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	Hurricanes are the costliest natural catastrophes in the US.  Recent work suggests that global hurricane activity plays an important role in the oceans’ thermohaline circulation, and thus on climate.  Global warming should lead to an increase in oceanic heat transport from the tropics toward the poles.
	Global climate model predictions of the influence of global warming on hurricane frequency are highly inconsistent.  The data show no detectable trend in the global annual hurricane frequency.
However, theory and modeling predict that hurricane intensity should increase with warmer global mean temperatures.  Prof. Kerry Emanuel (MIT) defined an index of the potential destructiveness of hurricanes.  It is based on the total power dissipated, integrated over the lifetime of the storm.  This index has increased markedly since the mid-1970s.  The trend is due to more intense storms and longer storm lifetimes, courtesy of warmer oceans.
Hurricanes’ net power dissipation is highly correlated with tropical sea surface temperatures (SSTs).  This reflects well-documented climate signals, notably global warming and long-term oceanic oscillations.  It suggests that future warming may lead to increased hurricane destructive power.  With more people near coasts, this portends much higher hurricane-related losses to come.
	Basic theory establishes a quantitative upper bound on hurricane intensity, as measured by maximum surface wind speed.  When accumulated over large enough samples, statistics of hurricane intensity are strongly controlled by this theoretical potential intensity.  This potential intensity increases with global warming.  Thus, actual storm intensity should increase with time.  Recent detailed predictions from many global climate models supports this.  Tropical oceans have warmed about 0.5°C.  But hurricane observations are not yet detailed enough to clearly observe the changes predicted for warming this small.
	The power of wind rises as the cube of wind speed.  So do actual dollar losses from wind storms.  So does the total power dissipation index (PDI).  The PDI is the wind’s power in a storm, summed over its surface area affected by a storm, then summed over its lifetime.  PDI is measured in energy.  It reflects the total power dissipated by a storm over its lifetime.
A PDI is difficult to evaluate using historical data.  The data seldom include storm areas, especially as storms evolve over time.  However, studies show that radial profiles of wind speed are generally geometrically similar.  In contrast, peak wind speeds are barely correlated with storm area.  Thus variations in storm area seem to introduce random errors in estimating PDI.
	Variations in surface air density and drag coefficient, used in calculating PDI, are significant factors below wind speeds of 75 mph.  However, they are modest to minimal factors above that speed.  Since PDI is dominated by high wind speeds, Emanuel defines a simplified PDI, based on the top sustained wind speed at the standard 10 meters altitude.  This PDI is a better indicator of hurricane damage than frequency or intensity alone.
	To emphasize long-term trends, Emanuel’s PDI is summed over an entire year and over each of Earth’s hurricane regions, then filtered to dampen the effect of year-to-year variation.
	The PDI for the North Atlantic (Caribbean and Gulf of Mexico) and its September mean tropical SST (°C) shows a strong relationship between the two time series (R2 = 0.65).  This suggests that tropical SSTs exert strong control over total hurricane energy, the PDI.  Two well-known oceanic oscillations are also evident.  However, the large PDI upswing in the last decade is unprecedented.  It probably reflects global warming.
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	Likewise, the annual, smoothed PDI for the western North Pacific (China, Japan, etc.) is strongly correlated with July-November mean smoothed SSTs there (R2 = 0.63).  The upswing in SST since 1975 is unique in the past 70 years.
	The data for the two regions combined shows a slightly stronger relationship (R2 = 0.69) with SSTs.  Rising tropical SSTs since 1975 have been generally ascribed to global warming.  This suggests that the upward trend in hurricane energy (PDI) is at least partly man-made.
	The large increase in power dissipated is due to a combination of more intense and longer lasting storms.  The mean peak wind speed effect in the two regions rose by about 50% since 1949.  It takes storms longer to reach higher wind speeds and longer to wind down.  So stronger storms last longer.  The mean duration of hurricane-strength storms rose by about 60%.  Storm duration is strongly correlated with peak intensity (R2 = 0.74).
	Total North Atlantic hurricane PDI (energy dissipated) more than doubled in the past 30 years.  Meanwhile, the western North Pacific PDI rose 75%.  The combined PDI nearly doubled over the past 30 years.  That’s 5% for every 1°C rise in tropical SST.  SSTs warmed half that much.  So peak winds should have grown only 2–3%, and the PDI (using wind speed cubed) by 6–9%.  With longer storm lives, PDIs should have grown 8–12%.  Actual PDI change was far greater. Why?
	SST gives only the potential PDI.  Hurricanes do not respond directly to SST, but also to the whole temperature profile of the troposphere.  A potential PDI summed over a year and both regions, but using the potential maximum wind speed, closely follows the SST.  However, this PDI rose by 10% over the 75 years, rather than the predicted 2–3%.  Air temperatures did not keep pace with SSTs.  This raised the potential intensity.  Given the observed increase of about 10%, the expected increase of PDI is about 40%, taking into account the increased duration of events.  This is still short of the observed increase.
	The rest can only be explained by changes in other factors known to influence hurricane intensity, such as vertical wind shear and the temperature distribution of the upper ocean.  There is some indication that sub-surface temperatures have also been increasing, which reduces the negative feedback from storm-induced mixing, leaving stronger storms.

