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UCAR-CAA AOAWS-ES Project Fall 2008 Meeting Agenda
10/14/2008 (FL-2 Room 3099)

Time Activity Host/Speaker

11:15am Pick-up from hotel Celia Chen

11:30PM Lunch

1:00pm Opening/welcome Bill Mahoney
Short briefing on AOAWS-ES Project

1:30pm FAA program plans and an overview on|Bruce Carmichael
NexGen weather

2:00pm FAA 1cing product Frank McDonough

2:30pm - Modeling systemdevelopment updates|Bill Kuo, Jordan Powers,
- Q/A and discussions Jim Bresch

3:15pm Coffee/Tea break

3:45pm FAA turbulence product Bob Sharman

10/15/2008 (FL-2 Room 3099)

Time Activity Host/Speaker
8:30am Pick-up from hotel Celia Chen
9:00-11:00|UCAR annual meetings: Celia Chen
am Forum on Climate Change
12:00PM  |Lunch (FL-2 cafeteria)
01:15pm - Demo of the newest AOAWS display |Bill, Gary, Aaron,
functions Steve,
- AOAWS-ES project related Paul, Celia, Bill Kuo,
discussions, Jordan, Jim
including the following topics:
- the current system,
- JA#12, and
- Phase-III.
03:00pm Coffee/Tea break

14




03:15pm “Writing TAFs for Winds and Warren Rodie,
Low-Level Timothy Spangler
Wind Shear" (COMET)

03:45pm Continue with AOAWS-ES project Bill, Gary, Aaron,
related Steve,
discussions, 1f needed. Paul, Celia

6:30pm Dinner (Golden Lotus) Bill Mahoney

10/16/2008

OAM: Visiting NOAA Boulder campus
PM: Leaving Boulder

15
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N 14 October, 2008

Research
- -

S

National Center for Atmospheric Research

Overview of NCAR Aviation Research Activities
With Links to IWP Enablers

Icing
(EN-2420)

Turbulence

Dissemination
(EN-2050)
(EN-2080)

Modeling Convection

Winter Weather
( E__N-241 0)

Ceiling and Visibility
(EN-2440)

Collaborations with FAA, NOAA, MIT/LL, NASA, Mitre, DoD, n
Universities, Private Sector

16



Short-Term Storm Prediction Logic

Timet, =0
Timet=t, +x

-

Progress Toward Improved Forecast Skill

* Forecast skill depends on storm type

« Extrapolation forecast good for short lead times
* Model forecast skill better for longer lead times

* Blending of extrapolation & model forecasts
may exceed skill of either one

* Data assimilation key for model initialization

* Probabilistic forecasts to account for uncertainty

Blending

Forecast Skill
T

NWP
* = with initiation
= =~ = — . with growth & decay

Persistence *-... Extraﬁaolation

Little | e |
0 1 2 3 4 5 6
Forecast Lead Time, hours
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In situ measurement and reporting system

Motivation ﬁm&#"ﬁ
— Augment/replace subjective PIREPs : f‘d '

PIREP Location

BN T
1 "_'-'_ -
L
- -
¥ > =

) ) ‘ Accident Location
— Atmospheric turbulence metric: f % B
eddy dissipation rate (EDR), S “'- L
actually €17 (m?? / 5) January 21, 2008 0837 UTC, FL370

10 injuries

with objective state-of-the-
atmosphere turbulence
measurements.

Features:

— Omne minute peak and mean

— Completely automated

— Position accuracy within 10-15 km
vs average 50 km pireps.

— Adopted as ICAO Standard

— Can be converted to RMS-g given
information about aircraft

Example of PIREP location errbr

N

NCAR

Remote Sensing - NEXRAD in-cloud
Turbulence Detection Algorithm (NTDA)

* High-resolution, rapid-update atmospheric turbulence intensity detection
capability for aviation using NEXRAD radar data

» Doppler spectral width = EDR (same as in sifu measurements!)
* POD ~80%., F?RHQS%

EDR ta cube

'NEXRAD or TDWR

18




Cloudy[Clear
Cloud Top
Temperature

CIP (Current)

Temperature
Relative Humidity
Vertical Velocity

Deep Convection ’
Condensate
Y
Cloud Cover “"

Ceiling Height
Precipitation
and Type

NCAR

C&V: Development Thrusts for NextGen

« Initial (2013) focus on
1-2 Terminals.

= Hi-res space/time.

= Probabilistic C&V
forecast info for DSS's.

« 1-12 hr to start.

* Embedded in CONUS
5 km grid.

= Future RVR forecast.

Airport Efficiency

* Approx 1/3 of Wx-
related delays due to
impacted C&V.

* Key Issue: Landing &
taxi visibility in the
terminal area.

In-route Safety
* 60-65 GA deaths/year.
* GA pilot limitations:
- Perhaps VFR only.
- Limited experience. [ Probabilistic 1-12h
& equipment. forecast.

* GA pilot strategy: Avoid |+ Emphasize glance
or exit inadvertent IFR. value.

» C,V &Flt Cat.

* Real-time METAR
graphics & forecast.

* Probabilistic gap-filling.

NCAR

19




The Systems

http://adds.aviationweather.gov http://weather.aero

Operational ADDS Experimental ADDS

— o
Lg_.—.ﬁﬁrT«s.m-..... ..... | CITTE—

D1 Wi AR B Y el ige s ARl 1T R

- Mo D Do sarem

S
Experimpnta
@viation digital data Service 5%

racer | vws | |

sy | e | 1o e e e
bt e e R R g R e

Pusiic Fusdhack Raqusstec Hatinnal Callng and Visithy

Aralyrn.

® o Fa1 2003, U ADDS Temm pcessisly e
Gaeratea 42205 3t NWS A¥ gt st Cormar far Sl

“BFERATIONAL® iport, o o

0RO 158 Wt | M o P i SR 8 B s
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=
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NCAR

NextGen Network Enabled Weather (NNEW)

Virtual 4-D Weather Data Cube

Products

NOAA/NWS is the primary source of
weather data

Initial Operating Capability (IOC) in
2012/2013

+First cut of the 4D cube
‘Nearly finalized (but not exhaustive) set FAA 40 Wx Daa
of products

‘1 DO0 4-0 wx paty

Virtual 4-D Weather Data Cube

Mo
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deterministic realizations of potential weather outcome

Ensemble
et N
s Members
Probabilistic
- | \Veather Forecast
(gridded)
for each member 5
1 (overlay grid) H D
N il \
g pdf
N\ for each airspace % \\
\ {gridbox) 5|, , AER

.9, Number of Airlines

for each airspace based
on all ensemble members

> > > ‘lf ‘# |
ol |

How many air lanes fit through
evolving precipitation patterns? } T

rmeability, MinCuts, etc

- NCAR

Old way . . . New way . ..

ather hazard

A
v ~

!

average 2 lanes 2 lanes 2 lanes
{ é ) | l ]
How many air lanes? Most likely 2 air lanes . . .

N\

NCAR
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Aircraft Icing
* Supercooled (T < 0°C) liquid water cloud/precipitation droplets
* Freeze to the airframe
* Severity -- function of (Temp, LWC, Drop Size. and Aircraft type)

22




Icing in Taiwan

ﬁFE - Taipei City, Taiwan {

Taipet 1cing climatology P
from soundings y) . e 48

Existing AOAWS Icing Algorithm

leing Algorithm

* Requires model to forecast
supercooled liquid water
exceeding 0.01 g/m?

g
+ Initial Severity index -
multiplied by 1.5 if €0
y 2
temperature (T) between s
0C < T <-10C :
(assumes clear ice will form .
and 1t 1s more dangerous) 0 05

WRF supercooled liquid [gfm")

Recently proven to not
necessarily be the case

23




Example | of icing algorithm

FL100 (just below PIREP) FL130 (within PIREP)
Icing forecast due to supercooled  Icing not forecast due to incorrect
liquid forecast condensate phase forecast.

Example | of icing algorithm

Pilot Report (PIREP)
Serious icing reported
between FL110 - FL150
east of Taipei

Finding - 5-km model, 6-hr fcast
mncorrectly predicted a glaciated
cloud - no 1cing 1dentified

24



Model microphysics?

Supercooled liquid water (SLW)
scaptures ~30% of icing PIREPS
*Small volume of airspace

*[cing likely present when forecast
*[cing often present when not
forecast

Total condensate: Ice phase + SLW
scaptures ~60% of icing PIREPS
*Much larger volume of airspace
covered

*SLW 1n real atmosphere
misidentified as ice phase i model

Jr— e

Forecast Icing Product (lg'IP)

* Fuzzy Logic Algorithm

— Operational NWS guidance
product
Provide aviation
community forecasts the
probable locations of clouds
and precipitation likely to
contain icing conditions

* 3 output fields
— Icing Probability — predicts
brobability supercooled
1quid water (SLW) present

— SLD potential — predicts
possible large drop icing
conditions

— Icing severity — predicts

Photos courtesy

of NASA-GRC

expected severity of the
1cing conditions

25




FIP flow chart
NCAR

v

Clouds forecast?

¢YES

— NO

Analzye Thermodynamic/Vertical/Precipitation Structure -= 5 Scenarios

Single cloud

w/o precip

Apply fuzzy logic interest maps (scenario dependent)

Background: Fuzzy Logic
Membership Functions

* Build cloud structures from model
data

*Extract icing-relevant data from VvV

model fields within cloud structure map

Sinking ais
* Map cloud data to icing interest dries clouds
values

* -1 (negative) to 1 (verv high)

o/ Rising Air
forms clouds

Interest

*Retain maximum information
throughout algorithm analysis

] 0
Vertical Velocity

*Model uncertainties

* Deals conflicting data

26



Using FIP for flight guidance

FIP 182 ¥
Y
-I-. -
¢.+
I I I I E
10 20 30 40 &0 (i) T 80 85 Hone Teace Light Moderate Heary
Icing probability [cing severity
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AOAWS-ES Modeling Update and Plans

Dr. Jordan G. Powers
Mesoscale and Microscale Meteorology Division

Earth & Sun Systems Laboratory

National Center for Atmospheric Research
Boulder, Colorado, USA

NCAR-CAA AOAWS Project Fall 2008 Meeting
October 14, 2008

IA11 (FY08) Modeling Task Status
o Assistance to maintain the operational WRF model
1)-Troubleshooting problems through the year

— Repair to Kain-Fritsch scheme (May 2008)
(compiler option O2 v. O3)

— Modified Goddard scheme to eliminate unnecessary
output

— Made revisions to accommodate changes in WRF
output directories at CWB

— Work for switching of AOAWS-ES WRF to HPC backup
machine

2) Visits of MMM personnel (Dr. Bresch) to CWB for
system development and support

— May-June 2008 & October 2008

28




1A11 Modeling Task Status

e Upgrade of WRF and WRF-Var
i 1) WRF Version 2.2.1 implemented

2) WRF-Var Version 2.2 implemented

3) Recommendations provided to CWB on WRF and
WRF-Var configurations

1A11 Modeling Task Status

¢ Data assimilation: Satellite radiance data analysis

1) Assimilation of AMSU-A radiance data tested in East
Asia CAA domain

AMSU-A= Advanced Microwave Sounding Unit— A

2) Positive impacts found from radiances

AMSU-A Radiance Data Assimilation Study

-+ WRF & WRF-Var V3.0
*  45-km CAA Domain 1
*  Experiments for August 2007

GTS: Assimilated CWB GTS data every 6hr

GTS + AMSUA_SEA: Assimilated CWB GTS +
AMSU-A data over ocean

29




Bias and RMSE: 12-hr Forecast v. Observations

Bias Piohles August 2007 - F12

RMSE Profiles August 2007 - F12

Pressae ikPas

Prevsare (bPas

TiC QignKg™

1 Qiprekyp

Test Case: Typhoon Sepat (2007)

+ 6-hr cycling runs 08/11 0000Z-
08/19 1800Z
+ GTS: GTS data assimilated

+« GTS+AMSUA_sea: GTS data plus
AMSU-A radiance data over ocean

+ GTS+AMSUA_sea+bogus: GTS,
AMSU-A data over ocean, and
bogus vortex observations

+ AMSUA_sea: AMSU-A data over
ocean only

+ AMSUA: AMSU-A data over ocean
and land

« 72-hr forecasts, 00Z and 12Z inits 0225 U
16 Aug

2007 08 12 D6Z: Trop Storm
2007 08 13 18Z: Typhoon
2007 08 15 D0Z: Supertyphoon
2007 08 17 D6Z: Typhoon
2007 08 17 21Z: Landfall
2007 08 19 D0Z: Trop Storm

BV E . =

TC .
2007|
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Forecasts initialized at 8/13/07 00 UTC
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IA12 Main Modeling Tasks (FY09)

e Evaluate WRF precipitation forecasts and test cumulus and
microphysics schemes

¢ Operational support to CWB for WRF modeling system and
tests with new WRF grids

e Maintain (i) model display and (ii) model verification systems

¢ Assist in configuration and implementation of WRF-Var and
new data types

+ Assist with icing & turbulence product tuning
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Background: Safety/cost Motivations

Turbulence is a significant safety issue
— CAST analysis (1983-1999) of NTSB “accident” data
+ ~70% of weather related injuries
« 3 fatalities, 176 serious, 544 minor injuries
- Independent MCR Federal study of NTSB data 1983-1997
+ 665 cited turbulence as a cause or factor
- 1,438 injuries
— 609 fatalities (mainly GA)
- Cost to airlines ~ $30M-$60M/year
— Costs incl. GA and air taxi ~ $185M/year
Contributes to public perception
that air travel is unsafe
— Severe encounters (PIREPS)
~ 5,500/year
— Actual numbers probably
much higher...
+ Also a capacity issue...
2008/12/23

Background - Scales of aircraft turbulence

turbulent
large eddies smallest
= eddies

PIOPRER

cm

Aircraft responds to scales
from few m - km

s e
—_—— Mesoscale —_—

model
100s m h

resolution
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Background — known turbulence

' CURRENT ITFA COVERAG?|

sources

Clear air TN Cloud-induced or
Turbulenck (CAT) — | —— | Clouaina.
| TN I W Co_r‘n;ectwjly-
I 2 attl induce
Tropopause } T
. b oI urbulence (CIT)
I =3 I RS
Pv’lountaml.'.rave e CcAT I-" TI OO
TurbuIencelf_r'.-‘lWT} &_’E’V‘- I_/A N <9
" THT
| ——\f\“ _..%'__ In-cloud turbulence
—_— syl
Low level £ o % s R b
Terrain-induced "'y"‘/ "

-----

L C8hvective boundary
Layer turbulence

N

NCAR

Turbulence (LL

Source: P. Lester, “Turbulence - A new perspective for
pilots,” Jeppesen, 1994

Turbulence Forecasting

Cannot directly predict aircraft scale turbulence

- 5000kmX5000kmX25km CONUS domain @ 25m resolution
= 2x10° X 2x10° X 10% = 40,000 Gigawords/variable!!

Only hope is to infer turbulence potential from larger scale
— Environmental observations/forecasts (NWP model)
— Available turbulence measurements (PIREPS, insitu EDR)

Multiple causes require multiple forecasting strategies —

ITFA (Integrated Turbulence Forecasting Algorithm)/ Graphical
Turbulence Guidance Product (GTG)

— Based on RUC/WRF NWP forecasts

— Uses a combination of turbulence diagnostics, merged and
weighted according to current performance (pireps, EDR)

ITFA = W,Dy* + WoD," + WaDg* + ...

N
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ITFA/GTG History

+ Forecasting system originally named ITFA (Integrated
Turbulence Forecasting Algorithm)

«  FAA versions
— Based on RUC NWP model

- FA;(.J ggrsion renamed Graphical Turbulence Guidance (GTG)
in

- GTG1

+ Upper-level CAT (FL200-FL450)

+ Operational on ADDS since 3/2003

» http://adds.aviationweather.noaa.gov
- GTG2

+ Clear-air sources 10,000 ft MSL-FL450

+ On Experimental ADDS since 11/2004
« http://weather.aero/
+ Will replace GTG1 on operational ADDS Mar 2009
« Previous CAA version
— Similar to GTG1
— Based on MM5 NWP model
— Implemented end of 2001 ﬂ

Sample GTG2 Statistical Performance
(MOG vs NULL): ROC curve metric

ro——oal? Weights ~ AUC?
GTG ) S /—
combination ™1 | Diagnostic Weight
0.8 T, - FRNTGth 0703
¥ Ellrod1 0.669
o6k ~C ] TEMPG 0622
E N |ndividual NCSU1 0612
o | *% diagnosticy EDRS10 0592
o 1/ ¢ - YWws 0583
N NCSU2 0.567
' \A|RMET -NVA 0.556
0.2 / -Ri 0.552
f UBF 0542
0 | P e DTF3 0.538
'?).0 02 0.4 0.6 08 1.0 CLIMO 0.469
. 1-PODN (~FAR)
High threshold « Low threshold

Individual diagnostics and the GTG2 PODY-PODN performance statistics (individual diagnostics as thin
grey, GTG combination using dynamic weights as heavy black soiid and GTG combination using
chmatological weights as heavy black dashed wved from one year (2003) of 18 UTC &-hour
forecasts {valid 00 UTC) using 49,703 PIREPs, | per-levels (FL200-FL460). For comparison, also
shown is the no skill line as the diagonal, and the 2003 average AIRMET performance {with
amendments) at upper-levels centered on 00 UTC
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GTG1vs. GTG2

1
Twpefy
gl

http://adds.aviationweather; . R ( VT
noaa.gov http://weather aeret. . -

I
o ] ] Erbarie. o Liant

GTG3/Taiwan ITFA

« Version A
— Improved CAT, MWT diagnostics
— Based on RUC13
— Probabilistic output
— Initial implementation (exp. ADDS) in early 2009

+ Version B: Similar to version A except
— Based on AR WRF
— Still under development/testing
— Snapshot in late 2007 became Taiwan ITFA

« Since then...

— Turbulence diagnostics made more consistent with WRF
coordinate system

— Intercomparisons of WRF vs RUC compared to PIREPS

— Will implement in the FAA and Taiwan versions early next year
— Note: Will share the same computational core

-
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Version

Projected GTG releases — next 7 years

Capabilities Op. date

GTG2 Improved GTG1 7777
Mid levels
Uses in situ
GTG3a Improved GTG2 FY09
MWT
Probabilistic forecasts
Optimized insitu
GTG3b 13 km WRF RR (pre-impl 08, final early 10)
FY10
GTG4 Improved GTG3 FY11
out-of-cloud turb forecasts
GTGN1 NTDA2/DCIT FY11
in situ
GTG4
> 10,000 ft NextGen I0OC
GTG5 Improved GTG4 FY13
Low levels Figere 116 Avistion turbulence classitications This fgure it 8 pectossl summary of
GTGN2 NTDA2 FY14 e “ #t maysocmineeh i
:?ITSI?itudes Source: P LestE[ ‘Turbulencg - A
GTG6 Improved GTG5 FY16 new perspective for pilots
Floating high res grids Jeppesen, 1994
GTG/TFO?Global - GFS based  FY16 . n

Insure ITFA core supports all

Current/future FAA GTG work areas

NWP models (RUC, ARWRF, s T

R&

diagnostics
- MWT

- CIT

— Low levels

Determine probabilistic
performance of ensemble
Indices approach

Develop polygon generator

30
G FS) 09 hr ferecast vald D900 UTT Tus 11 Sep 2007

? Turbulence forecast at

D new turbulence

/
3D polygon fit to contours
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National Oceanic and Atmospheric Administration

National Ocean  National Environmental Eol{ R R e =N TN National Weather National Marine
Service Satellite, Data, and Atmaospheric Researc Service Fisheries Service
Information Service (OAR)
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Earth System Research Laboratory
Boulder, Colorado

Global

Physical Chemical
Sciences

Monitoring
Division

Earth System Research Laboratory

ESRL Develops New Climate
and Weather Prediction Model-
the FIM

A new computational design for a global icosahed model is
currently under development at the Global Systems Di' n (GSD)
of NOAA's Earth System Research Laboratory (ESRL). GSD is
collaborating with the Environmental Modeling Center at the
National Centers for Environmental Prediction (NCEP) to research
and test this “Flow-following"-finite volume Icosahedral Model,
known as the FIM.

Tha latflan is a traditio
madel grid used to make
memarical forec

What is an icosahedron?

FIM is based on the principle of a solid 20-sided geometric figure known
as an i The FIM system consists of a large numbar
of hexagonal cells (with 12 embedded pentagons).

Flow-following coordinates reduce nonphysical errors

FIM's name originates from the fact that it is a finite-volume icosahedral
madel that solves shallow-water flow in combination with a flow-following
vertical coordinate whose surfaces move freely according o airflow
These coordinate surfaces aloft are defined by a constant potential
temperature, making it flow following. This coordinate system allows for a
reduction of nonphysical errors in the modal.

An leoaahadral grid, such as the Unique grid cell shapes allow conservative finite-velume numerics
FIM, is thr most undormly This new grid-point model, in a sense, "molds” over the globe providing
distributed geodesic grid sullabie quasi-uniform coverage with minimal regional variation, The variations can

Torweatber mnd olimats models be kept minimal due to the shape of the grid cells. The FIM is particularly

suitable for finite-volume numerics whose conservative operators can be
aaslly approximated as line integrals along cell boundaries.

Potentially produces more accurate numerical weather predictions
FIM runs real-time weather foracasts twice dally as par of a verification
process proposed by NCEP. These runs and other research have proven
that the desirable “consarvativeness” of the model can potentially result in
better overall numerical predictions.

FIM meets NOAA's Mission Goal
ESRL's efforts to improve local and global weather prediction models

NOAA/DOC enhance our customers’ prep: for ing to
325 Broadway weather- and water-related conditions. These efforts are also applied to
Boulder, CO B0305 improving medium-range weather prediction and responding to climate
www.esrl.noaa, govigsd pradiction neads.
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NOAA's Science On a Sphere’ us
comput je 5, a

ther celestial bod
ather and other
moving

Infrared data from 5 geostationary satellites is combi
motion Suirfa the Earth. Massi

#  The DTC
F. ¥ .
Why do we need a DTC? DTC's Goals are to:

What is the DTC doing currently?
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Earth System Research Laboratory

What does the Earth System Research Laboratory do for the Nation?

The missien of the Earth System Research Laboratory (ESRL) is to cbserve and
understand the earth system and to develop products through a commitrment o
research that will advance the National Oceanic and Atmospheric Administration
(NOAA) environmental information and services on global-to-local scales. The
work at ESRL includes: understanding the roles of gases and particles that
contribute to climate cnanqe. praviding cumam Information related to water
decisions, imp: g weather p wing the recovery
£ the stratospheric ozone layer, and deved upmg the ncxl generation of ar quality
’ore‘.asl models.

Background

NOAAS Office of Oceanic and Atmospheric Research ("NOAA Research’) has
of the six org. of NOAA in Boulder, Colorauc mbo a
single center: the Earth System B L y. This
substantially improves the research and execul.uon of the organizations by having
four more-focused Divisions - Global Menitoring, Physical Sciences, Chemical
Sciences, and Global Systems - and a more effective and coordinated
management structure. The consaclidation also will result in better integration of
science through the development of rasearch and technology themes that are
integrated across Divisions.

Recent Accomplishments:

+ Discovered new factors that cause czone poliution in the Houston, Texas area
and observed that leaks of reactive gases from petrochemical refineries
prevalent in the region are a much larger factor than were previously expected
Payoffs: NOAA's findings regarding czone p in the
Houston area have altered the policy approach of Texas alr quality
managers, improving air quality forecasting in the area and saving
70,000 jobs and $10 billion for the state.

+ Established that forests and agriculture in MNorth America are [kely
sequestering a sizable portion of the carbon dioxide produced by fossil fuel
combustien in the U 5. Payoffs: This finding indicates that forestry and

could be to reduce the rate of increase of
glebal carbon dioxide in the atmosphere.

« Implemented a new and research called an ob:
“testbed” method, which employs a suite of weather observation instruments to
determine the best dataset that can be used to improve forecasts of
precipitation and runoff in mountaincus coastal regions. Such short-term
forecasts in coastal areas are not as advanced as those in the interior U.S.
because of limited offshore observations and the blockage of conventional
weather radar beams by mountains. Payoffs: The focus on testing new
observing capabilities in regional into impi
in NOAA's observing system and fi The imp
have been used, for example, to mitigate the effects of major floods over
the U.5. west coast.

Unmanned Aircraft Systems and The Arctic

Unmanned
measurements

as 1o help seien:

A Natlonal Oceanic and Atmospheric Admi

istration (NOAA) Vision

e world have

What are U

and govemnms
size from

! ircraft to vehicles

ses i the Aretic.
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