Global Warming Projections and Hurricane Activity
by Gene Fry
	November 15, 2007 - Hurricanes largely bypassed the United States in 2007.  However, for the first time on record, two category 5 hurricanes (Dean and Felix) made landfall in the same year – in Mexico and Nicaragua.  Hurricanes Humberto and Noel rained heavily on the U.S., but their wind speeds barely attained hurricane status.
Predicting hurricanes in any particular year is a difficult business.  Is predicting them much farther in the future any easier?  A study published in Science (September 14, 2005) by Webster and Holland showed that strong (categories 4 and 5) hurricanes have become more frequent over the past 25 years.  Moreover, hurricane intensity (total energy – power summed over days and over areas along hurricane tracks) has increased in a way that correlates well with warmer sea surface temperatures (SSTs).  See Kerry Emanuel’s paper in Nature August 2005 (summarized in BATE – submitted 8/24/05, with Insurer Costs), as well as the update and corroboration by Sriver & Huber, summarized in BATE, September 2006, and a similar earlier study by Knutson, summarized in BATE, August 2005.
However, sea surface temperature is not the only major influence on hurricane formation and intensity.  Other influential factors besides SST include upper atmospheric temperature, relative humidity, and wind shear.
	Vecchi and Soden (“Increased tropical Atlantic wind shear in model projections of global warming” in Geophysical Research Letters, VOL. 34, L08702, doi:10.1029/2006GL028905, 2007) explored changes in these factors using 18 coupled climate model simulations by researchers around the world for the 21st Century.  The models combine the best understanding of physical processes controlling the climate system.  Some uncertainties are due to models’ difficulty in fully representing certain physical processes.  Greater uncertainties come from estimating future greenhouse gas emissions and levels.
	A key finding of the Vecchi/Soden study is a projected increase in wind shear over the tropical North Atlantic and eastern Pacific ocean basins during the 21st century.  However, wind shear is projected to decreases over the equatorial Atlantic and over the central and western Pacific.  Wind shear results from a change in direction or speed of winds between the lower and upper levels of the atmosphere.  Wind shear inhibits development and intensification of hurricanes.
	Higher wind shear in the north Atlantic and East Pacific shows up across models.  It is tied to an overall weakening of the tropical trans-Pacific "Walker circulation" - a vast loop of winds that influences climate across much of the globe.  It varies in concert with El Niño and La Niña.
	Whether the net effect of increased wind shear, warmer oceans, and other climate changes raises or lowers the number and intensity of hurricanes cannot yet be projected.  For hurricanes, greater wind shear effects oppose effects of warmer oceans.  For more information, see 	www.gfdl.noaa.gov/~gav/ipcc_shears.html.
	Meanwhile, another study raised the possibility of examining whether the current upswing in hurricane activity is similar to upswings in prior centuries.  The problem is in estimating hurricane activity before modern record-keeping began.  Researchers led by Dana Miller at the University of Tennessee (US) on September 19, 2006 published an article “Tree-ring isotope records of tropical cyclone activity” online in the Proceedings of the National Academy of Sciences of the United States of America, available at  www.pnas.org/cgi/content/abstract/0606549103v1.  The study uses variations in the ratios of oxygen-16 and oxygen-18 in tree rings from an area subject to hurricanes, centered around northern Florida (US).  Their data suggest decadal-scale variations in hurricane activity, which are positively correlated with actual (if fairly sketchy or selective) historical records of hurricane activity.  The role of drought in these variations complicates the picture.
	Nevertheless, they indicate that the 1770s, the 1800s, 1810s, 1840s, 1850s, and 1870s were periods of significant hurricane activity for their study area.  The study did not address whether any of those decades had hurricane activity as significant for the area as the period from 1992 to 2005.

