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1. Introduction d  System-induced uncertainty

A well-designed and constructed radar system is a premise to acquire high quality radar data. The system-induced uncertainty (due to system noise, instability, and other system imperfectness) is - T T T | kil ™ & N T NIRRT NI TR Tt
one of major concerns in assessing the quality of radar system. However, it is usually hard to be quantified 1 | H | W W RN H H }’\ o 5

| |

| lh |

In practice, measurement precision and system stability are primary questions to be answered for an T _ T o i 1
operational weather radar system. For weather radar, the measurement uncertainty can be discerned through the radar data because the sampling-induced error is ubiquitous. It is important to exclude the i | | Zi | i
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as the variation of radar moment estimates. Considering the random nature of the radar return from sampling-induced effect when quantify the system-induced uncertainty. The next section introduces a novel ‘ H |
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hydrometeors, the sampling effect is generally the major factor contributing to the statistical method to quantify the system-induced uncertainty for the purpose of radar system assessment s u
fluctuation of moment estimates. Here, this uncertainty is regarded as “sampling-induced — T e =
uncertainty”. On the other hand, the system hardware imperfectness such as noise and instability 3. SyStem Assessment | 5 | | 5
may cause the “system-induced uncertainty”. The latter uncertainty, which has less dependence on cpe ne . . b | WWMWWWWM - | Tl — Lo W/WWWMWMMW
the sampling configuration and has been less addressed in previous literatures, is of more importance - Quanhﬁcatlon of Measurement Error Usmg Point-Mode Data - { e ’r Ve i ] MW”““ W’””“‘“me ST ML
for radar users to assess the quality of a radar system. The point-mode surveillance indicates that the radar data are collected with radar antenna pointing . ] M “Ill 60 L | WWWM\WH i .

at one specific direction. It is reasonable to assume that the microphysics of precipitation in the same radial

Recently, the Enterprise Electronics Corporation (EEC) has proposed a robust and easily s . . _ .
would keep the same within a very short time period (dwell time is only up to a couple of seconds).

implemented approach to quantify the measurement error of weather radar. The proposed method

Figure 4. A-scope of point-mode raw data (Z,, Zyz, P, Figure 5. The same as Fig. 4 except for using the setting
Dyy W,, and V,) collected by C-band MHP radar using  two (10:34:22UTC, 29 July 2015). As compared to Fig. 4,

applies the point-mode scanning strategy, which helps to quantify the measurement error more Therefore, the MIEHSUrS T Ere) (st.andard deviation o,) can be quantified with two consecutive point- the setting one (10:34:31UTC, 29 July 2015). These the noisiness of moments have been much reduced.
accurately than popular texture analysis method. More importantly, the system-induced error can be mode measurements (i.e., moment estimates), x, and x,, by Egs. (7-9). images show quite noisy moments in precipitation The p,, data also tend to be slightly higher, implying the
isolated from the total measurement error. As a result, it is particularly helpful for assessing the S @ (7)) sesmes et T e e GO region (with high p,) due to the short dwell time (=0.05 better data quality, which is due to a long dwell time
overall quality of an operational weather radar system. X1 =x)+e&; X =)+ & (7) B e s) data sampling. (0.85 s) data sampling.
(xy — x5 |2) = (le; — &,|2) = 202 (8) * Eq. (8) shows that the variance of (x,-x,) should
7?2 M t U taint be twice of the error variance. The following filtering
: easuremen ncertainty * Eq. (9) gives the error estimate using data criteria are utilized to find
—_ _ 2 ~ _ 2 . . . . . . . . . . 0200?. .......................
The measurement uncertainty is usually characterized by the statistical fluctuation of radar Ox = \/O.SX(le x,|%) = \/O.lexl X512 (9) averaging by assuming the ergodic precipitation con'tlnuous., hprfflp}‘:ta:s; .. AR,
moment estimates. Mathematically, the measurement uncertainty is quantified as a standard Process. \r/vefe:fc)hnerwcljtata ;gnd e " — |
deviation (SD) of the estimates. O Quantification of System-induced Error by Different Samplings e P - P
W Sampling-induced uncertainty The measurgment error estimated -m Eq. (9) includes both system-induced and .samplmg-mdu.ced . SNR20 dB BT o e ST T
_ o , errors. The system-induced error can be isolated from the total error through removing the sampling- . -0.98 . . _ _

Based on the sampling theory of random hydrometeors, the sampling-induced uncertainty of induced error with the following equations /;hv 2005 Figure 6. The histogram of the moment  Figure 7. The same as Fig. 6 except for the
six radar moments: reflectivity (Z), radial velocity (V), spectrum width (W), differential reflectivity ' exture of pv >. differences between two consecutive rays:  setting two. Itis shown that the variation of
Z..), differential phase , and cross-correlation coefficient are given in the followin 2 _ 2 2 T () 82, {b) A2y, (€] Apy,, and (d) 2D, The  sample ditference has been eifectively
](c o) | P (Cde) ) 5 & Odata1 = Osystem T Osampling1 * Eq. (10) indicates that the two datasets have data were collected with setting one and  reduced with longer dwell time data
ormulas. 12, 0.5 5 L 5 same system-induced error but different limited by 0.1<W<2 m/s. The histograms  sampling.

SD(Z) = 3.24(o, M) 0> (1) SD(Zpr) = 4.62 (m) (4) Odataz = Osystem T Osampling? (10) sampling-induced error. show a large variation of sample difference.

05 52 . " * Eq. (11) gives the ratio of sampling-induced Table: Statistics of SD values for f : 07 /29 /2015
SD(V) = i( Ton ) | (2) Sp(d. ) = 303 (Prz=1 0-5 : m = SXRPUngl _ Mz PRTZ (11) errors, which is inversely proportional to their « The sampling-induced able: Statistics of SD values for four radar moments (event 07/29/2015)
T \32VnM (Pap) = 30. (avnM) (5) sampling? 1R dwell time ratio. error may have the
2 . 2 2 e Fq. (12 1 h - maior effect on radar Phv>0.98 & 0.5>W>0.1 1.673 0.310 0.0036 2.050 7140
SD(W) = 2 (M)O.S (3) D — 053 1—phy 6 Tsystem = (MTdataz = Idatar)/ (M = 1) (12) canellineStZI:ZC;f;t Iiel,vs{/;fcefzqcé’;ld;'izg errorey datJa quality because Setting One rr;l/ S
T \128VnM (pny) = 0. (oo )05 (6) g piing : SN B (pulse_number=39, | Pn>0.98 & 1>W>0.5m/s 1.550 0.273 | 0.0036 | 1.867 | 23496
_ . . . ) . . . PRF=800Hz) Ph>0.98 & 1.5>W>1 m/s 1.366 0.229 0.0033 1.545 22123
where Gvn—4W';/Z\PI':T the noc;)mlilllzid spec;corum fW'dIth: A tZeVJail‘aeraleength (m); T ;hﬁ (pu/ls)e (1 Data Collection and Processing gene”riilly uzeiashort om>098 & 2>W>1.5m/s | 1185 | 0.184 | 0.0030 | 1.228 | 15269
repetition perio , second); M the number of pulses; an the Doppler spectrum width (m/s). L , _ _ , well time data
qu (1-3) :re st e DaviEle s Zite (1993p) 1) Fae. (-6 ane tZien frFZ)m Melnikov (2004) From Egs. (7-12), quantification of system-induced error requires at least two consecutive point-mode sermallin s ) $>:O.98&0.5>W>0.1 0.726 | 0.086 | 0.0022 | 0.588 | 5080
- \L- - \FT . . . . . . . . | etting Two
lheselformulasassumelradar echoesihaving sl Hieh sienalktonoise rato (SNRI(eis: =20d8)! measurements with the same sampling configuration and two set of such datasets with different sampling - The srstemindied (pulse_number=255, | Pn>0.98 & 1>W>0.5m/s | 0.691 | 0.074 [ 0.0020 | 0572 | 18629
' configurations. error is small in MHP PRF=300Hz) pn>0.98 & 1.55W>1m/s | 0.501 | 0.068 | 0.0020 [ 0525 | 5515

Fig. 1 _ShOWS the theoretical samp!mg-mduced errors of radar data. sampled with O!WG” time The case study has used the data collected by the German Meteorological Service (DWD)’s C-band radar. Pr>0.98 & 2>W>15m/s | 0375 | 006z | 00021 | 0431 | >82
of 80 me. It IIS s.eentt.hat th.ebelrrorihcruglrilly deper;d on ’Iche spet;trum W"?':thf V\;eather S|gna:. ;’he polarimetric weather radar (MHP). Two different sampling settings as follows were used. e The system-induced TR osWsoT T oezz 004 T 00031 | 93330
error.s.o polarimetric variables (the row) also rely on the magnitude of cross-correlation . | | | error is less affected by | iy
coefficient p,,,. Setting one: Setting two: the sampling effect. Estimated System  [" 5 2098 & 15>W>0.5m/s | 0-6002 | 0.0366 | 0.0019 | 0.3671

* PRF: 800H:z * PRF: 300Hz _ Error on>0.98 & 1.55W>1m/s | 0.3906 [ 0.0415 | 0.0019 [ 0.3837
e — — 1 - * Pulse number: 39 * Pulse number: 255 * The system-mduced o098 & 2W-1.5m/s | 02516 | 0.0454 | 0.0020 | 03250
=T R v S R 09| 2oon sinczoe ‘ * Gate width: 25 m * Gate width: 25 m error is less affected by Mean System Error 0.4664 | 0.0419 | 0.0020 | 0.3522

1 ] Zj ] e Gate number: 4800 e Gate humber: 4800 the phySical property of
- s S TR W S S S weather signal.

/ 5. Conclusion \

This study investigates the measurement uncertainty of weather radar, which can be ascribed
to two types: sampling-induced and system-induced. A novel method, which is based on the
processing/analysis of weather data collected in radar surveillance with the point-mode, is proposed to
isolate the system-induced error from the total measurement error. The proposed method can be used
as an effective tool for the system assessment of weather radars.
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Figure 1. Example of C-band (5 cm) radar theoretical sampling-induced errors (SD values) for six moments: Z, V, W, Z.,
@, and p,,,. The dwell time is 100 ms (e.g., PRF=600Hz, sample number=60). Low SNRs (or p,,,) would enlarge the errors.




