1. Introduction

Most research on TC structure and intensity has focused either on the impacts of the large scale environment (e.g. Gray 1968, DeMaria 1996, and Ortt and Chen 2007), or on the TC internal dynamics (e.g. Schubert et al. 1999 and Kossin et al. 2000). Recent work (e.g. Nong and Emanuel 2003, Lonfat 2004, and Ortt and Chen 2006) have begun to address how the large scale environment can affect TC internal processes, such as eyewall replacement. An interesting topic, presented here focuses on the role that microphysical processes can affect TC structure and intensity. Specifically, how the structure differs if a hurricane consists of super cooled water or ice particles above the melting level was addressed in a numerical modeling study by Willoughby et al. (1984) and the results confirmed by Heymsfield et al. (2006) in an observational study.
2. Model and Observational Data


The numerical model simulations used by Willoughby et al. were nonhydrostatic and did not assume gradient wind balance. The horizontal resolution was 2km for the inner-most 100km, with a resolution of 55km for r = 100-1500km. The model utilized centered differences for its computations. Three simulations were conducted, two with water microphysics and one with ice above the melting level. One of the water simulations used a dry sounding where high relative humidities (RH) were confined below 700mb, while the second used a moist sounding, with high RH below 400mb. The ice simulation used a moist sounding as well.

The observational data is from the fourth Convection and Moisture Experiment (CAMEX-4) from the NASA DC-8 aircraft that flew into Hurricane Humberto on September 22-24, 2001. Data comes from particle size distribution probes with horizontal resolutions of 25 and 100 micrometers, along with a FSSP that records data from 3 to 45 micrometers. Doppler radar with a 60m vertical resolution was also utilized.
3. Results


Results from the Willoughby et al. simulations show that a TC structure is best represented when ice microphysics are used. The ice simulation shows more realistic convective ring patterns and eyewall replacement cycles that evolve close to those observed (see Willoughby et al. 1982 for more information). The convective rings are fewer in number in the water simulations and those that do form tend to propagate inward faster than those observed, while the ice simulations feature convective rings close to observed storms (e.g. Anita, 1977) in both number and inward propagation speed.


The observational results confirm the numerical model results. Hurricane Humberto featured high ice concentrations above the melting layer, with the exception of within the convective updrafts. In these regions, super cooled water was present.

4. Conclusions


Numerical and observational results show that TCs contain large amounts of ice particles above the melting layer, except within the convective updrafts. TC structure would be dramatically altered from what we observe if these ice particles did not exist. TCs would have fewer outer convective rings and fewer eyewall replacements; however the eyewall replacements that would occur would be on a significantly shorter time scale than those observed.
