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Previous research has shown that rapid intensification (RI) of tropical cyclones (TCs) often is associated with the presence of sustained, deep convective events known as convective bursts (CBs).  Not all CBs necessarily lead to RI, however.  In this study, an analysis is conducted using Tropical Rainfall Measuring Mission (TRMM) satellite Precipitation Radar (PR) reflectivity profiles to document whether there are any systematic differences in the vertical structure of CBs in storms that undergo RI in contrast with storms that do not undergo RI.  Convective burst cases are divided into two groups.  In one group, a CB was followed by a period of rapid intensification, and in the other group, no RI occurred following the CB.

Part I of this study examines the years 1998-2005 for the Atlantic Basin only and finds differences in the slopes of reflectivity between 9 and 14 km.  The RI cases display a nearly vertical value of mean reflectivity with height in that layer, but the reflectivity decreases with height for the non-RI cases.  This difference in reflectivity slope with height suggests that vertical motions could be stronger for the RI cases.

This edition of the study examines the years 1998-2005 for all other tropical cyclone basins, and provides both supporting and conflicting evidence that vertical motions are stronger in convective bursts before a storm is ready to intensify rapidly.  The conflicting evidence is that both the non-RI cases and the RI cases from other basins display a nearly vertical profile of mean reflectivity with height in the 9 to 14 km layer, unlike the Atlantic result.  The supporting evidence will be discussed in the results section.  This study may provide evidence to aid hurricane forecasters in determining whether RI will occur given that a convective burst is present in a tropical cyclone.
Introduction.
Tropical cyclone (TC) forecasters have been unsuccessful at anticipating rapid intensification (RI) in their forecasts.  RI has been defined by a 30 kt or greater increase in maximum sustained winds in a period of 24 hours or less (Kaplan and DeMaria 2003).  Some studies have linked the occurrence of convective bursts (CBs) in TCs to RI, but there is some uncertainty as to whether internal processes or environmental factors are the greater cause for RI (Hennon 2006).  Perhaps environmental factors such as shear and sea-surface temperature trigger the formation of CBs that then lead to RI.  Ultimately, the magnitude and the distribution of latent heat release within the core of the storm is responsible for changes in intensity (Rogers et al. 2006).  The goal of this study is to determine any structural differences in the vertical profiles of radar reflectivity using the TRMM PR.  This study focuses on TCs that contain CBs and divides the cases into an RI dataset and a non-RI dataset.  The RI dataset contains CBs that occurred between 0 and 24 hours before the onset of the RI period.
Methods.
The PR is an instrument located on the TRMM satellite and is one of the two primary tools used in this study.  All of the radar data in the results come from the PR.  The TRMM satellite orbits above the tropics and has been used to track tropical weather systems since its launch in 1997.  The PR has a horizontal resolution that varies between three to five km depending on the level being observed, and it has a vertical resolution of 250 m (Kelley et al. 2004).  It senses reflectivity data from the surface to 20 km altitude.
GOES satellite imagery from the Naval Research Laboratory (NRL) TC website is the other tool used in this study.  The infrared channel is used to identify CBs so a dataset can be built.  Three of the following four requirements must be met for a case to be considered for inclusion in the dataset: 1) The size of < -70° C cloud tops must be larger than half-degree by half-degree (determined subjectively). 2) Criteria number 1 must persist for more than three consecutive hours. 3) The distance from the center of the CB to the center of the storm must be less than 200 km. 4) The minimum brightness temperature using the 85 GHz PCT microwave imagery must be less than 190 K.

Cases can only be included if there was a TRMM pass over the storm at the same time that a CB was occurring.  Cases are not included for which the center of the PR swath is greater than 300 km from the center of the storm.  The CB must be located in the PR swath for the case to have been included.  The CB also must correlate with an area of precipitation, which can be verified by comparing a GOES IR image with a TRMM PR swath at the same time for the same location.  A Matlab algorithm is used that separates convective precipitation from stratiform precipitation so that the precipitation associated with the CB can be analyzed separately.
Results and Discussion.
Part I (Hagen 2007) of the study contains 12 Atlantic RI cases and 15 Atlantic non-RI cases.  In this study of the other TC basins, there are 26 RI cases and 23 non-RI cases.  It is important to remember that this analysis is for convective precipitation only.  Figure 1 shows a graph of mean convective reflectivity with height including all of the storms in each dataset.  Notice that for all of the RI cases, the slope of the mean reflectivity with height between 9 and 14 km is more vertical than it is for the Atlantic non-RI cases, but the non-RI cases from other basins also display a vertical slope.  The difference in slope between all the RI cases and the Atlantic non-RI cases in that layer is approximately 0.36 dBZ per km, and over the entire 5 km, that yields a difference of 1.8 dBZ.  This difference in slope could mean that the RI cases have a higher upward vertical velocity in that layer acting to augment the development of precipitation.  Each storm will be analyzed individually to document the variance in slopes from storm to storm.  A t-test will be conducted at every height to investigate whether the difference in slopes between the RI and the non-RI cases is significant.
There are several other ways to analyze the convective reflectivity data.  The cases can be stratified by burst life cycle into strengthening bursts, mature/steady state bursts and weakening bursts.  The cases can also be stratified by storm intensity at the time of the PR swath.  An analysis of the average aerial coverage of convective precipitation was conducted for all four datasets.  Figure 2 shows that the RI cases displayed a larger coverage area of convective precipitation between 2 and 9 km than the non-RI cases.  It is important to realize that two storms could both have the same mean and maximum reflectivity values at a given height, but one storm may have a much larger coverage area of precipitation at that level.
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Figure 1. Mean PR reflectivity is shown as a function of height for Atlantic RI cases, Atlantic non-RI cases, RI cases from other basins and non-RI cases from other basins for convective precipitation only.
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Figure 2. The number of convective footprints, representing aerial coverage, of convective precipitation at each height for the different datasets. 
Summary and Conclusions.

Several conclusions can be drawn from this project.  The RI cases for both the Atlantic and other basins do not have higher reflectivity on average than the non-RI cases of the Atlantic basin.  This result could be due to a variety of reasons, most likely a sampling bias that is not easily controllable.  Most RI cases display a more vertical slope of mean reflectivity in the middle to upper levels of the troposphere in comparison with the Atlantic non-RI cases.  Vertical velocity differences in that layer could explain the differences in the slopes of reflectivity.  The RI cases contain a greater aerial coverage of convective precipitation between 2 and 9 km.
Ultimately, the goal of this work is to help tropical cyclone forecasters be able to better forecast rapid intensification.  Part of this future improvement can be accomplished by attaining a better understanding of the microphysical processes present in convective bursts within tropical cyclones as well as the vertical structure as analyzed by the vertical profiles of radar reflectivity.
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