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The now-famous “Perfect Storm” (PS1) of late October and early November 1991 over the northwest Atlantic Ocean was a high-impact cyclone that produced high winds, phenomenal waves, and coastal flooding along the eastern coast of the US. PS1 formed as a baroclinic system within a highly amplified flow pattern and as the result of converging air streams representing arctic, midlatitude, and tropical source regions. The intensification of PS1 was specifically assisted by the interaction of a significant upper-level transient potential vorticity (PV) anomaly (PV1) with the lower-level vorticity and tropical moisture remnants of Hurricane Grace (HG). The resulting oceanic cyclone later became an unnamed hurricane as a core region of secluded warm air, higher winds, and deep moist convection developed over the Gulf Stream. 


Much less well known is that prior to the formation of the unnamed hurricane phase of PS1, a second intense surface cyclone (PS2) formed in a region of deep moist convection focused along the surface warm front extending east from PS1. Low-level PV generation within PS2 in the presence of strong mesoscale forcing for ascent and moist absolute instability during the development of PS2 appeared to closely resemble the formation of a diabatic Rossby vortex (Moore and Montgomery 2005). Further intensification of PS2 occurred as the low-level PV anomaly rapidly propagated eastward across the North Atlantic, interacted with an upper-level PV anomaly of Arctic origin, and deepened from a sea level pressure of 999 hPa to 949 hPa in 24 hours to the west of Great Britain. A backward trajectory analysis of PS2 revealed converging air streams representing direct links to HG, PS1, and the Arctic PV anomaly.


Similarly unknown, a third cyclone (PS3) formed upstream of PS1 and PS2 and resulted in widespread socio-economic and urban disruption as more than 50 cm (5 cm) of snow (ice) submerged portions of the upper Midwest of the US. A period of temporary blocking induced by PS1 and the Unnamed Hurricane supported the poleward movement of PS3 from the western Gulf of Mexico to Hudson Bay in association with a poleward (equatorward) surge of tropical moisture (arctic air) downstream (upstream). Backward trajectories throughout the development of PS3 indicated air parcel residence time within the HG-PS1-PS2 system, the Gulf of Mexico, and two significant upstream upper-level PV anomalies.


The presented research will focus on (1) the favorable environmental conditions for the impressive cyclogenesis events and (2) the dynamical linkages between the “Perfect Storms”. 

