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Summary of year 1 activities


The primary tasks of the first year of this project involved gathering the data and beginning high-resolution simulations of the cases flown during the TCSP field project.  Both of these tasks have been accomplished.  There were joint NOAA-NASA flights in three different systems in July 2005: Hurricane Dennis, a tropical cluster in the East Pacific which may have developed in Tropical Storm Eugene, and Tropical Storm Gert.  The Dennis flights were unique because there were P-3 and ER-2 flights into the system at various stages during virtually the entire lifecycle of Dennis, from just after it was declared a tropical storm until after landfall (Fig. 1a).  Three separate coordinated P-3/ER-2 missions were flown in Dennis, two when it was an intensifying tropical storm in the Caribbean (Fig. 2), and one when it was a hurricane in the Gulf of Mexico.  Gert was unique because it was sampled nearly continuously by the P-3’s starting nearly 24 h before it was declared a tropical depression by NHC (Fig. 1b).  There were two coordinated P-3/ER-2 missions in Gert, one prior to when it was a tropical depression, and one when it was a tropical depression.  Due to the microphysics observations that were collected (see below) and the longer lifecycle that was sampled, Hurricane Dennis is the primary focus of our efforts at this point in the project.

One of the key elements of the flights was the coordination between the P-3 (N43RF) and the ER-2.  Close coordination was required in order to collect measurements of microphysics fields (e.g., Doppler velocity and radar reflectivity) that could be compared between two independent platforms and, ultimately, with high-resolution numerical model simulations of the cases flown.  Fig. 3 shows the flight tracks for N43RF and the ER-2 during the first two missions in Dennis, overlain by radar reflectivity from the lower fuselage radar on the P-3.  As can be seen from the figure, good coordination was obtained on both days, particularly on the southeast-northwest oriented leg on the first day and during the south-north and north-south legs on the second day.  On the second day particularly interesting microphysics data was collected, as the two aircraft were well-aligned while N43RF executed a series of ascents and descents across the melting level (Fig. 4).  Flight-level temperatures as low as -2 to -4°C and peak updrafts and downdrafts of ±8 m s-1 were encountered during a portion of this leg.  Figure 5 contains a histogram of flight-level temperatures encountered by the P-3 during each of the first two flights in Dennis.  The P-3 was above the melting level about 5% of the time on the first day, and nearly 10% of the time on the second day.  These in situ measurements of frozen hydrometeors will play in important role in identifying the prevalence of ice in the developing tropical storm and provide important information when comparing the relationship between vertical motion and ice water concentration with the numerical model simulations.

A plot of P-3 lower-fuselage reflectivity (Fig. 6) at 0131 UTC 7 July shows the eyewall and principal rainband structure that was sampled by the P-3 and ER-2.  Reflectivity and Doppler velocity from a portion of the P-3 and ER-2 track centered around 0131 UTC is shown in Fig. 7.  Both aircraft sampled the eyewall and rainband feature, though notable differences in resolution are evident.  The reflectivity field shows the two cores of precipitation associated with the eyewall and rainband.  Ice crystals within the eyewall extend above 16 km, while the rainband only extends up to 13 km.  The Doppler velocities show a pronounced couplet of positive and negative values that slopes outward with height in the eyewall.  No coherent vertical motion structure is seen in the rainband from either aircraft.  Statistics of vertical motion and reflectivity from these patterns will be compared with the model and with each other to identify possible biases in the model and how they evolve with the evolving tropical cyclone.


High-resolution MM5 simulations of Dennis have begun.  Details of the model configuration include a nested 4-domain 2-way interactive setup with domain grid sizes ranging from 45 to 1.67 km.  The inner three meshes follow the storm.  Initial and boundary conditions are obtained from 1-degree GFS analyses, while the Blackadar PBL scheme is used on all four meshes and the Kain-Fritsch convective parameterization is used on the outer two (45- and 15-km) domains.  The microphysical parameterization scheme used is the five-class single-moment bulk scheme developed by Lin et al. (1983) and implemented into the NASA Goddard cloud resolving system by Tao and Simpson (1993).  The simulation of the track of Dennis, shown in Fig. 8a, shows a reasonably good track prediction during the first three days of Dennis.  A comparison of minimum sea-level pressure from two runs of the model with the best-track data (Fig. 8b), however, shows that the model is still having trouble developing Dennis as quickly and as deeply as was observed.  Interestingly, the run with only two domains actually does a better job of depicting the pressure drop than does the high-resolution 1.67-km run.   Investigations are underway to attempt to identify the reasons for this.

A comparison of model-derived reflectivity corresponding to when the first two flights occurred (cf. Figs. 3 and 9) shows that the model does a reasonably good job of producing many of the features seen in the P-3 lower fuselage images, including convective and stratiform bands asymmetrically distributed on the southeast side on the first day and evidence of bands wrapping up on the second day.  Peak reflectivity values in the model are higher than those observed, though, which is a common bias seen in comparisons of models and radar observations.  Wind speed and structure comparisons with the Doppler-derived winds from each of the first two flights (Fig. 10) shows that the model does capture the general structure and magnitude of the wind field above the boundary layer.  On the first day peak winds of about 20-25 m s-1 at 850 hPa (1.5 km for the radar observations) are seen on the northeast side of the storm, while on the second day peak winds of 35-40 m s-1 are seen in the same quadrant of the storm in both the simulation and the observations (though the area of peak winds is lower in the model than in the radar observations).  Another notable difference between the model and the observations is the size of the circulation – in the model it is larger, i.e., about 70 km to the RMW, while in the observations it is about 30 km.  This may reflect the fact that the model obtains its initial vortex from the GFS analysis, which may include a broader and weaker vortex than what was actually there.

A cross section through the simulated storm during the time of the second flight (Fig. 11) shows some sample microphysics fields from the model to provide a preliminary comparison of comparable fields obtained from the P-3 tail Doppler radar and the ER-2 (cf. Fig. 7).  The cross section through a banded feature on the east side of the simulated storm shows model-derived equivalent Doppler velocity (viewed from the perspective of the radar being located at the ground) and reflectivity along this cross section.  By comparing these fields with the radar-derived fields in Fig. 7, it is apparent that the model has a much broader area of strong vertical motion and high reflectivity.  It is not clear from this comparison, however, whether there is a high or low bias in the vertical motion (or Doppler velocity) fields, but it is clear that there is a high bias in the reflectivity fields.  Since they are based on a single cross section, these comparisons are somewhat arbitrary.  Statistically-based comparisons, which are not dependant on the choice of location of the cross section, are required to more reliably identify any biases in the simulation.

Future work

Future work will continue on both the modeling and the observational side.  On the modeling side, we will continue simulations of Dennis, with specific efforts to improve the simulation of intensity, including addressing why the 2-domain run is stronger than the 4-domain run.  Also, we will extend the simulation to the mature stage, when Dennis was in the eastern Gulf of Mexico.  This will provide the ability to compare the microphysics fields for different stages of Dennis’ lifecycle.  On the observational side, we will continue processing the data for Dennis and for flights in the other two systems (i.e., Gert and the system in the East Pacific).  Initial attention will be placed on completing the cloud physics probe processing for first the two flights of Dennis and for the flight in the Gulf of Mexico, when Dennis was a strong hurricane.  An important part of the data analysis will be to determine the coordination of the ER-2 and P-3 Doppler radars and to process both of these datasets for comparisons between each other and the simulations.  On a longer time horizon, we will look into the possibility of calculating convective/stratiform partitioning, to determine how it varies as a function of lifecycle stage.  


To compare simulations and observations, we will begin to calculate the statistics of the microphysics fields.  This will be accomplished by using the evaluation methodology described in Rogers et al. (2006), which includes comparing the means and distributions of vertical velocity, hydrometeor concentration, and reflectivity, and correlations of vertical velocity and reflectivity.  Particular attention will be paid to how well the model reproduces these statistics for the early stages of the lifecycle of Dennis (i.e., 5-7 July) and the late stages of Dennis’ lifecycle (i.e., 9-10 July).  For the times where the P-3 and ER-2 were vertically stacked, comparisons between the Doppler velocities measured from each aircraft can be made to refine estimates of particle fall speeds, especially around the melting level where graupel is more likely to be present.  The limited amount of probe measurements above the melting level can be used to compare the distributions of frozen particles from the observations with the simulated distributions.  They can also be used to compare correlations between flight-level vertical velocity and ice concentrations in the observations and the simulations.  One possible problem with these types of comparisons is the limited sample size of Doppler and in situ measurements (i.e., from only a few flights in Dennis and Gert).  This determination will be made as the analyses are performed.   It is quite possible that more flights will be required in tropical cyclones at the early stage of their lifecycle to have a more statistically robust dataset.  


Further on, we plan to begin calculating water budgets from the simulation, once a reliable control simulation is obtained, and possibly a budget from the observations.  We will need to assess the data availability to see what terms can be calculated and what will have to be estimated.  If we can accomplish this, it provides the opportunity for a unique comparison of water budgets in a simulation and an observational dataset of a tropical cyclone at the beginning and at the mature stages of its lifecycle.  We also will attempt all of these activities with Tropical Storm Gert, assuming there is sufficient time remaining in the project.
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Figure 1. Plot of time series of best track central pressure for two tropical cyclones sampled during July 2005.  Times that storm was sampled by NOAA P-3’s and NASA ER-2 are denoted by colored bars.  (a) Hurricane Dennis from 18 UTC 04 July to 06 UTC 11 July; (b) Tropical Storm Gert from 18 UTC 22 July to 06 UTC 25 July.
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Figure 2.  (a) GOES-12 infrared image of Tropical Storm Dennis at 2215 UTC 5 July 2005; (b) As in (a) but for infrared image with BD enhancement curve; (c) GOES-12 visible image of Tropical Storm Dennis at 2015 UTC 6 July 2005; (d) As in (c), but for infrared image with BD enhancement curve. (Courtesy NRL-Monterey).
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Figure 3. Plot of P-3 lower-fuselage reflectivity (shaded, dBZ) from 2212 UTC 05 July for Tropical Storm Dennis.  Flight track and times and flight-level winds (m s-1; full barb is 5 m s-1) for P-3 (black) and ER-2 (brown) are overlain.  (b) As in (a), but for 0101 UTC 07 July.
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Figure 4.  Flight-level values of temperature (deg C), dewpoint (deg C) wind speed (m s-1), vertical velocity (m s-1), radar altitude (m), and PIP liquid and ice water contents (g kg-1)  from the NOAA P-3 from 0035 to 0205 UTC 7 July.
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Figure 5.  Histogram showing percent of time P-3 aircraft was at various flight-level temperatures during (a) flight on 5-6 July and (b) 6-7 July 2005.
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Figure 6.  P-3 lower-fuselage reflectivity valid at 0131 UTC 7 July.  Line A-B denotes location of P-3 cross section in Fig. 7.
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Figure 7.  Cross sections of Doppler velocity (shaded, m/s, a and c) and reflectivity (shaded, dBZ, b and d)  from 7 July from the EDOP (a and b) and P-3 tail radar (c and d).
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Figure 8.  (a) Best track and MM5 simulated track of Hurricane Dennis from 00 UTC 5 July to 12 UTC 7 July.  (b)  Best track and MM5-simulated minimum sea-level pressure of Dennis from 00 UTC 5 July to 12 UTC 7 July.

[image: image9]
Figure 9.  700 hPa model-derived reflectivity (shaded, dBZ) and sea-level pressure (contour) of Dennis at (a) 22 UTC 5 July and (b) 01 UTC 7 July.
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Figure 10.  Comparison of 850 hPa model-derived ((a) and (c)) and 1.5-km Doppler-radar observed ((b) and (d)) wind speeds (shaded, m s-1) and wind vectors (m s-1) at various times.  (a) 22 UTC 5 July; (b) aircraft leg from 2144-2224 5 July; (c) 01 UTC 7 July; (d) aircraft leg from 0213-0300 UTC 7 July.

[image: image11]
Figure 11. (a) Model-derived reflectivity (shaded, dBZ) at 550 hPa valid 01 UTC 7 July.  Location of cross section in (b) and (c) denoted by line C-D; (b) Model-derived equivalent Doppler velocity along C-D (viewed from perspective of radar being on the ground); (c) Model-derived reflectivity along C-D.
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