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            Abstract
Temporally inconsistent and potentially unreliable global historical data hinder the detection of trends in tropical cyclone activity1,2,3. This limits our confidence in evaluating proposed linkages between observed trends in tropical cyclones and in the environment4,5. Here we mitigate this difficulty by focusing on a metric that is comparatively insensitive to past data uncertainty, and identify a pronounced poleward migration in the average latitude at which tropical cyclones have achieved their lifetime-maximum intensity over the past 30 years. The poleward trends are evident in the global historical data in both the Northern and the Southern hemispheres, with rates of 53 and 62 kilometres per decade, respectively, and are statistically significant. When considered together, the trends in each hemisphere depict a global-average migration of tropical cyclone activity away from the tropics at a rate of about one degree of latitude per decade, which lies within the range of estimates of the observed expansion of the tropics over the same period6. The global migration remains evident and statistically significant under a formal data homogenization procedure3, and is unlikely to be a data artefact. The migration away from the tropics is apparently linked to marked changes in the mean meridional structure of environmental vertical wind shear and potential intensity, and can plausibly be linked to tropical expansion, which is thought to have anthropogenic contributions6.
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                    Figure 1: Poleward migration of the latitude of LMI away from the tropics.[image: ]


Figure 2: Observed changes in the mean environment where tropical cyclones form and track.[image: ]


Figure 3: Global trends of the latitude of LMI with ENSO variability reduced.[image: ]
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Extended Data Figure 1 Time series of annual-mean latitude of LMI calculated from the best-track historical data from each ocean basin.
The basins are those in the North Atlantic (a), the western North Pacific (b), the eastern North Pacific (c), the Northern Indian Ocean (d), the Southern Indian Ocean (e) and the South Pacific (f). Linear trend lines are shown with their 95% two-sided confidence intervals (shaded). Note that the yâ€‰axes in e and f increase downwards.
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Extended Data Figure 2 Time series of annual-mean latitude of LMI calculated from the ADT-HURSAT data from each ocean basin.
The basins are those in the North Atlantic (a), the western North Pacific (b), the eastern North Pacific (c), the Northern Indian Ocean (d), the Southern Indian Ocean (e) and the South Pacific (f). Linear trend lines are shown with their 95% two-sided confidence intervals (shaded). Note that the yâ€‰axes in e and f increase downwards.
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        Editorial Summary
Tropical cyclones pushed towards the poles
Attempts to monitor changes in tropical cyclone activity have been hampered by inconsistencies in global data sets, such as measures of frequency, storm duration and intensity. Jim Kossin and colleagues by-pass this long-standing problem by instead focusing on the latitude at which tropical cyclones reached their lifetime maximum intensity, a far more robust measurement. They find that during the past 30 years the position of peak intensity has migrated steadily poleward, at a rate of about 60 km per decade. This shift appears to be associated with changes in vertical wind shear and potential intensity, which the authors suggest may be associated with recent increases in the width of the tropical belt associated with global warming.
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