Earth Is Likely to Hit 1.5°C in 10-12 Years, Even if Emissions Decline
by Josie Garthwaite
Jan. 31, 2023 – A new study has found that emission goals designed to achieve the world’s most ambitious climate target – 1.5°C above (immediately) pre-industrial (1750 to 1880) levels – may in fact be required to avoid more extreme climate change of 2°C.
The study, to be published Jan. 30 in Proceedings of the National Academy of Sciences, provides new evidence that global warming is on track to reach 1.5°C (2.7°F) above pre-industrial averages in the early 2030s, regardless of how much greenhouse gas emissions rise or fall in the coming decade.
The new “time to threshold” estimate results from an analysis that employs artificial intelligence (AI)  to predict climate change, using recent temperature observations from around the world.
“Using an entirely new approach that relies on the current state of the climate system to make predictions about the future, we confirm that the world is on the cusp of crossing the 1.5°C threshold,” said the study’s lead author, Stanford University climate scientist Noah Diffenbaugh.
If emissions remain high over the next few decades, the AI predicts a 1-in-2 chance that Earth will become 2°C (3.6°F) hotter on average, compared to pre-industrial times, by the middle of this century, and a more than 4-in-5 chance of reaching that threshold by 2060.
According to the analysis, which Diffenbaugh co-authored with Colorado State University atmospheric scientist Elizabeth Barnes, the AI predicts the world would likely reach 2°C even in a scenario in which emissions decline in the coming decades.  “Our AI model is quite convinced that there has already been enough warming that 2°C is likely to be exceeded if reaching net-zero emissions takes another half century,” said Diffenbaugh.  He is the Kara J Foundation Professor and Kimmelman Family Senior Fellow in the Stanford Doerr School of Sustainability.
This finding may be controversial among scientists and policymakers, Diffenbaugh said, because other authoritative assessments, including the most recent report from the Intergovernmental Panel on Climate Change, have concluded that the 2° mark is unlikely to be reached if emissions decline to net zero before 2080.
Why Does 0.5° Matter?
Crossing the 1.5°C and 2°C thresholds would mean failing to achieve the goals of the 2015 Paris Agreement, in which countries pledged to keep global warming to “well below” 2°C above pre-industrial levels, while pursuing the more ambitious goal of limiting warming to 1.5°C.
Already, the world is 1.1°C (2°F) hotter on average than it was before fossil fuel combustion took off in the 1800s.  And the litany of impacts from that warming includes more frequent wildfires, more extreme rainfall and flooding, and longer, more intense heat waves.
Because these impacts are already emerging, every fraction of 1° of global warming is predicted to intensify the consequences for people and ecosystems.  As average temperatures climb, it becomes more likely that the world will reach thresholds – sometimes called tipping points – that cause new consequences, such as melting of large polar ice sheets or massive forest die-offs.  As a result, scientists expect impacts to be far more severe and widespread beyond 2°C.
In working on the new study, Diffenbaugh said he was surprised to find the AI predicted the world would still be very likely to reach the 2°C threshold even in a scenario where emissions rapidly decline to net zero by 2076.  The AI predicted a 1-in-2 chance of reaching 2°C by 2054 in this scenario, with a roughly 2-in-3 chance of crossing the threshold between 2044 and 2065.
It remains possible, however, to bend the odds away from more extreme climate change — by quickly reducing the amount of CO2, methane, and other greenhouse gases being added to the atmosphere.  In the years since the Paris climate pact, many nations have pledged to reach net-zero emissions more quickly than is reflected in the low-emissions scenario used in the new study.  In particular, Diffenbaugh points out that many countries have net-zero goals between 2050 and 2070, including China, the European Union, India, and the United States, as do many non-state actors, including Diffenbaugh’s Stanford University.
“Those net-zero pledges are often framed around achieving the Paris Agreement 1.5°C goal,” said Diffenbaugh.  “Our results suggest that those ambitious pledges might be needed to avoid 2°C.”
AI Trained to Learn from Past Warming
Previous assessments have used global climate models to simulate future warming trajectories; statistical techniques to extrapolate recent warming rates; and carbon budgets to calculate how quickly emissions will need to decline to stay below the Paris Agreement targets.
For the new estimates, Diffenbaugh and Barnes used a type of artificial intelligence known as a neural network, which they trained on the vast archive of outputs from widely used global climate model simulations.
Once the neural network had learned patterns from these simulations, the researchers asked the AI to predict the number of years until a given temperature threshold will be reached, when given maps of actual annual temperature anomalies as input – that is, observations of how much warmer or cooler a place was in a given year, compared to the average for that same place during a reference period, 1951-1980.
To test for accuracy, the researchers challenged the model to predict the current level of global warming, 1.1°C, based on temperature anomaly data for each year from 1980 to 2021.  The AI correctly predicted that the current level of warming would be reached in 2022, with a most likely range of 2017 to 2027.  The model also correctly predicted the pace of decline in the number of years until 1.1°C that has occurred over the recent decades.
“This was really the ‘acid test’ to see if the AI could predict the timing that we know has occurred,” Diffenbaugh said.  “We were pretty skeptical that this method would work until we saw that result.  The fact that the AI has such high accuracy increases my confidence in its predictions of future warming.”
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