{Measurement uncertainties of}

Vertical air motion in convective

and stratiform rain from profiling
radars during TWP-ICE



50-and 920-MHz Wind Profilers near Darwin, Australia




920 MHz Reflectivity, (dBZ), 19-20 January 2006
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a. 20 January 2006, 03:05 UTC, 50 MHz Spectra
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b. 920 MHz Spectra (Reflectivity Density - dBZ/(m/s))
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a. 20 January 2006, 00:00 UTC, 50 MHz Spectra  b. 920 MHz Spectra (Reflectivity Density - dBZ/Am/s))
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a. 20 January 2006, 03:05 UTC, 50 MHz Spectra
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a. 20 January 2006, 03:05 UTC, 50 MHz Spectra
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a. Observed Doppler Velocity Power Spectrum, 20 Jan 2006, 03:05 UTC, 9.7 km
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a. Observed Doppler Velocity Power Spectrum, 20 Jan 2006, 03:05 UTC, 9.7 km
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a. Observed Doppler Velocity Power Spectrum, 20 Jan 2006, 03:05 UTC, 9.7 km
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b. Observed and |deal Doppler Velocity Power Spectra
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Q. How do we estimate the uncertainty of this summation?
A. We simulate it using Monte Carlo simulations.




Monte Carlo Simulation

1) Find moments of spectrum

2) Construct ideal (noiseless) Gaussian spectrum

3) Replicate realistic spectrum:
a) Add uncertainty to the noiseless Gaussian spectrum
b) Construct Ny . separate noisy spectra (N, = 3)
c) Average spectra to generate realistic spectrum

4) Calculate moments of realistic spectrum

5) Repeat steps 3) and 4) 1000 times

6) Calculate the mean & STD of moments

7) Mean represents measurement bias

8) STD represents measurement uncertainties



Velocity Uncertainty is defined as Standard Deviation (STD) of mean velocity
moments from 1000 simulations with the same (SNR, Spectrum Width) pair
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Construct a look-up table:
For each (SNR, Spectrum width) pair, look-up the radial velocity uncertainty

Radial Velocity Uncertainty for 50 MHz Profiler Observations, m/s
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Distribution of Observed SNR and Spectrum Width Pairs

Number of Occurances of (SNR Spectrum Width) pairs, 155 Hours with Raln 260,000 pixels
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Velocity Uncertainty vs. Spectrum Width: 50-MHz Profiler

50-MHz Profiler Radial Velocity Uncertainty vs. Spectrum Width, 155 Hours with Rain, 260,000 pixels
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Velocity Uncertainty can be estimated for all radars collecting Doppler velocity
power spectra. This plot is for the 2835-MHz profiler that had N, = 10.
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Construct a look-up table:
For each (SNR, Spectrum width) pair, look-up the radial velocity uncertainty

Radial Velocity Uncertainty for 2835 MHz Profiler Cloud Mode Observations, m/s
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Summary Comments

Monte Carlo Simulation used to construct many realistic Doppler velocity
power spectra

Moments are estimated for each spectra
Standard deviation of moments represent the measurement uncertainty
Velocity uncertainty dependent on SNR and spectrum width

Velocity uncertainty ~1/10 of spectrum width (W) for 50-MHz profiler
vertical air motion estimates (“W/N,,?)

Velocity uncertainty ~1/100 of spectrum width (W) for 2835-MHz profiler
vertical air motion estimates (“W/N,,?)

TWP-ICE vertical air motion data files will contain both estimate and the
measurement uncertainty

Monte Carlo Simulation can be used to develop a look-up table for all
future observations

Technigue can be applied to any radar that uses spectral processing
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