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KDP Estimation Based on Spline Smoothing with the Self-Consistency Principle
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Background and Problem Formulation

In dual-polarized weather radars, Kpp [deg/km| is useful since it is strongly
correlated with rain rate and robust to miscalibration and rain attenuation.

However, Kpp cannot be calculated directly from observed 1Q signal xy, ,|{]
and xy ,|l| ({ = 1,2, ...,L). (h, v:horizontal, vertical, n: range bin, [: pulse)

First, total differential phase Ypp [deg] is given from xy, ,,[{] and xy, ,,|[] as

PP (1. ) = ];v;';llp — @arg (% - xt*l,n[l]xv,n[l]) € 10,360).

T

wrapped in less than 360 degrees

After phase unwrapping (unfolding) of ‘PD we estimate Kpp from

Pn'
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LIJDpn — CI)Dpn+6 +€Tl = 2 KDP(T) dr+(DDp,O+6n+€n.
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differential propagation differential observation specific differential initial phase including
: phase including initial phase : backscatter phase i noise :: phase to be estlmated : radome attenuation

Argentine C-band dual-polarized radar data has partially noisy regions due to
WLAN interference, partial beam blockage, and reflections from mountains.
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Local Linear (Polynomial) Fitting: US NWS Operational Algorithm

Conventional and Proposed Methods

\.

> Define gate length g (g is odd) and obtain a smoothed total differential phase Wit
by g-gate moving average filter (= remove high-frequency noise of observed Wpp).

> For each gate, create a local linear (polynomial) model ®pp(r) = 2Kpp 7 + b, by

~N

(g-1)/2 squared error Computation is very fast
minimize ‘ ﬁlt (21{ T + b )‘2 Phase unwrapping is needed in advance
% 5 DPn+m DPn'n+m n : o _ _
DP,n» ¥n m=—(g=1)/2 Continuity of ®pp(7) is not considered
» Use short gate Kpp,, (9 = 9) if Zy , = Zynr and long gate Kpp , (g = 25) otherwise.
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Complex Valued Spline Smoothing: Algorithm of Wang and Chandrasekar

.

> Estimate angular ®pp profile ejﬁ PoP(M) (ot dpp (7)) as a complex-valued cubic
spline function (complex-valued smooth piecewise polynomial of degree 3) s(r) by

. squared error ;odrglhness penalty Computation is fast
M_gWrap " Ph ing is not needed
e JTg5¥DPn _ 7, 2 ase unwrapping is no
mllggﬂr)llze Z Wn ‘e S(Tn) z qnf |s" ()7 dr Continuity of ®pp(7) is considered
n=1 w,, and g, are adaptively adjusted
subject to S”(rl) — S”(TN) = ( (OI‘ S’(rl) — S’(TN) = 0). Use of self-consistency is difficult

» Kpppn = -2 Im [S Tn)f and Ppp , is estimated from @arg (s(r) ~ efﬁcbnp(r))
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Proposed Framework: Nonnegative Kpp Estimation with Self-Consistency (SC)

creation of target mask by QC and creation of weights w,, for ‘P]‘)’v;ip

wy, are adaptively set mainly from pyy

) 2

Phase unwrapping is not needed

®pp estimation with the algorithm of Wang and Chandrasekar

Computation is fast (with constant g,,)
We use ®pp estimates rather than Kpp estimates

‘v height setting of melting layer ‘

AdDpp estimation phase unwrapping of ‘PSVP

rap Adpp is stably given and phase unwrapping is
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calculation of attenuatlon corrected reflectivity Zy, 3, and

corresponding K (Zcor) by ZPHI method with a-adjustment

\ 2

edge-preserving denoising of K (Zcor) with median filter

) 2

creation of weights g, and w;, & wR* for Wpp , & KDpn

) 2

n easy thanks to ®pp estimates satisfying continuity

attenuation coefficient

g Y
SC: Ay, = a[Z£°"]? and A}, = aKpp are incorporated
KSS(Zﬁf’,{ = A /o is robust to undesired bias in Zy,

Outlier removal and azimuth direction smoothing are
achieved (up to this point, it takes about 5 seconds)

w,, Wt and g,, are set from Phvn and KDpn so that

KDPn (Ppp ) is emphasized in light (heavy) rain areas

Monotonically Increasing Spline Smoothing (Final Re-Fitting)

rain rate R is directly estimated from R-Kpp relation

spline function iS00 Ll RRRE ]
subjectto s'(r) = 0if Helght(r) < Height .t and

monotonically increasing = nonnegativity of Kpp(7) (below the melting lay

absolute error absolute error roughness penalty
Tn+ATr /2
I __ S(rptAr/2)—s(rpn—Ar/2 I 2
minimize E Wn‘LPDpn—S(Tn)‘ + E ‘ Dpn G /%M(" /)‘ + E qnj |s" (r)|< dr
s(7) —Ar/2
real-valued n=1 gressssssssssssssssssssenabiies U= preeeseessslennnnnnnnnnnnnnnnny e
estlmate of CDDpn den0|sed ZPHI i estlmate of I{Dpn

................................. optional Kpp constraint

min s(r +Ar/2) s(rn—Ar/2) max
Kppp = =2 SRy < Kppn

er) »quadratlc programming problem
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Results and Conclusion

local linear fitting Wang & Chandrasekar
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denoised ZPHI final re-fitting
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conventional methods generate 1or
negative Kpp in light rain areas,
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from 1 am to 8 am on Dec. 14, 2018 in Cordoba
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local linear fitting Wang & Chandrasekar

Estimated hourly precipitation [mm]

R = 22.87KO .834 rain areas are adequately extracted by QC

‘Both proposed methods (denoised ZPHI & final re-fitting)

’ improved RMSE, estimation bias, and correlation coefficient

“mainly in light rain areas by introducing the self-consistency

In the proposed framework, the accuracy for heavy rain areas
_can be improved from denoised ZPHI results by final re-fitting

. Algorithm of Wang & Chandrasekar had the lowest average
_score in this case, but high accuracy for very heavy rain areas

We also confirmed that the proposed methods work stably in
partial beam blockage regions of Buenos Aires radar as follows
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partial beamblockag line artifacts disappeared
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