Quantitative Error Analysis of Polarimetric Phased Array Radar Measurements
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Error statistics

> Bias
« The reconstructed KTLX RHI was formed over the Horus
measurement plane for comparison.
« To ensure accurate comparison, each elevation and time

Introduction

» The S-band fully digital planar polarimetric phased array radar (PPPAR), named Horus, was
developed by the Advanced Radar Research Center at the University of Oklahoma (OU) with
funding from the National Severe Storms Laboratory (NSSL) and the Office of Naval
Research (Palmer et al., 2023).

Comparison with WSR-88D

« The reconstructed range-height indicator (RHI) from
KTLX, a nearby operational WSR-88D radar, was used
as a reference to quantify the mean bias of Horus
measurements.
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= The fully digital design provides numerous

(b) 13-panel cross section on KTLX
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Figure 1. Depiction of the active elements used for 5- and 13-panel measurements. The dark yellow denotes the active

elements, and the lighter yellow inactive.
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As demonstrated in an earlier CPPAR data analysis (Li et
al., 2021), 11 consecutive range gates were employed as
shown,

Figure 2. Plot of observed reflectivity (Z,,) from KTLX for regions of Horus with
5 panel (left) and 13 panel (right) weather measurements at 23:44 UTC on 11
May 2023 and 22:39 UTC 4 October 2023, respectively. The blue
circle denote Horus, the black circle denotes KTLX, and the black square
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Table 1. Specifications relevant to the sensitivity of 5- and 13-panel Horus, and KTLX Figure 3. Spatial distribution of SNR, Z,,, Zsr, and gy, from Horus and KTLX measurements.
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» Guide further system development and post processing techniques for meteorological

applications.

* Further investigation into the persistently negative p,,

SyStem In weather observations. Table 2. Table of the mean biases for the differences between Horus and KTLX for each

signal-to-noise ratio (SNR) range.

appears to be necessary.

assumptions of ergodicity and local stationarity

« The 127

temporal samples selected after removing

abnormal time steps/stripes were used to calculate the

standard deviation using
. . : N-1
Standard deviation from spatial and temporal samples STD(X) = | 3 s~ X
— n+1 n
« Table 3 and Figure 4 display the calculated standard deviations for each signal-to-noise ratio (SNR) range, theoretical values, and the NOAA/NWS radar functional requirements (RFR), based on spatial and temporal sampling. \ A — 15 n=1
« The standard deviations from spatial samples exhibit lower values than those from temporal samples and theory due to the influence of spatial averaging and smoothing techniques. N the number of temporal samples;
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results are based on 13-panel measurements.
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