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NRC Airborne W and X-
bands radar (NAWX)

NAWX
- Transmitted Frequency (GHz)
Peak Tx Power (KW)
Polarization
Doppler

Pulse Duration (us)

Max PRF (KHz)
Ant. 3dB BW (°)
Antenna ports
View direction

More details/updates. http://www.nawx.nrc.gc.ca
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e Internal / system
monitoring —
Warm load ....

e Coroner reflector —
rotating rod with

two corner
reflectors (X-band)

e Drizzle / light rain
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FrOSPAge NAW-Pulse Compression —

Fri Nov 9 2007
NAWX: Band: W Variable: Z Port: Aft
Lot (deg) 63.749 63.749 63.749 63.749
Lon (deg) —-68.535 -68.535 -68.535 -68.535 dBm
| o 100 ns | o ~ 1s-10:1PC 0
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19:55:30 19:56:00 19:56:30 19:57:00 19:57:30 19:58:00 19:58:30 19:59:00
Time

* Improved sensitivity (100 ns vs. 1us pulse with 10:1 compression
ratio)

» Better characterization of cloud structure with high range
resolution

* Pulse compression implemented just before the STAR

deployment PROSENSING

SYSTEMS ENGINEERING FOR ENVIRONMENTAL REMOTE SENSING




NAW-Ground Clutter

Fri A@r 4 2008
NAWX: Band: W ariable: Z  Port: Nadir

Lot (deg) 69.547 69.603 69.660 69.718 69.777
Lon (deg) —154.441 -154.514 —-154.593 -154.677 -154,757 dBm
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Aerospace / NWAX During STAR
——

+» Both Radars collected data in most of the STAR flights
** Reasonable performance considering the challenging condition of operating without a/c
hangar: Impact of extensive exposure to cold weather:
“* No zenith looking X-band data (ice in external waveguide)
++ Data recording issues
** W-band: reduced sensitivity of one of the receiver channels at the end of the
experiment
** Reflectivity and Doppler data
% Quality controlled — extensive software development —
¢+ CloudMask — identifying noise, ground clutter and cross-channel leakage issues
— work in progress — not a perfect mask!
s Z calibration — within 2 dB
> Vd: Aircraft motion removal — £0.5 m/s for level flights
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Tue Nov 6 2007

NAWX: Band: W  Variable: Z  Port: Aft/Nadir  Mode: PP10 dBm
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/ CloudMask
———

Sun Nov “& 200/
NAWX: Barc: W Variable: V¥d  Port: Nad'r

vign (deg) °.064 * 084 IK * S04
L) T T
ol (ceq) -0.281 -0.232 -0.177 -0.262

TR
f
|
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14 103: 15 14:03:30 14:03: ¢5 14:04:00

 CloudMask:
* Noise, Cloud, Ground, clutter, leakage..
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Nov 17 Case
Storm Structure - NAWX

S —

¢ Aircraft near constant altitude of
~ 6 km
> Large scale system:

* Radar cloud top ~ 9 km

** High Z vertical gradient

. STAR: Nov 17, 2007: NAWX - W-hand

11:30:00 12:00:00 12:30:00 13:00:00 13:30:00



Lat (deg) 62004

Lon {deg) —64 897 st

Altitude (km)
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NAWX - Reflectivity

STAR Nov 17, 2007 - NAWX

N W

e1.610 B81.1659 &60.691 60.246
B e —54:.21 1 —53:.815 —53:.555 :};:f’" 53I339 X (de)
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_ 0 < Same
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Z,, (dBZ)

u I i ] “ Variability in
"""""""""""""""""""""""""""""""" - Z along the
"""""""""""""""""""""""""""""""" horizontal — even
"""""""""""""""""""""""""""""""" 0 in BB and rain
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Aerospace N AWX _ DFR

Dual-Frequency Ratio (X/W) gFR (dB)
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*» DFR — Near 0 dB close to the aircraft altitude in ice —
+ Significant DFR close to ML — aggregation — Mie effect and in
rain Mie effect + attenuation
¢ Reterival of particle size / phase — based of DFR
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NAWX - DFR

NAWX - Horizontal Profile ( 5 km)

_ Dual-Frequency Ratio (X/W) DFR (dB)
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Time (UTC)
NAWX - Horizantal Profile (3.9-4.2 km)
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< Above 4 km — small ice crystals — no Mie “E

effect — good agreement b/n W and X-band — é m~ # -

Rayleigh scattering Gk gy Bl

«» Confirm consistency in calibration b/n the two & , | , o

radars B T T T T

Time (UTC)

» Few location where DFR > 5 dB : aggregation
of crystals
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NAWX - DFR

S —

. NAWX - Grqund z

e ! !
E X-Band DFR :
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¢ Ground return:
+s» X-band:; Near constant

*» W-band: Sharp drop starting at ~12:44 (corresponding to BB observation): ~15 dB
drop — most of the DFR can attributed to attenuation
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Allibude (km)
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NAWX - DFR

NAWX Vertical Proﬁle (12:44:36-12 44 59)
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Time (LTC) 2 E i
1 ; .................................................................................................................. _;'.:
0= =
-1¢ 50
dBZ /dB
020 3 - 5 km — Rayleigh scattering — single ice crystals — good agreement b/n W and X

» 3 -2 km - Aggregation — Increased DFR 5-10 dB — Resonance effect at W-band
» 1.5 -2 km - Bright Band: DFR ~ 20 dB

» 0.5 - 1.5 km: Significant drop in W-band in rain: attenuation + resonance effect
» 0.1 - 0.5 km — increase in X-band - clutter contamination!

00 00 00 00
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fAerospace recipitation — Organizations
[ ML transitions

Sat Nov 17 20067

NAWX: Barc: X Vaccble: Z [Port: Bown dbez
. i : i i " " 40
5000
4000 B 20
E
e 3000 .

2000

1000

1.5:02:00 1.5:04:00 ' 5:08:00 °5:08:00 1.5:10:00 15:12:00
Time (host_ts)

¢ Precipitation trail/shaft
+» Significant variability in Z along the melting layer
¢ Fine-scale organizations of precipitation (Z) peaks detected by both radars



Aerospace NAWX - Do PP ler

Sat Nov 17 2007
NAWX: Band: W Variagble: Vd Port: Naodir

Lot (deq) 62.083 61.422 60.647 59.899 59.100
] T T T 1
Lon {deg) —65.045 -63.973 ~63.540 —63.158 —62.775 m/s
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Melting boundary in Vd

Sat Nov /2007
NAWX: Banc: W Veriable: Vd o Pocl: Nadic
Lat (ch} 82.083 G1.£22 B60.B47 59.8G9 58.100

T
Lor (deg) Gb.0 54,975 G.35.540 Gl.15d8 62,/ 75
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Cloud

STAR Nov 09, 2007 - NAWX

Lat (de §2.345 62519 62.723 63.002 63.281
(deg) 622 : ! : © oz (dBZ)
Lan (deg) —75.810 —-75.738 -75.800 —75.872 —75.943 W-vitical
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: ¢ First Spiral descent then level
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g flight in shallow boundary layer
0.5 I -20
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0 ~40 . . . .
¢ Fine-scale cloud organization —
e (o o oire En T o Zo s Cells nearly vertical

f | < High horizontal Z variability
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Aerospace NOV 09 — Boundary Layer

~— - Cloud

NAWX: Caad: W Variaoe: Vo Pori Nadi- /A6

R0l (coq) 14.732 18.521 -1.178 -0.802
Vicn (deg) 0.518 0518 * B2 2,158 2.229
B0 m e

1 KD ik <*Vd — before and after aircraft
* 200 | 2.1:2:0 I ‘ l:.;O:UC — 24::00 N mOtlon Cc-)rr?Ctlon . i
‘ +* Similar organization — near
F~ Nov 9 2007 vertical cells
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Aerospace NOV 09 — Boundary Layer
Cloud

Fri hov 8 2007

NAWX: Bane: W Verioble: 7 Porl: Side dBz
e o RO et i . SR I
G B
o 4000
(]
kS

2000

23:20:00 23:71:00 20:27:00
lima (host_ls}

+» Side-looking antenna — aircraft — roll change / slant profile
** High variability in Z near the sampling altitude



Cloud

Fr' Nov 9 2007
MNAWX: Dand: W Var'able: Z  Poru dBz

s Sampling just below
cloud top of the shallow
boundary layer cloud

Altitude (krr)

212530 23:26:00 25:26:30 ?3:7?'.00_4U .:’ Flne_scale Cloud
20001 . 2 organization — VVd and Z:
WOE_ _________________________ ST T A—— Ry . High variability in the
: L f f horizontal
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Galsiace »> Nov 18 — Multi-layer clouds
y/

Sur hov 18 2007
NAWX: Banc: W  Veriable: ¥d  or: Nad'r
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+¢ Terrain influence in VVd — cloud organization



Concluding Remark —

NAWX — Unique dataset providing unique information on cloud
structure and processes:
Diverse data from boundary layer clouds to large scale systems
with complex cloud organization 3

Near coincident radar and in-situ data allowing correlation and
guantitative retrievals of cloud microphysical properties beyond the
alrcraft locations

Multiple frequencies and parameters

Questions?*Mengistu.wolde@nrc.gc.ca




STAR — In Picture
http://www.nawx.nrc.gc.ca
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