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Figure 11. RHI of (a) mean Doppler velocity (V in m/s) and (b) turbulence severity index (EP in
cm?/3sec-!) for 1112 GMT 12 August 1983.

= §3 =



s
6
+
2
e
§
é
S
»’3-

Figure 12. PPI of (a) mean Doppler velocity (V in m/s) and (b) turbulence severity index (EP in
cm?3sec!) for 1106 GMT 12 August 1983.
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Another issue influencing spectrum width estimation is contamination due to
illumination of extraneous scatterers. At low elevation angles, clutter can bias the spectrum
width estimates as discussed in Zrnic’ ef al., (1983). Sidelobe illumination of storm features
can place large spectrum widths in regions of light turbulence. Thus general structural
information can be of value in interpreting the significance of large spectrum widths.

Point targets such as aircraft and birds and extraneous RF pulse interference can also
cause significant bias errors in spectrum width estimation. The effect of such targets can be
alleviated to some extent by filtering based on reflectivity/spatial signatures which are
inconsistent with weather signals.

Finally, we remark that spectrum width estimation accuracy even in the absense of
biasing influences is related in a complex way to several parameters including the width itself,
the signal-to-noise ratio, and the number of weather samples used in the calculations. Other
radar parameters such as the maximum unambiguous velocity are also important. Pulse pair
estimators are based on a Gaussian weather spectrum assumption and become inaccurate for
very narrow and very wide spectrum widths. Doviak and Zrnic’(1984) and the references
cited therein should be consulted for quantitative details. We also note that there are data
(Labitt, 1981; Janssen and VanDerSpek, 1985) indicating that weather spectra deviate from
the Gaussian shape in a significant number of cases. Janssen and VanDerSpek (1985) state
that this is true for 25% of the cases they analyzed.

3.5 Stationarity

As mentioned in a previous section, when computing the radar layered turbulence
products, we assumed that the spatial distribution remained essentially constant over the
period of a radar volume scan (the maximum time is about 5 minutes). From the analysis of
the storm characteristics (i.e., storm size and vertical development), the pilot’s report of
cloud development, and the computed turbulence patterns for adjacent volume scans it
seems reasonable to expect that the non-stationarity present on time scales on the order of
the volume scan period did not seriously affect the turbulence estimates reported here.
Figures 13, 14 and 15 show the reflectivity, spectrum width, and turbulence severity indices
for three successive volume scans extending over an eleven minute period. While temporal
development is evident, no large scale variations are noted.

3.6 Summary of Section 3

In summary, a common feature appearing in this study and in the study by Labitt
(1981) is that radar ¢ lr/ 3 values are much higher than corresponding aircraft estimates of

€ lr/ 3 The accuracy of Doppler radar-derived e lr/ 3 estimates is dependent upon the
accuracy of second moment estimates and the assumptions made in the derivation of Eq.

(8). The elrf 3 estimates calculated from Eq. (8) rely heavily on the assumptions of
homogeneity and isotropy. These assumptions may not rigorously hold within thunderstorms,

particularly in the regions of turbulence generation. The error in ¢ 1r/ 3 due to a lack of
homogeneity is unknown. In addition, the neglect of wind shear contributing to spectrum

widening may result in overestimates in ¢ lr/ 3 particularly for light turbulence levels.
Furthermore, owing to the fact that radar observations were not coordinated in time and
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Figure 13. PPI of layered reflectivity (DZ in dBZ) at (a) 1031 GMT, (b) 1036 GMT and (c) 1042
GMT on 12 August 1983 illustrating the development of the storm.
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Figure 14.

PPI of layered spectrum width (SW in m/s) at (a) 1031 GMT, (b) 1036 GMT and (c)
1042 GMT on 12 August 1983 illustrating the development of the storm.
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Figure 15. PPI of layered turbulence severity index (EP in cm?3sec™!) at (a) 1031 GMT, (b) 1036
GMT and (c) 1042 GMT on 12 August 1983 illustrating the development of the storm.

- 58 -
























