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— ~ AOAWS NCAR Turbulence Detection Algorithm (NTDA)

Introductions

1. NCAR NTDA development team
- John Williams
- Greg Meymaris
- Jason Craig
- {Gary Blackburn
. CAA
- Dai Wei Kuan (David)
= Yu-Tsung Huang {Kenny)
. 111
- Yung-Chia Chang (Charlie)
- Ssu-Ping Lai (Spin)

Soo T il

Training Outline

1. Morning — PowerPoint presentation
*  Turbulence background
»  Turbulence forecasting (ITFA/GTG)
*  NTDA turbulence detection
- Mativation
Descriplion
= Algerithm adapiations for Talwan
Overview of system architecture
» Case studies, illustrations and applications
. Uslng NTDA with ITFAGTG
on NTDA doc
2. Afternoon —Hands-on with NTDA real-time

system

P iopase

Aviation Turbulence
Research: Motivation

= Tubulence has sipnificant economic, safety
and capatity impacts
US economic cost of neaty $200MyT1
* 75% of Pat 121 accidents®
u Average ©39 senous injures and 47 2
minGs ger year for Ar Carriers!
* Structural damage
« 10% af Alr Carmier hrtulents rtated
SCCMEES resulied in Gamage o e
Hreran
* Second leading facto aftecting tne MAS?

GMGHMMGMNYG]MMMIIIMM MCR: Feders, LLC, Gk, 2008,
Tl b pinfma bedurtsderce

TURBULENCE BACKGROUND

e 3

Aviation Turbulence Research Funded
by FAA Aviation Wx Research Program

* Objective observations
= Aircraft-based (in siu turbulence reports)
* Remote sensing-based (NTDA)

e Characterization of turbulence mechanisms

* Turbulence nowcasting & forecasting

= Graphical Turbulence Guidance (ITFA/GTG)
i * Diagnosis of Convectively-Induced Turbulence (DCIT)
;‘:g » GTG Noweast (GTG-N)

Ef ey
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Sources of Turbulence

Clear-air

Turbulenee (CAT) induced or

Mountain wave

Turbulence (MWT)

t:nr»cclw.—- boundany
Layer turbulence
Seurea: P Lagee, “TUIBUIRAZE — & Rw BSPIpRLiv far
o5, Jeppestn, 1994

e i s s i

How do we measure turbulence?

icarCoue i rega e T ey e

Measuring Turbulence Intensity

« Pilot Reports
{PIREPs)
» Mainly qualitative
and subjective
- "none”
“light”
“moderate”
“severe”
“exdreme”
= Aircraft-
dependent
] relationship to
atmospheric
turbulence

T

Eddy Dissipation Rate (EDR)

largest eddies energy flow smallest eddies

O@Oomvm

EDR is a measure of the dissipation rate of energy at the
smallest scales {units of dE/dt =&, m? )

Usually energy produrtinn at large scales ~ energy dissipation

& at small scales Downscale cascade
(Slope -5/3)
Endrgy

’ E severe

eIy 3

Objective Observations - In Situ EDR
* Automatically computes and
records mean and peak
turbulence intensity
* Provides aircraft independent
atmospheric turbulence
intensity: eddy dlgglpatlnn rate
{EDR = €', units m?
ICAC standard:
+ Automatically downloads data
- periodically during flight using
ACARS network
Accuracies
= Time: <1 min
* Location: = 10 km
On UAL 757, Delta 737, 767
Soon on Southwest 737, UAL 737
Perhaps KAL 737

il st 10

a0 sy

PIREP-Insitu EDR Comparisons

Based on 60,000 UALSST
matches, 50,000 DAL737
matches

“Light™=0.03 m¥351
“Mocerate”=0.21 m*?s?
“severe”=0.56 m¥/igt

These are lower than ICAQ
“standard” thresholds
“None” < 0.1 mitsl
“Light” 0.1-0.3 m27s!
“Moderate” 0.3-0.5 m¥ig!
“Severe” = 0.5 milgt

Zo s it o 1
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TURBULENCE FORECASTING:

INTEGRATED TURBULENCE
FORECAST ALGORITHM (ITFA)
A KA.
GRAPHICAL TURBULENCE
GUIDANCE (GTG)

Scales of Aircraft Turbulence

“turbulent

Largest eddies eddies”

smallest
eddies

@@ OO’)')')')W‘J':

==

Aircraft responds to
scales from ~100m = 3 km

| Turbulence forecasting
methods link NWP-

resolved features to
m aircraft-scale turbulence

Ry 13

The Character of Upper-level Turbulence

Turbulence is highly transient
and spatially varying - - -

3 o
= Turbulent regions often shaped o
like “pancakes”

= Thin layers (oflen = 500 m) @

* Localized (oflen < 50 km) w i
= Transient {(minutes o hours) - ] i severe
- Severe or even moderate
turbulence is a rare event L 2
il i | 2

L T T

Using ~ 16M UAL (<1 year) in sy
peak EQR measuremens

Turbulence Forecasting: ITFA/IGTG
| g,, . EE_- N - ITFA/GTG = Weighted

fusion of multiple
(scaled) NWP-derived
turbulence diagnostics

Tl fameast vl 150000TC
22 St 2008
1 . ro

|« CONUS GTG availabla on

ITFA/GTG: Current
US Implementation

« Gridded high resolution [ 13 km)
torg = of turbulence for FL100-
A50 {1000 ft) bassd on RUC of
WRF-RAF NWF modal

+ Updated hourly oul 1 12 hours

= |5 mainly for Claar Air Turbulance
and doss not specifically includs
turtulencs due to Mountain waves
of thunderstorms

= Ongoing verification using 100,000s
of FIREPS and in 2fu EDR data

Operational ADDS

[hitp faviationweather goviadds) as
a "supplemantary” productto NWS
issued advisones

il st 16

SO0

Discussion

+ How does turbulence affect air traffic flow
and safety in Taiwan?

+ How and by whom is the Taiwan ITFA
product used?

ey e




NCAR TURBULENCE
DETECTION ALGORITHM
(NTDA)

NTDA Motivation

+ Convectively-induced
turbulence (CIT) may be
responsible for 60% or
more of all turbulence
encounters

CIT is not directly
addressed by current
ITFAIGTG

FAA thunderstorm
avoidance guidelines
inadequate for balancing
safety and capacity

Motivation, cont.

Reflectivity (dBZ) is NOT a reliable indicator of
turbulence location
= Airspace between or around high-echo regions may be
turbulent!
Convectively-induced turbulence (CIT) can be
small-scale and evolve quickly
= Storm observations are key for accurate and timely
diagnosis
When aircraft report turbulence (via PIREPs or in situ
EDR), it's already “too late”
Therefare, would like to use remate sensing
information (e.g., Doppler weather radar) to identify
in-cloud turbulence before it is encountered.

NTDA Objectives

+ Provide a high-resclution, rapid-update
atmospheric turbulence intensity detection
capability for aviation using Doppler weather
radar data.

Make in-cloud turbulence intensity data
available with minimal latency to serve users
-- airline metecrologists, dispatchers, pilots,
air traffic controllers, and private weather
services providers -- for tactical decision
support.

Improve situational awareness, airspace
utilization, and safety.

e e 31

NTDA vs ITFA (GTG)

= ITFAIGTG is a NWP model-based turbulence
forecast product (includes Ohr) designed to
predict clear air turbulence.

* The version currently running in Taiwan was not
specifically designed to predict mountain wave or
convectively induced (thunderstorm) turbulence,

= NTDA is a radar-based turbulence detection
product.

= |tis spatially limited by the radar coverage due to
scanning strategies and sufficiently strong
metecrological scatterars,

SE0 bl il st

NTDA DESCRIPTION




.

What is the NTDA?

The NCAR
Turbulence Detecticn
Algorithm uses ¢
Doppler weather
radar data to
measure turbulence
in clouds,
complementing radar
reflectivity.

Inthe US, NTDA =
NEXRAD Turbulence
Detection Algorithm

-" ) AT

T ot S T T ST AT CT ]

What does NTDA measure?

+ Atmospheric turbulence: eddy dissipation rate
(EDR), £, m** s
* EDR can be converted to the impact on an aircraft
(RMS-g) based on the aircraft type and flight
parameters
+ Uses spectrum width, which represents radial
wingd variability within the measurement volume
+ NTDA only measures turbulence where
sufficient wind-tracing reflectors exist, i.e., in
clouds and storms

ALCoueipn ey op0 ey e

NTDA Limitations

MNTDA works best when turbulence is fsotropic
(the same in all directions)
= Radars measure mostly horizontal wind fluctuations,
but vertical have greatest effect on aircraft
NTDA can only provide information at times,
locations and resolution determined by the radar
« E.g., at 60 miles range, 1° =1 mile, and there are
large gaps between sweeps at high angles
NTDA may not always filter out all non-
atmospheric and measurement noise (e.g.,
lightning)
Turbulence is fundamentally a statistical quantity

e s pL3

NTDA limitations (cont.)

* Coverage near the ground is
limited by radar geometry and
ground clutter

MTDA does not adjust for
hydremeteor inertial effects

= May noi be accurale in heavy rain,

hail

NTDA works best when
turbulence is well-developed and
consistent with theoretical models

= May nol be true for new updrafts, thin
shear layers

NTDA is a measurement
(backwards-looking), not a prediction

United 967 lurb. ancounter,
21 July 2010 00:14 UTC
27

How can NTDA data be used?

Tactical decision support for en-route aircraft
= Improve situational awareness, airspace utilization,
and safety.
* May help cbviate the need for “pathfinder” aircraft after
airspace closures
Measurements may be assimilated into
turbulence nowcasts
May be used as verification "truth” data for
turbulence forecasts
Provides a tool for investigating storm dynamics
and turbulence climatology

NTDA Components
: Level 2
* NTDA processing Fatar data
» Runs radar by radar, [
producing EOR and
confidence on a polar @ J NTDA
. (Findler by Fisctar).

coordinate grid for each
sweep.
+ NTDA mosaic

» Merges data from multiple
radars to produce 3D grids
of EDR and “confidence”

= CONUS every Smin

* dBZ is also mosaicked for
diagnostic purposes

NTDA

RO s e ey e
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NTDA Algorithm Overview

Detect and censor contaminated
data (sun spikes, artifacts)
ASSESS SPECtLm width (5w
measurement guality via fUEZy
logic, hased on

= Operational mode forthat sweep
Signal 4o-noi 2 ratio (SMR)
COverlsid Pover Ratio (PR)
Chtter and overlsid cluter

caontamination

= Inged cortamination \
"Scale" SW to EDR using range-
dependent function

Compute local corfidence-
weighted average EDR and
confidence

Csna

Example confidanca "inkrest maps”

Theoratizal NEXRAD “scaling” function, 17}

0

NTDA
Fuzzy Logic
Algorithm

NTDA Quality Control

= Factors that determine the guality of MTOA EDR measurements:
= Cortaminants (censored if possible)
+ Clutter (terrain, biological, sea cutter)
+ Blodkage . .
.+ Sunzpkes { =
+ Radar Fraquency Interferance
= Weagther Signal
+ Signal st ength (zignak to- noiz e atic)
« Onverlaid echoes
F + Spectrum width
b+ Feselar Operating Charasteristics
and Signal Processing
= Myquist Velocfy I8
+ Unambiguous range
+ Duelltime i

- Beamwidth
+ Sean strategy

+ Puking strategy
- Clutter migation
+ Spectrum width comp utation and upstream processing

Example: Simulation Results for NEXRAD YCP 12
N = 40 pulses, T, = 888us, SW= 0.5 m &1, 5000 runs
SMNR=30dB

mesn = 0.6 m 51
sdmDBmet

counts

L5 /s

N

SHR=10dB

mean =1.0m !
stim13met

(atr=70km)

counts

null| sewere of
1 greate
(=8

)

NTDA Adaptive SNR Quality Control
« Replaced previous interest W %’peétac“?nrzlngg[;te
I’:ﬂaps that v:ErE baSEd on per{nr?ﬂance‘requiremen‘ts
warst case” for each VCP
Campute maps "on the fly” l
hased on exact operational
mode
= Uses metadata that l
accompanies the radar
sweep data
Wany future radar changes
(e .., new 3W estimation l
methods) may now be
handled via simulation
database update

.

NEXRAD Simulation
Datahase

Performance data

.

ShR-to-confidence
interast map

NTDA: Censoring and Quality Control

NEXRAD Lavel || Data (Archive or LDM)

Y Y Y
Data Censoring

Sun Spike”compuutation and removal « Astifact ientification and removal

25
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NTDA: Fuzzy-Logic Quality Control

v
SHR PR
sgnaHt-aoise ovetaid power
o o ntio

NTDA: Final EDR and Confidence

¥ ¥

Caw Cooy

Al h . ¥
EDR Confidence
T Cuthl
1 v v
|
¥
el 37
3-D Mosaic
Y s Y Y
Final EDR EDR Confidence
S ALGORITHM ADAPTATIONS
¥ G
o FOR TAIWAN
g Y h 4
EDR and EDR Confidence Mosaics
At S-minute intervals, data are collected from all radars and 3-D EDR and EDR confidence mosaics are
formed by computing the confidence- and distance-weighted mean values around every paint on the grid.
. 38 E2]

Contaminant Mitigation

+ Ground Clutter
Mitigation

Chiter and clutter filters

affect data guality

RCCG: chutter fiters

applied evenywhere

* RCKT, RCHD: clutter
filters never applied
(should generally be
handled by existing
software)

If necessary, mitigate

FFI (interference), bugs

and birds, and/or sea

clutter

Clutter detected using REC on RCCG,
4/6/201210:31:47 Z, 0.5°

.

_'Reflectwllg:’__

RCCG - 20120406 10:31:47 UTC, 0.5°
\Welocity ?

29




Confidence Based on SW Quality

S statistics (bias and variance) are
computed using simulatiors taking into
account:

= Signalts miss rate (SNR)

= Nurber ofpukes

* Sean srateqy H

= Pusing strategy

= Speanm widh compUmEton (and UpsEam:

processing)

These statistics are stored in 3 database
NTDA generates confidence maps at un-
fime to quality coritral S using settings of

= Fadar Constart

Difterent confil ence m aps based on

RCKT Dual-PRF Simulation Results

1)

Avwage Estrrated Spocinan widh rvs)

= Mhquist Welacity SR for various possible operational 3
= Dwelltime settings of MEXRAD WCP 21,
= Fadar operational and processing modes
This approach allows HTDA to madimize
eoverage while still ereuring high data §
quality.
= fn akemative s to fune to ‘worst-case % ' 3 . s [ T & » o
scenans, ths losing coverage Simdation Ingut Spactnen Wit o)
b= 3
Radar Metadata NTDA QC: Radio-Frequency Interference
- NTDA makes significant use of metadata + Radio-freguency interference (RFI1) often affects
including radar operating characteristics spectrum width measurements, so regions where
= RCWWE 15 now providing all required fields RFlis experienced should be censored
ke = Gematronik radars are missing * RFlis not a problem in the US, 50 a new
« radar constant (needed to compute SNR) alganithm for detecting it may be nesded
= e have a solution that estimatesitvia reflectivity " PUSS'b'E_ approach: identify racial amfa':ts n
v May cause some under-estimates of SMR, reducing reflectivity, velocity and spectrum width data, and
B coverage, but effect shauld be minirmal censor affected locations
® |tis implemented and continues to be evaluated
e amap of clutter locations
v Looking at REC and & history of radar data to creste
a"worst case" static clutter map
45

NTDA QC: Birds and Insects

+ Birds and insects can affect spectrum width
measurements, so NTDA confidence values are
lowered in suspect locations

The current NTDA QC algorithm uses an interest
map with a reflectivity threshold that varies with
altitude above ground

= This threshold may need to be tuned for Talwan

= Alternatively, a more sophisticated algorithrm may be

developed to take into account other characteristics of
the radar echoes

.

NTDA Tuning and Verification

* Radar simulations have been performed to
characterize spectrum width accuracy for various
radars, operational modes, and signal-to-noise
ratio values

.. » Spectrum width to EDR translation tables will be

updated

Inthe absence of aircraft turbulence observations,
tuning and verification will be performed via case
studies and statistical comparisons of NTDA
output from adjacent radars

47
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Data Transfer

« Radar Data Transfer Latency

= Currently, Taiwan radar data are being assernbled into
volumes and sent to NCAR

= Including transmission latency, data may be close to 7
rinutes old or mare when received, and therefore up
t0 12 minutes old by the NTOA mosaic valid time

= Receiving data for each elevation sweep as soon as it
i5 completed (s0 called PRI data), arin smaller

| ] chunks, would reduce the NTDA product latency and

increase its tactical value.

= Aszample PP data fiom Gem atronik hawve been successfully
translated ant appear to be suitable

= Zample PPI dsta from RCWF have not vet been fully evalusted.
= Thizizsue be further explored next year

= =S

SYSTEM ARCHITECTURE

Planned Taiwan NTDA Implementation

Curmrent Taiwan NTDA Data Flow

/éWEI Radar Dd;

Corteyitolhd ogaic

Runz Every | Confotdbd ossic

5 Minutes
WBZ Mossic,

e tronik 2 etextt Gemtronik 2 eted |Gemtmmk2Ne¢w| NexradENetcdf|
\.RCCG J’Rcm HCHLI RCWF[
C AR TurDetect Alg) I\ICAR TurbDetadAlgl IwcAHTumDatadAlgl MCAR TurbDetedtAlg)

51

NTDA Sysview

NTDA CASE STUDIES AND

- ILLUSTRATIONS

A3
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NTDA Mosaic Animation

* Moderate or severe turbulence in storms may
appear quickly and last as little as a few minutes

= CIDD reseanch display.
NTOA mosais e 10op

Reflectivity vs. Turbulence (EDR)

Reflectivity I

NTDA EDR

NTDA EDR vs. Reflectivity Mosaics

28 September 2007 (2 km horizontal resolution)

_CNT.DAEDR ¥ - DBZ
J ! ;r‘\\ ==
o o,
Ughs 3
J i
D_EZ

e - s wa (== i

NTDA EDR

B e o 58

NTDA EDR vs. Reflectivity Mosaics
8

2007 (2 km 3000 ft verical resolution)

=

MNTDA EDR

Field Program: NASA B-757 Flight Tests
3 April — 18 May 2002

= 11 flights in and
around
thunderstorms over
the south-eastern US
High-rate aircraft
data used to compute
EDR along flight
track

Results compared to
NTDA EDR mosaic
computed from

The NASALangley B-757 aircrat

PYTR T T L1}
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NTDA Mosaic Overlay

15 April 2002, grid time 20:27, aircraft time 20:29

HTDAEDR
comeely
predicts

severe Lurh
eneosre

NEXRAD refiectivity (DZ) mosalc, 062 NTDw urbuience (ECR) masale, m*%s

Mote: radar refleciivity does not always correlate well wilh furbulence!

SR et e e e il

NASA B-757 Evaluation Statistics

NTOW EOR vi. aircral EOR Tor all NASA Nights
(points colored by NTDW, confidence)

Comparisons for distance < 0.5 km and
limea differance =60 5

R e e e e o e i i i )

Case 1: United Flight 1727 Severe Turbulence
Encounter over N. Gulf of Mexico, 4 April 2012

LA Flig

Case 1: United Flight 1727 Severe Turbulence
Encounter over N. Gulf of Mexico, 4 April 2012

e = P

£ T TN :

Case 1: United Flight 1727, cont.

Case 2: Frontier 283, 12 August 2013

~22:06 UTC, FL130, moderate turbulence, 4 injuries a

MNTDACBZ at FL 120 at 2205 UTC



. . Thunderstorm turbulence and updrafts
Case 2 Frontler 283? COI‘It. + Example: 21 Feb 2005, Huntsville AL duakDoppler analysis

NTDA EDR at FL 150 at 22:05 UTC S

NTDA and Lightning

Growing Air Mass Storms, 7/31/2010, 21:55 UTC
courtesy of Wisbke Deierling - bt e

¥ Observations:

1 ¥ Higher Turbulence and
lightning in upper levels of cloud.
= * Highest turbulence above

| highest lightning VHF scurces

= In-Cloud and Cloud-to-Ground
Lightning;
* Measured by Lighining Mapping
Amay (LMA) al Mew Mexico and
Morthern Colorado

LMA Flash Extent

I T

Radar Reflectivity

* Turbulence intensity:
* MEXRAD Turbulence Delection
Algorithm (NTDA) Eddy Dissipation
Rate (EDR)

NTDA EDR

« Radar reflectivity:
= NTDA mosaic

Mature Air Mass Storms, 7/31/2010, 22:20 UTC Decaying Air Mass Storms, 7/31/2010, 23:20 UTC

- EDR [EDR = i moderat-severe ooor stale

EDR — sght-maderate-savers color stale

s Tl B ot

30 lightning

|+ Radar
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Total Lightning & EDR volume>0.2 of
Air Mass Storms in New MexXico over 2 weeks

Observations R=0.89

» Best correlation o AR
for total EDR. I BT
volumes for EDR o
values >0.16-0.22
* New Mexico air
mass storms, total
lightning
correlates best to
light-moderate

. turbulence at

| FL300-400

DR=02

EDR: Violurne of

il 5 min Total Lightning

CO Severe Storms — Mature Stage

Observation NTDA Radar Reflectivity

#Higher turbulence regions
often above highest VHF
source densities abowve
highest radar reflectivity

Severe Storms - CO

Case selection: NTDA Radar Reflactivity

» Severe storm cells on 27
May 2013

¥ SPC reports of several
tornadoes, 1inch hail,

and 60 knot winds

27 May 2013 Nerth
MoG: increased by a factor of 1.5
Svr: increased by a factor of 2

Severe Storms - CO

Time —Height histograms

[ WHF sources - Refl »35dBZ

s.aagefi

LERET

Pt ol = 35082 o] Flash Extend ko]

e Y

= Time{0FE]

Taiwan Case Studies

» Mote that NTDA on the Taiwan radars is
still under development

SE0 bl il st

Case Study: Taiwan 5/13/13 62

Radar 2-D NTDA

35



Case Study: Taiwan 5/13/13 6Z Case Study: Taiwan 5/13/13 6Z

Case Study: Taiwan 5/12/13 18Z Case Study: Taiwan 5/15/13 6Z

Radar 2-D NTDA Radar 2-D

Case Study: Taiwan 5/15/13 8:20Z Gase Study: Talwan 5/1513.§:207

Radar 2-D

NTDA

|
ill‘ 'I. |II
[, il

i

£ NN
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Case Study: Taiwan 5/15/13 8:20Z

USING NTDA WITH ITFAIGTG

25

Case Study: Taiwan 5/12/13 13:30Z

ITFA

Case Study: Taiwan 512/13 13:30Z

Radar 2-D NTDA

—W_=

Case Study: Taiwan 5/12/13 13:30Z

37
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Case Study: Taiwan 513113 15Z Case Study: Taiwan 51313152

Radar 3-D  Turbulence (ITFA) Radar 2-D

. Blending NTDA and ITFA:
Case Study: Talwan 5113113 15Z The GTG Nowcast (GTG-N) Prototype

Rapidly updated nowcast GTe

NTDA +ITFA (2) system driven by most recent

E —— - = available turbulence

information

= In gitu EOR, PIREPS,
NTDA, etc

= Merged with GTG shart
term forecast

= Updated every 15 min

Developed for use in in-flight

factical furbuience avoidance

Cutput is gridded EDR at

GTG resolution

NTDA + ITFA

.

.

GTG-N Example
GTG Thr Forecast GTG & DCT B

GTG-N Example 2

In situ, PIREPs & NTDA GTG-M & Next 15min in siu f

57

i ¥

Couresy of Juliz Pearson

94
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GTG-N Statistical Evaluation

+ Verification via i sty EDR reports shows that
adding NTDA considerably improved GTG-N skill

Prediction of Moderate or Greater Turbulence

PODY

Coutesy of Juba Fearon o

Discussion Qiuestions
+ Turbulence changes rapidly. So how can

NTDA information be used to improve air
traffic flow/safety?

- What decisions may be made based on
NTDA information?

+ How does the information get to the pilot?

QUESTIONS ON NTDA
DOCUMENTATION

Any further questions?

Thank youl
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~ ~ Current Icing Product (CIP):System Overview, Configuration

and Troubleshooting

N Outline

NCAR

+ ADAWS CIP refresher
+ System overview AM

+ Data processing

+ Application configuration
* Identifying common problems L

hlZSe eI | * Question and answer

u

heric Research

| Center for At

N CIP domains N CIP input datasets

NCAR NCAR

Domain 2
D)

~15km

Domain 3
(D3)

~4km

~N CIP input datasets N The CIP ingest system
NCAR NCAR

= Input dataset values are

(a) translated onto interest
maps
* These functions allow
multiple datasets to be
combined into an icing
probability or severity
= Values range from 0.0-
1.0
= Developed using
- PIREPs

™™ = Dependent on scenario
A identified by CIP

40



NCAR

RadarMapper

» The radar subsystem (1D3)

= Aggigns radar data to the
model grid

= Computes statistics
aboul radar data al each
gridpoint

= 25 percentile of dBZ

« 75" percentile of dBZ

- Difference between 751
and 254 percentiles used
in CIP

&-—‘

» The radar subsystem (ID3)

NCAR

Rt Reflechinty

Radrhiapper 790
perentile

= e

NCAR

5 The radar subsystem (ID3)

» The model subsystem (1D2/D3)

NCAR

* Same processing as FIP

™ T 7« Computes derived
variables required by CIP

= Accurnulated precip

= LCL Temp

= Theta-E

T,

-
Iee condensate
Liquid condensate
derived_model_fields *5LW

= TWF

+ Convective indices

NCAR

» The model subsystem (ID2/D3)

|
3

Liqud Condeagar
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» The model subsystem (D2/D3)

NCAR




= The METAR subsystem (D2/D3)

NCAR
—TT
e woe ol = Aggigns METAR datato

the model grid
= Uses a concentric circle

approach around a model
gridpoint to identify
influencing surface
stations

= Cloud base height, and
distances to cloud
coverage and precipitation
type

u

MetarMapper

» The METAR subsystem (122/1D3)

NCAR

o Bas Height

» The METAR subsystem (1D2/D3)

NCAR

2 The satellite subsystem (ID2/D3)

NCAR
+ Asgigns satellite data to

=== . = == the model grid for use in
= CIP
= Several channels are
Y E B combined into a single file
= Products are derived
from the native channels
that CIP uses:

v Satellite geometry

¥ Sun geometry

v IR2-IR4

v Normalized albedo

v Satellite icing

g

» The satellite subsystem (D2/D3)

NCAR

» The satellite subsystem (D2/D3)

NCAR
P2{11 512.5) TRA{ISAD)
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» The satellite subsystem (1D2/1D3)

NCAR

& The CIP subsystem (122/D3)
NCAR

"L + Consists of the

algorithm, a vertical
- - =] coordinate converter, and
= B B R B

a final processing
application:
¥ CipAlgo
v Pressure2flight
¥ IcingCategory

¥__‘

The CIP subsystem (ID2/D3)

N

The CIP subsystem (1D2/D3)

CIP Jeing Probabidity

N

NCAR

CIP Leing Sawwiity

N Questions - AM

NCAR

* Sysview usage?

+ Frequency of input dataset vs, CIP final
output visualization?

+ Is this possible?

+ Ability to view intermediate data in
display?

g
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»  Application Configuration
NCAR
Clommen parameters;

Typical application structure: « Source: where are the input

data?
- - * Destination: where does the
oulput go?
hd . * Source age: how old is

App acceptable?
* Grid information: parameters

b controlling the output grid and

Cutput projection

= Debugging: information from
the app

= Dataset specifics: varies



»  Application Configuration

NCAR

Five main apps of interest- four data
ingest apps and CIFP

- S —
Radar Model
—— —

e m——
— X B
4 oo’}
Hatar Satanta
ta lgorithml :/h / projDir/cip/paran

n RadarMapper (D3)

NCAR

Enpuilirl
¥ path to location containang 30 radar mosmc organized by date
* inpruthay Valid A ge (36005)
¥ muximumn allowable age For ID rader datain seconds
= oatputllrl
¥ path to location 1o contan cutput fFom Fadadfapper
= satpatProjection
» information about the map projecsion
» utputlrid
¥ grid paameters for the cutput grd
» dbzFisl i er (0)
¥ the field number of the dbz field in the input file
* percentiles (25, 75)
¥ Add additional percentiles of dbz to be caleulated
» min DRz Paints (10)
¥ the sunimum aumber of gnd points raquired to compute percantiles

g

derived_model fields (D2/D3)

NCAR

* imputUrl
¥ path to location containing model data organized by date
= max_valid_age (228005 =3 6.3 hrs)
* mammem dll vwable age for medel data m seconds
+ tapography_url
¥ path to location of topography file for model gnd
* topography_fidld_name
¥ sinng containing the name of the topography field in the topography fle
+ sutputlsl
¥ path 1o lecation i contan outpat from denved_mods]_fislds
=wil_cwh_meodel fiddd_names
% a struckure contamimg 8 list of srngs represemting the name of the modd felds from
the model files
« num_levels_precip_cond esate (3)
» number of vertical model levels ts yum sver when caleulaing precipitable
condengate

g

N MetarMapper (D2/D3)

NCAR

= inputDir
¥ path to locaticn ceataining spdb METAR data
« nutputPrajection
¥ information about the map projection
patGrid
® grid parameters for the cutpat grid
= outputlfrl
T path te location to contain cutput froem MatarMapper
* radiusOfInMuence (125 km)
¥ maimum dstance in km to look cotward from a gnd poant
*weather ProcessingLimits (0,40,60,80,100,125 km)
¥ radius walues of concentne arcle nngs om gnd poant o ki
* lastMetar Only (FALSE}
» pracess anly the latest for a given station (TRUE) er process ll (FALSE)
= miim Num Metar s (100)
* mnamimuan susber of METARs requared in crder to nun succesefully

g

N satDerive (D2/D3)

NCAR

* inputlrl
¥ path 1o location contmnang combaned satellite data
= ourpurlir]l
¥ path to location to contan outpat From satDierive
+ maxHealtimeValidAge (3600s)
¥ marimum llowable age for combined satellite data in seconds
+ sntalliteL on gitnd e {-145.0)
¥ longitade of satellite
* desired STD
® [igt of field names ta compute standard devistion of (39,67,11.0,12.0, VIS)
* desired ST/R
P stracture of two freld pames to be @fferenced and the cutpat field pame
* caleulateShortw aveRolectance (TRUE)
¥ control whether SW reflectance is calculated
+ micron_1105hortwaveRel Threshold (60.0)
¥ threshold on the 11.0 micron data For W reflectance caleulahon m degress C

g

N CipAlgo (D2/D3)
NCAR

* starl_time, sl _tlime, run_time
¥ YYYY MM DD HE MM 55
= wrigger_max_valid_age (13003)
® muimum age of data allowed in seconds from the mgger UEL finput path)
* s _grid_shape
¥ coatrol the shape of the sampling of satellite data (rectmgle or civele)
« eat_grid_reet width / snt_grid_reet height {404)
¥ the pumber of gridpoints controlling the width and height of the rectangle
= sat_gria_cirele_rad {2)
¥ nusmber of gri docints in the radiuz of the circle uted for rampling satellite data
+ fiagnastic_made (TRUE)
¥ wnte dagnostc output From the al gontha
+ satellite_percentile_steps (10,20,30,40,50 60,70 50 90)
» percentiles for binning CTT values
* Interest map configaration

g
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»  CipAlgo diagnostic output

NCAR

N Questions - PM

NCAR

* Need for archived runs?
+ Diagnostic output?

» CIP literature

g
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N CipAlgo troubleshooting

NCAR

+ Missing input datasets
* Data too old

* Incorrect data format
* Partial dataset

* Intermediate apps

tame-algorithm1:/d 1 /acaws/datalogs/errorstoday/

g
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