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0925-1015 Status updates from product development
1030-1100 Advancement in aviation weather R&D and future
Implementation Arrangements(Part I; Task leads,
Julie Haggerty)
1100-1200 Open discussion
1330-1345 status update from NTDA product development
9/9 team
1345-1500 Advancement in aviation weather R&D and future
Implementation Arrangements(Part 1l; Task leads,
Larry Cornman)
1500-1530 Status update from ASPIRE product development
team
1530-1700 Open discussion
0900-1100 Capacity building for the CAA in aviation weather
science and technology — Exploring ways for NSF
NCAR to host long-term visitors and/or students
9/10 from Taiwan
1115-1200 Open discussion
1330-1600 Mesa Lab Tour
911 0900-1030 Post-1A #19 maintenance
1045-1200 Open discussion
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Lastest Upgrade to ASPIRE V2.2

James Pinto

9 Sept 2024

Aviation Applications Program

- ______________________________________________________________________J . .
Research Applications Laboratory
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ASPIRE V1.5

* 10 min update with 60 min
leadtime resolution.

 Limited tuning of calibration and
blending weight functions.

* Limited realtime evaluation and
tuning.

ASPIRE Install Report, 9 Sept 2024

ASPIRE V2.1

Updates every 10 min with 10 min lead time resolution.
Completed tuning of calibration and weighting functions for
CREF and ECHOTORP.

Numerous improvements to handle realtime timing issues
—  Sped up implementation of extrapolation code

— Numerous adjustments to handle timing issues (e.g., delay
in receiving QPESUMS data compared to dbz).

Added TITAN processing to extract and add CTREC
vectors to storm objects and output geoJSON.

Other improvements

— Improved ingest to handle missing data properly.

— Added ability to handle variable lead times for a given
forecast — to increase uptime of blended forecast when
model latency is high.

— Added app to handle out of sequence forecast lead times

— Improved handling of background weights to force bgweight
function to 1 for extrapolation to a lead time of 1 hour.

— New code to allow for increased storm area if indicated by
Calibration function.

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved. 2



Bncar ASPIRE V2.1 Improvements over V1.5

Cperated by vecaR

ASPIRE V1.5 ASPIRE V2.1
(60 min lead time resolution) (10 min lead time resolution)

% &

Aviation Applications Program
Research Applications Laboratory

ASPIRE Install Report, 9 Sept 2024 © 2024 UCAR. All rights reserved.



& | IRNCAR Installation Notes

+ Realtime testing of version 2.0 was moved from NCAR to CAA Diagran: (ol Aillifed 'ost Query: 2024/022917:1%:08
host on 10 May 2024. ASPIRE Processing
—  This was done because RWRF feed to NCAR had become very
unreliable. %EE
—  Working on CAA host is less efficient than working on NCAR - - ]
system resulting in increased costs. — Radar Preprocessing  Extrapoiation Storm Palygans
— In addition, data outages and latency issues on CAA host made it +
even more challenging for debugging and tuning system for
realtime operations. » %E
— Despite these issues the system was improved and hardened with i
many upgrades to handle new RWRF model 10 min data out to 10 Calibrate
hours.

* Version 2.1 was installed on 22 May 2024

— Major upgrade to handle both 10 min RWRF out to 10 hours and —
mixed forecast leadtimes (i.e., 10 min out to 10 hours and then
hourly out to 12 hours.) Phase Correct

— Added code to handle timing issues
* System was frozen for initial evaluation period.
— Input data outages delayed evaluation period
— Decided to move forward with eval despite continuing data outages. Blending Stats
* Used 8-17 June 2024 for verification report

* Some param files were updated on 18 June 2024 to fix precip rate
calculation and calibration.

+ System tuning ongoing. Elending

o]
|

T
T

l
).
I

Aviation Applications Program

- ______________________________________________________________________J . .
Research Applications Laboratory
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& | IRNCAR Recent Updates: Version 2.2

Diagram: iZ ASPIRE Last Query: 2024/02/2017:15:04

ASPIRE Processing
— |22

Storm Folygons

 Version 2.2 was installed on CAA Test
Server on 30 Aug 2024

— Calibrate module code updates: %f > %ff N

+ calibration tile now an exact match to smaller e
CTH and PRATE obs grids.

+ Calibration data not conditionally sampled to
only include grid point where both model and
obs are non-missing. Calbrate
— Minor bug fix to better handle situations
when model experiences an extended o
outage Phase Comect

it

Extrapolation

L

o]
|

T
T

« Suggestion for downstream processing S
— When model outage exceeds 6 hours we
suggest that users revert to viewing the — E —
extrapolation product. —

Aviation Applications Program
Research Applications Laboratory

ASPIRE Install Report, 9 Sept 2024 © 2024 UCAR. All rights reserved. 5



RWRF Data Availability

100 ~ ' T” ﬂW"

80

60

pct available

40 -

20 L ® > &

Day of June

Aviation Applications Program

Research Applications Laboratory

ASPIRE Install Report, 9 Sept 2024

© 2024 UCAR. All rights reserved.

Over 10-day period in 08-17 June 2024

¢ Only 33% of RWRF runs are complete
and can be used by ASPIRE (see next
slide).

e 49.75% of all model data is missing

* 10.42% missing only one leadtime

*Very challenging to test system & debug
issues in realtime installation due to missing
RWRF data files and high latency in radar
mosaic data.

*This has resulted in an increased work load
and cost for implementation.

*Lack of data affects the calibration and
weighting, thus, the blending heuristics
cannot be fully optimized.



‘ Subsystem?34 \

e Extrapolation Model Model Phase Dynamic Heuristic

Instance o Calibration? |  Correction? Weights Blending
Composite
Reflectivity

Storm Top Heights

Rain Rate

Need to implement pub fix to handle extended model data outages.

NCAR has been testing ASPIRE V2.2 Calibration updates on CAA Test host Status
since 30 Aug 2024 — plan to perform some verification stats and get user Key Subsystem Development Phase
feedback
Regression test modules have been developed and tested. c Code Development
Draft of documentation is nearing completion. T1 Testing and Configuration
R Realtime testing and tuning with new feed
of 10 min RWRF out to 10 hours (V2.1)

- Ready to Deliver

Aviation Applications Program
Research Applications Laboratory

ASPIRE Install Report, 9 Sept 2024 © 2024 UCAR. All rights reserved. 7



Task 4. Update the Cloud Top Height (CTH)
Prediction Products

Status Update 9 September 2024

Including Convection Diagnosis Oceanic (CDO) and CDO-
Lite

Ken Stone, Dan Megenhardt, Josh Lave, Tom Blitz

Aviation Applications Program Research Applications
Laboratory

<REPLACE HERE> © 2024 UCAR. All rights reserved. 1



N | IRNCAR Task 4 Deliverable Status

AOAWS-RU Deliverable Due Date Status
Task #
a) CTH/CDO testing report with Complete. Request for
4 evaluation 7/31/2024 additional cases under
review.
b) User feedback assessment
4 ) . 8/15/2024 Complete.
documentation
TH/CD fi i
4 c) CTH/CDO Confirmation report on 11/29/2024 on Schedule

algorithm changes

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved. 2
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w' | IRNCAR CTH/CDO Task Update

« Continued to examine final output smoothing options to optimize
information content.

» Installed on CAA test server; conducting testing with real-time data push

* Investigating options for verification and developing script for repeatable
usage.

» Investigating benefits assessment and developing report.

» Developed test report containing information on regression tests and
preliminary verification. Report in December 2023 contained evaluation of
extrapolation (extrapolation performance can be quite good).

Aviation Applications Program Research Applications

- ______________________________________________________________________J
Laboratory

© 2024 UCAR. All rights reserved. 3



w: | BRNCAR System Readiness Status

uuuuuuuuuuuuuu

Subsystem
. CTH CDO-Lite 2 CTH1land2hr | CDO-Lite 1 and 2
Instance Extrapolation hr Extrapolation
WRF D1 R R A A
WRF D2 R R A A
Notes StatusK Subsystem Development Phase
1. Intersection of WRF domain(s) with Himawari y
footprint using regular equal-angle grid. C Code Development
2. CDO-Lite does not use Lightning data. T1 Testing and Configuration
T2 Testing with CWB Sample Data
A Assessing Performance and Fine Tuning
Aviation Applications Program R Ready to Deliver e

Research Applications Laboratory

© 2024 UCAR. All rights reserved. 4



N | BIRNCAR System Readiness Status
Subsystem
. CTH CDO 2 CTH 1 and 2 hr CDO 1 and 2 hr
Instance Extrapolation Extrapolation
DFIR R R A A
Notes StatusK Subsystem Development Phase
1. Intersection of FIR domain with Himawari footprint Y
using regular equal-angle grid C Code Development
2. CDO uses Lightning data. T1 Testing and Configuration
T2 Testing with CWB Sample Data
A Assessing Performance and Fine Tuning
Aviation Applications Program R Ready to Deliver e

Research Applications Laboratory

© 2024 UCAR. All rights reserved. 5



& | IRNCAR Plans

Deliverable Focus

» Benefits Assessment

« Technical Documentation

» Repeatable Script Development and Test (Script will be delivered later)
» Training Part 2

« Confirmation Report on Algorithm Changes

Possible R&D

» Improving CTH and CDOlite in D1 and D2 with additional IR channels (split
window thresholds) using Al/ML techniques.

« Improve depiction of early storm development and detection of Convective
Initiation using Al/ML.

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved. 6



I NCAR Issues and Challenges

uuuuuuuuuuuuuu

« No Current Issues.
Challenges:

» Using Lightning in UCAR test system (for CDO in the FIR) is limited
to “simulated” realtime testing due to bundling of lightning into 1-hour
blocks.

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved. 7



Turbulence Information
Using ADS-B Vertical Rate

Data

Larry Cornman
National Science Foundation
National Center for Atmospheric Research
Research Applications Laboratory




Background

s T urbulence encounters continue to

be a significant operational problem.

= Given the spatial and temporal
variability of turbulence, large
numbers of observations are
needed.

= Automatic Dependent
Surveillance-Broadcast (ADS-B)
IS an aircraft position/velocity
reporting system that has the
potential to augment existing
turbulence observations.

ADS-B Infrastructure




Potential Benefit of ADS-B Turbulence Reports is Significant

« Large numbers of a/c

Most a/c In

US controlled airspace are now required to have

ADS-B Out.

As of July

1, 2023 there are ~160K US a/c reporting,

Including ~105K fixed-wing GA al/c.
Compare to ~1700 a/c reporting in situ EDR and ~1200

turbulence
« Good spatia

PIREPS/day (on an active day).
and temporal accuracy.

= NO need to ©

eal with aircraft side of implementation.




Turbulence from ADS-B Reports: High-Level Concept

Sampled/
quantized
Vertical
Rate (VR)

Aircraft +
Controls
Dynamics

Desired algorithm goes right to left — meaning that we have to
model each backwards step




April 4, 2024 Case Study
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Pireps for Four Case Study Days
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ADS-B VR Algorithm V1 Verification (~335 flights over 4 days)

Ongoing efforts
are focused on
addressing
over/under-
estimates
(“outliers”)

ADS-B EDR
o
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Note:
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>95% of points are w/in +/- 0.1 of one-to-one line




ADS-B Coverage Map (1 week, source: FlightAware/Aireon)
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Application to Spaced-Based ADS-B (SBA) Data

55+

20221214 AA9DGE
— EDR

07:42 F |
0.4 d

0.3 |

0.2 y

Moderate Pirep location

1000 km

North Atlantic
Ocean

-50 - -40

ADS-B VR algorithm
was modified to run on
SBA VR data — results

have been positive

500

" 55

Feasibility study is being
funded by Aireon to
Investigate utility of SBA
data for turbulence
detection
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SBA data allows for enhanced turbulence detection over remote regions
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Detection of High Ice Water Content (HIWC) Conditions:
Recent Developments by NCAR and the FAA

Julie Haggerty (NCAR)
Alex Rugg, George McCabe, Gary Cunning

NCAR/EERE%




What is Ice Crystal Icing (|C|)?

* High concentrations of ice crystals ?

— High Ice Water Content may exist in apparently
benign parts of convective clouds (e.g., anvil portion)

— Low reflectivity on cockpit radar => small particle size

* |ce crystals ingested into engine
— Heat transfer processes result in:
- Cooling of warm surfaces through impact with

_________-_-_-_'_"‘—-—-_

Low-Pressure Compressor

High-Pressure Compressor Care air fravels

downstream
fo the
combustion

Core Inlet Stator

crystals ——
- Partial me!tlng of ice CryStaIS From Mason, 2006: “Engine Power Loss In Ice Crystal Conditions”
- |ce formation on surfaces

Additional ice accretes; accumulated ice can block flow
into engine core or shed into compressor

#1 Engine #2 Engine #4 Engine
Result may be power surge, power loss, engine damage

Aircraft data systems may also be affected by ingest of ice

crystals leading to errors in temperature, air speed, and angle
of attack

IWC threshold and duration of exposure needed to cause
an event still under investigation

http://aviationweek.com/awin/core-engine-icing-strikes-
russian-747-8f
NCAR | Hisaavcamons



HIWC in Deep Convective Clouds:
Conceptual Model

Cloud top

Cloud base

Radar echo
boundary

“ . S

= Storm motion

Engine icing events have occurred in
the trailing anvil where radar echoes
are low or non-existent

Region of heavy

stratiform rain
L || 1}
Region of trailing Region of heavy
stratiform rain convective showers

NCAR |

RESEARCH APPLICATIONS
LABORATORY




HIWC Frequency with Known HIWC Engine Events

= R

D et E

HIWC frequency with

174 I1Cl engine events
(Bravin and Strapp, 2019)

Rugg, A., J. Haggerty, and A. Protat, 2021: Global and Regional
Patterns in High Ice Water Content Conditions. J. Climatol. and
Appl. Meteorol.

2010 Aircraft

Movements =0y
NvQ 7 |
(ICAO) N |

NCAR RESEARCH APPLICATIONS
LABORATORY




ICl Events Continue to Occur Worldwide

Stas
China
" o :’ % ¢
Indi: ° -
ndia P .
o 4 9 o

® o0 °
ICI engine events in US and Asia regions s ~

All operators of Boeing Aircraft Three known engine events on large

8/1/2014 - 1/8/2020 transport aircraft in 2021

Note: Colors indicate operator’s base of

operations (e.g. US-based operators = brown) Estimated to occur at a rate of 8-10

\per year J

5

RESEARCH APPLICATIONS
LABORATORY

NCAR |




FAA-Sponsored HIWC Efforts

Understand and address threat

*  New Icing Regulations
— FAA/EASA released new icing regulations effective January 2015

— Defined new regulations for ICI conditions, environmental engineering standard (Appendix
D/P), and guidance materials for new type design engines

— Based on data collected in the 1950’s
- Evaluation of ice crystal engineering standards
— Data collected in a series of campaigns from 2014-2018
— Development of simulation methods for ground testing and computational modeling

—> -« Mitigation strategies for avoiding high altitude ice crystal environments

NCAR RESEARCH APPLICATIONS
LABORATORY




FAA Efforts — Mitigation Strategies

Airborne Weather Radar (ongoing activity)

—> Weather Nowcasting Tool (ongoing activity)
- Algorithm for Prediction of HIWC Areas (ALPHA)

ALPHA was originally developed to support the HIWC flight campaigns, but has since
been explored as a weather nowcasting tool for hazard mitigation

Note that other groups have also developed HIWC nowcasting tools (Haggerty et al.,
BAMS, 2019)




Development of an HIWC Nowcasting Product
The Algorithm for Prediction of HIWC Areas (ALPHA)

Satellite Radar Model
ALPHA blends routinely available D G
meteorOIOgicaI data from: HIWG INTEREST (ALPHA 3-INPUT) at Flight Level 290 9/22/2016 1500 UTC
o Geostationary Satellite 1. /™" s
e Radar Mosaic of 15

e NWP Models £ ﬁ;ﬁ
Fuzzy Logic used to blend fields L

Machine Learning methods applied to
train algorithms using in situ

measurements from four field SN - N N P T
campaigns \% e Ny S
" e ; e 4‘%_ P \« \‘\.T -
? e \ Ay / 20 .
Haggerty ot al, JTech, 2020 0.10 0.20 Iov:).30 0.40 -(-)"5-(: 0.I60 0.7:igh 0.80 0.90

RESEARCH APPLICATIONS
LABORATORY

NCAR |




Machine Learning Applied to Develop Membership
Functions and Weights

 Particle swarm optimization (PSO) sl e upy
finds optimal fuzzy logic i —an__ AR
membership functions and weights Opesnvations. || INCESREED Cptiitestion ShTigeon
for each variable in each module Scaling Scaling Scaling

» Output scaled so observed range - - -
IS from zero to one :

 Canonical correlation analysis we \ Sl
blends satellite, model, radar el Analysi

 Temperature and cloud Ll
top/altitude masks applied beais

« HIWC Potential calibrated e Calbraton

NCAR RESEARCH APPLICATIONS
LABORATORY




ALPHA Implementation and Evaluation

|. Field Experiment Support ll. Operational Trial (Jan-Jun 2020)
 Darwin, Australia (2014)  FAA-NCAR-Australian Bureau of Meteorology
« Cayenne, French Guiana (2015) * Products provided to Australian-based airlines
 Ft. Lauderdale, FL (2015) (Qantas and Virgin Australia)
«  FL/CA/HI (2018) * Meteorologists, dispatchers, pilots
* Product delivered to airlines, but planned
Flight Level 330 at 2014-02-17 225500 UTC Intensive Operating Period derailed by COVID
HIWC_INT_F none
-10 ! 100N — - Trial Domain
| S |
. i w© - '%g i
-14 = ‘ R - SOS - -
15 S o e | . . ‘ -
— Zm}g;l_‘l_]se@ i T N I — .................. R a8 ...... ................................. L
-18 T T T T T T T 20°S - ; ; l SRR N oi"‘
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01.1 0%2 03 04 05 06 07 08 09 250§0°E 10(i)°E 11(I)°E 126°E 130°E 140°E 150°E‘ 16(i)°E 170°E

HIWC Potential

NCAR ‘ RESEARCH APPLICATIONS 7
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ALPHA Verification with CloudSat-CALIPSO IWC
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US-based Formal User Evaluation of ALPHA
June 2022

|. FAA Aviation Weather Demonstration
and Evaluation (AWDE) Services Team

« Recruit and support participants
— Meteorologists, pilots, dispatchers
- Gather feedback
— Develop user surveys
— Conduct virtual interviews with
users

Il. NCAR HIWC Product Development Team

Provide real-time ALPHA products via website
Develop training materials for participants
Support virtual interviews

NCAR RESEARCH APPLICATIONS
LABORATORY



Feedback from Participants

Prior Familiarity with HIWC Conditions

How concerned are you about

HIWC events? Have you ever experienced a HIWC event?

@ Very Concerned

@ Slightly Concerned
® Borderline

@ Not Very Concerned
@ Not at All Concerned

10



Summary of Significant Findings

« Participants had limited understanding of the hazard

presented by HIWC conditions

— Some confused Ice Crystal Icing due to HIWC
conditions (which impacts engine performance)
with Supercooled Liquid Water Icing (which
causes accretion on airframe and impacts
aerodynamics)

— Frequency and impact of ICI events not fully
appreciated

* Most participants did not view HIWC information as
necessary for decision-making, but might use it for
situational awareness. Satisfied with other E— - —

convective products. 24 May 2022, 1630 UTC
HIWC Potential Column Maximum

« Participants stated that the absence of a
requirement to monitor HIWC diminishes the need
for a nowcasting product in operational settings 14



ALPHA vs. Convective Diagnosis Oceanic (CDO)

* 5 case studies to compare ALPHA and CDO products
— CDO product based on lightning and turbulence
— ALPHA based on high ice water content
* Results show differences in intensity and location of hazard

ALPHA CDO
| 29-May-2015 10:15:00 UTC 29-May-2015 10:15:00 UTC
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Continuing Efforts

- Analysis of data from the HIWC-2022 field campaign

— Minor revisions to ALPHA are ongoing

— Add 2022 in situ airborne measurements to training and verification data sets
- Further education on the HIWC hazard with users

- Exploration of potential requirements from regulatory agencies
~- FAA
— ICAO MetPanel



Questions?

~iF
—

: - Thi : esearc IS in 1SE oqu ements and funding by the Federal Aviation
) stration (FAA " The views expressed are those of the authors and do not
-‘wcess'arlly represent the official policy or position of the FAA.

“"



Related Activities

* NASA LaRC satellite-based HIWC product
« DWD (Germany) model-based HIWC product; trained on Lufthansa TAT/Pitot tube

anomaly events
» Boeing HIWC product
« TIE* machine learning project

« Ongoing research on mid-latitude and winter-time HIWC conditions (NCAR and ECCC)

Rugg, A., B. C. Bernstein, J. A. Haggerty, A. Korolev, C. Nguyen, M. Wolde, I. Heckman, and S. DiVito, 2022: “High ice water content
associated with wintertime elevated convection in the Midwest.” J. Appl. Meteor. Climatol., early online release, doi: 10.1175/JAMC-D-21-
0189.1.



Satellite

Cloud Top
Temperature
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According to Boeing
analyses, TAT probe
anomalies have occurred
iIn many cases near the
time of the engine
powerloss events.

— The airplane total air
temperature probe (TAT)
erroneously reporting 0°C
is known to be evidence of
ice crystals in the
atmosphere.

TAT and TAS anomalies
are common on research
aircraft. Statistics on
atmospheric conditions
associated with the 68
events have been
compiled.

Number of Events

TAT Anomaly Duration (min) Cloud Top Temperature (C) lce Water Path (kg/m?)
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Haggerty, J., A. Rugg, T. Ratvasky, J.W. Strapp, L. Lilie, K. Bedka, J. Jensen, and A. Bansemer, 2019:
Characterization of high ice water content conditions that impact air data system performance. 19th Conference on
Aviation, Range, and Aerospace Meteorology, American Meteorological Society, 9-12 January 2019, Phoenix, AZ.



Recent Advancements in CIP/FIP Research by
NCAR and the FAA

Mr. Dan Adriaansen
09 September 2024
Boulder, CO

Aviation Applications Program
Research Applications Laboratory

<REPLACE HERE> © 2024 UCAR. All rights reserved. 1



B NCAR CIP/FIP Enhancements

Levels
500
=
%600
@ 700
(a8
800
900 i ( |
1000 =10 0 lb 20 0 05 1 -10 0 10 20 0 05 1
Temp (C) LWC (g/m?) Temp (C) LWC (g/m?)
e No interpolation of model fields
e Retain information as long as possible
e Tighter coupling with model fields
e Vertical information tied to model
e |mproved accuracy

© 2024 UCAR. All rights reserved.
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S | INCAR New CIP/FIP Scenario

Recirculation

’ . Falling snow/ice melt, then are lifted above
. g the melting level in weak updrafts, often
® ‘o embedded in larger winter storms.
* o ‘@ '. .
T=0°C ‘o ‘o ’ Small drop icing can be pervasive, but SLD
‘ ® ® is usually found in localized pockets within
® o - a few degrees of freezing.
Mild updraft

(e.g., generating This microphysical process was not well
cells) represented previously in any of the scenarios

© 2024 UCAR. All rights reserved. 3



% | BIRNCAR

Simplified diagram
of previous
scenarios

CIP SLD Potential

No Warm Nose but
Freezing Precip

No Warm Nose Upper Cloud
or Freezmg Collision-Coalescence

CIP Icing
Probability

Not Below
Warm Nose

CIP Severity

Warm Precip
with Cold CTT

Freezing
Rain Drizzle
Rain

FIP Icing Probability
and SLD Potential

Freezing Precip

FIP Severity

14333

Shared CIP/FIP Scenarios

One set of scenarios for all CIP/FIP outputs
based in modern knowledge of microphysical
processes producing icing and SLD:

« Convection

« Below precipitating warm nose
« Recirculation

» Collision-coalescence

e Snow

© 2024 UCAR. All rights reserved.




& | BANCAR CIP Radar Enhancements

Radar-derived vertical profile hazards
to augment scenario selection

REF [d8Z]

mm FZRA

B FZDZ+MPHA .KEAX
FZDZ
38 { W MPHA
mmm NONE o KSGF — I
1
-98 -96 -94 K

© 2024 UCAR. All rights reserved. 5



Tactical CIP

© 2024 UCAR

. All rights reserved.

10-15 minute updates
ABI| scan mode “6”
Intra-hour variability
Feature evolution
NWP forecast blend



& | IRNCAR Thank You!

dadriaan@ucar.edu

© 2024 UCAR. All rights reserved. 7



Task 3. NTDA

AOAWS NCAR Turbulence Detection Algorithm

Gregory Meymaris, Jason Craig, Scott Ellis, Wiebke Deierling

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved. 1



Status Updates

 Collected user feedback and delivered report

 Finishing up debugging and testing of modifications needed to
accommodate new C-band radars, including clutter mitigation
and handling smaller Nyquist velocities

 Finishing evaluation (e.g. case studies) and tuning of NTDA

 The NTDA software on the CAA test and operational servers
was updated to the latest version on the CAA test server in
March.

« Training materials have been prepared and training is
underway.

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved.




B NCAR

eeeeeeeeeeeee

AOAWS-RU  Deliverable Due Date Status
Task #
Install NTDA software in CAA test June 30,2023 Completed.
3a (2023) environment
3b (2023) Report on NTDA case studies and evaluation Dec. 12023 Completed.
as part of the quarterly report
3¢ (2023 NTDA status report on activities performed Dec. 12023 Completed.
c( ) as part of quarterly report
3a User feedback assessment documentation Feb. 15, 2024 Completed.
3h NTDA status report on activities performed Nov. 29 2024 In progress

NTDA Deliverable Tracking

as part of quarterly report

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved. 3



NTDA Upgrade Readiness Status

Instance Algorithm

NEXRAD Ingester Component

Gematronik Ingester Component
NTDA Polar (Radar by Radar)

Component

Mosaic component

Notes
1. Debugging and testing continues

functionality
R
A
A
R
Status Subsystem Development Phase
Key
C Code Development
T1 Testing and Configuration
T2 Testing with CWB Sample Data
A Assessing Performance and Fine Tuning
R Ready to Deliver

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved.
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oCperat

Case from:
3/10/2024 at 01:20Z, Composite (FL120-450)

Legacy NTDA (RCWF, RCKT, RCHD)
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Aviation Applications Program
Research Applications Laboratory
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- | IRNCAR Improved RFI Mitigation

Cperated by UCAR

Case from:
3/1/2024 at 5:30Z

Taiwan Radar Composite Reflectivity
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Case from:
3/1/2024 at 5:30Z

Aviation Applications Program
Research Applications Laboratory
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Plans

 Finalize all modifications needed to accommodate C-
band radars, including clutter mitigation and smaller
Nyquist velocity

 Finalize evaluation and tuning of NTDA.
« Complete regression test procedure
 Deliver final NTDA product

« Complete and deliver all remaining documentation and
reports

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved. 8




' | IRNCAR Issues / Challenges

uuuuuuuuuuuuuu

 Reliability of the data feed (time gaps, missing files,
Incomplete files) has greatly improved but outages from
some radars (CAF C-band) have complicated case study
analysis

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved. 9



FAA-sponsored development
currently underway:
 Clear air echo mitigation

— Use dual-pol moments to censor
clear air (e.g. bugs) echoes

— Potentially will allow for
Improved coverage near ground

Up next:
« Windshear mitigation

Aviation Applications Program
Research Applications Laboratory

© 2024 UCAR. All rights reserved.
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Task 2. GTG

Graphical Turbulence Guidance
and
Graphical Turbulence Guidance Nowcast

Wiebke Deierling, Hailey Shin, Jason Craig, Julia Pearson, Teddie Keller, Jeff
Hancock, Greg Meymaris, Bob Sharman

Aviation Applications Program
Research Applications Laboratory
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Completed an initial installation of GTG4 software on the CAA test server
« Documentation of the installation was provided at the end of June 2023.
« Tested and evaluated the performance of the GTG4 system utilizing the
real-time data on the CAA test server vs. the NCAR test server.

« Scripts to perform GTG4 output verification with in situ EDR observations
have been developed

« Updated D1-GTG4 and D2-GTG4 calibration (mapping and selection of
diagnostics). Performed statistical evaluation of updated GTG4 system
based on ~2 years worth of in situ data and CWA WRFv3.8.1 model data.

* Finishing up case studies for further slight refinements of GTG4 calibration.

Aviation
2 Vo o P
s Program
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Nt | IRNCAR GTGN Task Updates

uuuuuuuuuuuuuu

« Completed GTGN feasibility and implementation study and document
recommending GTGN for Taiwan and specifying what input data should be included

« Developed Input data processing:
Developed an application for preparing IATA EDR turbulence data from Taiwan as input into GTGN
Developed a script for converting the combined METARS into the correct input format into the GTGN
system.

« Developed code to identify and output an observation influence field (obsMask) that
identifies areas of GTGN that can differ from the underlying GTG forecast

« Completed installation of GTGN prototype system on the CAA test server
« Documentation of the installation was provided at the end of June 2024.
« Tested and evaluated the performance of the GTGN system utilizing the real-
time data on the CAA test server vs. the NCAR test server.

3
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uuuuuuuuuuuuuu

& | mnear GTG Deliverable Tracking

Install GTG4 software in CAA test environment June 30, 2023 Complete
2 GTGA4 testing report October 31, 2023  Complete
2 GTG4 user feedback assessment documentation October 31, 2023  Complete
5 Report on one or more GTGN case studies as December 1, 2023 Complete
part of quarterly report
GTG4/GTGN status report on activities December 1, 2023 Complete
2 performed as part of quarterly report
2 Install GTGN software in CAA test environment June 28, 2024 Complete
5 GTG4/GTGN status report on activities November 29, In Progress
2024
4 Aviation
s Program
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BoncarR GTG4/GTGN System Readiness Status

Cperated by UCAR

Notes:
- D1-GTG4 will not include CIT component because of its coarse grid spacing. CIT has been developed for higher grid
resolution <= 3km

- *Calibration and Evaluation has been performed of D1- and D2-GTG4 based on CWA WRF version 3.8.1. Finishing further
refinement of GTG4 calibration for WRF version 4.4.2.

Aviation
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& | IMNcAr Prototype GTG4 — Statistical Evaluation

» Verification of initial versus updated improved GTG4 calibration

ROC curves for Moderate-or-greater (MOG) turbulence

Taiwan GTG4-3km Taiwan GTG4-15km
(a)l 0 Taiwan GTG4-3km, MOG turbulence (b)l 0 Taiwan GTG4-15km, MOG turbulence
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0.2 0.2 1
—— GTGMAX_initial (0.754) —— GTGMAX _initial (0.6701)
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& | IRNCAR Issues and Challenges

uuuuuuuuuuuuuu

- Model data has data latencies.
- Can be challenging for GTGN

© 2024 UCAR. All rights reserved. Research
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& | IRNCAR Plans

- Finishing final GTG4 tuning based on case studies.
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