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Long Term Research Objectives and Strategy to Achieve Theme:

Objectives: To understand and improve coupled model simulation of AWP variability and its influence on climate and extreme weather events. 

Strategy: To diagnose the IPCC-AR4 simulations for the 20th century and perform coupled model experiments using NCAR Community Climate System Model (CCSM3).
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Research Summary: 

The Atlantic hurricane season officially starts on June 1 and ends on November 30.  An average hurricane season, based on the hurricane data from 1950 to 2000 without considering short-lived storms, has 9.6 named storms and an accumulated cyclone energy (ACE) index of 96.1 (a measure of overall tropical cyclone activity with the unit of 104 kt2). Of these 9.6 storms, 5.9 are hurricanes (categories 1-5) and 2.5 are major hurricanes (categories 3-5). The average ratio between U. S. landfalling hurricanes and total hurricanes is about 25%. The 2010 Atlantic hurricane season had 19 named storms, 12 hurricanes, 5 major hurricanes and an ACE index of 160.0, all of which indicate that the 2010 season was extremely active. However, for the 2010 hurricane season, not a single hurricane made landfall in the United States. There were 6 tropical storms and hurricanes that made landfall in Central America, and one tropical storm that made landfall in Florida. But, these were largely short-lived tropical storms that formed in the Caribbean Sea.  Excluding those that formed in the Caribbean Sea, tropical storms and hurricanes formed in the main development region (MDR; 60°W-20°W, 10°N-20°N) moved northwestward and then recurved northeastward to the North Atlantic Ocean, with the exception of two storms that dissipated near the MDR.  
Observational data from 1970-2010 (also extending back to 1950) and numerical model experiments are used to show that the Atlantic warm pool (AWP) – a large body of warm water comprised of the Gulf of Mexico, the Caribbean Sea and the western tropical North Atlantic – plays a role in the hurricane track (Figure 1). An eastward expansion of the AWP shifts the hurricane genesis location eastward, decreasing the possibility for a hurricane to make landfall.  A large AWP also induces barotropic stationary wave patterns that weaken the North Atlantic subtropical high and produce the northward and northeastward steering flow anomalies. Due to these two mechanisms, hurricanes are steered toward the northeast without making landfall in the United States. Although the La Niña event in the Pacific may be associated with the increased number of Atlantic hurricanes, its relationship with landfalling activity has been offset in 2010 by the effect of the extremely large AWP.

Research Performance Measure:  

We achieved our main objective:  To investigate the impact of the AWP on the summer climate of the Western Hemisphere using the NCAR community atmospheric model and observational data.

Figures and Captions: 
Figure 1: The simulated effect of the AWP on the NASH and steering flow from the CAM3 runs during ASO.  Shown are the simulated SLPs for the (a) large AWP (LAWP) run, (b) small AWP (SAWP) run and (c) steering flow difference between LAWP and SAWP runs.  The steering flow ((103 hPa m/s) is calculated as the vertically-averaged wind from 850 hPa to 200 hPa.  The dashed arrows are schematically drawn, illustrating the hurricane tack if a hurricane forms in the MDR.
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Research Highlights:

· Our study addresses why the 2010 Atlantic hurricane season was extremely active, but no hurricanes made landfall in the U.S.

· Observations and numerical model experiments are used to show that a large Atlantic warm pool shifts the hurricane genesis location eastward and induces the eastward steering flow anomalies, both of which are unfavorable for hurricanes to make landfall. 

