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New Award for a Transformative Radar

Multiagency, university and
our private sector partnership to
" build APAR.

partners:
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Science Driver and Motivation

A fundamental challenge in observational Community Needs and
meteorology is to measure concurrent 3D Desired Capabilities
winds and precipitation characteristics

1. The NSF community has
expressed the need to have an
airborne radar to replace the NSF
NCAR Electra Doppler Radar

Concurrent 3D winds and precipitation
characteristics measurements improve (ELDORA).
understanding and prediction of weather
and climate hazards.

2. The effort to better understand
and forecast increasing weather

1. Microphysics is a poorly understood link in the extremes has reinforced the
nonlinear chain of dynamics (circulation) and demand from the community for
thermodynamics. having this new advanced

airborne radar.
2. Improved representation of microphysics-dynamics

coupling in numerical models lets us better quantify 3. Phased array radar technology is
storm predictability and reduce uncertainty in climate mature to measure concurrent 3D
and earth system models. winds and dual-Pol parameters

and advance science frontiers.




The 2000 Airborne Radar Workshop (BAMS 2003)

AIRBORNE DOPPLER RADAR
DATA ANALYSIS WORKSHOP

BY WEN-CHAU LEg, FRank D. Marks, AND CRAIG VWWALTHER”

Airborne Doppler radar users shared their experiences and methodology in data analysis and
their visions for future development of these radar systems.

FUTURE DIRECTIONS. Infrastructure issues.
Existing Doppler radar facilities may have reached
maturity and currently face two major issues. First,
the aircraft platforms are getting old: two NOAA WP-
I 25-vr old. and the NRLP-3 i id
Second, is ELDORA the final destination of air-
borne Doppler radar or just an intermediate stage? Is
there a scientific need to push the ELDORA technol-

ogy forward, given the need for more rapid-scanning
antennas to improve the temporal resolution and

polarization information for better microphysics in-
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AIRBORNE DOPPLER RADAR TIMELINE

1976 Jan 1982 Fall 1988 Summer 1991 Jan 1993

NOAA procures  cyCLES flight Hurricane Gilbert CaPE TOGA COARE 1st airborne
WP-3D with {ct data 1st 2-plane  1st dual-beam 1st ARMAR and 95-GHz data

TA radars Doppler data  antenna data ELDORA data
1971 Fall 1981 Fall 1982 June 1989 Fall 1993 Fall 1998
Lhermite’s 1st NOAA Prototype\ TS Debbie Oklahoma CAMEX Hurricane Georges

paper flight in Hurricane \ 1st TC data st F/AST data| st EDOP data 1st airborne
Gert (no data)w I proﬁler data

Winter 1994-95

|
1 1
1970 1980

1990 2
PAST PRESENT FUTURE

ferences? It is probably not too early to think about

developing the next generation of airborne Doppler
radars. The community needs to leverage resources

from different funding agencies [e.g., National Science
Foundation (NSF), NOAA, NASA] together to make
the development of the next generation airborne
Doppler radars happen. New developments in signal
processing and phased array antenna design may en-
able more rapid scanning. These new strategies would
mean a redesign and fabrication of the antenna, which

will be costly. The group also discussed the possibil-




APAR Concept Presented at the 61st IHC

3 March 2007

Jeff Hawkins’ message to Tropical-storms list: “
...Which highlights one of my favorite subjects: the
need for inner-core aircraft penetrations in the WPAC
to help validate satellite intensity/structure algorithms
that have zip to go on since 1993 in the most active
TC basin.”

Wen-Chau Lee: “Wouldn't it be nice to have airborne
Doppler radar to go with the recon in WPAC? The
dataset will be able to validate the microwave
sensors on satellite and give a more definite 3D
structure of the typhoon (wind and precipitation) than
those can be provided by the in situ measurement.”

Jeff: “Which aircraft are we talking about here?”
Wen-Chau: “The concept of CAPRIS on NSF/NCAR £
C-130 and its potential applications on Air Force C-
130. ... Just realized that you are the session co-
chair of my concept paper at IHC next Tuesday.”

Jeff: “Yap, see you there.”
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CAPRIS Confi guratlons -- Alrborne

CM Radar
Four active element scanning array
(AESA) conformal antennas

— Cband

« Dual Doppler (V, 0,)

* 4 xresolution of current system due
to simultaneous fore and aft beams
from all four antennas

+ Dual polarization H,V linear

—  Zy, Zor, Kop, RHOWy

MM Radar
Dul polarization
H,V linear

= Zy, Zpr, Kop,
LDR, RHOwy

+ Dual wavelength
(W,Ka)

+ Pod-based
scanning

« Doppler (V, a,)

Vertical X-section in Hurricane Rita at 500 m
Resolution (From John Gamache 3D Analysis)

@ (a) Reflectivity {color) and Secondary Circulation (vector)
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Composite "Surveillance” Scan

»The AESA radar system can be installed on Air
Force C-130s to collect high-resolution 3-D inner
core kinematic and microphysical structures during
all reconnaissance missions

»>Real-time dual-Doppler winds can be transmitted
back to NHC and Qced Doppler radar radial
velocities and polarimetric data can be transmitted
to NCEP for radar data assimilation in hurricane
models for every TC that has recon flights
»Generate expanded hurricane database for the
Atlantic basin

»Impact the operation and research community -
validation of satellite products, process studies,
design observing strategy, ...




APAR Capability Overview b

FIRST-EVER AIRBORNE PHASED ARRAY
RADAR (APAR) FOR WEATHER
APPLICATIONS

° Dual Horizontal/Vertical Polarization (Dual-Pol) technology in at least
the horizontal antenna arrays:
o Observe microphysical properties of clouds & hydrometeors.
o Critical data to improve ops forecasts & understanding of TC
intensity, extreme precipitation & severe convection.

° Critical real-time, high-res, 3D, atmospheric observations

Surveillance scanning (APAR
and C-130 nose radar)

Dual-Doppler & duaf-'ﬁol scanning



APAR Architecture

Array antenna
Front-end
» Antenna radiators
o - + Balanced feed
LRU (8x8 radiating -+ RF beamformer

| t « Power dist.
elements) board

« Data dist. Board

""" T~ =|= < Array antenna
calibration 0

Host e Digital |l Up/Down
Computer Transceiver Converter

TR modules
* 37 LRUs x 64 elements
Radar back-end 0 / *Total= 2368 TR modules
+ UP/DOWN Array °
converter Formatter
* Digital Transceiver controller /
* Host Computer
* Waveform design
* Data processing
@ Array antenna front-end Array antenna backplane
e Array TR-modules * Data & Control (Master FPGA)
» Power DC/DC (1+1)
Array antenna back-plane * RF Power Div/Comb Master
board
e Radar back-end * Array Formatter board
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Evolution of the Antenna Design

Jan 24 - J'l“Jul 27

Proposal Submission to NSI NOAA/NSF NSF Award
Sep 21 Funding 2023
2023
1
2016 - 2018 Jun‘20-Nov ‘20 Mar21-Jul ‘2 Jun 23 — Dec 24
A A [
f \ f I : | :
Concept ' Schematlc Prellmllnary SAP Build, AESA Design
Development and Trad Studies Design Design

Long Lead
Procurements

i,
w o

Early Trade
Concept Studies

Prelr'mr'nary Current
Design AESA Design

Further info: See Preston McElroy’s presentation
“Mechanical Design Challenges & Trade Studies” (up next)

Design maturation over the years

6 March 2024

UG AR

Four AESA Build




The APAR Observing Simulator (AOS)

Purpose: Use NWP to simulate how APAR will view high-impact weather
events and begin to examine techniques to visualize/analyze data

CM-1 Simulation: Tropical Cyclone, Supercell, and Squall line, at 100 m
(except TC) and 500 m grid resolution
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Cloud Model 1 (CM1) — MMM Cloud-resolving model Radar SIMulator (CR-SIM)

Collaboration with the State University of New York at Stony Brook
Spline Analysis at Mesoscale
Utilizing Radar and Aircraft
Instrumentation (SAMURAI) - CSU

Use software tools in Lidar Radar Open Source
Environment (LROSE) (e.g., CfRadial radar data exchange
format, dual-pol and QPE tools, etc.)
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APAR Advance Science

APAR APAR
e Improved description of convective and ————{NCAR ELDORA & NOAA TDRs |
mesoscale StOI’m dynamIC and Reflectivity + Winds (dgz;a = < Refleftiyityd:Windslv - @8z) | lPartIcIe vld[engifica_fion|+ V'V_indsvl
. . O™ = 5 IS S S O S
microphysical structures s :
e More accurate estimate of vertical velocity
at high time resolution o |
e Sample a spectrum of vertical .
. . 70 =" W, of--
velocity/convergence profiles R
N 1 3-D Reflectivity & Winds |
e Dwell on the same feature with high |
temporal and spatial resolution _|3-D Reflectivity, Winds & Microphysics; Vertical Pointing; Digital Beamforming I—

APAR Suite & numerical
models

APAR Suite — Doppler & Aerosol Lidars, Cloud

Radar, Radiometer, Dropsonde, In Situ Probes
e Cloud initiation to decay e Model and process validation

e Aerosol, entrainment, boundary layer e Improve model microphysics

representation

v
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Community Engagement Opportunities LN

1. Explore scientific frontiers, develop next generation radar analysis software
and design innovative field programs using AOS as a testbed — integration and
enhance collaboration between observation and model

2. Use Al/machine learning to optimize sampling strategy, data quality control,
and data analysis

3. Improve data quality (e.g., sidelobe reduction, surface return mitigation, etc.)
via creative beamforming and signal processing techniques

4. Create training program to mentor students and researchers using existing
PAR measurement and/or AOS simulated APAR data
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Future Vision b

NCAR C-130 w/APAR

2 NOAA C-130s
+ NCAR C-130

e Fleet of APAR-equipped aircraft enabling nearly

continuous sampling of TC from genesis to landfall
10 USAF + 6 NOAA + R y —
NCAR C-130s all w/APAR | 7 e Revolutionizing TC reconnaissance and prediction

A WC-130J Super Hercules aircraft from the 53rd Weather Reconnaissance Squadron sits on the flightline prior to an atmospheric river mission at Travis Air Force Base, Calif.



Questions?

E\a Audenda

g APAR \

Airborne Phased Array Radar
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3 March 2007

Jeff Hawkins message to Tropical-storms list: “
...Which highlights one of my favorite subjects: the
need for inner-core aircraft penetrations in the WPAC
to help validate satellite intensity/structure algorithms
that have zip to go on since 1993 in the most active
TC basin.”

Wen-Chau Lee: “Wouldn't it be nice to have airborne
Doppler radar to go with the recon in WPAC? The
dataset will be able to validate the microwave
sensors on satellite and give a more definite 3D
structure of the typhoon (wind and precipitation) than
those can be provided by the insitu measurement.”

Jeff: “Which aircraft are we talking about here?”
Wen-Chau: “The concept of CAPRIS on NSF/NCAR
C-130 and its potential applications on Air Force C-
130. ... Just realized that you are the session co-
chair of my concept paper at IHC next Tuesday.”

Jeff: “Yap, see you there.”

6 March 2024

CAPRIS Confi guratlons -- Alrborne

CM Radar
Four active element scanning array
(AESA) conformal antennas

— Cband

« Dual Doppler (V, 0,)

* 4 xresolution of current system due
to simultaneous fore and aft beams
from all four antennas

+ Dual polarization H,V linear

= Zy, Zor, Kon RHOw

MM-Radar
« Dul polarization
H,V linear

= Zy, Zpr, Kop,
LDR, RHOwy

+ Dual wavelength
(W,Ka)

+ Pod-based
scanning

« Doppler (V, a,)
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Composite "Surveillance” Scan
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Vertical X-section in Hurricane Rita at 500 m
Resolution (From John Gamache 3D Analysis)

(a) Reflectivity (color) and Secondary Circulation (vector)
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Research 2 Operations

¢ Improve TC diagnosis by provide 3D
kinematic and microphysical structure

¢ Improve TC track and intensity prediction via
assimilating APAR data into NCEP models

Port to “more recent C-130"?

e Significant investment and upgrades to current NSF/NCAR
C-130 will allow at least two more decades of service

Partnership with NOAA exploring C-130s as alternatives to
P-3’s

Analysis and design required; similarity between C-130H
and C-130J increases confidence in transferability of
APAR technology

& 5
NSF
b
7

Y NCAR 6 March2024

b




First detailed observations of the
evolution and structure of a concentric
eyewalls and accompanied axisymmetric
secondary circulation in Hurricane Rita
(2005) (Houze et al. 2008; Science)

(a) ELDORA Reflectivity at 2 km MSL, 22 Sep 2005 1705 - 1742 UTC Hurricane Rita Reflectivity from ELDORA at 2 km MSL, 1801 UTC 22 September, 2005 =
TR e T " S © - - .

+-

Rita Axisymmetric Reflectivity (Color) 22 September, 2005
(a) 1705 - 1742 UTC
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APAR Multiplex Bean Scanning

Purpose: Answer critical questions about APAR scanning strategy

Impact: Help define sampling strategy and data quality

+50 deg (= Group 18 -
{ Repeat 20 times then o
Multiplex beam scanning (= go to Group 1 -
(implemented)
L
* Uses PAR rapid scanning to observe Elevation ®
multiple beam directions during the
same interval as a traditional dwell L
* Trade-offs between number of beams, ) Groun 2 -
data quality and time resolution b Repeat 20 times then ?%
. . {3 go to Group 3 .
* Vivek et al. (2018, IEEE) estimated 6 € p— -
roup
beams per radar dwell - Repest Z0-tknes then
o4 € go to Group 2 g
- €|
¢ Fore (+5deg) Aft (-30deg)
Azimuth

Fig. 8. Possible APAR dual Doppler scan sequence, covering 100° elevation
sector with both forward and aft looking beams.

v
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Mechanical
Radar

- Sequential
Scanning

Slow, Inflexible Sampling
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Mechanical and Phased Array Radar

Phased Array Radar
- Electronically Scanning

non-cooperating
target

Sa¥

O clear air

tornadodetction




CONOPS

Purpose: Answer critical questions about the deployment of APAR

Impact: Help define requirements, tool for future operations planning

1. Flight strategies for different phenomena
2. Initial scan strategies

3. Deployment considerations / timelines

4 Logistics
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APAR Operational Impacts

NOAA/AOML APAR OSSE Results

Purpose: HRD effort to understand the impacts of assimilated APAR data
on NWP forecasts

Impact: Information on forecast improvement operational procedures

HNR1 (truth) With ELDORA With APAR

. Ob Data HWRF
WRF-ARW EIUNEICY  Synchetic 4 Analvsi Forecast
Nature Run Observations naysis OIS

Verification

Improvements with radar data

» Stronger maximum winds

* Wind max shifted radially inward
and

* Closer to surface

» Deeper vortex

Brittany Dahl2, Lisa Bucci?, Kelly Ryan'2, Peter

Dodge?, Shirley Murillo2
1Univ. of Miami/CIMAS, 2NOAA/AOML/HRD
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