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Introduction

This paper supplements the author's papers "An Exploration of Several Candidate Variables for a Radar-Based Lightning LLCC for Anvils" dated 9 March 2004 and "A Note on the Effects of Truncation Threshold on Radar Average, Volume Integral and Layer Thickness" dated 17 March 2004.  It reports the results of similar analyses on the proposed LLCC variable ACIntSum11x11 and compares it with the volume integral already considered.  It also examines how well WSR-74C and WSR-88D variables correlate.  To avoid duplication, the reader is requested to refer to the previous papers cited above for a description of the data set and the general techniques used in the analysis.
There is one difference between the data set used in this paper and that used in the previous one.  Since I wanted to do scatter plots between the 88D and 74C, I deleted all records from which either radar was missing in any of the variables examined in this or previous papers. That reduced the sample size from over 2000 to 967 points, mostly due to deleting several whole days in which one radar or the other was not available. 

Correlation of ACIntSum with Volume Integral

ACIntSum is computed by summing the 121 column integrals produced from the 1x1 column average reflectivity times the column cloud thickness.  The volume integral is produced from the 11x11 average reflectivity times the average cloud thickness. Thus in a cloud of uniform reflectivity and thickness, the two quantities would be related by

ACIS = 121* VI                               (1).

The actual relations in the real data are extremely close to eq. (1) as shown in Table 1.

	Radar (threshold dBZ)
	Slope
	Intercept
	r2

	88D (-10)
	121.08
	-47.83
	0.9988

	88D (0)
	120.80
	-37.43
	0.9988

	74C (-10)
	119.02
	12.74
	0.9984

	74C (0)
	120.58
	-13.67
	0.9991


Table 1.  Linear regression results for ACIS as a function of VI.
All four of the scatter diagrams look alike.  The one for the NEXRAD with a -10 dBZ cutoff is shown in Figure 1 as an example.  The relationship between the two seems so direct that there should be no need to choose which one is "better" from a physical point of view.  The determination of which to use can be made based on considerations of ease and practicality of implementation.
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Figure 1.  ACIntSum as a function of the corresponding Volume Integral for the WSR-88D (NEXRAD) radar using a -10 dBZ cutoff.  The brown line shows equation (1).

Threshold Bias
The biases due to the cutoff at 0 dBZ are the same for this reduced data set as they are for the larger set reported previously and are not shown again here.  The bias in the ACIntSum, like that shown previously for the volume integral, is slightly positive at low values for the WSR-74C data and negligible at all values for the WSR88D.  This is no surprise given the results above suggesting that the ACIS and VI are interchangeable.  The scatter plots are presented in Figures 2 and 3.  As with the volume integral, the bias in the average reflectivity and the bias in the thickness are of opposite sign and tend to cancel.  Like the VI, the ACIS is less affected by this source of bias than either the average reflectivity or the thickness.
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Figure 2.  Scatter plot of ACIntSum generated using a cutoff of 0 dBZ as a function of the corresponding value generated using -10 dBZ for the WSR-74C.
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Figure 3.  Scatter plot of ACIntSum generated using a cutoff of 0 dBZ as a function of the corresponding value generated using -10 dBZ for the WSR-88D.

Radar Variable Minima vs. E-field
ACIntSum behaves exactly like the volume integral when its minimum is plotted against the electric field.  Again we see the existence of a threshold E-field above which there is no correlation between the minimum of ACIS and the field, but below which the minimum ACIS falls off rapidly, and again this transition region is at E-field values below 5 kV/m.  The charts for the WSR-74C and WSR-88D are shown respectively in Figures 4 and 5.
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Figure 4.  Minimum ACIntSum computed using the -10dBZ cutoff as a function of E-Field for the WSR-74C.
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Figure 5.  Minimum ACIntSum computed using the -10dBZ cutoff as a function of E-Field for the WSR-88D.

Correlation of the Two Radars
If we compute the average, thickness, volume integral and ACIntSum using the same cutoff from both radars, we would hope the results would be the same.  They aren't.  In fact, the scatter is surprisingly large in all four variables.  Ideally, the linear regressions should all show a slope of 1.00 and an intercept of 0.00 with r2 = 1.00.  Table 2 shows the actual values for a cutoff of - 10 dBZ.  Table 3 shows those for a 0 dBZ cutoff.  As expected the VI and ACIS results are indistinguishable.  Scatter plots corresponding to Table 2 are presented in Figures 6 through 9.
	Variable
	Slope
	Intercept
	r2

	Average
	0.842
	-0.446
	0.736

	Thickness
	0.964
	2.037
	0.566

	Volume Integral
	1.256
	-3.386
	0.875

	ACIntSum
	1.235
	-330.9
	0.874


Table 2.  Linear regression results for WSR-74C as a function of WSR-88D using a cutoff of -10 dBZ.
	Variable
	Slope
	Intercept
	r2

	Average
	0.713
	2.193
	0.651

	Thickness
	1.036
	1.111
	0.609

	Volume Integral
	1.170
	2.052
	0.869

	ACIntSum
	1.170
	260.3
	0.874


Table 3.  Linear regression results for WSR-74C as a function of WSR-88D using a cutoff of 0 dBZ.
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Figure 6.  WSR-74C average reflectivity as a function of WSR-88D reflectivity using a cutoff of -10 dBZ.  The brown line shows where the two radar averages are equal.

Note from Figure six that the WSR-74C is systematically lower than the WSR-88D and that this bias increases with increasing radar reflectivity.  This is consistent with an attenuation effect although I believe this data set was attenuation filtered.
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Figure 7.  WSR-74C cloud thickness as a function of WSR-88D thickness using a cutoff of -10 dBZ.  The brown line shows where the two radar thicknesses are equal.

Note from Figure 7 that the WSR-74C is systematically higher than the WSR-88D and that this bias decreases with increasing radar reflectivity.  The high bias is not consistent with an attenuation effect. The trend toward a reduced difference (less positive bias) at higher reflectivity is consistent with an attenuation effect.

Figures 8 and 9 show that the volume integral and ACIS again appear interchangeable and the difference between the two radars is significantly smaller and less systematic for them, especially in the primary area of interest at the low end of the range of the variable.

Conclusions
1.  ACIS and Volume integral can be used interchangeably. The selection of which one to base a rule on should be made based on considerations of implementation.

2.  The ACIS/VI variables are significantly more robust to differences in cutoff threshold and choice of radar than either the average or thickness, yet retain the property of having a threshold value below which fields are small.

3. The differences between the two radars are not negligible.  Any LLCC should be based on data from the more conservative radar so that the operational use of the rule is not radar dependent.
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Figure 8.  WSR-74C volume integral as a function of WSR-88D VI using a cutoff of -10 dBZ.  The brown line shows where the two radar VIs are equal.
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Figure 9.  WSR-74C ACIntSum as a function of WSR-88D ACIS using a cutoff of -10 dBZ.  The brown line shows where the two radar ACISs are equal.
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