Sudden temperature fluctuations rising worldwide with serious risks, study finds
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A recent study published in Nature Communications has revealed a significant rise in sudden temperature fluctuations—rapid shifts between extremely warm and cold conditions—since 1961. The research, conducted by scientists from Canada, China, and the United States under the leadership of the Chinese University of Guangzhou, projects that this phenomenon will become even more frequent and intense towards the end of the 21st century.
These sudden temperature changes, driven by climate change, pose serious risks to ecosystems and public health. They exacerbate the adverse impacts of extreme heat and cold events, such as droughts, sudden cold snaps, and heatwaves, affecting human and animal health, infrastructure, vegetation, and agriculture. Unlike more extensively studied isolated extreme heat or cold events, the rapid transition between the two extremes and its broader effects have been less understood until now.
To investigate these volatile temperature patterns, Ming Luo and colleagues analysed global data on sudden temperature shifts from 1961 to 2023. They integrated this historical information with climate models to explore long-term trends and predict future changes under various climate change scenarios up to 2100.
The analysis found that over 60% of the world regions examined exhibited increases in the frequency, intensity, and speed of temperature transitions since 1961. The most significant increases were recorded in Western Europe, South America, Africa, and South and South Asia.
Looking ahead, the study assessed five greenhouse gas emission pathways outlined by the Intergovernmental Panel on Climate Change (IPCC) for the period 2050-2100. Under high emission scenarios, where CO2 emissions continue to rise throughout the century, sudden temperature changes are expected to intensify further while the time taken for these transitions shortens. These conditions could result in a more than 100% increase in global population exposure to abrupt temperature shifts. Low-income countries, in particular, are projected to face the greatest vulnerability, experiencing a four to six-fold larger increase in exposure compared with the global average.
Conversely, projections based on medium to low emissions scenarios, which involve reductions in greenhouse gas outputs, suggest that the escalation of sudden temperature variations can be mitigated. This indicates that efforts to curb emissions could play a crucial role in limiting the increased exposure and associated risks.
The report underlines the urgent need to better understand and address these rapidly changing temperature phenomena to improve global adaptive capacities—especially in developing nations with dense populations prone to greater impacts.
Commenting on the findings, Víctor Resco de Dios, a Forest Engineering Professor at the University of Lleida in Spain, told SMC Spain that the study scientifically substantiates the saying that "time is crazy," reflecting the erratic weather patterns caused by climate change. He noted the potential severe repercussions for agriculture, such as premature flowering triggered by heat or crop loss from sudden cold, alongside serious infrastructure challenges.
Xavier Rodó, an ICREA research professor responsible for the Climate and Health Program at Isglobal, described the study as “interesting, methodologically correct and well developed.” Speaking to SMC Spain, he highlighted the particular importance of the study's focus on the impacts of sudden temperature changes on human health, an area he believes will demand greater scientific attention moving forward. He also mentioned that limitations remain in climate models’ ability to simulate average climate behaviour, which affects projections of extreme events.
The research presents a detailed picture of a climate system increasingly marked by temperature volatility, emphasising the disproportionate risks faced by economically vulnerable populations as global warming continues. It signals the necessity for enhanced global strategies to anticipate and manage the consequences of these rapid climatic changes in the decades ahead.
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