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Turbulence severity from system Vs
turbulence severity from actual flown area

Overall Projected Notification Classification
NULL LIGHT MOD SEVERE
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Classification  MoD 4.2 2.6 87.1 6.1

SEVERE 2.1 0.8 9.4 87.7
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Initial Version of Extrapolation Prediction System
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Open Frontiers in Turbulence Forecasting

and Detection

4th Turbulence Mitigation Workshop
10 Nov 2021
Revised for presentation to Taiwan CAA

Robert Sharman
National Center for Atmospheric Research/Research Applications Laboratory
Boulder CO USA
sharman@ucar.edu

RNCAR

NCAR | RESEARCH APPLICATIONS © 2020 University Corporation for Atmospheric Research

LABORATORY

Turbulence Mitigation Workshop 4 Summary

* Goalis to share latest turbulence research and operational advances to
mitigate or at least minimize hazardous turbulence encounters

*  Workshop presentations clustered into 5 areas or themes:

— Develop better and more extensive turbulence observations/detection for routine
dissemination, including public-private data sharing

— Develop better turbulence forecasting strategies and their verification

— Improve operational procedures that use observations and forecasts to promote
avoidance of hazardous turbulence (nowcasts)

— Develop turbulence climatologies

— Perform fundamental and applied research to better understand the origin, life cycle,
nature of turbulence, and feed back into forecasting and observation strategies

ALL RECORDED PRESENTATIONS WILL BE AVAILABLE ON THE FPAW WEBSITE
https://fpaw.aero/

NCAR RESEARCH APPLICATIONS © 2020 University Corporation for Atmospheric Research
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Outline

* Progress highlights last 25 years

* Remaining challenges

e Short term operational and research needs

* Longer term and more fundamental research needs
* Summary

NCAR | RESEARCH APPLICATIONS © 2020 University Corporation for Atmospheric Research

LABORATORY

Progress Highlights: Observations and NWP model improvements

1. Better (quantitative, robust, high resolution,
routine) observations
* Moving to standard of energy dissipation rate (EDR) for
all observations (m%3s1)

* Atmospheric turbulence intensity metric .
¢ ~aircraft loads (RMSG~EDR) )) ?E@ @
* Preferable to relate to forecasts/nowcasts
* ICAO standard (for turbulence reporting) since 2001
* NEXRAD Turbulence Detection Algorithm (NTDA)

2. More sophisticated/higher resolution NWP
models provide better turbulence forecasts
* Better resolves small-scale features due to waves and

turbulence
* Also improved numerics and parameterizations

PIREP

. DAL+SWAEDR insitti 3-Deg2048

o :

DR at FL 360 11252019 1730 UTE  EDA at FL 380 112520181730 UTC

‘% p - A - NTDA EDRIE
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Progress Highlights: Enhanced understanding

3. Use of observations coupled with high-
resolution simulations and coarse
resolution NWP models to

— Better characterize turbulence

— ldentify sources of turbulence

— Evaluate coarse-scale diagnostic
performance

4. Identified importance of gravity waves in
generating all forms of turbulence (CAT,
MWT, CIT)

5. Identified the importance of deep
convection in generating “CAT”

— Gravity waves generated both above and
laterally away from the cloud boundaries
which can “break” leading to turbulence

— Convection can significantly modify
environment (e.g. by enhancing shear)
that may induce turbulence far (>100
km) from the storm

Lane et al. JAS 2003

RESEARCH APPLICATIONS Ry q .
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Example: MCS out-of-cloud CIT Mechanism

B)0730 UTC 17 June 2005
Time-Averaged U-Component Wind
{a) N Location 0700-0830 UTC (= 10-11.5 h)
14

Schematic (no cloud)
Strongest Upper-Level Winds |2
ith cloud
+ 0 (with cloud)
o) B r | Envir | Upper-Level Jet }
R > N T~ :
Observed turb feports and reflectivity !
% kn o Control
g 0 o 50 60 70 anz Adiabatic
L e 1 N [ Control Adlabatlc
\bJDMCI UTC UJunL 20()5|l H)Shl MCS AHVI[

— (c) S Location 07000830 UTC (t= 10-11.5 h)
T N Y
-~ N
o A\
(with cloud) > 'l
2 |
/

10 : (no.cloud)

SlrWIEfJWTKE an:dlggflectwlty

20 0 0 50 &0

* Strong vertical shear at flight levels due almost entirely to MCS outflow on north side

* Vertical shear at flight levels on south side weaker because easterly outflow winds and
shear are opposed by their westerly environmental

*  From Trier & Sharman, MWR, 2009

RESEARCH APPLICATIONS S q .
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Progress Highlights: Enhanced understanding of “CAT”

WREF Simulations on d02 with Observed 20000-45000 ft Severe Turbulence Reports (red = in situ, violet = PIREPs)

1800 UTC 25 Oct 2019 MREF, 9-km Winds, 8-km TKE, and 1500-2100 UTC Reports 2000 UTC 3 Dec 2019 MREF, 10-km Winds, 9-km TKE, and 1700-2300 UTC Reports 1800 UTC 28 Jun 2017 MREF, 12-km Winds, 11-km TKE, and 1500-2100 UTC Reports
7 7 o o T T T Ty T
Y et s ] - 4 ot [
hh i ®' | Control [~ T My & 4 Qg\ ’4@\ Y = Control %Yy
t (M e T L ) (T, i, =
T S A o < bt THI G §ETY Y ! k
g ] o =l | RS
- Ll‘u"a Y K“‘\‘“‘;«km_m_ i ! ;
Y 4 —

L[ [ T I | | . 262
Therefore accurate 0 5 10 16 20 25 30 36 40 46 50 55 60 66 70 765 dBZ TKE: Black contours (0.5 m?s-2 intervals)
NWP convective
forecasts are vital!!

NCAR | RESEARCH APPLICATIONS © 2020 University Corporation for Atmospheric Research

NEXRAD WSR-88D radar mosaic of maximum reflectivity in a vertical

column (MREF, color shadings) Courtesy Stan Trier, NCAR

LABORATORY

Progress highlights: Advances in operational turbulence forecasting

* Forecasts EDR NOT light, moderate, severe
— Move from AIRMETS, SIGMETS to grid-based
graphics
— Turbulence potential -> severity (EDR)
* Requires inference of turbulence from larger
resolved scales ->

* Turbulence diagnostics
— SGS turbulence parameterizations are deficient
at upper levels
— Can use single or ensemble of diagnostics (GTG)
— Different diagnostics for CAT, MWT,CIT
* Operational implementations of gridded

products are now common
— NOAA/NCEP

— UK Met Office

— Meteo France

— Korean Meteorological Agency
— Taiwan CAA/CWB

EDR at FL 380 SM8/2019 16800 UTC
= e

- DWD
- ECMWF IFS AR
—  Private vendors I 1 e ————
0.0 0.10 0.20 0.30 040 050 080 0.70 0.80 0.90 1.0
* Convection difficult to predict so must use a eor

nowcasting approach (e.g., GTGN)

NCAR | RESEARCH APPLICATIONS © 2020 University Corporation for Atmospheric Research
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Frontiers

* Smaller, lighter aircraft are becoming an
increasingly important component of operations
— Unmanned aerial systems (UASs) and urban air mobility
(UAM) respond to smaller scales
— Higher loads for lighter aircraft
— Response for quadcopters, etc?
— Most fly in the atmospheric boundary layer
* Urban effects > Vertical Acceleration Response to Vertical Wind
» Extremely complex pattern even in the simplest cases
» Depends on wind speed, direction, stability, building ::‘;:‘;p::“;:“
geometry, building-building interactions, etc.

* Low-level gusts including rotors
— Also at high altitudes (Upper Class E airspace >FL600)

Courtesy Larry Cornman

L] 500 1000 1500 2000
A (meters)

£
g "
g
S
;'.=

RESEARCH APPLICATIONS . A q .
NCAR | LABORATORY © 2020 University Corporation for Atmospheric Research

Major challenge: low-level turbulence in urban environments

* Extremely complex pattern
even in the simplest case

v [ms™1]

* Depends on wind speed,
direction, stability, building 225
geometry, building-building , ,,
interactions, etc.

E 1.75
S
" { ‘ 150
| ! 1.25
1.00 ——— ————
a) 150° b) 165° 0.5 0.75 1.25 1.50.5 0.75 1.0 1.25 1.50.5 0.75 1.0 1.25 15

x [km] x [km]

[y W — |
-4 -2 0 2 4-3 -15 0 15 3

Courtesy Domingo Mufioz-Esparza
OKC Joint Urban 2003 field campaign

= = Ax=Ay=2m,Az=2-18 matz=7.5m
King et al. J Wind Engr&Industrial 30 min loop, run time=42 min
Aerodynamics 2017 Good agreement for wind speed, direction, TKE

Mufioz-Esparza et al. JAMES 2020

NCAR | RESEARCH APPLICATIONS 2020 University Corporation for Atmospheric Research
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Meridional Temperature Gradient [10]

Frontiers (cont.)

Must deal with rare events

From insitu EDR data:
* Frequency of “smooth” >~.99
* Frequency of “moderate” turbulence (>~0.22 EDR)
~5x103
* Frequency of “severe” turbulence (>~0.35 EDR) ~10
Need very large sampling of airspace
Forced to overforecast
Transitioning to probabilistic forecasts
Verification of rare events is not trivial!
Reliability estimates require robust turbulence climatology
How to disseminate rare events to users?

Must respond to evolving climate effects
(a) East Asia

DJF(1979-2019)

T T T T T T T 1

RESEARCH APPLICATIONS
LABORATORY
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log-normal fit
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From Kim and Lee:
“Climatology of Clear-Air Turbulence using
the ERAS data”, Turb Workshop 4

ID.Z‘
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* Need more data (quantity + quality!)

* Work towards accessing other observations

e R&D areas

Frontiers: Observations

— Make PIREPs more precise (~35 km error=10 grid pts)
— Expand in situ EDR estimates

* Current on-board (IATA)

* Include water vapor estimates -> CIT

* New on-board from Boeing

* Implement QC’d AMDAR DEVG estimates

Implement ADS-B EDR estimates

Implement UAS EDR estimates

Implement HVRRD EDR estimates

Develop automated satellite feature detectors
Explore acceleration-based on-board measurements
provided by some vendors (convert to EDR?)
Others...

Ideally would like other information to better
identify turbulence nature (CAT, CIT, waves)
How to verify EDR implementations?
Develop climatologies

Develop in situ wave detection algorithms

RESEARCH APPLICATIONS

LABORATORY © 2020 University Corporation for Atmospheric Research




IMPACTS_MetNav_ER2_20200115 15:2000-19:27:20UTC

Frontiers: forecasting and nowcasting

* Develop turbulence diagnostics to accommodate:
— low-level urban environments
— complex terrain including rotors
— higher altitudes (Upper Class E airspace >60,000 ft)
— in-cloud and near-cloud turbulence
— Results from research

* Develop probabilistic forecasts

— Must deal with inherent predictability issues
— NWP spread small for short-term forecasts
— Explore alternatives, e.g. multi-diagnostic ensemble

*  Apply Al/ML forecasting techniques
e Address verification issues

— What is best metric or metrics for rare events ?

— NWP errors vs diagnostic errors ey 1
. oy . -'_"'—‘—-""—-—""—-——-"'__""‘ﬁ-‘_‘____‘,..———-
— Poor reliability due to overforecasting

. . —— T T ——
— What forecast lead times are most important to users?

* Need for rapid updates (nowcasts) globally W
* Develop mountain wave forecasts (working group?) —M

RESEARCH APPLICATIONS e A i L Turbul Z
NCAR LABORATORY © 2020 University Corporation for Atmospheric Researc gwer T urbulgnce cong

From Dovle et al. 2016

Frontiers: Fundamental research needs

* Need better understanding of causes and lifecycles of turbulence
— What are the sources/damping mechanisms?
— What is the role of inertia-gravity waves, breaking, Ri reductions?
— What is the role of the tropopause and tropopause folds?
— How to handle wave-turbulence interactions?
— Establish turbulence current climatology (through observations over along period
of time and NWP model archives) and assess effects of climate change
— Need dedicated multiple aircraft field programs (dropsondes + penetrations)

* Modeling

— Need better subgrid turbulence parameterizations in free atmosphere -> €

— Address convection timing and displacement errors

— Move to turbulence prediction within NWP framework (has direct access to
tendencies)

— Nested simulations that include large (forcing) scale plus smaller scale have been
highly successful
* Need more cases based on accidents, elevated edr data, field programs
* Need resolution, parameterization, initialization sensitivity studies

* Many good PhD topics here!!
*  For more see Sharman, Lane, Schumann (2017)

RESEARCH APPLICATIONS S q )
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Summary

Identified short term operational and research needs

Provide low-level turbulence forecasts in complex terrain and urban environments

Include more observations for verification and nowcasting, perhaps from ADS-B,
satellite features, high-resolution soundings

Provide global nowcasts that include CIT
Case studies using high-resolution simulations

Develop strategies for verification of rare events as it applies to turbulence
forecasting

Develop probabilistic forecasts
Develop Al/ML-based systems
Develop private vendor — research community collaborations

Identified some longer term and more fundamental research needs

Enhance fundamental understanding of genesis and character of aircraft-scale
turbulence through

— high-resolution simulations

— Field programs

Establish effects of climate change
NWP directly predicts € or EDR

Results from these R&D efforts will become included in subsequent versions of
GTG and GTGN as appropriate

RESEARCH APPLICATIONS Ry q .
LABORATORY © 2020 University Corporation for Atmospheric Research




Automatic Dependent Surveillance-
Broadcast (ADS-B)
Derived Turbulence

Larry Cornman
Kent Goodrich
Greg Meymaris
National Center for Atmospheric Research

Gary Pokodner
Federal Aviation Administration

Sponsored by: FAA Weather Technology in the Cockpit (WTIC) Program W

NCAR

Background

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

m Increasing turbulence N\ S g _
measurements and improving B B —
forecasts (e.g., GTGN) often go s
hand-in-hand. £

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

/ In situ EDR reports
overlaid on GTG

ADS-B Infrastructure

NCAR




Potential Benefit of ADS-B Turbulence Reports is Significant

= Large numbers of al/c

=Most a/c in US controlled airspace are now required to have ADS-B
Out.

=As of Oct 1, 2021 there are 158,406 US a/c reporting, including
107,378 GA a/c. (Int’l carriers = 2785 a/c)

= Compare to ~1600 a/c reporting in situ EDR and ~1200 turbulence
PIREPS/day (on average).

= Good spatial and temporal accuracy.
= Aircraft side of implementation is already happening.

= Potential use space-based ADS-B reports for oceanic/remote
regions.

N

NCAR

Turbulence from ADS-B Reports: High-Level Concept

........

. Sampled/

Atmospheric ég:trfoflté quantized
turbulence Dvnamics Vertical

y Rate (VR)

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

N
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Algorithm Development Approach - Ground-based Reports

m Developing signal processing methods to
address:

= Sampling rate (~1 sec) and quantization (64 ft/min) of
vertical rate data

= Maneuver/wave mitigation

m Developing scaling algorithm to produce
EDR from vertical rate

m Verification/Development using:
= Wind/vehicle simulation (737-800)

= High-rate, in-service aircraft data (737-800)
= Real-world ADS-B reports

Seale Factor: 1y

)

EDR =koyg "

e
T ac

time (%]

N
NCAR
[ J [ J [ J [ J “ ,,
Use of 34 Derivative of Position,“Jerk
Wave-Turbulence Region Maneuver-Turbulence Region
| P 20 e
i "rf'ai-: 5 b 5 n'l . III', "T‘M ,'II- f‘ :
3 i s 7400 G600 | €s00 7000
i e 5t ey
=  RMSJerk -10 ':
4 EDR V
RMS Jerk — for high-rate data — has remarkable skill wrt EDR
(Jerk = 21 derivative of vertical rate) N
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Contamination Due to Quantization
VR(t) VR(t)
g :
0:2)_[ |_'| ﬁﬁ rJP JL pm P| J“F]& Time I
180 1 |13 174 Hk olime (sec) . i (e
AR sone -
-0.4 | U | -1
Quiescent Period Turbulent Period
”-'”:m i Large increase 0-50?” — Small increase
e Y . in eff?ctive . - ; in if;?:;ive
N . X . M‘_‘\- POWe r 0.050 ;
1 - 1
Spectra o \.
i .-.' . _:: ::::::'Ouanluaa ..\{':" . -,‘-. ',
10— VR Sampled/Quantized .'W\1¢ - “':M:}
Quantization affects quiescent periods more than active ones iN'CAR

Resolving the “Quantization Problem”

m Solution is an adaptive “inverse ol e
filter” that takes into account the More
amount of quantization damping
contamination, locally.

= The filtered values are then usedto . w | smmseom

. . . ulescent — Filter FRF - Model
calculate jerks (second derivatives data i3 i
of VR) and then RMS-jerks are -
calculated. P gtz
0.8 W
i Less
The adaptive-quantization | e
filter is the key... T I )
data 0.10 0.50 wfrady
N
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Case Study: Data from Mid-Size Transport

VR _— Maneuvers —, -------------- N

L
1
1

L
— Alt - Scaled | 1
i
1
i

Waves —
i
1
1

N

Turbulence

o

4 time (sec)
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_____

\
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Sampled/Quantized Vertical Rate (black) and Scaled Altitude (red) N
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Results for the First Half of Case Study Flight

Post-filter RMS-Jerk (red)

0.30 —— Scaled RMS Jerk - Filtered Quantized 1 Hz data
—— Scaled RMS Jerk - Quantized 1 Hz Data

EDR from 8 Hz Wind
0.25

Z Pre-filter RMS-Jerk (blue)

time (sec)

1000 2000 3000 4000 5000 6000

The quantization-adaptive filter method works well here... N
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Results for the Second Half of Case Study Flight

0.30 — Scaled RMS Jerk - Filtered Quantized 1 Hz data
—— Scaled RMS Jerk - Quantized 1 Hz Data
EDR from 8 Hz Wind

“Case 17

0.25

/“Case 2”
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. . N
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Over-filtering — recoverable (?) Quantization - unrecoverable
N

NCAR




Maneuver Mitigation

Jerk calculation removes “smooth” (linear) part of maneuvers,
but not maneuver “transitions”

— Scaled RMS Jork - Filtered Quantized 1 Hz data
—— Scaled RMS Jerk - Filtered Quantized 1 Hz data - pre Maneuver Mitigation
— Scaled RMS Jerk - Quantized 1 Hz Data

EDR from 8 Hz Wind

p————

— VR 0.15

— Alt - Scale!

0.10

e e e s e et

_____ time (sec)

2600 2800 3000 3200 time (sec)

Pre-maneuver mitigation (magenta) vs.

Maneuver transition regions T T T e (]

N
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Ongoing Efforts

m Continue algorithm developments

= Adaptive-quantization filtering

= Maneuver rejection

= Aircraft-scaling

= Data quality assessment and QC algorithms

= Evaluate utility of space-based ADS-B (SBA) reports.
m Offline verification

= Simulation

= High-rate real-world data

= ADS-B reports

~\

NCAR




Near-Term and Future Efforts

m Operational demonstrations/verification

m Operational deployment

= Develop phased release plan
Standalone “Pireps”
Integration into GTGN

mProvide recommendations on future releases of ADS-
B standards

= Decrease quantization levels for vertical rate
= Increase sampling rate (not necessarily reporting rate).

N
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Global Weather Notification

A real-time, ground-based, weather
notification system for pilots

Developed at NCAR as part of the FAA’s Weather Technology in the
Cockpit (WTIC) Program

Jason Craig
National Center for Atmospheric Research
Fourth Turbulence Mitigation Workshop November 10t 2021

This research is in response to requirements and funding by the Federal Aviation Administration (FAA). The views expressed are
those of the authors and do not necessarily represent the official policy or position of the FAA.

Global Weather Notification System

Attempts to anticipate whether aircraft will encounter or be in close proximity to predicted or
observed adverse weather conditions.

Projects each aircraft's position forward in time (based on the aircraft’s flight plan, speed and
heading) and calculate a qualitative categorical severity (examples: ‘light’, ‘moderate’,
‘severe’), based on a given weather grid and parameterized thresholds, along the aircraft’s
path.

Runs on the ground ensuring that a large number of aircraft can be processed in a timely
manner frequently and large weather grids are not a strain for cockpit bandwidth

Creates a notification that is designed to give pilots a quick “heads up” message that allows
them to seek out additional information, such as an updated weather map or ensuring seat
belts are fully fastened for passengers, and is not to replace In-Flight Weather Advisories
from official sources.




Tactical Turbulence Project

* Developed a method for presenting frequently updated turbulence information to

the cockpit

* Developed the system for frequently updating turbulence information

* Demonstrated the feasibility to implement real-time notifications with the

necessary latency to the cockpit.

Global Weather Project

Evaluated running the Tactical Turbulence algorithm in the oceanic region.

Modified the system for effectiveness and accuracy in oceanic regions and
tuned for CTH/CDO based on prior ROMIO evaluations.

Developed documentation and technology transfer package
(No longer only for Turbulence, thus new name needed)

Notification Schematic

1
‘:52 7:53 Time for Processing
A 7:54 and Transmission

Projected

/7 Notification Area

8:00

8:18

[::] Current Time When Notification is Triggered
A Reported Aircraft Position

O Projected Aircraft Position







Logic for Position Projection and Notification

* Gathers all aircraft that have a position report within 3 minutes.

* Aircraft below minimum altitude (20kft) are skipped.

* Find a valid departure message to obtain the Departure and Destination airports.
- No Departure message use simple heading/speed projection.

e Aircraft within 50nm of departure and 100nm of destination are skipped.

* Find the most recent route for flight with Departure and Destination airports, eliminates future and past
flights with same callsign.
- No route available use simple heading/speed projection.

* Aircraft must be within 10nm of route to be considered valid.
- Aircraft off route use simple heading/speed projection.

* Using most recent position and valid route, project the aircraft forward along the route 3 minutes into
future.

* Using projected position and valid route create a box 30nm wide (15 to either side of route) and 17
minutes long (using aircraft speed).

e Gather turbulence information within box and create a NULL, Light, Moderate or Severe notification
text.

Human Over The Loop Demos (HOTL)

The purposes of the HOTL uplink using the FAA NIEC RCS included:

Identifying flight risks (if any) associated with providing frequently updated turbulence
information to the pilots.

Increasing our understanding of impacts to pilot, dispatch, and air traffic management (ATM)
decision making in a collaborative environment when frequently updated turbulence information
is provided to the flight deck.

Identifying demonstration objectives that are best accomplished with an expanded
demonstration of frequently uplinked turbulence information to operational airline flights.

Validating and demonstrating the use of a connection similar to Aircraft Access to System-wide
Information Management (SWIM) (AAtS) connection, and data link formats in the turbulence
notification role.

Developing a better understanding of turbulence notification latency requirements, and the
ability of AAtS to satisfy them.




HOTL Demonstration Display

NTDA-GTGNow Tactical Turbulence Alert

2015-01-30 18:14

FL260 heading 289 Light
Turbulence in area ahead.

: 05 Jan 2015 23:04:14Z ASQ5988

Connectad: DAL1457

Projected vs. Flown Notification Arenas
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Turbulence severity from system Vs
turbulence severity from actual flown area

Overall
NULL
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Projected Notification Classification

NULL

17803

176

211

38

Missed

LIGHT

317

3538

132

15

MOD

309

210

4424

171

SEVERE
78

False
32 Positives
312
1590

Turbulence severity from system Vs
turbulence severity from actual flown area
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Future Plans

Implementation options?

Exact method for sending and receiving the notification to target aircraft will be
implementation dependent.

Many different ways for pilots to have their flight “registered”, either manually or

automatically.
Technology Transfer package has been created.

Planning a spring meeting with industry to discuss implementation options for
this and the CTH/CDO product.

Jason Craig - jcraig@ucar.edu
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NCAR
Task Status Report
Aviation Applications Program
Research Applications Laboratory
AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 1
\
N Common Tasks
NCAR
N L
Define computing environment A draft documenting the computing environments of  In progress
requirements, including the operating the NCAR development platform has been shared
system, software libraries, and storage, for with the NCAR team, seeking input and further
NCAR development and testing servers. recommendation. Will share with CAA and 1ISI1.@
Support CAA’s development of an interface Content to define the input/output requirements for Completed
control document (ICD) that defines the the each task was added to the ICD.
input and output data requirements for this
task.
Collect required sample WRF model and Sample WRF model data and observations were Completed

observation data. Examine WRF variables collected with the help from CAA, IISI, and CWB.
Required missing variables in WRF were identified.

Develop training material and update user Training materials for each task were developed. Completed (for
documentation. 2021)

Q: When can the computing environments for NCAR testbed be finalized?

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 2




NCAR

Data Requirements and Data Transfer to NCAR

Jason Craig and Rong-Shyang Sheu

AOAWS-RU Project Management Review 11/18/2021

Aviation Applications Program
Research Applications Laboratory

© 2021 UCAR. All rights reserved.

N Data Transfer Current Real Time

WRF_3km July 1 Near Real Time Transfer problems, do
not receive all forecasts

WRF_15km July 1 Near Real Time

RWRF Aug 10 Near Real Time

Lightning June 1 Near Real Time

Radar vol/ppi October 1 Near Real Time Air Force Radars Vol

Mosaic 2d/3d Refl June 1 Near Real Time

Cloud Mask July 1 Near Real Time August, Sept 5-13

AFTN, CAF, GTS March 1 Near Real Time August 6 — August 17
CAF receiving only one
file per day - October 17

ACARS txt June 1 Near Real Time August 6 — August 28

= Mosaic precip June 1 Near Real Time

AOAWS-RU Project Management Review 11/18/2021

© 2021 UCAR. All rights reserved.




N Data Transfer Non Real Time (cont’d)

NCAR

Data Set Start Date End Date

InSitu EDR (China Air) December 2020 August 10 2021 Quarterly Updates

NTDA EDR Mosaic Near Real Time start
mid to late December

IWXXM August, Sept 16 October 29 Near Real Time or

Quarterly Updates

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 5

NCAR

Task 1. Update the In-Flight Icing Diagnosis and
Forecast Products

Gary Cunning and Dan Adriaasen

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 6




N\ Task 1. Progress Update

NCAR

+ Initial datasets were reviewed for completeness
for the TCIP2 and TFIP2 systems. It was
confirmed that the Goddard microphysics
package is part of the CWB’s WRF configuration.
TCIP2 and TFIP2 will be adapted to use CWB
model results

« Files from 10/9/21 in the archive datasets?' are
being used to configure initial versions of TCIP2
and TFIP2. All inputs have been converted to
MDYV or SPDB formats for the downstream
applications to process.

* Documents from the previous phase were = Uy '
reviewed to establish a rough outline for the test
and evaluation processes for the icing products.
With information gleaned from the previous phase £
a test and evaluation plan was developed for
TCIP2 and TFIP2. A draft of this plan was shared
as a deliverable on 10/15/21

e e, Q1: “more archive data sets will
4be considered”; what period of

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 7

NCAR

N\ Task 1. Progress Update (cont’d)

+ Initial investigations into the utility of voice
PIREPS and anti-icing indicator data from
airlines. The limited number will relegate them to
be used in conjunction with any icing case
studies that become a part of the testing and
verification processes®2.

» Underlying libraries that support the MDYV file
format have been updated to write CF-1.6
compliant NetCDF-formatted files. These il
libraries are part of TCIP2 and TFIP2 builds.
Once the OGC-compliant specifications are
known®3, an additional process will be added to
TCIP2 and TFIP2 to enhance the current CF 02|
compliant NetCDF output.

Q2: Aircraft icing reports are indeed sparse in Asia, what
are the alternativeS? 02(‘} :o-:nu J:I.U:l 6%0 BU-C-Q 1 ;C' '-‘.‘-'-U'I 4-1\‘.-".6
Q3: Who should verify? NCAR or [ISI? When? dz ()

dzmap_np

dzmap_as

dzman

dzmap_cr

Aviation Applications Program

Research Applications Laboratory
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NCAR
Task 2. Update the Graphical Turbulence
Guidance to V4 and Implement GTG Nowcasts
Wiebke Deierling, Hailey Shin, Bob Sharman,
Teddie Keller, Julia Pearson, Tom Blitz

N\ Task 2. Progress Update

NCAR

Coordinate with UCAR AOAWS-RU aviation weather algorithm and product development teams on
required data for product development

Put together a list of required WRF output variables that are required to run GTG4. Time-varying
roughness length (ZNT), was added by CWB in August & WRF output contains all required GTG4
variables.

Coordinate with UCAR AOAWS-RU PDTs to collect required long-term WRF model and
observational data

Decoding and analyzing turbulence reports received from Taiwan as well as an initial batch of in-situ EDR
data from China Airlines. Receiving WRF output files for 15-km and 3-km model domains respectively
from Jul 1, 2021 on and ran GTG4 prototype on output to gain insights on what needs to be done for
adaptation of GTG4 prototype to Taiwan WRF model output. Tested GTG4 on in-house WRF output over
larger domain to aid GTG4 adaptation (GTG calibration & case studies). Preliminary results show good
agreement between NCAR’s in-house WRF outputs with extended domain and those from CWB.

Conduct timing benchmark tests at UCAR for the MPI GTG4
Performed initial runtime tests of GTG4 on NCAR’s local machine for WRF_D1 (15 km) and WRF_D2 (3
km) and continue working on these. Final benchmarks and forecast length adjustments will require final

project hardware. CAA comment: In the end the timing benchmark should be tested in CAA’s testing environments.
Aviation Applications Program

Research Applications Laboratory

© 2021 UCAR. All rights reserved.
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N

NCAR

Task 2. Progress Update (cont'd)

Perform GTG4 case studies based on WRF sample data provided by CAA
Identified turbulence cases based on turbulence observations accessible to NCAR
in house. This included case studies identified from all turbulence observation
reports from March to September. Note, there is a limited amount of in situ data
in the area surrounding Taiwan, and the number of reports per day is highly
variable. Additionally, the number of reports decreases in August and September
relative to the spring (March-May). (CAA comment: could it be the number of
turbulence reports are related to weather systems?)

Work with the CAA to support its efforts towards acquiring the in-situ EDR
data on airlines that service the southeast Asia area or from other data
NCAR has received an initial batch of in situ data from China Airlines from Dec
2020 to Aug 10, 2021. We continue to need such in situ data over the next year
that will help with the adaptation and eventual verification of GTG4.

We also need NTDA data for adaptation and eventual verification of GTG4.
(CAA comment: Needs to negotiate/coordinate with China Airlines.)

Develop Training material and update user documentation
Training materials for GTG4 were developed and presented in 2 virtual training

=SSsSions inOctober 202

AOAWS-RU Quarterly Report — September 2021

Aviation Applications Program
Research Applications Laboratory

© 2021 UCAR. All rights reserved.

Uncalibrated GTG results with in-situ EDR

Deterministic EDR max{CAT,MWT) valid at 06 UTC 20210519 FL380
[n-situ EDR 00-12 UTC FLIG0-FLA0O] LIG 19 MOD 5 SEV O

Task 2. Plans

NCAR

Initial look at calibration of GTG4 output
Continue testing operation of GTG4 on NCAR servers

Additional items:
» Additional earlier 2021 WRF data for case studies

Further identify & investigate case studies based on our data

Support acquisition of turbulence observations (airborne and radar based)

— 30 March 2021, 1 April 2021, 13 May 2021, 19 May 2021, 22 May 2021, 27 May 2021

* Archive weather charts for case study identification

Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Quarterly Report — September 2021 © 2021 UCAR. All rights reserved.




: &
NCAR SR

Task 3. Update the NCAR "Turbulence Detection
Algorithm

Greg Meymaris, Jason Craig, Scott Ellis, Wiebke
Deierling, Jeff Hancock, Tom Blitz

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserve d. 13
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N Task 3. Progress Update

NCAR

. . B o e . Figure: Radar Reflectivity (top) and spectrum
Coordinate with UCAR AOAWS-RU aviation weather algorithm width (bottom) from RCLY, one of the new

and PDTs, to collect required sample radar data from CAA and CWB C-band radars from 2021-06-22.
examine

Compiled information about the available radars from Taiwan. It was
determined that there are potentially six radars that can be added to the
NTDA algorithm and are: (RCLY, RCNT, RCSL, RCCK, RCMK, and
RCGI(R)). Receiving most of these radars in near real-time. However,
radars from the Taiwanese Air Force are not being received in the near
real-time feed, but are prepared them for addition to the NTDA
AlgorithmQ! (CAA comment: radar data transfer from Taiwanese Air Force is
limited by bandwidth. The issue is being evaluated.)

dz: MELY 20210623 150120 #l=0.5
VP21 To=1.333 ma Wy=10.0 m/s N=B 1.0 deg
- =

Ground Clutter

130120 ai=0.5
0.0 m/s N=8 1.0 deg
=

Add OGC compliant NetCDF output option, or a format that is
mutually agreed upon by CAA and UCAR, for the NTDA product
An OGC compliant Netcdf output ability has been added to the final ;
NTDA mosaic. Final look and feel of the Netcdf output is still to be a
determined and requires coordination between all of the product

development teams.?? o ohe T ;
Aviation Applications Program Longeude ieq)

Research Applications Laboratory

© 2021 UCAR. All rights reserved. 14
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Minor fix
Greg Meymaris, 2021/11/17




N Task 3. Progress Update (cont'd)

NCAR

Evaluate the radar data quality, scanning strategies and, where
applicable, dual-polarization data for each of the contributing
weather radars

NCAR has been looking at data from all the radars. Currently, nothing
unexpected has been found. NCAR has identified radar frequency
interference, sea clutter, and significant ground clutter, all as expected.
Additional work stemains to use the dual-polarization data from the
Gematronik dual-porradars.

Develop training material and update user documentation

Two training sessions on NTDA were developed and presented as part
of the fall 2021 virtual training sessions.

Aviation Applications Program

Research Applications Laboratory

© 2021 UCAR. All rights reserved.

AOAWS-RU Quarterly Report — September 2021

Figure: Radar Reflectivity (top) and spectrum
width (bottom) from RCLY, one of the new
CWB C-band radars from 2021-06-22.

dz: MELY 20210623 150120 #l=0.5
VP21 To=1.333 ma Wy=10.0 m/s N=B 1.0 deg
=

120
Longtude ideg)

o ans m

e MELY 20210632 150120 01=0.5

VP21 Te=1.333

0.0 m/s N=8 1.0 deg
=

Ground Clutter
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Task 3. Plans =

&

H

©
e

Continue to coordinate with CAA on obtaining radar data.

Evaluate the radar data quality, scanning strategies and, where applicable, dual-
polarization data for each of the contributing weather radars. Specifically, we are
mining the meta-information from the radar files to study the scanning strategies

Identify interesting case studies, both regarding meteorological and data quality.
Provide report on findings.

Continue to adapt as necessary the currently available Gemtronik2Netcdf and NTDA
software to work with CAA provided radar data. This updated version is expected to
include the Radio Frequency Interference (RFI) mitigation method as well as the
antenna scan rate correction to mitigate false alarms.

Support any further training events.*

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Quarterly Report — September 2021 © 2021 UCAR. All rights reserved. 16
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A number of updates on this slide.
Greg Meymaris, 2021/11/17




"\ Task 3. NTDA Questions

NCAR

* Q1: The 6 radars refer to the newly added radars, right? The new version of NTDA should include the existing 4
radars, right?

* Q2: “Final look and feel of the NetCDF output is still to be determined...” Does this needs II1SI’s input, or NCAR will
determine it?

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 17

N\ Task 4: CTH/CDO*

NCAR
R L LR
Implement the enhanced CTH and the » The prototype system was installed and In progress
added CDO algorithms that comprise the configured.
oceanic convection diagnosis system in a » The system was used with the anticipated
UCAR testing environment AOAWS-RU data ingest apps to process data

from July 15 (2000-2359) using the supplied
lightning, WRF D1, and satellite data sets.
Samples of output data (GRIB2) were provided 28
October. We anticipate some adjustments to the
configuration over the next month or two as we
fine-tune the processing

* See the presentation on the “Initial version of CTH and CDO in UCAR testing environment” deliverable

Q: Will CTH/CDO run on both D1 and D2 domains of WRF_D

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 18




NCAR
Task 5. Update the Airport Ceiling and Visibility
Prediction Products
Jim Cowie, Bill Petzke and Dan Megenhardt

N\ Task 5. Progress Update

NCAR
Activities i CDF - m&%ﬂ?”ﬁ;glmm
— o
» Adaptation of the calibration and forecast applications® o8 =
to use the CWB WREF/UPP output continues 5 o6l
* Restrict the set of input model files to avoid certain files 3 ——
» Use consistent units throughout, adjust initial calibration Eos T
thresholds . /J
* Update to use newer netCDF4 C++ API
*  Work continues converting the verification script to use 00 TS0 1000 1m0 2000 2300 3000
output from the UPP and calibration system (graphs P
show UPP output only, not calibrated forecasts) o T T
* Training completed os e
Issues 8 oe
* There were many missing model runs and observation Z
(AFTN) files in July and August g™
Q: We are not adapting from the existing AOAWS C&V system; rather we adapt e
the Alaska system. Is this why we need to re-train? Or the needs to re-train is o Lk — e~
based on new model (WRF_D) used? How long °an\‘/i;t;¥%LnQﬁié%%h%qb%gr%e need? 2 W e

Research Applications Laboratory

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 20




N

NCAR

Task 6: ASPIRE*

N L L

Develop implementation plan based on
meeting with CAA

Develop the system requirements document
(e.g., uptime, update-rate, forecast
variables, system latency)

Obtain and process sample datasets

AOAWS-RU Project Management Review 11/18/2021

+ Met with the CAA in May 2021 and determined that products
should include both precipitation rate and radar reflectivity
height (or storm top height). Update rate of the product will
be every 10 min and output rate will initially be every hour
as this is the output rate of the model. Model data will be
obtained from CWBs 2 km RWRF model.

+ This task has been completed. Details of the system specs
are included in the overall AOAWS-RU system ICD which
was submitted in July 2021.

Completed

The forecast variables has been identified, but other
information such as the latency of input datasets (2km RWRF
in particular), and expected level of system reliability (i.e.,
uptime) are needed to finalize design of the blending system

In progress

+ Obtained, processed and performed preliminary evaluation
of 2D and 3D radar mosaics. We have noted that sea-clutter
is present in these two datasets and thus, may need to
develop an algorithm for removal of sea clutter unless this is
already done within QPESUMS. Also, began assessing
diurnal climatology of radar reflectivity for the month of
March to aid in improving the extrapolation based nowcasts.

» Datasets have been processed to generate 0-2 hour
extrapolation forecasts of reflectivity. The 3D mosaic has

Avisgien éppliestedddioteemal formats and used to compute

ResgtsemAsaticatipnhéigmeatory

© 2021 UCAR. All rights reserved. 21

Completed

N

NCAR

Task VI: ASPIRE (cont'd)

R L L

Develop multiscale extrapolation technique

Add option to output in OGC-compliant
NetCDF

Work to statistically optimization the extrapolation technique
and to incorporate a multi scale approach whereby vectors
characterizing multiple scales of motion are obtained and
combined into a single motion vector field has begun. A suite of
sensitivity studies are underway to evaluate and improve the
performance of CTREC.

In progress

Final products of the extrapolation system are now output as
OGC compliant NetCDF. A sample version of extrapolation
data has been provided to the CAA using this file format and
CAA has been able to properly read and render this data

Completed

* See the presentation on the “Initial version of the new extrapolation prediction system at UCAR” deliverable

AOAWS-RU Project Management Review 11/18/2021

Research Applications Laboratory

Aviation Applications Program
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NCAR
Task 7. Develop and Implement XML Converters
for Meteorological Reports
Padhrig McCarthy and Arnaud Dumont

N\ Task 7. Progress Update

NCAR

Work Performed:
1 NCAR ran schema validation on sample IWXXM reports issued May 3-4, 2021
- NCAR Submitted findings to CAA (20 validation failures in 190 reports)
- CAArrevised the IWXXM encoding based on NCAR recommendations
NCAR ran schema validation on revised IWXXM reports issued August, 2021
- NCAR Submitted findings to CAA (46 validation failures from 15,990 reports)
NCAR created Metarlwxmm2Spdb conversion utility
- C++ application patterned after other ingest tools in use within AOAWS-RU
- Note that subtasks 7.3 and 7.4 were combined into a single converter (CAA comment: since NCAR
decides to stick to SPBD, this has very little impact.)
- NCAR Performed validation on conversion process of the sample August, 2021 data
(1 NCAR wrote “Task #7 Validation Report” to complete deliverable (CAA comment: on errors in the Taiwanese Air
Force Airport METAR reports, SIGMET report timing (or format?) is inconsistent with ICAO standards. CAA will adjust the
translator program to ensure quality assurance.)
(1 NCAR work is complete on this task. Awaiting integration into AOAWS-RU

Aviation Applications Program Research

Applications Laboratory

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 24




N\ IWXXM METARs in AOAWS Display

NCAR

METARSs and SPECIs converted from IWXXM — SPDB

are viewable in AOAWS display

- Display shows August 16, 2021 at 23:00Z -
(for proof of conversion only, styling incomplete)

- Data source is IWXXM sample from CAA

't
T

©2021 UCAR. All rights reserved. 25

N Task 8: Consultation

NCAR
Task

Provide consultation on Low Level Wind-
shear Alert System upgrade or its
alternatives, e.g., radar or lidar wind-shear
detection algorithm

Provide consultation on science and
technology on various topics, including, but
not limited to, model output statistics,
upgraded WRF model output processing,
data ingest and distribution development,
and product visualization system

Provide consultation on Global Air Navigation Plan
(GANP) and Aviation System Block Upgrades
(ASBUs) updates, limited to the scope of aviation
weather information system and its integration with
the air traffic management system

Support CAA’s development of system integration

AOAWS-RU Project Management Review 11/18/2021

R ==

The CAA provided a document describing the needs to In progress
upgrade the existing LLWAS system and seeking NCAR’s

input. NCAR discussed internally and determined a meeting

was needed before NCAR can better address CAA’s questions.

The meeting between NCAR and CAA took place on Tue

(Taipei date/time), October 26, 2021.

No requests have been made regarding this item. pending

NCAR has contacted our source of latest ICAO Pending
regulations/policy updates, Mr. Matt Strahan.

Expected in 2022 Pending

Aviation Applications Program
Research Applications Laboratory

© 2021 UCAR. All rights reserved. 26




N\

NCAR

Task 9: Training and Tech Transfer

L

Prepare a draft Training Program Plan fora  *
two-week training period

Create training materials designed to
educate CAA staff on scientific and technical
aspects of the new AOAWS system

NCAR team prepared training materials for 10 sessions of
general technical training and followed up by preparing 10
more sessions of workshop presentations on aviation weather
algorithm science and technology. The training and workshop

NCAR worked on the scope and schedule for training. It was
decided that some topics should be deferred to next year,
since they pertain to new research and development which
will not be completed in time for this year’s training.
Fundamental topics regarding core technologies, tools, and
system design will be included in this year’s training.
Previews of the various algorithms and the anticipated
research and development will also be presented.

NCAR worked to identify training modules, created a
training template, and wrote a training plan which was
delivered to CAA.

Completed for
2021

Completed for
2021

presentations were shared with the trainees and workshop
attendees before each session. The documents remain
accessible on UCAR’s shared Google Drive .

Conduct the two-week training program
designed to educate CAA staff on scientific
and technical aspects of the new AOAWS
system

AOAWS-RU Project Management Review 11/18/2021

NCAR conducted 10 sessions of general technical training from
September 15 to 30, 2021. The aviation weather algorithm
science and technology workshop was conducted from October
19 and will last through November 11, 2021. The recording of
each session will be provided via UCAR'’s shared Google
Drive.

Completed for
2021

© 2021 UCAR. All rights reserved.

\

NCAR

Task

10: Management

R L R

Carry out general project management, such  *
as planning, budgeting, technical

consultations with team members, and

tracking progress

Prepare monthly and quarterly progress
reports

Consolidated input from NCAR team members to finalize and
deliver May, June, July, August, September, October 2021
monthly reports, as well as May-Jul, and Aug-Oct quarterly

Worked with NCAR budget administration staff to budget
and request pre-spending authorization for the project to get
underway. Facilitated discussion between CoSPA task lead
and CAA on challenges to CoSPA and tailoring CoSPA
designs based on the discussion. Coordinated with NCAR
team members and CAA to author a draft ICD specific to
NCAR aviation algorithms. Prepared, with input from NCAR
team and CAA, a draft training plan.

Coordinated with NCAR team leads and CAA to determine
dates for the training and workshop sessions. Facilitated
Q&A between NCAR and CAA regarding development data.
Facilitated discussion between NCAR low-level windshear
alert system experts and CAA. Met regularly with NCAR
task leads to understand development issues and track task
progress. Prepared and delivered a draft Acceptance
Document.

On-going

On-going

reports.

AOAWS-RU Project Management Review 11/18/2021
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N Task 10: Management (cont'd)

NCAR
Task Activities Status |
Respond to routine technical and information ~ Coordinated with the CAA to clarify and update information On-going
requests from the CAA regarding input data requirements and set up data receiving
environment.
Obtain and review user feedback on the new  No users involved yet. Pending,
AOAWS system expected in
CY2022
Participate in AOAWS-RU related meetings, ~ See quarterly reports for the list of meetings. On-going
including annual Acceptance Meeting at
CAA

Aviation Applications Program

Research Applications Laboratory
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ASPIRE

.
i -
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. -=wL.ast Modified: 18 November.2021

w

AOAWS Short-term Prediction of Intense Rainfall and Echotops

N ASPIRE Research and Development Team

Dan Megenhardt Dave Albo Tina Kalb Tom Blitz

Task 6 ASPIRE Deliverables

Initial version pf the new extrapolation November 5,
prediction system at UCAR 2021

As negotiated, exchange examples, either via December 3, 2021
case studies or a real-time feed, of extrapolated

[ CoSPA radar reflectivity forecast data with CAA along

with performance metrics provided as part of

quarterly report

[ CoSPA

Aviation Applications Program

Research Applications Laboratory
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N\ Seamless Transition & Optimized Skill

NCAR
Goal of ASPIRE Short-term Prediction System Some Blending REFS
more Golding 1998
+  Generate a rapidly updating forecast system that Pierce 2001
produced up-to-date guidance products that span tactical Lin et al 2005
(< 2 hr) and strategic planning time scales (4-8 hours) Bowler 2006
’ = - Yeung et al. 2009
] ] X Kitzmiller 2010
»  Forecasts will have skill greater than or equal to i — Atencia et al. 2010, 2020
individual inputs (model and extrapolation) by taking @ Pinto et al. 2010
advantage of relative strengths of each. o B Hwang et al. 2015
13
] -
*  High resolution products will provide info on future L R . Nowcast
structure / position / intensity / depth of storms and where _g — i Blending
greatest impacts are expected. w® | T i
L) = e
é Radar data assimilation _-____'_'-'———___
= | ]
| l Numerical Models
less |
Increasing Forecast Length
Aviation Applications Program
Research Applications Laboratory
AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 3

N\ Planned Features of ASPIRE

Composite Reflectivity (dBZ)

~ EchoTop Height (m AGL)

Analyses and 0-12 hour Forecasts Key Features of Blending
« Composite Reflectivity, Radar EchoTops, Precipitation Rate * Model bias removal (calibration) and position error
(using gauge corrected QPESUMS) adjustments (phase correction).
* 10 min update rate * Dynamically updating weights base on Fractions Skill Score
Forecast blends extrapolation with high resolution model forecast data » Heuristic forecast uncertainty-based weighting in storm
« Extrapolation uses multi-scale NCAR CTREC algorithm growth/Cl regions
¢ Model Input will be the CWB R-WRF (2 km) with post- * Uses multi-threading to maximize performance
processing using Unified Post-processor.
« 10 min update rate with output out to 10 hours.

Aviation Applications Program

Research Applications Laboratory
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i ASPIRE Blending Algorithm Overview

NCAR

Extrapolation

Blended Forecast

=

Heuristic Dynamic
Weighting

References:

HRRR Model: Benjamin et al. 2016
Calibration: Cultec et al. 2006

Phase Correction: Brewster et al. 2003
Blending: Atencia et al. 2010

CoSPA: Dupree et al. 2009, Pinto et al.
2010

MIT-LL Radar Mosaic &
Extrapolation NCEP HRRR

inm Initial Version of Extrapolation Prediction System

1 hour Sequence of Composite Reflectivity used to Compute Motion Vector field
Note: Motion vectors derived from comp_refl will be applied to echo tops and QPESUMS precipitation rate.

CTREC = Cartesian Tracking Radar Echo
by Correlation

» Described in Tuttle and Foote (1990).
* Used in the Autonowcaster

» Uses cross-correlations to identify
storm motions.

* Key Settings:
Del_dbz =10 dBZ
Cbox_size = 75 km
Cbox_space = 25 km
Delta_time = 10 min

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 6




N

NCAR

Applications and Processing Flow

ASPIRE top level flow diagram

Disgram: | ASPMRE  LastQuery: 202171026 19:16:26

ASPIRE Processing

* Multiple processing steps are separated — E gg
into sub-diagrams. g2 |- M ES
ngest Data Processing Radar Advect
— Ingest comes first and blending is the final step. | v
- » $_=
* Flow lines show data produced in one g
diagram is used by processes in other %‘é
diagrams. T
— Ingest data is used in the Data Processing and
in the Calibration processing. = l— ]
— The advected radar is used in all the down o o
stream processing steps (Calibration, Phase ==
correction, Blending Stats, and Blending). e |
Aviation Applications Program
Research Applications Laboratory
AOAWS-RU Training 2021 © 2021 UCAR. All rights reserved. 7

N

NCAR

Applications and Processing Flow

Data Processing diagram

i HC L Data Processing L : L

« 2D RADAR 2D RADAR 3D RADAR
— Preparing the data for tracking and _
extrapolation forecasts.
— MdvClump removes small areas
of connected grid points.
— mit_storm_filter uses an elliptical
filter to smooth the data.

+ 3D RADAR _
e

— CloudTopHeights computes the
echo tops

— MdvConvert is used to remap the
data to match the model grid

v

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Training 2021 © 2021 UCAR. All rights reserved. 8




N Applications and Processing Flow

NCAR

Dlagram: a2, . Lavt Qunry; None pertormed

Radar Advect diagram

» ctrec — Uses a cross-correlation
analysis of echos to calculate motion
vectors from radar data.

+ GridForecast — Uses the ctrec
motion vectors to advect gridded
data to multiple lead times.

Blending -
- BlendFoinMedan.ncaripclchalopn

=

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Training 2021 © 2021 UCAR. All rights reserved. 9

nnm Initial Version of Extrapolation Prediction System

CSl vs time of day

Extrapolated Reflectivity Evaluation

2 hour fest June 2021

0.35

0.30

0.25 /< >'_7. \""' /-/
/ ] \ \ \.\ : /'/
. 7 \-—"\ Version 2 / i

35 dBZ contour . Version 1 i \‘/-\_\.i-::;:/
0800 1300 1800 2300 0400 CST

Aviation Applications Program

Research Applications Laboratory
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N Next Steps

NCAR

53

»  Working to optimize extrapolation by including multiple scales of motion.

» Extend extrapolation out to 4 hours via combination of multiscale tracking
and extrapolated vectors.

» Assess skill as a function of leadtime for two retrospective 30-dayt time
periods Jun and Sept.

» Evaluate impact of storm evolution on skill of extrapolations and devise
improvements.

» Begin relative assessment of skill with respect to the RWRF reflectivity

forecasts.
Aviation Applications Program
Research Applications Laboratory
AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved. 1"
N 7N
\ Model Inputs (50)

@ EchoTop Heights (m)

Model Input: CWB RWRF

Hourly Update

* 60 min output rate

» DA System including assimilation of 3D
radar reflectivity

* 2 km grid spacing

» Derived variable obtained using NCEP
Unified Post Processor (UPP)

Aviation ApplicationS5

Research Applications Laboratory )

AOAWS-RU Project Management Review 11/18/2021 © 2021 UCAR. All rights reserved.




NCAR

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

Ken Stone, Dan Megenhardt, Thomas Blitz

with significant contributions from Cathy Kessinger

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Program Review November 17, 2021 © 2021 UCAR. All rights reserved. 1

N Task 4 — Overview 2021

CTH = Cloud Top Heights

» Above 15kft

* For optically thick clouds

* Derived from Himawari and WRF
* Updates every 10 minutes

CDO = Convection Diagnosis Oceanic

« Detection of convective hazards, giving additional
information to the CTH.

* Hazard indicator (0 to 6).
+ Derived from Lightning, WRF, and Himawari
* Values >= 2 indicate a convective hazard is likely

* Values >= 3 indicate lightning and/or an
overshooting top is present.

* Updates every 10 minutes

AOAWS-RU Program Review November 17, 2021 © 2021 UCAR. All rights reserved. 2




N Two Convective Products: CDO and CTH

NCAR
CDO Contours
+ Two products better characterize convective storm
» CTH gives full extent of cloud cover and height
» CDO shows location of updraft/lightning hazards
Aviation Applications Program
Research Applications Laboratory
© 2021 UCAR. All rights reserved. 3
ﬁ.\m Data Processing Overview
«  Prototype Implementation Diagram: Last Query: 2021/11/08 20:25:05
* Uses US NCEP GFS model and Convective Diagnosis Oceanic (CDO)
ENTLN Lightning, along with Cloud Top Height (CTH)
Himawari Satellite Data
] [E
* Prototype can also process sample data — L ]
as provided S proeee
« Himawari Satellite l i
«  CWSB Lightning E ﬁ
+ WRF Domain D2 -
Himawari processing CDO CTH processing
+ Sample GRIB2 data provided from July l
15, 2021.
«  Preliminary configuration, we | 02
anticipate updates. S

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Program Review November 17, 2021 © 2021 UCAR. All rights reserved. 4




N CTH Overview

NCAR

» Cloud Top Height (CTH) is computed by:

— Converting the satellite 11.2 micron infrared (IR) brightness temperature to
pressure by comparison to the WRF model sounding.

Satellite < [ Fi E/\t—
Converts th to a flight Cloud Top |5 Model Height (<t
— Converts the pressure to a flig Temperature Tomperature il
level through the standard vs. Pressure
i i AT =L lervperature = = S =200 ~height
atmosphere equation (Miller 2005). . ===+ e
] _ Clouds _ .
« Defines storm anvil contours e : PR . olas 2
— May not show individual convective | >/ 4 /5 |\ ____ N
cells ' s
Aviation Applicat | 000
Research Applicat%—’“
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N CDO Overview

NCAR

» Convection Diagnosis Oceanic is computed using a combination of
inputs:
— 1) Global Convective Diagnosis (GCD) is computed by differencing the
brightness temperatures from the longwave IR and water vapor channels
(Mosher, 2002).

* Indicates the location of mature updrafts when the difference is near zero.
» Optically thick clouds will exhibit similar LIR and WV radiances (assuming water vapor above the
cloud is negligible).

— 2) CTH (as described earlier)
— 3) Overshooting Tops Algorithm

Computed following Bedka et al. (2010) and shows the locations of overshooting tops.

Defines updraft
regions that are
most hazardous to
— 4) Lightning accumulation at 10, 30 and 60 minutes. aircraft.
+ Weighted more heavily, equivalent importance to satellite contributions. Highest CDO values
« Lightning is critical to determining exact location of hazard. are aligned with
convective cells

Aviation Applications Program
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NCAR

SAMPLE IMAGES FROM JULY 15, 2021
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N\ Sample Images

NCAR

July 15, 2021 2000 UTC
CTH CDO
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CTH not defined below 15kift. CDO Potentially degraded outside lightning network coverage area.
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NCAR

Sample Images

CTH not defined below 15kft.

July 15, 2021 2010 UTC
CTH

CDO

Color Upper value o Color Upper value
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CDO Potentially degraded outside lightning network coverage area.
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NCAR

Sample Images

CTH not defined below 15kft.

July 15, 2021 2020 UTC
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CDO Potentially degraded outside lightning network cove
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NCAR

Sample Images

CTH not defined below 15kft.

July 15, 2021 2030 UTC
CTH CDO

Color
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CDO Potentially degraded outside lightning network coverage area.
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NCAR

Sample Images

CTH not defined below 15kft.

July 15, 2021 2040 UTC
CTH CDO
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CDO Potentially degraded outside lightning network coverage area.
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N Sample Images

NCAR

July 15, 2021 2050 UTC
CTH CDO
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CTH not defined below 15kift. CDO Potentially degraded outside lightning network coverage area.
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N Sample Images

NCAR

July 15, 2021 2100 UTC
CTH CDO
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CTH not defined below 15kift. CDO Potentially degraded outside lightning network coverage area.
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N\ Sample Showing CDO = 6

NCAR

July 15, 2021 at 22Z

Example Maximum Case

Lightning has occurred

Overshooting tops are present v / -

Cloud Top Heights > 40 kft e Bl !
Global Convective Diagnosis indicates strong updraft . b -

CDO =6 a

" ®
i
o
- s
3
0 e = ¥ fe L o
- 5. 701 =
L I ' A —_————
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NCAR

DISCUSSION
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N Question on Lightning

NCAR

Handling Lightning in CDO

« Lightning Supplied over ~ RWRF Domain
* CDO is computed over WRF D2 Domain
Options:

1) CDO only over RWRF domain

— Full functionality; Limited to region that is already covered
by radar... might not be too much value-added.

2) CDO over full domain (without lightning)

— Straightforward to interpret/process; Doesn’t provide as
much detail on hazard location.

— Higher latency in hazard identification.

3) CDO hybrid (use lightning over RWRF not outside)
—  Default configuration.
— Uses all information when/where available.
— Might be confusing or difficult to interpret.

4) Acquire larger Lightning coverage area

— |deal Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Program Review November 17, 2021

© 2021 UCAR. All rights reserved.

Coverage Area
Pink Box is Lightning
Yellow Box is Radar (roughly)

20K 136K

NCAR

BACK-UP SLIDES

Aviation Applications Program

AOAWS-RU Program Review November 17, 2021

Research Applications Laboratory

© 2021 UCAR. All rights reserved.




n Convection Diagnosis Oceanic (CDO) Fuzzy Logic, Data Fusion Methodology

NCAR
s&?:slzpm“:i‘;’:uﬁ‘:fﬂmlllp CDO Interest output field. Values are between 0-6.
Inputs Apply weights and sum, Convective Diagnosis Ocegn_i_c‘[CDOI

‘ Apply threshold ( 52)
‘:_‘:'-_'.'.“. ] Convective Diagnosis Oceanic lCDO_I

" Overshocting Tega 10Tep). Ot et P !
x
~ . '......‘.‘.
) SNt
i 1 I'i"‘i“ ",
Lightning =g o I _ Ay

Comtined Lighining Cormeined Lightning
Aseurmdsnon e ]

Convective Diagnosis Oceanic estimates storm intensity.

19

n Convection Diagnosis Oceanic

NCAR

.. Reflectivity

Aviation Applications Program
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NCAR

CDO
Inputs

TEEEEN

I Cloud Tops Below 30kft “

Cloud Top Height

press— ———

i ;G gt = |
ie = -
- 1.! i B
Lightning Strike Accumulations @ ~ 1. Overshooting Tops i
e S Y I S S W S S S | —
N R AmEEET

NCAR

CDO
Inputs
Scaled

(0-1)

- . )
Cloud Top Height “ =~ Global Convective Diagnosis A
| Mﬁ- : :
Lightning Strike Accumulations L _ - Overshooting Tops :
i U o T 5 i AT S P Vi < ottt e —




N Convection Diagnosis Oceanic

NCAR

__ Convection Diagnosis Oceanic (CDO)
Values 0-6

B NCAR

Lightning important
for CDO > 2 in
absence of
overshooting tops.
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|IA#18 Project
Management Review
Meeting

Thursday, November 18, 2021

01:00 UTC

Attendees

CAA: Sheau-Perng Yu, Tsh-Hua Yu, Dai-Wei Kuan, Shou-Liang Yu,Chia-Wei Lan,Yi-Ping Hsu,
Ching-Yao Chuang, Jyong-En Miao, Tse-Wei Fan, Li-Wei Kuo

NCAR: Rong-Shyang Sheu, Bob Sharman, Wiebke Deierling, Larry Cornman, Tom Blitz, Matthias
Steiner, Gary Cunning, Jim Cowie, Jason Craig, Ken Stone, James Pinto, Paddy Mccarthy

Agenda

1. Selected NCAR presentations from the Turbulence Workshop
a. Larry Cornman, NCAR: “Automatic Dependent Surveillance-Broadcast (ADS-B)
Derived Turbulence”
b. Bob Sharman, NCAR: "Open Frontiers in Turbulence Forecasting and Detection”
c. Jason Craig, NCAR: “Global Weather Notification”
2. Task progress updates
a. Task-by-task updates
b. System deliverables
i.  CTH/CDO: Initial version of CTH and CDO in UCAR testing environment

ii.  ASPIRE: Initial version of the new extrapolation prediction system at UCAR




2

3. On consultation item: Global Air Navigation Plan (GANP) and Aviation System Block
Upgrades (ASBUs) updates, limited to the scope of aviation weather information system
and its integration with the air traffic management system

a. NCAR source Mr. Matt Strahan charge for providing related information
b. What's our alternatives? What are the expectations ?

i.  NCAR will gather and organize relevant information, with a focus on
compliance to future international standards of the aviation weather
information system and their direct impacts to components/blocks
defined in the ASBU. Components/blocks that are indirectly impacted will
not be part of the information NCAR provides.

ii.  Any payment/charges NCAR needs to make to gain access to relevant
information should be discussed with the CAA first before proceeding
with the action.

4. Preparing for IA #19

a. Are we open to slight departures from the subtasks written in the Four-Year Plan
document (AOAWSRU_plan_draft_20191204_opt3.pdf), as long as we stick to the
original budget?

i.  This can be accommodated with CAA's approval

b. Speaking of the original budget, how flexible is it to depart slightly from the
budget in the blueprint AOAWSRU_plan_draft_20191204_opt3.pdf?

i.  Thisis possible if the budget increase is limited to within 5%

c. Timelines at various stages for IA #19 submission to AIT

i.  UCAR delivers package to AIT -- 4/29/2022; CAA proposed timeline

ii.  UCAR and CAA reach final agreement -- 4/25/2022

iii.  RAL and CAA begins negotiations -- 3/7/2022

iv.  RAL delivers initial draft of SOW to CAA -- 2/25/2022

v.  RAL and UCAR finalize RAL draft SOW -- 2/23/2022

vi.  RAL and UCAR Contracts begin iterations over SOW 2/11/2022

vii.  RAL begins work on SOW -- 1/3/2022

Notes

@® Common tasks / data

(O Computing environment plan for the NCAR testbed is estimated to be finalized in
about a month (mid December) for IISI feedback. Final testing of the environment

will require the hardware.



@ Task?2

O

@ Task3

CAF feed discontinued, data is now in the AFTN feed.

Air force radar data request being evaluated.

NTDA data requested for both GTGN and current GTG calibration.
CAA will attempt to provide quarterly updates for the in situ EDR.

CAA will provide realtime data for IWXXM

More archive data sets will be considered - looking at December - March

Alternative to aircraft icing reports (sparse in Asia) - Next version of TCIP2 will run
without aircraft reports, unless we get something like AMDAR, liquid water

reports

Who verifies (NCAR or [ISI?) and when - Want various product NetCDF to look
and feel the same, so NCAR will do a unified approach and a deep readthrough
of the OGC specifications to make sure it matches, that information is elusive, and
there is no way to verify OGC compliance but we will do our best to follow all
OGC specifications. CAA - Provide the data and they will use it, have a system
from IISI to provide data to the user in the future, so this data is only in the
AOAWS-RU system, not transferred to the user in the future. So there will be IISI
converters that bring the data to the user.

Final timing benchmark should be CAA’s testing environment - we agree with this
moving forward

Could lack of reports be due to weather systems? We think it is variability in the
reports we have received. For looking at cases the most recent quarter it gives
less cases

CAA will continue to negotiate with China Airlines for EDR data

Can we get WRF data for early 2021 cases? CAA is okay with giving us 6hrly
output to help do these case studies, do not need RWRF, just 3km and 15km

Could take the Air Force radar in archive if we can't get it in realtime due to
bandwidth issue.

6 radars refer to the newly added radars, new version includes 4 existing + 6 new,

but there are data quality issues



@ Task4
O

@ Task5
O

Our plan is to run CTH and CDO on D2, not D1. D1 is not an absolute
requirement from CAA, so will stick to D2.

Why the Alaska system and not existing AOAWS? Retraining? We are adapting
the Alaska system, use the most recent history to train on, runs every day and
trains for the next day. This is instead of training once and using those values
forever. Training period is 30 days for this system, might need to be adjusted
depending on if we have a big enough sample, should see more cases as we get
into winter.

What kind of observation is absent? It's the METAR data, whatever we can find in
the AFTN files, have seen some Airforce METARs in there. AFTN seems to be a
superset of GTS CAF, so been using AFTN, will use sites in neighboring vicinity as
well.

@ CTH /CDO Deliverable

O

CAA can evaluate the 4 lightning options and decide which one is best to pursue,
needs more thought than can be decided in this meeting
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