
Index

four-third earth radius approximation, 22, 217–18
airborne Doppler radar, 67, 180–2
aliasing of Doppler velocities, 88–9
altitude calculations, 217–18
amplitude of signal, 27–8
anomalous propagation, 22
antenna, 15–16, 202–4
artifacts: chaff echoes, 60–1; clutter, 43, 60–1; dual-
polarization, 106–110; noise, 106–108, 205–7; sun
emissions, 60, 107

ash, 59–60
attenuation, 23–4, 153–4, 188, 205
atmospheric refraction, 20–2
atmospheric windows, 10
autocorrelation, 230–1
aviation needs, 134–5

backscattering cross section σb: of optical and Rayleigh
targets, 13; of clear air, 15

bands, radar, 19
bandwidth of receiver, 205–7
baroclinic instability, 44
beam filling, 204, 211–3
beam width of antenna, 15–16, 202–4
bird echoes, 58–9, 106, 108
bistatic Doppler radar, 181–2
boundary layer, 76–7, 92, 124–5
bow echoes, 124, 128
Bragg scattering, 13–15, 187
bright band, 50–2, 103, 155–6

CAPE, 116
CAPPI, 38–9
capping inversion, 118: breaking, 124–5
chaff, echoes from, 60–1
CIN, 117
circulator, 202
clear air echoes, 13–15, 187
climatology: cloud occurrence, 200; convection in the
US, 118; lightning and thunderstorms, 117;
precipitation in tropics, 198–9

cloud radars, 18–19, 189–95, 200
clouds, 56, 71

clustering of drops, 209–10
clutter, 43, 60–1
complex numbers, 234–6
concept map, 6
cone of silence, 30–1
convective instability, 44
copolar signals, 94
copolar correlation coefficient, 99–101, 106–9, 213,

241
correlation between two data sets, 227–34, 238–9
cross-polar signals, 94

data assimilation, 174–9, 185, 219–21, 228
data format, 218–19
dBZ, 34, 221–3
dielectric constant ǁKǁ2, 33–4
differential attenuation, 108–10
differential backscattering phase delay δco, 98
differential phase shift Ψdp, 97–9, 241
differential propagation phase Φdp, 98–9: specific

differential propagation phase delay Kdp, 99, 213
differential reflectivity Zdr, 94–6, 241: Zdr columns,

105
distance determination, 25–7. See also range
divergence Doppler pattern, 81–3
Doppler spectrum, 66, 69, 192–5, 243
Doppler velocity, 65–6: calculation, 239–40;

divergence, 81–3; large-scale patterns, 76–80;
multiple measurements of, 180–3; Nyquist, 88–9;
rotation, 80–1; small-scale patterns, 80–3

downbursts, 83–4
drizzle, 45–6
drop-size distributions, 158–61: measurements at

W-band, 193–4
dual-Doppler: winds, 180–3; retrievals, 183–5

echo fluctuation, 28
echo structure: ash, 59–60; birds, 58–9, 106, 108; beam

smearing of, 210–12; bow echoes, 128; bright band,
50–2; chaff, 60–1; convection, 45, 127–8; clouds,
56; drizzle, 45–6; graupel, 105; hail, 54–5, 97;
horizontal speed, 49–50, 229; ice pellets, 54;
identification: 62–4, 112–4; insects, 58, 107;
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overhang, 123; rain, 44–7, 102–4; refractive index
gradients, 56–7; rimed snow, 70; severe
thunderstorms, 127–9; snow, 52–3, 103; stalactites,
53; sun emissions, 60, 107; supercell storms, 121–3,
128; tracking, 168–9, 229; trails of precipitation,
48–50; tropical cyclone, 145–7; weak echo
region, 123

elevation calculations, 217–18
emission and noise, 188, 205–7. See also

absorption
equivalent radar reflectivity factor Ze, 34
error, unit transformation of, 228
extrapolation, 168–9, 229

feed of antenna, 203
fire, echoes from, 59–60
fluctuating radar signal, 29, 208–9
forecasting: convection, 115–16, 126–32; data

assimilation, 174–9; ensemble, 170; midlatitude
cyclones, 136–40, 142–6; precipitation nowcasting,
169–71; severe weather nowcasting, 171–4; storm
initiation, 173–4; tropical cyclones, 137–9, 146–7;
widespread events, 134–6

Fourier spectrum, 231, 241–3. See also Doppler
spectrum

freezing rain/drizzle, 48, 136–7, 139–41
fuzzy logic, 113

gain of antenna, 204–5
gauge adjustments, 164–5
generating cells, 48–9
geometry of measurements,

215–21
graupel, 105. See also rimed snow
ground echoes, 60–2: and CAPPIs, 39; anomalous

propagation (AP), 23

hail, 54–5, 84: detection, 127; dual-polarization
signature, 94–7; spike, 54–5

HTI (height-time indicator), 29–30
hurricane, 140, 145–7

ice pellets (sleet), 54, 136–7
icing, 134, 139–41
in-phase signal I and in-quadrature signalQ, 27, 207–8,

236–7
insects: and updrafts, 58, 71–72; dual-polarization

signature, 106–7
instabilities (atmospheric), 44
interference echoes, 60, 62
intermediate frequency (IF), 205, 234

klystron, 201–2

latitude-longitude calculations, 216–17
Lemon severe storm criteria, 127–9
level 1–3 data, 207

lidar, 10, 193–4
linear depolarization ratio (LDR), 96, 98,

101–2
lifetime: convective cells, 44; of weather as a function
of scale, 134

local oscillator (LO), 205

magnetron, 201–2
melting layer, 50–2, 103
mesocyclon, 81–2, 129
mesoscale, original definition, 2
microwave radiometer, 193–4
Mie scattering, 12–13, 190–2, 194–5
mirror image technique, 197
mixing (receiver), 205
multicell thunderstorms, 120–1
multiple-Doppler: winds, 180–3; retrievals, 183–5, 214
multiple frequency measurements, 186–7, 191–4
MST radars, 17

networks of radars, 4–5
noise, 106–108, 188, 205–7
nowcasting, 166
nugget of autocorrelation, 230–1
Nyquist velocity vmax, 88–9

observation operators, 177, 215–21
optical scattering, 12–13
overhang echo, 123, 128

phase: of the target or of the radar return φ, 27, 65,
236–7; snow-rain transitions, 50–2, 103–4. See also
all entries on differential phase

power spectrum, 66, 69, 192–5, 241–3
PPI (plan position indicator), 29–30
products, 32, 38: CAPPI, 38–9; Doppler PPI, 80; echo-
top, 61; PPI of reflectivity, 29–30; precipitation
nowcasting, 169–71; range-height indicator (RHI),
97; rainfall accumulation, 41; severe weather
detection, 129; severe weather nowcasting, 171–4;
target identification: 112–4; velocity-azimuth
display (VAD), 85–7; vertical cross-sections, 39–40,
85, 138; VIL, 39–41, 127

pulse duration τ, 26
pulse repetition frequency (PRF) fr, 26, 88–9
pulse thunderstorm, 119

radar bands, 19
radar equation, 33, 206
radar model: CPS-9, 2; MU, 17; S-Pol, 18;
WSR-88D, 18

radar networks, 4–5
radar products, 32, 38. See also products
radar reflectivity factor Z, 32. See also reflectivity

factor
radial, 218
radial velocity, 76–9. See also Doppler velocity
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radome, 18, 24, 204
RASS (radio acoustic sounding system), 17, 73–5
rain: accuracy needs, 148–9; cold, 44–5, 102–4, 155–7;
drop shape, 93–4; dual-polarization profiles, 102–3;
echo, 44–7; estimation, 35–38, 110–12, 150–65;
flash-flood warning, 127, 129; transition to snow,
103–4; tropical climatology, 198–9; warm, 44–5,
156, 158–9

range: determination, 25–6; folding, 90; maximum
unambiguous rmax, 26

RHI (range-height indicator), 29–30
Rayleigh scattering, 12–13
receiver, 205–7
reflectivity factor Z, 32: differential (Zdr), 94–6;
equivalent radar reflectivity factor Ze, 33–4; typical
values, 36; units, 32, 34–5; Z-R relationships, 35–38.
See also structure of echoes

refraction in the atmosphere, 20–2: anomalous
propagation, 22

refractive index: echoes from gradients, 56–7;
measurements, 185–7; of air, 14; of targets, 11;
structure parameter Cn

2, 15
refractivity N, 20, 185–7
regressions, 223–7
representativeness error, 210–4
retrievals, 183–5
rimed snow, 70, 140. See also graupel

satellite imagers, comparing with, 3–5
scanning strategy, 31, 218–9
scatterers, 11–15: Bragg, 13–15, 187; Mie, 12–13, 192,
194–5; optical, 12–13; Rayleigh, 12–13

scattering efficiency factor ξs, 11–12
sea clutter, 62
shape of targets (obtained from dual-polarization): axis
ratio, 94–6; non-symmetry, 96, 101–2; shape
diversity, 99–101. See also echo structure

signal processing, 207, 234–43
signal quality index, 240
signatures of severe storms, 127–30
simulation of radar observations, 177, 215–21
size parameter γ, 12
Snell law, 20–1
snow: echoes, 52–3; estimation, 110–11, 156, 162–3;
forecasting, 136–7

sound, speed of, 74
spaceborne radars, 195–200
spectrum width σv, 28, 65–6, 68, 240
stratiform precipitation, 44

sub-refraction, 22
super-refraction, 22–3
supercell thunderstorms, 121–3, 128
surface reference technique, 197
sweep, 218
synoptic scale, 1

target: definition, 8; identification: 112–4; shapes,
94–101; types, 43. See also echo structure

TBS (three-body scattering) and hail, 55
temperature profiling by RASS, 73–5
threats from storms: anticipation, 115–16, 126, 130–2;

hail, 126; thresholds, 135; thunderstorms, 126;
tropical cyclones, 146; widespread events, 134–5;
winds, 127–9

thunderstorms: bow echoes or derecho, 124; lifecycle,
118–23; multicell, 120–1; signatures of severe,
127–30; supercell, 121–3, 128

time to independence of echo
fluctuations, 28

tornado: debris, 105–6, 130; vortex signature (TVS):
81–2, 129

tracking of echoes, 168–9, 229
trails of precipitation, 48–50, 154, 156–7
transmit-receive (T-R) cell, 202
transmissivity of atmosphere, 10
transmitter, 201–2
trapping of radar waves, 22–3
tropical cyclone, 140, 145–7
turbulence, 72, 139, 141
types of weather radars: cloud radars: 19, 190;

spaceborne radars, 195; weather surveillance radars,
17–18; wind profilers, 16–17

velocity aliasing, 88–9
vertically-integrated liquid (VIL), 39–41, 127
volume scan, 30, 218–9
volume scattering coefficient β, 11–12

waveguide, 202
waves: electromagnetic: 8–10; gravity and Kelvin-

Helmoltz, 72, 139, 141; polarized, 92–3
weak echo region (WER), 123, 128
wet snow, 103–4. See also bright band
wind profile determination from Doppler patterns,

78–9
wind profilers, 16–17, 71–4

Z-R relationships, 35–38, 110, 157–62, 223–7
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