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EarthCARE CPR: 1% radar of its kind: What Doppler results to expect?

H Launch f XT scan | Observables
TRMM PR 1997 Ku v V4
CloudSat CPR 2006 W X V4
GPM DPR 2014 Ku, Ka v V4
RainCube PR 2018 Ka X V4
EarthCARE CPR 2024 w X Z,V,S
P(v)

Power
spectrum

I
I

| v

Vv Doppler
mean velocity




ECPR Idealized spectrum

ay(h)
h  Range-weighting

function
A
i
> | # =500m
i 1

l ¥

Along-track

oy(x)
Horizontal
antenna pattern

B(x)
Velocity fading

direction

P(v)

Reference
spectrum

ECPR
spectrum

@ Reference moments: (Zg, VR, Sr)
@ lIdealized moments: (Zip, Vip, Sip)
@ NUBEF bias: Vip # Vr
@ Spectral broadening: Sip > Sr
@ Pulse-pair moments: (Zpp, Vpp, Spp)
@ NUBF, broadening

@ random, noisy
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ECPR (PRF = 7 kHz) from sub-orbital APR3 in ORACLES (PI: dr. Jens Redemann)

Parameters Ku-band |Ka-band |W-band
Frequency (GH2) 134 36 | UR
Polarization HHW [ HH, W
|Antenna eff Diamter | 04m | 014m | 03m
|Antenna gain uobl | Wi | S0dBi
|Antenna Scan Angle 25 | 425 | 425
Peak Power 20W | sow | 1400w
Bandwidth AMH | 4Mi | AMH
Pulsewidth 320w | 320us (025,051
PRE Sk | Sk Sk
Verticalresolution 6m | 60m [50,60,150m
Hor.Res. (@10Kmalt) | 800m | 100m | 200m
(Ground Swath 0kn | 10kn | 10km
(Sens. M(@10km range) | 10482 | -10d8Z | -35d8Z
Doppler precission 03mfs | 03m/s | 03m/s
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Why no correction for S?

Mean velocity V - NUBF J

@ Tanelli et al. (2002), Durden et al. (2007), Kollias et al. (2014), Sy et al. (2014)
V = (Wwind - Vterm) + ¢NUBF (1)

@ onuBr X (Vsar, Z) (hierarchical) = can be corrected

Spectral width S - broadening J

@ Meneghini & Kozu (1990), Tanelli et al. (2002), Kollias et al. (2014)
2 _ 2 2 2
5= (Sturb + Sshear + Sterm) + wBROAD (2)

@ Yproap(VsaT, 03a)# (Z, V) (not hierarchical) = (2) not useable for correction

Resampling Diagram / ExpliSyT / CConDoR )




Diagram (canonical)
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Canonical Doppler resampling: Fading(0), Znubf(0), Vnubf(0)

Reference config
* 0,=dz,/dx=0
* 0,=dV,/dx=0

No velocity fading
© Vsur=0m/s

Spectra

Reference vs Input
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» No broadening
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Diagram (canonical)
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Canonical Doppler resampling: Fading(0), Znubf(0), Vnubf(1)
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Diagram (canonical)
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Canonical Doppler resampling: Fading(0), Znubf(-1), Vnubf(1)
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Diagram (canonical)
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Canonical Doppler resampling: Fading(0), Znubf(1), Vnubf(1)
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Diagram (canonical)
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Canonical Doppler resampling: Fading(1), Znubf(1), Vnubf(1)

Reference config z
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Diagram (canonical)
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Canonical Doppler resampling: Fading(1), Znubf(1), Vnubf(1)
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Diagram (canonical)
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Canonical Doppler resampling: Fading(1), Znubf(1), Vnubf(-1)

Reference config
* 0,=dz,/dx>0
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ExpliSyT (hierarchical)
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Idealized ECPR moments

P(v)

Pi(xi;v) = / Uy(xg — XE)/ax(XE — xA)Pa [xa; v + B(xg — xa)] dxadxg
Reference b ¥
spectrum
ECPR
spectrum

Doppler moments by integration wrt v

ZIDZUJ*Ozx*ZAZZR J

o Uj: along-track integration

@ «x: antenna pattern

@ (x): convolution !

for any functions F1 and F», Fi(x1) * Fa(x1) = / Fi(xt — x)Fa(x)dx.

x€ER




ExpliSyT (hierarchical)
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Idealized ECPR moments: by v-integration Analytical

Vip ~ VR + oL
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ExpliSyT (hierarchical)
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Example: ECPR idealized scale analysis
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ExpliSyT (hierarchical)
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ExpliSyT (hierarchical)
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Example: ECPR pulse pair (Veap = 7.2 km

s >
4 it = 5
=5 o .z 8 z3
= i 1 = B
ECPR Vpp =2 }‘" 2 EES g ECPR
] - S <
B L ¥ el Gl o4 B Spp
07:11:17 07:14:10 6:48 07:19:22 07:21:56
s 2 s
W 1 E 4 =y
Corrected = ° o z3 = ]
Vpp J 2 2 = =g =2 = Corrected Spp
3 S
: —
0.
5.
H
4
Ref. VR =g g2 &Z Ref. Sp
[ 1
hadl 5
f 1 1051 2101 3151 prof 1 1051 2101 3151 4201
iG = 168938 [898, 41] N N iG = 472596 [2084, 113]
SPEC,,, rop.(x=22km;alt=1.0 km); (o in curtains) 410 (x=52km;alt=4.6 km); (¥ in curtains)
o A
— 025 —8
Post 2 oz * 5 = Post
spectra O E=00s PP.C g =° spectra V
&E" e Ea
“e 01 =
E E.2
0.05
o o
-15 -10 -5 o 5 10 15 -15 -10 -5 o 5 10 15

Doppler velogity v [m/s] Doppler velocity v [m/s]



CConDoR (separable)
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CConDoR approach: Complex Convolutional Doppler Resampling
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Pr(x;v) = / U,(x1 — xg) /ax(XE —xa)Pa [xa;v + B(xe — xa)] dxadxg
z X

Inverse Fourier transform wrt v
By deconvolution

Qu(xa, 7) = Ti(xa, 7) * Qalxa, 7) J @ NUBF correction

@ Or = F, ! [P1]: ECPR correlation (lag 7) @ broadening correction

@ Qy=F1 [PA]: Input correlation (unaffected by VgaT) @ resolution enhancement

F1(x,7) = Us(x) * [ax (x)e #7540 |




CConDoR (separable)
oe

Example from CAMP2EX 2019/09/16: ECPR pulse pair
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Outro
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Thank you for your attention
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