events (both rain and snow) are becoming more likely and common across broad regions of the world.
With warming air and ocean temperatures, there is now more evaporation taking place on average worldwide.  This is putting more water vapor in the air, thereby providing more fuel for storms and leading to more extreme precipitation events.  The increase in precipitation events is not uniform worldwide, with some areas becoming drier while others are getting wetter.
Global average surface temperatures have already warmed by about 1.6°F since 1900, with more warming expected during the next several decades or more.  Research has shown that global average water vapor is increasing as temperatures rise.
The IPCC found that there is a 90% chance or greater that with increased temperatures in coming years, extreme precipitation events will "become more intense and frequent in many regions."  The areas most at risk for increases in heavy rain or snow events are the mid-latitudes and the wet tropical regions of the world, including the Amazon, rainforests of Southeast Asia, plus much of North America, Europe and Asia.
A series of analyzes published earlier this year about 2 different flooding events that took place in 2013, including the Boulder, Colorado, flooding and the Elbe River and Danube River flooding in Europe — found either no influence or a decreasing risk of such events due to global warming.
The findings did not rule out a role for climate change in causing these events, but rather showed that they could not be confirmed using certain existing scientific methods.
The National Climate Assessment, released earlier this year, showed a sharp uptick in heavy precipitation events across the U.S. between 1958 and 2012.  These precipitation events can lead to expensive and deadly floods that the country's infrastructure, such as the interstate highway system, is ill-prepared to withstand.  Major floods occurred this year in Detroit, Michigan, the Washington, D.C. area, and Pensacola, Florida, for example.
A study published in the journal Nature in 2011 found that global warming boosted the odds of a flood that caused extensive damage in England in 2000.
Currently, it takes many months, if not longer, for scientists to conduct extreme event attribution studies.  However, a group of researchers in the U.S. and U.K. is currently working on finding ways to dramatically shrink that time down, so that a storm's ties to climate change can be explored in near real-time.
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