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The Tanger Outlet Mall in Stroud, Okla., was virtually wiped out by a tornado on May 3. Much of the Stroud city

budget came from sales tax revenue generated by the mall. &¢
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Radar: Radio detecting and ranging
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Nationwide Radar Network at S or C band

WEBOHZ 2021 F£8H17 H16 K05 &
HIREEKE 15 8§50 9

COMPLETED WSR- 88D INSTALLATIONS
__ WITHIN THE CONTIGUOUS U.S.

= 147ij\ §
%r—*sﬂa;ms;
i s

\ 150 /
RADAR OPERATIONS CENTER A
NORMAN. OKLAHOMA » e



RIEXE  ESWERE -
ZPPIRBIEHERE « T YT HK

EIRRF - RIVRE
—RTOFD FRRDH

uuuuuuu

nnnnnnnn

TOSHIE

U L
'Y E 1§
’Vl‘ll'l‘w‘l!‘mu m s
. Lo % A
M E =z
+ ) p
_*.Hw y

MMERRLU—S WM

RIEEE
BERFITEREA OKERE « BEBRK) DY)
25w IR,

SiRKE OKIERR DBsEnTnsi1 Sy oo,

LT T
05 ind

EREE \\\

ZhiREE
“ERmRA




Sensing Gap[ZDULYT

m HERKDBEFEICLD,
ik pa Y AT S

Blind area

llllllllllllllllllllllllll

1 1 1 1 1 1 1 ]
0 40 80 120 160 200 240
RANGE (km)

a zes in n. stical miles

IR &R pE 1
"There is insufficient knowledge about what is actually
happening (or is likely to happen) at the Earth's surface
where people live.” [NRC 1998]
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Height (km)

NBE height (krm}

NBE is a perfect proxy for monitoring severe
thunderstorm
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Wu, T. et al., Spatial relationship between lightning narrow
bipolar events and parent thunderstorms as revealed by
phased array radar, Geophys. Res. Lett., VOL. 40, 618-623,
doi:10.1002/grl.50112, 2013



In Nature Café 2015 report
Nature, Volume 523 Number 7562
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Dual Polarimetric Phased Array Radar
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Forecasting and assimilation of weather

Application field of phased array radar
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“Big Data Assimilation” Revolutionizing
Severe Weather Prediction

E— Miyoshi et al., Bulletin of the American
BB Meteorological Society, 2016

Japan Science and Technology Agency




9/11/2014, sudden local rain
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9/11/2014, Torrential Rain
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Advantages and Disadvantages

* Advantage
— Fast scanning and dense observation
— Early and accurate warning

* Disadvantage

— Ground clutter contamination
— less accurate warning

* How can we reduce this disadvantage?



2-way beam pattern is poor

Problem
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Fan beam pattern for transmitting

0f 0|
10+ 10}
20} 2-way beam pattern
30, Qe T 50
e 13.6dB " |
-50 | N - -50
60 f 20 ¢

30 20 10 0 10 20 30 30+

Receiving beam pattern
by uniform phase shift

elevation [deg] O

High

50
60 ¢

30 20 -10 0 10 20 30
elevation [deg]

'60 T WU | INTFRRTS SNRTEE PEREY FRRET FER i 111 [RLIp g AA
-30 20 -10 0 10 20 30

lobelevel :

elevation [deg]

The received signal from precipitation is seriously contaminated by the
relatively high received power from ground and strong precipitation echoes
near by through the side lobes of the 2 way beam pattern.
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Masking Problem

High side lobe level from
the two way beam pattern
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A beam forming technique using the MMSE
(Minimum Mean Square Error) formulation has
been proposed and tested. This approach can
adaptively mitigate the masking interference that
results from the standard digital beam forming method
in the vicinity of ground clutter and strong
precipitation area
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Minimum Mean Square Error Formulation

Weighting factor is calculated by minimizing the residuals,
defined as the difference between the reference and the
weighting average of the received signal

J = EUxm —w : 2} +Re{/1(WZMSEmS(6’m) —1)}
‘ minimize
Y __Rs@)
MMSE, — _
s (6,)R7's(6,) 1) Initial value
=SR S” +R, 5

H
. XBF A BF ) /
Rx: Covariance of x l,m m

R : Covariance of noise

2) Calculation of weighting vector
- RY7s(0
w'vmse = — (l.()_lm )
s” (6, )R"s(6,)

3) Weighting average

%0 @)
Xvmse, =W~ MMSE,Y,




Application to real data
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Application to real data
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Clutter mitigation with MMSE technique in
doppler domain
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Phased Array or Parabolic ?
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