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ABSTRACT

We propose a joint research effort between NOAA/AOML/Hurricane Research Division and University of Miami/RSMAS to improve tropical cyclone (TC) intensity and rainfall forecasting by developing a climatology of TC latent heating profiles and vertically-integrated water fields.  This will be accomplished by analyzing TRMM TMI 3-D hydrometeor fields and PR vertical precipitation structure in all TCs observed by TRMM from 1998-2003 and vertical motion fields obtained by NASA and NOAA airborne Doppler radar and comparing these fields with high-resolution model simulations of TC hydrometeor, water vapor, and vertical motion fields.  Under previous NASA support, we have made significant progress in analyzing the TRMM TMI and PR data focusing on the asymmetric distribution of rain around the storms. We have completed the tropical cyclone (TC) rainfall distribution climatology and asymmetries using the TRMM TMI rainfall estimates from the 2121 available TC orbits (December 1997 - December 2000). We stratified the data by TC intensity and geographical locations. We have applied the rainfall climatology to the development of an operational tropical cyclone rain climatology and persistence (R-CLIPER) model which provides an important benchmark for the evaluation of other quantitative precipitation (QPF) techniques. We have also evaluated/validated high-resolution atmospheric model (MM5) simulations of Hurricane Georges (1998), Hurricanes Bonnie (1998), and Floyd (1999) using the TRMM observations. We plan to add two new model simulations of Hurricanes Isidore (2002) and Lili (2002). 

1. PROJECT DESCRIPTION

Preamble

This proposal is submitted in response to the NASA Research Announcement NRA-02-OES-05, and is directed to the second and fourth Research Themes given in this NRA: Retrieval Algorithms, Validation, & Multi-satellite Precipitation Analysis and Improvements in Operational Forecast Capabilities. It will utilize data from the NASA TRMM satellite and the NASA ER-2 and DC-8 and the NOAA/AOML/HRD WP-3D airborne measurements. 

a. Scientific Background

The tropical cyclone’s impacts are felt in many ways.  TC’s pose a significant quantitative precipitation forecast (QPF) problem as evidenced by the recent tragic loss of life and property from rainfall from Hurricanes Mitch (1998) and Floyd (1999). Estimates of rainfall based on radar data, satellite imagery, and numerical models offer promising avenues for improvement; however, the prediction of TC rainfall beyond 3 h has little skill for all but the most general indications. Wind and storm surge are other serious impacts that accompany a TC landfall.  Consequently, better forecasts of TC intensification are critical.  Latent heat produced during the precipitation process is a major source of energy for the TC.  As a result, knowledge of the radial, vertical, and temporal distribution of latent heating with the TC is a key factor in improving TC intensity forecasts.
Improved understanding of intensity change and QPF in TCs is one of the primary goals of the U. S. Weather Research Program (USWRP) (Emanuel et al 1995) effort on TC landfall (Marks and Shay 1998). This effort is focused on what the meteorological research community can contribute to a reduction in the disastrous impacts on the nation. Improved understanding of intensity change and QPF is also one of the three main foci of the USWRP. The varied nature of precipitation makes these topics very complex. Convection may be forced by many sources: dynamical, local thermal effects or density currents, topography, and radiative effects. Although much of the significant precipitation occurs in conjunction with these convective clouds, stratiform clouds may also account for precipitation accumulations over extended intervals. All of these mechanisms are also active in TCs, yet the vortex structure acts to dynamically constrain the smaller scale circulations that often confound better QPF. In short the TC provides a perfect laboratory for testing many of the QPF techniques. If we can't improve QPF in TCs then QPF in more typical meteorological situations may be hopeless.

Opportunities to improve QPF seem particularly promising because of improved understanding of TC precipitation mechanisms, quantitative precipitation estimation (QPE) from remote sensors (both ground and space-based), and improvements in the horizontal resolution of operational and research models so that moist non-hydrostatic processes, which occur on small scales, may be represented better. There is little, if any, previous work focusing on validating model performance on QPF in TCs, even though this represents one of the areas of large model uncertainty in tropical weather systems over the ocean. This lack of attention is partly due to the lack of accurate observations of the distribution and evolution of rain in TCs. There is an urgent need for accurate, high quality observations of the horizontal distribution and vertical structure of precipitation in TCs to validate current operational and research models. There is also a clear need for better model initialization and data assimilation techniques to maximize the impact of TRMM precipitation estimates on high resolution mesoscale model data assimilation and forecasts.

One of the main goals of TRMM is to provide the temporal and spatial distribution of the heating and hydrometeor profiles in the tropics (Tao et al. 2001).  Latent heating from tropical cyclones is an important part of this dataset.  Current methods for determining latent heating profiles from TRMM rely on model output as used in the Bayesian approach (reference???), since the vertical velocity profile is not known.  High-resolution mesoscale models produce the vertical velocity characteristics in TCs fairly well, as has been shown by the work done by Marks and Chen in the previous TRMM grant.  However, current work being performed by Rogers, funded by NASA as part of the CAMEX field program, indicates that models continue to have a problem with accurately linking the microphysics to the vertical velocity profile in TCs.  Improving the linkages of hydrometeor profiles with vertical velocity fields will improve the retrieval of latent heating profiles.  Such an improvement can be accomplished by comparing airborne Doppler vertical velocity data (NASA EDOP and NOAA P-3's), TRMM PR, and in-situ microphysics with output from high-resolution simulations of TCs.  These comparisons will allow us to further compare model results with the TRMM TMI hydrometeor climatology and improve the TRMM microphysics retrieval algorithm, resulting in an improved TC latent heat data base and, therefore, an improved specification of the profile of latent heating.










b. Results From Prior NASA Grant

During the first two years of the project (under the grant NAG5-10963/S-10234-X), the PIs and a graduate student (Mr. Manuel Lonfat) at the University of Miami/RSMAS have made significant progress in analyzing the TRMM TMI and PR data focusing on the asymmetric distribution of rain around the storms. We have completed the tropical cyclone (TC) rainfall distribution climatology and asymmetries using the TRMM TMI rainfall estimates from the 2121 available TC orbits (December 1997 - December 2000). We stratified the data by TC intensity and geographical locations. The results are summarized in Lonfat et al. (2002a). Asymmetries are calculated relative to the storm motion vector within fifty 10 km rings out to 500 km from the center. Both the magnitude and orientation of asymmetries vary with intensity, from the front-left quadrant for TD-TS, to the front-right quadrant for hurricanes. Surprisingly, category 1-2 hurricanes show stronger asymmetries than TD-TS and major hurricanes. This relationship will be further explored in the third year. We have applied the rainfall climatology to the development of an operational tropical cyclone rain climatology and persistence (R-CLIPER) model (Marks et al. 2002). An important use of the R-CLIPER is to provide a benchmark for the evaluation of other more-general QPF techniques. The R-CLIPER development is partially supported by NOAA. 
To evaluate the TRMM PR 3-D reflectivity in TCs, Lonfat et al. (2002b) have compared the PR data with the NOAA/AOML/HRD P-3 airborne radar data (Fig. 1) …..[NEED INFO FROM MANUEL]. 

We have begun to evaluate and validate high-resolution atmospheric model (MM5) simulations of Hurricane Georges (1998), and continue to finish up the analysis of Hurricanes Floyd (1999) and Bonnie (1998) using the TRMM observations (Tenerelli and Chen, 2000; Rogers et al., 2002, Orndorff et al. 2002). The modeling effort is partially supported by NSF, ONR and JPL. Fig. 2 shows the TRMM PR CFADs for Hurricanes Floyd and Bonnie, which indicate some similarity in vertical reflectivity fields for both storms. In comparison MM5 produces relatively higher reflectivity values than the TRMM PR in both cases (Fig. 3). In addition, a graduate student at RSMAS has completed a study of the airborne GPS dropsondes and AXBTs to evaluate surface heat fluxes and boundary layer structure in the marine boundary layer of Hurricanes Floyd (1999) and Bonnie (1998) (Kramer, 2001).  This study will yield useful information in understanding surface-based processes that modulated the structure and intensity of those storms. 

One of the goals of these studies is to improve the representation of the physical process in the high-resolution models using TRMM data. We start by examining the vertical distribution of the TRMM TMI hydrometeor fields. Fig. 4 shows a distinctly different vertical hydrometeor distribution for Bonnie compared with Floyd that seems to be inconsistent with the PR reflectivity fields (Fig. 2). Furthermore, MM5-simulated hydrometeor fields for the two storms show some similarity away from the inner core regions. We have presented our results at the TRMM Latent Heat Workshop (Chen et al 2001) and the TRMM science team meetings.

One of the co-investigators on this proposal, Rogers, is currently funded by NASA through the CAMEX program to evaluate and improve microphysical parameterization schemes in hurricane environments using in situ and remotely-sensed microphysical and vertical motion data.  This work has found some notable biases in the microphysical distributions when compared to PMS probe data and flight-level vertical motion fields.  For example, Fig. 5 shows CFADs of reflectivity for the Floyd simulation and vertical incidence radar data taken from a variety of storms as presented in Black et al. (1996) for the eyewall regions.  In both distributions the reflectivity is the highest in the lowest levels and is nearly constant with height up until the melting level.  Above the melting level both distributions decrease with increasing height as hydrometeors fall from the updrafts.  One notable difference, however, is that the simulated reflectivity distribution for Floyd contains a significant percentage of values (10-20%) that are greater than the values from the VI radar.  This is a common problem for tropical cyclone simulations (e.g., Liu et al. 1997) that may reflect problems with hydrometeor production and fallout.  (It is also possible, however, that some of these differences may be attributable to the Z-M relationship used to calculate reflectivity from the hydrometeor fields in the model.)  Another difference is that the slope of the CFAD just above the melting level in the simulation is less than the observed slope from the radar data, indicating that the hydrometeor fallout may be occurring too slowly in the simulation.
A comparison of PMS probe data from the P-3 and DC-8 penetrations into Hurricane Bonnie and an equivalent sample in the simulation of Hurricane Bonnie (Fig. 6) shows that the model tends to produce more ice and rainwater for stronger upward motions than what is observed by the probes.  Probe data show very little correlation between upward motion and rainwater mixing ratio, with mixing ratio values around 0.2 g kg-1 for all values of upward motion (Fig. 3a).  Values of simulated rainwater mixing ratio, on the other hand, approach 1.6 g kg-1 for the strong vertical velocities and show a strong positive correlation between upward motion and rainwater mixing ratio (Fig. 3b).  Similar relationships are evident for ice mixing ratio (Figs. 3c-d).  These differences are further evidence of a possible problem in the specification of hydrometeor production and/or fallout in the parameterization scheme.
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Figure 1 Comparison of TRMM PR and NOAA/AOML/HRD P-3 reflectivity fields for Hurricane Bret (199).
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Figure 2 TRMM PR CFADS for Floyd (left) and Bonnie (right).
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Figure 4 TRMM TMI total hydrometeors for Hurricanes Floyd (left) and Bonnie (right).

[image: image1.png]>

955

45

40

35

ETY

o5

25.5|

(w) spmuel




[image: image9.jpg]Height (km)

Frequency distribution (%) of eyewall reflectivity

e Y

=

268 Eyewall Passes _|

%

il i '
20 25 30 35
Mean Reflectivity (ABZ)









(a)






   (b)
Figure 5.  CFADs of eyewall reflectivity from (a) vertical incidence data from Black et al. (1996) (%) and (b) 24-h time period from MM5 simulation of Hurricane Floyd (%)
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Figure 6.  Correlations of vertical motion and hydrometeor mixing ratio from PMS probe data (a and c) and from MM5 simulation of Hurricane Bonnie (b and d).  Figures (a) and (b) are taken at 650 hPa; Figures (c) and (d) are taken at 300 hPa.
c. Objective and Working Hypothesis

The main objective of this study is to improve TC intensity and rainfall forecasts. We expect that vertical distributions of hydrometeor and latent heat release play a critical role in the evolution and structure of TCs. To accomplish the main objective we have designed our data analysis and model simulations to address the following questions:

· What are the vertical structures of the hydrometeor and latent heating in TCs and how do they affect the TC intensity and rainfall?

· To what extent can the combined TRMM TMI hydrometeor and NOAA/AOML/HRD airborne Doppler radar vertical velocity data sets be used to evaluate/validate high-resolution model simulation of TCs?

· What are the impacts of the TRMM TMI and PR precipitation, hydrometeor, and reflectivity fields on high-resolution model initialization and forecasts of the TC intensity and rainfall?

d. Data and Model

Data

We propose to use the TRMM TMI and PR to estimate the vertical structure of hydrometeors and latent heat in TCs. The TRMM satellite was launched November 27, 1997 into a near circular orbit of approximately 350 km in altitude with an inclination of 35 degrees to the equator and a period of 91.5 minutes. The TMI is a 9 channel, 5 frequency, linearly polarized, passive microwave radiometric system. The instrument measures atmospheric and surface brightness temperatures at 10.7, 19.4, 21.3, 37.0, and 85.5 GHz. Each frequency has one vertically and one horizontally polarized channel, except for the 21.3 GHz frequency, which has only vertical polarization. TMI has a conical scanning geometry, rotating continuously about a vertical axis, receiving upwelling radiation from 49˚ off nadir. Upwelling radiation is recorded over a 758.5 km swath, covered by 208 ~3.65 km resolution pixels. TMI is similar to the Special Sensor Microwave/Imager (SSM/I) instrument flown on the Defense Meteorological Satellite Program (DMSP) satellites with the addition of polarized 10 GHz channels, common scan geometry for every scan, and roughly twice as many pixels per scan.

The PR is an active 13.8 GHz radar, recording energy reflected from atmospheric and surface targets. The PR electronically scans every 0.6 s with a swath width of 215 km. Each scan contains 49 rays sampled at ~4.5 km resolution across track. For a given ray, the samples are recorded at 125 m intervals starting a fixed distance from the satellite to below the surface. PR products are referenced to the level of the earth ellipsoid at 250 m resolution.

The TRMM Science Data and Information System (TSDIS) processes TRMM data from the PR and TMI into data products oriented toward measuring rainfall in the tropics. In the first 3 years following the launch of the TRMM spacecraft 221 TCs were sampled passing within 500 km of a TC center. At a distance of 500 km from the center at least half of the TC is visible with the TMI for use in developing the spatial distributions.

There are eleven Level 2 TRMM products for satellite and ground validation (GV) data. For satellite data, only the TMI and PR have Level 2 data products. For the purpose of this study we are only interested in the surface rain estimates from three Level 2 data products:

(1) 2A-12, TMI Profiling 

Surface Rain: The instantaneous rain rate (mm h-1) at the surface for each pixel. Ranges from 0-3000 mm h-1, multiplied by 10 and stored as a 2-byte integer. 

Vertical Profile of hydrometeors (GET DESCRIPTION FROM MANUEL)

(2) 2A-25-R1, PR surface rain

Near Surface Rain Rate (array size nray x nscan): Estimates of rain rate near the surface. It ranges from 0-3000 mm h-1 and is multiplied by 10 and stored as a 2-byte integer. 

Model 

The proposed study will employ the fifth generation Penn State University/NCAR nonhydrostatic mesoscale model (MM5, Grell et al., 1994) to conduct the numerical simulations. The MM5 is a fully nonlinear, primitive equation, nonhydrostatic mesoscale model that has a well-demonstrated ability to simulate tropical cyclones (e.g., Liu et al., 1997; 1999; Karyampudi et al., 1998; Braun and Tao 2000, Braun 2002; Bao et al., 2000, Rogers et al., 2002, Chen et al., 2002, Tenerelli and Chen 2002).  A detailed description of the model equations and coordinates is given in Grell et al. (1994).  Briefly, the model uses a reference-state pressure to define a s-coordinate.  The perturbation from this reference state is then the predicted variable rather than the full pressure.  The model variables are thus pressure perturbation, horizontal and vertical wind components, temperature, specific humidity, and, depending on the choice of microphysical parameterization schemes, cloud water, cloud ice, rainwater, snow, and graupel.

Recently, Prof. Chen’s research group at RSMAS/UM has developed a vortex-following nested-grid that allows long integration with very high grid resolution in the inner core region of hurricanes. We use four-level nests with 45, 15, 5, and 1.67 km grid spacing, respectively. The three inner domains move automatically with the storm. The model has been used successfully to simulate Hurricane Bonnie 1998 (Rogers et al. 2002), Hurricane Georges 1998 (Orndorff et al. 2002), and Hurricane Floyd (Chen et al. 2002, Tenerelli and Chen 2001, 2002). The model initial and lateral boundary conditions (for the outer-most domain) are from the NCEP AVN analysis fields. We use the time-varying Pathfinder 9-km resolution SST data as lower boundary conditions. For the first time a high-resolution model is able to capture the development of the concentric eyewalls and an complete eyewall replacement cycle that was observed in Hurricane Floyd. A 6-day long animation of MM5 simulation of Floyd precipitation field can be found at http://orca.rsmas.miami.edu/floyd. 

e. Work Plan

The TRMM TMI and PR data analysis will be conducted by the PI (Marks) and a postdoc at RSMAS/UM. The comparison of the TRMM observations and MM5 simulations and sensitivity simulations of the data impact on model initialization and data assimilations will be conducted by the Co-PI (Chen) and her research group including a research associate and Mr. Lonfat at the University of Miami using local computer resources. Dr. R. Rogers and Mr. M. Black  at HRDwill assist in the simulation comparisons with TRMM observations and compare these simulations with vertical incidence Doppler radar analyses of vertical motion and reflectivity taken from the NOAA/AOML/HRD WP-3D’s.. The proposed study will proceed in the following steps:

a) Year one (2003-2004):


· Analyze TRMM PR 3-D reflectivity and produce CFADs for the eyewall and rainband regions.

· Compare TRMM PR data with the NOAA/AOML/HRD WP-3D airborne radar reflectivity data from selected TCs during 1998-2002 for the Atlantic region.

· Analyze the high-resolution MM5 simulations of Hurricanes Bonnie (1998), Georges (1998), and Floyd (1999) in the same way as for the radar data and compare the results with both the TRMM PR and NOAA WP-3D radar CFADs.

· Compare the vertical profiles of the moisture and hydrometeors from the NOAA/AOML/HRD WP-3D with MM5 simulations to evaluate/validate model results.
· Compare both the airborne data and MM5 simulations with TRMM TMI microphysics data.
Strategy: The main goal of the first year is to document the vertical profiles of reflectivity from the PR and NOAA WP-3D aircraft to insure that both radars are seeing a consistent vertical profile of hydrometeors. These vertical profiles can be converted to hydrometeor mass using reflectivity-mass relations. Then the radar reflectivity profiles will be compared with vertical profiles of vertical velocity from the coincident NOAA WP-3D. Correlations between vertical velocity and reflectivity from the NOAA WP-3D will be used to determine the relationships between vertical motion and hydrometeor mass. These relations will be compared to those from the MM5 simulations to determine how well the model distributes the hydrometeors. The key to determining the vertical profiles of latent heat is these correlations. These relations can be used to produce latent heat profiles from the PR data globally.

b) Year two (2004-2005):


· Stratify the analyses of TRMM PR and TMI microphysics by TC intensity and geographical locations over all TC basins and compare them with the rainfall distributions from Lonfat et al. (2002).

· Conduct an extended analysis of the TC vertical velocity field with both MM5 and NOAA/AOML/HRD WP-3D airborne radar data. 
· Compare model simulated latent heat profiles with TRMM TMI data. 

· Provide TC model simulated microphysics and latent heat data sets to the TRMM science team for improvement of the TMI and PR latent heat profile algorithms.

Strategy: Compare TMI vertical hydrometeor profiles and PR reflectivity profiles. Use the comparison to extend the PR results. Determine differences in rainfall and latent heat profiles from different intensity storms, basins, and atmospheric conditions. 

c) Year three (2005-2006):

· Construct three- and four-dimensional mesoscale gridded analyses using both conventional global analysis fields and special data sets, including TRMM satellite and NOAA/AOML/HRD airborne observations, for model initialization with a pre-simulation data assimilation cycle in the MM5 modeling system.

· Implement the 4D VAR procedure with TRMM TMI and PR data.

· Conduct sensitivity simulations of Hurricane Floyd (1999), Hurricane Bonnie (1998), and Hurricane Lili (2002) with and without TRMM data in the initialization.

Strategy: During this year it is anticipated that obtain a great deal of knowledge of precipitation horizontal distribution and vertical profile of the moisture and hydrometeors in TCs in time and space. The focus for the last year is to explore the impact of TRMM and other additional data on the MM5 initial conditions and simulations of Floyd, Bonnie, and George and continue to compare model results with observations. We will determine the best combination of moist physics scheme and data assimilation/initialization methods that will maximize the impact of TRMM TMI and PR and other observations on MM5 forecasts and analyses of hurricanes. We will use the results from Year 2 to guide our implementation of 4D VAR initialization of TRMM data. The results of Karyampudi et al. (1993) suggest that four dimensional assimilation combined with a high resolution mesoscale model will likely make the best use of precipitation and vertical moisture profile data. We will use the best model setting from the 4D VAR experiments. Comparisons between control and TRMM data simulations will be used to assess the error correlations and hence the influence functions. It is quite likely that these will differ greatly from those in 4D VAR.
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2. MANAGEMENT APPROACH

3. PERSONNEL

Dr. Marks has been active in the area of precipitation processes in TCs for the last 22 years as a member of the NOAA/AOML/HRD (he is currently acting director), publishing numerous papers on the precipitation structure and kinematics of the circulation in TCs. He has been active in the USWRP Hurricane Landfall activities (co-chairing the PDT-5 and Workshop) and was a member of the TRMM science team and the CAMEX-3 and 4 science teams. 

Dr. Chen has experiences in data analysis using satellite data over the tropics and high-resolution modeling of tropical convection using MM5. She has conducted a series of MM5 simulations of tropical convective systems during TOGA COARE using MM5 with multi-nested domains and improved model physics. In addition to PI's modeling work, Dr. Chen's recent research has been investigating the multiscale variability of tropical deep convection and its relation to the equatorial large-scale circulation using the GMS IR data, satellite MSU data, the ECMWF global analysis fields, TAO and IMET surface measurements, and other COARE datasets over the western Pacific warm-pool region (Chen et al. 1995; 1996; Chen and Houze 1997a; 1997b). These works have linked a broad range of time and space scales from seasonal average fields, through intraseasonal variability, down to individual mesoscale cloud clusters observed over the western Pacific warm-pool region. Dr. Chen has a long track record using numerical model as a tool to study convective cloud systems, from midlatitude MCSs (e.g., Chen and Frank 1993) and coastal cold-air outbreak events (Chen et al, 2001), tropical cloud systems over the western Pacific (e.g., Chen 1997, Su et al. 1999 and 2000, Mechem et al. 2002), to tropical cyclones (e.g., Tenerelli and Chen 2000, Chen et al. 2002, Rogers et al. 2002). The PI’s expertise in high-resolution modeling of the tropical cyclones and midlatitude weather systems as well as her work on observations of tropical moist convection and large-scale will be an important asset for the proposed research.
Dr. Rogers is a cooperative employee through the University of Miami and the Hurricane Research Division who has experience in performing numerical simulations of midlatitude and tropical convective systems (e.g., Rogers and Fritsch 2001; Rogers et al. 2002) and developing new techniques of data assimilation (e.g., Rogers et al. 2000; Nuissier et al. 2002).  Current work centers on improving tropical cyclone QPF by studying the impact of vertical shear and storm motion on the distribution of rainfall from tropical cyclones.  Additional work involves evaluating the performance of microphysical parameterization schemes in tropical cyclone environments by comparing them with in situ observations of hydrometeor distributions and identifying ways in which they can be improved.  
Mr. Manuel Lonfat has been working with the TRMM TMI and PR data over the last three years and has produced two manuscripts on the climatology of TC surface rainfall distribution. He is receibiant of the NASA ESS fellowship. Mr. Lonfat has acquired most of the necessary technical tools to working with the TRMM data.
Mr. Michael Black is a NOAA employee at the Hurricane Research Division and is currently the director of HRD’s annual Field Program.  He has extensive experience in studying airborne radar and GPS dropsonde observations to investigate tropical cyclone structure (e.g., Black et al. 1996).  Current work involves investigating the impact of vertical shear on the structure and evolution of tropical cyclones as revealed through radar and dropsonde data.
*CVs – MARKS AND CHEN

4. FACILITIES AND EQUIPMENT

5. BUDGETS

Budget Justification

NOAA/AOML: 

Dr. Marks requests 1-month salary support for organizing the data analysis effort. NOAA/AOML/HRD will provide salary support for a second month. He will be working closely with the graduate student, Manuel Lonfat, on TC rainfall climatology. Dr. Rogers requests 4-month salary support to assist in performing the simulations and developing the software to compare the simulations with airborne radar vertical motions and reflectivities.  Mr. Black requests 1-month salary support to collect and process the airborne radar data to be used in the model intercomparisons.  The software licenses for the IDL software package are necessary for processing the TRMM orbit data sets. TSDIS stores data in the Hierarchical Data Format (HDF) and distributes a number of software tools (e.g., orbit browser, etc.) to access the data using IDL. We need to make those tools available for another UNIX workstation and a Mac to do the analyses proposed. The pilot study was done on existing machines that are unable to handle the larger volume of data needed for the complete climatology. NOAA will provide the UNIX workstation and the Mac. Similarly, the EXABYTE drive and disk space are for the UNIX workstation to enable reading the orbit data from tape and storing for processing. Each orbit of TMI data is approximately 97 Mb. Hence, the 1089 orbits for the TCs viewed in the first 13 months takes up almost 98 Gb of disk space before being reduced to the 1000 km radius region around each storm, and roughly 10 Gb after reduction. The PR data sets will be comparable. Travel funds are requested to attend meetings of interest (AMS conferences and TRMM-related meetings and workshops). We anticipate 6-7 of these meetings over the 3-year term of the effort.

UM/RSMAS:

Dr. Chen is requesting 10% salary support for leading the effort of using TRMM data to validate model results and advising postdoc and research associate in this project. We are also requesting a 9-month salary for a post-doc associate and a 10% salary support for Mr. Joe Tenerelli, a research associate at UM/RSMAS, who will provide computer software support for both TRMM data analysis and modeling effort. All proposed MM5 simulations will be run at UM/RSMAS. UM group will also be responsible for data analysis related to model validation including TRMM TMI and PR data. All MM5 simulations will be run on a 28-processor Sun Enterprise 6500 Sever at RSMAS/UM. We request $5,000 equipment support to purchase additional storage disc space for the model simulations.

6. CURRENT SUPPORT

Frank Marks:

JHT:  
“Development of a Tropical Cyclone Rainfall Climatology and Persistence (R-CLIPER)



Model”

6/17/02-6/17/03


$45K


1 man-month

NASA:  “Systematic Biases of Microwave Rainfall Products of Tropical Cyclone Scenarios 


(CAMEX-4)"


2 year (10/1/02-9/30/04)


$70K


4 man-months/year
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