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Figure 5.16. Same as figure 5.15, but from 0642 UTC to 0725 UTC.
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Figure 5.17. Same as figure 5.15, but for 0729 UTC to 0807 UTC.

40



0840 UTC 0845 UTC 0849 UTC
Figure 5.18. Same as figure 5.15, but from 0812 UTC to 0849 UTC.
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Figure 5.19. Max Kpp (deg/km) compared to observed rain rate (in/hr) for all
tropical storm data. The black line is the data trend line. Calculated r values were
0.587.
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Figure 5.20. Max reflectivity values (dBz) compared to observed rain rates (in/hr)

for all tropical storm data. The black line is the data trend line. Calculated r values
were 0.614.

43



2.50

2.00

1.50

1.00

R(KDP) Calculated Rain Amount (in)

0.50

0.00
0.00 0.50 1.00 1.50 2.00 2.50

Observed Rain Amount (in)

Figure 5.21. R(Kpp) calculated rain amounts compared to the observed rain
amounts. The black line is a one-to-one line, while the red line is the data trend line.
Calculated r values were 0.873.
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Figure 5.22. Z-R calculated rain amounts, based on reflectivity values
corresponding to max KDP values, compared to the observed rain amounts. The
black line is a one-to-one line, while the red line is the data trend line. Calculated r
values were 0.829.
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Figure 5.23. Z-R calculated rain amounts, based on max reflectivity values,
compared to the observed rain amounts. The black line is a one-to-one line, while
the red line is the data trend line. Calculated r values were 0.809.
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6. Conclusion

For convective storms that produced heavy amounts of precipitation, defined
as producing greater than one inch of rain per hour, Kpp was shown to be a robust
product. Though mostly used as a part of another product, such as QPE, Kpp
provided data that is much less biased in the presence of hail. This study found that
the maximum Kpp value found one nautical mile or closer to an automated weather
observation sensor has a stronger relationship to rain rates than strictly base
reflectivity. Tropical cyclones, however, proved to have stronger relationships with
both Kpp and base reflectivity, but base reflectivity had the stronger of the two
relationships.

Three different methods were use to compare estimated rainfall amounts to
observed rainfall amounts. Two of the methods are used by the WSR-88D’s Radar
Data Acquisition unit (RDA), while the third has not appeared in literature. The two
known methods, R(Kpp) and the basic Z-R relationship both overestimate the
rainfall amounts. The new method used the same Z-R relationship, but instead of
using the maximum reflectivity values, used the reflectivity values associated with
the maximum Kpp values. This method proved to provide rainfall estimates that
more closely matched in situ observations.

This research validated the notion that Kpp does indeed have a stronger
relationship with rainfall rate, demonstrating that Kpp is strong enough to function
as a stand-alone product to help forecasters identify and warn of areas of high
precipitation rates. Instead of monitoring for prolonged periods of high base

reflectivity values as an indication of high rain, Kpp can be monitored instead. High
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values of high Kpp over prolonged periods, or even extremely high Kpp values over
short periods of time appear to correlate very well with high rain rates. Future
work should expand away from using just the maximum values in close proximity to
the observation site and instead use an area-averaged representation of Kpp values
within range. Also, further study into using only base reflectivity values associated
with the Kpp values as part of the Z-R rainfall estimate is recommended, as the
present research found that method to provide a more accurate estimation of rain
amounts. Since few tropical cyclones have undergone landfall in the United States
since all the WSR-88D upgrades came online, it is further recommended that the
tropical portion of this study be reexamined in a few years after more events have

taken place.
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