Changing Patterns of Ocean Salt Levels Give Clues to Extreme Weather on Land
by Bob Berwyn
Sep. 14, 2020 – Global warming is shifting the ratio of freshwater to saltwater, showing where droughts and extreme rainfall are intensifying.
New mapping of salt concentrations in the world's oceans confirms what physics and climate models have long suggested: global warming is intensifying Earth's water cycle, speeding up the rate at which water evaporates in one area and falls as rain or snow somewhere else.
That intensification has enormous implications, because it worsens droughts and increases extreme rainstorms and flooding.  But it has been hard to measure, because data is sparse across vast expanses of the oceans, which cover more than 70% of the planet's surface.
A study published September 9 in the Journal of Climate, however, paints a much clearer picture of how much, and exactly where, the water cycle is changing, by tracking how salt concentrations have changed in the oceans over the last 50 years.  Those measurements act like a giant rain gauge for the oceans, said co-author Kevin Trenberth, a climate scientist with the National Center for Atmospheric Research.
Trenberth linked the findings to recent extreme wildfires and droughts in California and Australia.  "The wildfires keep getting worse as the dry areas get drier," he said.  "This year it's California, last year it was Australia.  As the pattern persists, that's when the chances increase for the effects to really accumulate and do damage.  It's very easy to say this is weather, this is just one event.  But the study shows it's part of a bigger pattern." 
The areas that are getting saltier show where there has been less rain and more evaporation, increasing the salt concentration, while the areas that are getting fresher are those getting more rain, diluting the saltiness.  That affects land areas, too, because the storms and weather patterns that form over oceans eventually pass over the continents.
Based on the changing concentrations of salt, the researchers estimated that the total amount of water moving through the cycle in the form of evaporation and rain has increased by 2 to 4% for every 1°C of warming.  That is enough to intensify dryness in drought-prone areas like the Southwestern United States and to increase precipitation in areas vulnerable to extreme rain, like the Midwest. 
In areas where evaporation increases, soils and plants lose more water to the air.  But that moisture doesn't stay in the atmosphere forever.  Eventually it falls somewhere else as rain or snow.  The new mapping shows that's happening in areas that are already wet.
Salt concentration, or salinity, is a good measure of how much water is added to and removed from the ocean, said co-author Nicolas Gruber, an environmental physicist at ETH Zürich.  "It's much more a recorder of environmental change than anything else in this context," he said.  "It's a really good measure of the hydrological cycle.  And over the ocean, it works really well.  It helps us understand the dynamics and the physics of the problem."
The researchers pointed out that, with 2°C warming, the point above which calamitous climate conditions are likely, the water cycle will intensify by between 4 and 8%, and perhaps more, if industrial air pollution with cooling effects is reduced. 
Increasing Salt Levels Affect Marine Life, Ocean Currents
The new study details regional changes—including increasing salt concentrations—in parts of the Caribbean and Indian Oceans, indicating less rainfall.  The concentration of freshwater is increasing, on the other hand, across the Pacific and in the North Atlantic, where it could disrupt the Gulf Stream and the underlying Atlantic Meridional Overturning Current, a critical conveyor belt for global heat all the way from the Arctic to the Southern Ocean around Antarctica, said co-author Michael Mann, a climate scientist at Penn State. 
Knowing where more water evaporates from the ocean can also help show where more rain will fall.  So understanding and tracking the regional changes in salt concentration can improve projections for future extreme changes in precipitation.
Co-author John Fasullo, with the National Center for Atmospheric Research, said the new study provides an important global understanding of changes in salt concentration that will help pinpoint estimates of future regional change. 
Understanding changes in ocean salt concentration is not only important because of how they affect the climate and weather.  There are direct impacts to the ocean, as well, Mann said. 
"First, ocean organisms are adapted to certain salinities," he said.  "If these start to change, then, along with warming and ocean acidification, it begins to challenge the adaptive capacity of marine organisms and ultimately the ocean food chain, and us."
Salinity also influences seawater density, which determines the distribution of warm and cold layers of water in the ocean.  That stratification has an impact on ocean circulation, tropical storms, ocean oxygen levels, and nutrients in the upper ocean, Mann added.  The study creates a salinity index that "provides a particularly clean, low noise, high signal, means for detecting the climate change signal," he said.
The processes of precipitation and evaporation are speeding up because of human-caused global warming, and "perhaps the biggest impact is on water movement," added John P. Abraham, an engineer and climate researcher at St. Thomas University in Minnesota, who was a co-author of the study. 
"Because salty water is heavy, it wants to fall from the ocean surface to the ocean floor, called downwelling water," he said.  "Areas that are becoming less salty are lighter and they tend to stay at the surface.  The upward and downward water motions are super important for ocean currents, because it causes nutrients to be brought to the surface for fish, and this regulates the climate around the world."
The changes to precipitation and evaporation, he said, "will change the weather on the planet."
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