Recent Work on Radar Velocity Data QC
and Error Covariance Estimation at NSSL

Qin Xu NOAA/National Severe Storms Laboratory

Contributors: Kang Nai, Pengfei Zhang, Li Wei1 CIMMS/OU
Collaborators: Ken Howard, Jian Zhang NSSL/CIMMS
Shun Liu, David Parrish NOAA/NCEP




1. Noisy fields (due to small Nyquist velocity)

2. Irregular variations due to scan mode switches
3. Alias (lv,°"l < Nyquist velocity)

4. Contamination by flying objects (migrating birds etc.)
5. Ground clutters due to anomalous propagation (AP)

6. Large velocities caused by moving vehicles & AP

7. Sea Clutters
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Noisy Vr field (0022UTC)
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Problems in Operational Dealiasing
Level-11I NIDS

Level-1I raw data
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Three-step Dealiasing for Level-1I Velocities

Raw data
¥

3-Step Noise Remove (BARBSE )
¥ 1
Select circles, M-VAD(u,,v,), Pre-dealiasing r' Step 1
v .
VAD (uy,v,), Vertical check |
¢
Horizontal averaging & variance check
' |
Calculate v, (refined reference) 7 Step 2
#
Quality check (flag=0, 1 or 10)

|__________________________ 0 S e O S

Dealiasing with continuity check r' Step 3

Output ¢ Adopted
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Dealiasing Algorithm Flow Chart

Raw data |
Y

6-step data setup, 4-step noise remove, 2-step v,=0 area remove

I
A 4

2-step search for good circles, Az =50m, » <30km/0.5° & r <80km/else |~

|
vy

3-step finder for (6, ;)v,=0), every Az from:z_. & o .
[

L 4
2-step solver for |v| given 6, ,

|
L4

3-step vertical check of |v| to produce v(z)

|
L4

reference check with v (|v|, 8,) , r <30km/0.5° & r <B0km/else

I
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2-step box-to-point continuity check
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New VAD using aliased v,

Raw obs v "= Z[v '« | modeled obs v,=atcosa(u,sinf+v,coso)
=|v|cosa[cos(0-0,)-cost_] where 0,=(0,+0,)/2 & B_=(E}I-E}E)/02_

3-steps search for (6, ,|v,=0) for every Az=50m from z_;, & o,,,.

Coarse+tfine search for |v| to minimize the aliased rms difference
between v, and v °f given 6, ,.
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Test Example with Katrina High-wind Case

v, from New Orland KLIX at 9.9° 10:54UTC &§/29/05
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Wind Speed (ms)
L

Obs and Fiton a=0.15° at z = 500m
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NSSL QC for NCEP: Improved dealiasing
technique for radial-velocity Vr data

An example for challenging hurricane Katrina case

Raw Vr dealiased Vr (WDSS-Il) dealiased Vr (new)

i -8 {5 e LI

: Center of Katrina 8/29/05
- Aliased Vr from KLIX toward the radar

- Failed dealiasing arca Red: away from the radar



NSSL QC for NCE

—P: Improved dealiasing

technique for radial-velocity Vr data

An example for challenging hurricane high-wind cases

Raw Vr dealiased Vr {WDSS ll) dealiased Vr (new)

: Center of Hurricane Isabel 9/18/03 toward the radar

+ Allased Vr from KMHX (Morehead)

- Failed dealiasing arca

Red: away from the radar



Simplified fussy logic method

3 parameters are selected:

*Vertical gradient of reflectivity (veaz) at lowest two tilts
*Averaged vez over a specified area

*Doppler velocity at 01.5° elevation angle

Ground clutter e

0.5°

cloud base gnatione

Meountain, building, trees, ate. storms

If 2 of 3 parameters are over the thresholds, then the gate
at 0.5° elve. angle is marked as ground/sea clutter.



A typical ground clutter case
KFWS @ 19950420 0447 UTC

Z after QC
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A typical ground clutter case
KFWS @ 19950420 0447 UTC

\Vr after QC
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An extreme sea clutter case
KYUX @20020828 1041 UTC

Z after QC Z Raw

ra <33 N o SONRNSEREE 53 63 68 TONNNNNE -7  |aal- 33 GOSN os JSEENEENR 53 63 65 (RN 47
A50Km SR

ST

(50

" 00

| J ‘_g:.:#-nl
-I'.-l.hl'l.ll.'l.ltl..ml.ﬁbulml'.'ﬂﬂm;. hz.‘..ll'.l;ll.'. L LD L e L i
o

t FOd

Sea clutter bt W,
'_.!'.:;‘:?f'- -

diiadw—=s & 30
b G E — T

526 1041 50 RabPicliy D0 S0 EYLMg 20020828- 104046235 Rafscthay 00.50 [73 8 bahind]




An extreme sea clutter case
KYUX @20020828 1041 UTC

Vr after QC Vr Raw
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A normal ground clutter near radar case
KTLX @ 19990504 1404 UTC




A normal ground clutter near radar case
KTLX @ 19990504 1405 UTC




Overkill on zero Doppler velocity isoline
KPBZ @20021105 2133 UTC
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Beware: the scale of this image is different from the following one.



Overkill on zero Doppler velocity isoline
KPBZ @20021105 2133 UTC




A normal observation in precipitation mode
KVNX @20080423-2203 UTC

Z after QC
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Overkill in the precipitation region




A normal observation in precipitation mode
KVNX @20080423-2203 UTC

\Vr after QC \Vr Raw
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A weak AP case
KDGX @20080423 0400 UTC
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A weak AP case
KDGX @20080423 0400 UTC
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Portion of storm echoes may be removed

*Vertical gradient of Z
storm is not a perfect vertical column
«Fast movement of storm

usually ~I{min. interval between
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Portion of storm echoes removed

Z after QC Z Raw
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Portion of storm echoes removed

\Vr after QC \Vr Raw




New Flow Chart of QC process

e

Dealiasing Vr

o+

|

Ground/Sea clutter mitigation

'

Noise Filter (filter out sun strobe, speckle echoes)

l

Bird echo check for 9 diff. VCP modes
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What is a polarimetric radar?

y

Hornzontal Polarization

y

Venrtical Polarization

More information about polarimetric radar research:

http://www.cimms.ou.edu/~schuur/dualpol/






Covariance Formulation for v :

Radial-velocity covariance (Xu and Gong 2003) 1s extended:
C,=0.5(C, cosp_+ C_cosp,),

where C, = C;, + C,, C.= Cy - C, = AP, - AR, B.= AP; + APy, €

= <[> and C, = <f;t;> are functions of the distance » between
points / and ;.




Irnavation Correlation

Innovation (v,4= obs - back) Covariance Partition:
Cb for r=r,
{:vridvrjd} - %
cLo+Cp forr <r,,
where € ° and C® are obs and background error covariances
modeled by (1), and r, is the range of obs error correlation.

Previous Single-Radar Results: Obs: phased-array 25 volumes
e (every 2 min, 21-22 UTC 6/2/04).

+  eosf-=1, cosfe=1 . ..
Back: COAMPS predictions.
0.8 ¥  cosBe=1, coshi=-1
* (uadratic B d s . [ l’ t
05 Fa X Spectral Ne inned innovation correlation
i data points over the range of 0 <
0.4 [ r < 50 km for three sets of bin
- intervals in the vicinities of cosf}.
0.2 | =1 and cosf3,=1,0,-1,
. 5 respectively.
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Obs error correlation data points:
+ for phased-array radar with 1.6" beam, stormy weather:

e for KOUN (Xu et al. 2006) with 1" beam. calm weather.

Estimated correlation functions: R (r) and R (r).



Applications to Multi-Radars and NCEP WRF

Background winds from WRF-NMM 3-hour forecasts on a 321x321x61 E-grid with
Ar = 8 km over the central US, and interpolated onto 55 time levels in
synchronization approximately with radar v volume scans.

Obs v from six radars: on 21 (clear) & 23 (rainy) May 2003.

Since migrating-bird contaminations are detected for the nighttime scans, only
davtime scans (13:00 to 24:00 UTC) are used. After dealiasing and quality control,
radial-velocity volume scans are selected at 535 time levels.
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Number of data pairs & Binned innovation correlation

TOED00

May 21 (clear) z = 400 m

10000
e
a1
'.-:
— 10
=
e

10

Frovoweation Correl ation

I ikm)

TOED00

May 23 (rainy) z = 800 m

gt ¥
10000 :::'} *
s +
5 Ll §
[, M
o "t : e
s +
= *
- v F
- ﬁl“I* + +
TE 100 +++ T
=
=, * +
10 . cosh-=1,
1 ] ) L )
i) 50 100 1%0 200 250

Frovoweation Correl ation

I ikm)



Backgrmound Emor Comelation

gy b gy b 1 )

Background Error Correlation Functions:

The total 7 1s partitioned into rotational part R,
and divergent part 7 ;. .

May 21 (clear) z = 400 m May 23 (rainy) z = 800 m

Backgrmound Emor Comelation
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Background (solid)
& Obs (dashed) error
standard deviations

at May 21  o'f
KTLX & KINX,
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Obs Error Correlation
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24 -hr Frecipatatian [in.) 5:||-'||:'.:_'| ak T:00 A.H. E.&8.T.

BQ0-Mall ilsas H'-i-ll-:_'|||| Cenbour at T:00 A.M. E.BE.T.









BF_ MO EENEE)-20 <15 .10

Cracerv |

=
1

S 5
) h:l.i:l;a_zl'l":-:':.'j':.. 140319

i's : 4
25 hmar 00k [1506km _'.'.Il.hm_._\ﬁu.lhu ,,"

PN (]S L

Al
3

KTLX 20050523 14 UTC

(HLHMRm , - .

¢ Bfioe 200  3000mis RE KD 35000 <5 0SS0 (5 0.0

dLI ]

13

'

S0k . y .i’ Sl

|
T ] 1..;-
e

10 . | . b . '

'|E|:-. aliastr ooty 0O 50 108 Eahind)]

'.ﬁlilm O e P S B Oerm. 4 |2 Sk, 20,1 S, {1 0:0kn ﬁb. ; bem

|
KL R T

BT S S,

R R0 -k -0 TG (B 0.0

%&' Innovation

‘; ot "

il )1
" g
P

N

Innovation=(Radar Vr)-(Model Vr)

LELETT)

|
ETLXINN 20

.0 3000 'S

100kna_ {150k 200km_[2°

£330 Valkocky 00 50

F el A0 1 jau ]

(T ] Sl

F3= 140330 Vialocky 00.50



KTLX 20050523 18 UTC
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KTLX 20050523 22 UTC
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KINX 20050523 14 UTC
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KINX 20050523 18 UTC
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KINX 20050523 22 UTC
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Conclusions

* Radar obs and background wind error covariances can be estimated, but the

background correlation estimates are limited or harmed by data coverage
gaps.
* Obs error sd = 2 m/s and decreases with 7 in PBL.

* Obs errors are correlated in two different ways between neighboring range
gates and between neighboring beams.

* Bias difference varies with z & radar site (mainly due to background bias
variations).

* VAD minus background profile does not really estimate bias difference and

1s subject to large errors (if used in radar data quality control).



