ABFM Field Campaign 24 June 2001

Initial Analysis Summary (Revised 25 Sept 02)

Francis J. Merceret/NASA/KSC/YA-D

A description of the weather conditions involved in the 24 June 01 mission and an overview of mission operations are provided in separate documents.  This presents a summary of the discussion of specific features that took place during the regular bi-weekly ABFM data analysis teleconference on 19 September 2002.  

I. Analysis will be based on NEXRAD due to attenuation of 74C.  As shown in Figure 1, a heavy band of showers passed over the WSR-74C (X=0, Y=0) near the beginning of the mission.  Cores in these showers peaked above 60 dBZ with large regions above 50 dBZ.  These values correspond to more than 10 dB attenuation with a non-hydrophobic radome at C-band.
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Figure 1.  NEXRAD reflectivity 24 June 2001, 18:20 - 18:25Z

The attenuation shows clearly in the plots of reflectivity along the flight track as presented in Figures 2 and 3.
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Figure 2.  NEXRAD radar reflectivity (dBZ) along flight track 18:20 - 18:30Z

In Figure 2, note the NEXRAD peak values just below flight level after 20:25Z exceed 20 dBZ and the values at flight level after 20:23:20 continuously exceed 15 dBZ.  In Figure 3, the corresponding WSR-74C reflectivities are about 10 dBZ lower, consistent with
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Figure 3.  WSR-74C radar reflectivity (dBZ) along flight track 18:20 - 18:30Z

the attenuation expected from the wet radome attenuation model posted elsewhere on the ABFM website.

Throughout the entire mission, rain continued to fall over the 74C.  Figure 4 shows the reflectivity near the end of the mission.  Reflectivity ranged from 30 to 40 dBZ following the passage of the squall line until the end of the flight.  These reflectivities correspond to WSR-74C radome attenuation of several dB.  My subjective impression from looking at all of the MER plots from both radars was that the actual attenuation was about 5 dB.
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Figure 4.  NEXRAD reflectivity 24 June 2001, 19:56 - 20:01Z

II.  Scatter plots confirm attenuation, and are consistent with the validity of a "10 Km box at 5 dBZ" rule.  Scatter plots (not shown here) of electric field magnitude as a function of reflectivity along the flight track or in a 5 Km box about the aircraft did not indicate a reliable assurance that low reflectivity always corresponded to low fields.  On the other hand, with either radar, a 10 Km box about the aircraft produced a definite reflectivity threshold below which fields were always less than 3 KV/m.  Figures 5 and 6 respectively show the WSR-88D and WSR-74C scatter plots.  The only significant difference is that the threshold for the 88D is about 6 dBZ but the threshold for the 74C is about 2 dBZ.  This is consistent with systematic attenuation in the neighborhood of 5 dB as discussed above.

[image: image5.png]Max_Emag va average dBz Skr and above for 10km box, 010624 1755 2030

20

15 20 25 30

Mo Emagli]

10

NEXRAD
1815

1ess 2015 2030

1835

1815 135 1855

1755





Figure 5.  WSR-88D E-field magnitude as a function of reflectivity 17:55 - 20:30Z
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Figure 6.  WSR-74C E-field magnitude as a function of reflectivity 17:55 - 20:30Z

III. "Old" and "New" processing of NEXRAD data.  In all subsequent discussion here, the radar data will be the 2 Km smoothed data, designated "old" on the website.  I could find no significant difference between the "old" and the "new" (unsmoothed) data processing, and there were more figures available with the old data at the time this was prepared.

IV. Transitions between strong and weak fields - Type I - weak fields are essentially zero and quiescent.  The two cases presented below as well as one other not presented here but discussed on the telcon all took place at the northeast end of a racetrack pattern aligned NE-SW as shown in the Operations Summary on the Synthesis Page for this day.  Figure 7 shows a flight segment with a turn at the northeast end where these cases occurred.
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Figure 7.  Flight segment 18:35 - 18: 40Z.  Flight level is 9 Km.

Case A.   Figures 8 shows entry and exit of the low field region.  The field transition at entry is extremely rapid. At 18:33:35 the field is about 30 KV/m.  Fifteen seconds later the field is near zero.  At the aircraft speed near 100 m/s, this equates to lateral field gradients of 20 KV per meter per kilometer. Radar reflectivity and cloud particle concentrations both fall significantly in the low field region, but reflectivity along the flight track never falls below 10 dBZ where a significant field is present.
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Figure 8.  Microphysics, E-field and Radar (MER) plot 18:30 - 18:40Z 24 June 2001

The radar "dropout" near 18:35 is typical of similar events seen elsewhere in both the 88D and 74C flight track data.  It is probably an artifact of radar thresholding and binning. It does not affect manual analysis of the data, but could be a problem for automated analysis software.

The extremely sharp edges to the electric field seem to be typical.  When the aircraft leaves the cloud as indicated by reduced reflectivity and particle concentrations, the fields vanish.  The fields do not extend beyond the edge of the cloud, and frequently do not extend to the edge.
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Figure 9.  MER Plot 18:40 - 18:50Z 24 June 2001

Case B. Figures 9 and 10 respectively show the entry and exit of the low field region on another leg of the same pattern in approximately the same location.  The behavior of the variables is similar in this case as in the previous case, with one additional twist.  At 18:43:40 (Figure 9) and 18:54:30 (Figure 10), the vertical component of the electric field at the aircraft changed sign while the field remained large.  These two locations were within less than 5 Km of each other, and I believe the Citation penetrated a charge center located in that area.
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Figure 10.  MER Plot 18:50 - 19:00Z 24 June 2001

Another leg in this same region produced similar results between near 1920Z.  Similar examples can also be found near 18:23Z and 19:40Z.

V. Transitions between strong and weak fields - Type II - weak fields are significantly greater than zero and active. In a few cases, the magnitude of the vertical component, Ez, of the electric field dropped to near zero but the total field magnitude remained as high as 10 KV/m.  Both the total field and Ez showed structure indicating substantial spatial variability of the field. An example occurred near 20:00Z.  Figure 4 above shows the environment.  The aircraft was circling while descending near location X=70, Y=70. It was at an altitude of about 5 Km at 20Z.
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Figure 11.  MER Plot 20:00 - 20:10Z 24 June 2001

The left hand end of Figure 11 shows that Ez is irregular but relatively small in this region while the total field remains around 10 KV/m. The aircraft is flying through and then along the bottom of a high reflectivity region and briefly appears to exit the cloud between 20:01 and 20:02Z.  It is possible that the Citation was at the same altitude as a nearby charge center.  This is consistent with the large fields and sign changes near 20:04Z that occurred when the aircraft left the circle and proceeded westbound to return to base.  Indeed, it suggests that the charge center was just west of the circle.

A similar event can be found near 19:28Z.

VI. Conclusions.  Several things are suggested by this case.


A.  It is possible to repeatedly sample an identifiable region of a cloud and get consistent, repeatable measurements.


B.  Electric field spatial gradients in active convective regions can be and frequently are quite large.


C.  The "10 Km, 5 dBZ" LCC rule candidate suggested by analysis of less electrically active systems seems to also work in this case, an extremely electrified severe weather day.


D.  At least in some cases it appears likely that the approximate location of identifiable charge centers can be determined from the aircraft data augmented by radar.  This may be useful for analysis purposes.


E.  Attenuation can be a severe problem for quantitative use of the WSR-74 C for both ABFM data analysis and operational purposes.  Acquisition of a hydrophobic radome for that radar would greatly enhance its operational capability in times of widespread rainfall.


F.  These data are consistent with the pattern on less active days: E-fields are small outside of clouds.  Even within clouds, the fields appear to become small before the cloud edge is reached, although a quantitative assessment has not yet been undertaken to determine the details. This may support some relief in the standoff distances related to triggered lightning.  It may not be applicable to standoff distances related to natural lightning.

