Feedbacks and Tipping Points: Big Uncertainties about Future Warming
by Chelsea Harvey
Aug. 12, 2021 – As greenhouse gases (GHGs) pour into the atmosphere, global temperatures rise smoothly and predictably in response.  It’s the fundamental basis of climate change, the physical law that’s been reshaping the planet for the past 150 years. 
Still, there are many other side effects of those rising global temperatures.  Some that are less smooth, less linear, and sometimes less predictable. 
Climate feedback cycles are physical processes that can speed up certain consequences of global warming.  Scientists believe there may be tipping points hidden within the climate system as well — thresholds that, once crossed, could lead to rapid and potentially irreversible consequences for the world. 
Feedbacks and tipping points represent some major uncertainties about the speed and severity of future climate change.  Scientists are working to better understand how they work and what might trigger them, so they can make more accurate projections about the coming decades. 
Over time, they’ve gotten better and better at it. 
The U.N.’s Intergovernmental Panel on Climate Change released a much-anticipated report Monday.  It summarizes the most up-to-date scientific conclusions on climate change.  The report represents the findings of more than 200 scientists, who reviewed 1,000s of studies and reports.  It was approved by 195 world governments before its release. 
Among its findings is the idea that certain feedback processes could speed up some of the consequences of global warming.  And certain tipping points, or sudden climate surprises, can’t be entirely ruled out.  Many uncertainties remain about these processes.  Still, the report suggests that scientists are making strides in narrowing them down. 
Clouds and Future Warming
Clouds represent one of the biggest uncertainties about future climate change, experts consistently agree.  They have a surprisingly strong influence on global temperatures.  But they’re tricky.  They don’t have the same effects in the same places at all times. 
Depending on the type of cloud, the landscape below, the local climate conditions and many other factors, clouds can have either a net warming or a cooling effect on the earth below.  That makes them complicated enough.  But climate change adds to the complexity.  Global warming is expected to increase certain types of clouds in certain places and decrease them in others. 
Adding to the difficulties is the fact that clouds are notoriously difficult to simulate in climate models, at least, on a global scale.  Altogether, it’s been a major challenge for scientists to predict the extent to which clouds might influence future warming. 
In the last few years, though, researchers have made some serious strides.  Increasingly, they’re finding that clouds — on average, across the globe — are likely to produce a feedback effect that speeds up future warming.  Multiple recent studies have all come to the same conclusion about it. 
It’s a finding that’s helped scientists tackle another key question about future climate change: How much, exactly, will the world warm in response to future GHG emissions? 
Scientists often address this question from a specific angle in their studies, focusing on how much the world would warm if atmospheric CO2 concentrations were to hit double their pre-industrial levels.  Prior to the Industrial Revolution, CO2 levels hovered around 280 parts per million (ppm); double that would be around 560.  Today, CO2 concentrations are already higher than 410 ppm and steadily climbing each year. 
Until recently, most studies suggested a pretty wide range of possibilities — anywhere from around 1.5 to 4.5°C of warming.  Uncertainties about various climate feedbacks, particularly clouds, made it difficult to be any more precise. 
Now, the new IPCC report — accounting for the latest breakthroughs — has narrowed it down to a likely range of 2.5 to 4°C.  That’s both good news and bad news.  It means that some of the worst-case climate scenarios probably won’t happen.  But it also means that some of the best-case scenarios, at the other end of the range, are also probably out of reach. 
Permafrost and Runaway Climate Change
Thawing permafrost is a major question mark, when it comes to future climate consequences.  A frozen layer of soil found across the Arctic and other cold-climate regions of the world, permafrost contains vast stores of carbon-rich organic matter.  When it warms up and begins to thaw, it releases that carbon in the form of both CO2 and methane (CH4), an even more potent GHG.  Scientists have been pointing out, for years, that carbon emissions from thawing permafrost could potentially speed up the rate of global warming. 
The new IPCC report notes that scientists still have a lot of uncertainty about exactly how much carbon thawing permafrost will release in the future, how quickly it may escape into the atmosphere, and how much will come out in the form of CO2 versus CH4.  Models suggest the permafrost release could be anywhere from about 3 billion to 41 billion metric tons of CO2 for every 1°C that the world warms.  That’s enough to at least slightly increase the rate of future warming. 
Still, there’s some good news.  In recent years, some scientists have worried that thawing permafrost could potentially lead to a “runaway” climate feedback loop.  In this nightmare scenario, massive carbon emissions from thawing permafrost dramatically speed up the rate of global warming, which then proceeds to accelerate the thawing, releasing even more carbon.  The latest model projections suggest that thawing permafrost may indeed cause some additional warming — “enough to be important,” according to the IPCC report — but a true runaway scenario is unlikely. 
Natural Carbon Sinks
The world’s natural ecosystems — forests, grasslands, swamps and oceans — are a key defense against global warming.  They naturally absorb CO2 from the air and store it away.  Experts estimate that at least half the carbon emissions humans have poured into the atmosphere have been sucked up by these natural carbon sinks. 
But that may not last forever, the new IPCC report warns.  As CO2 continues to rise in the atmosphere, many natural landscapes will begin to absorb carbon at slower and slower rates.  As that happens, a greater fraction of human emissions will remain in the atmosphere. 
There’s still a lot of uncertainty about exactly how quickly these carbon sinks will weaken in the future.  Better understanding of these processes is key to improving predictions about how the entire climate system will respond to continued GHG emissions. 
Climate feedback loops aren’t the only big uncertainties about future climate consequences.  Scientists also have some concerns about climate tipping points, thresholds that could lead to rapid and irreversible changes on the face of the Earth. 
Scientists tend to have much less certainty about these kinds of tipping points.  Still, the new report shows, they’ve made some strides in these areas as well.  In most cases, there’s good news and bad news.  Many dire climate tipping points can’t be ruled out entirely.  But they’re also not all that likely to happen, at least not within the next century.  That means there’s still time to prevent them. 
Ocean Current Collapse
One of the world’s largest and most important ocean currents is slowing down as the climate warms, studies increasingly suggest.  The Atlantic Meridional Overturning Circulation, or AMOC, is often described as a kind of huge ocean conveyor belt.  By ferrying heat from the equator north to the Arctic, it helps regulate climate and weather patterns throughout the Atlantic Ocean basin. 
Models generally suggest that the AMOC will slow down in the coming decades as the climate warms, even under mild warming scenarios.  Still, there’s a lot of uncertainty about exactly how much the current will slow and how strong these side effects may be. 
In recent years, some scientists have questioned whether the AMOC might have a tipping point — a threshold beyond which it collapses entirely.  A collapse could have dire consequences for weather patterns all over the world.  It could make Europe drier, weaken monsoons in Asia and Africa, and cause tropical rain patterns to shift southward. 
It can’t be ruled out completely, the new report notes.  But scientists have at least medium confidence that it wouldn’t happen before the end of the century. 
Crumbling Ice Sheets
Both the Greenland and Antarctic ice sheets have been losing ice at faster and faster rates in recent decades.  As long as the climate continues to warm, they’re likely to keep on melting.  But is there any danger that large portions of them could suddenly, catastrophically collapse? 
Scientists have raised the possibility that the ice sheets — Antarctica, in particular — could contain tipping points.  If they melt quickly enough, they could cross thresholds that could lead to rapid, unstoppable, runaway ice loss.  The consequences for global sea levels would be devastating. 
These scenarios can’t be ruled out, either.  And there’s less and less certainty about them under high-warming scenarios.  Still, for now, scientists believe they have a low likelihood within this century. 
Transforming the Amazon Rainforest
The Amazon rainforest is one of the most diverse ecosystems on the planet, home to 10s of 1,000s of species.  It also helps regulate the region’s water cycle and rainfall patterns.  And it’s one of the world’s largest natural stores of carbon. 
But research increasingly suggests that it’s in trouble.  One recent study found that the Amazon rainforest is now releasing more carbon to the atmosphere than it’s absorbing, damaged by increasing wildfires and deforestation. 
Climate models suggest that the Amazon is likely to grow drier as the climate continues to warm, increasing the likelihood of devastating wildfires and plant death.  Some researchers have raised the idea that it could soon cross a tipping point in which its trees rapidly die and the iconic rainforests disappear entirely, replaced by grasslands. 
Again, it can’t be ruled out.  Climate models have suggested that it’s possible under higher warming scenarios.  Still, there’s a lot of uncertainty about how hot it would have to get for this to happen, and how quickly the scenario could unfold.  What scientists do know is that more deforestation, combined with a hotter climate, could increase the odds that the Amazon could cross a tipping point within this century. 
There are plenty of uncertainties about feedbacks, tipping points and other unexpected consequences of climate change.  Still, there’s one uncertainty that outweighs them all: how much carbon humans will emit in the coming decades. 
“This report is a reality check,” said Valérie Masson-Delmotte, co-chair of the IPCC working group that produced the report, in a statement upon its release.  “We now have a much clearer picture of the past, present and future climate, which is essential for understanding where we are headed, what can be done, and how we can prepare.”
At the end of the day, the vast majority of all climate consequences the world faces — both known and unknown — are still within the control of human societies.  The most dire outcomes, and the worst potential surprises, grow more likely, the more the world warms.  The faster that global GHGs spiral down to zero, the more of these outcomes the world can prevent.  That much, at least, is a certainty.
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