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Outline

Key Operations at the AWC

= Domestic & International Advisories and Warnings

* Traffic Flow Management (TFM) and Decision Support
Services (DSS)

Applications of Ensembles

» Dashboards & MOTL (CCFP)
= Collaborative Improvement

The Ensemble Processor: A Tool for Building
Custom Applications

Proposed World Area Forecast System (WAFS)
Ensemble
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International Flight Planning Forecasts
Global Forecasting: Jets, Turb, Icing, Convection, Trop
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The World Area Forecast System (WAFS):
~AWCiis 1 of 2 World Area Forecast Centers (WAFC)




AWC Traffic Flow Management (TFM) and
Impact DeC|5|on Support Services (IDSS)
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Winter Dashboard: SREF Based Impact

http://www.aviationweather.gov/decisionsupport/winterdashboard
@ ’"@AVIATION WEATHER CENTER re.cee

gt

Aviation Winter Weather Dashboard
o . o L3 .o L3 o
Previous SREF R Viewing Old SREF Rt View Latest Next SREF R I f I b I
1<.‘:ﬂﬂ U\;g‘:ri 14 Ma:lgtlld 'mnquﬂn UTCFri lud.nM(aI ze:u ) 0300 UTC Sat 15 Maru;lll)l’d P u m e o pt I O n s o r ce I l ng’ VISI l ItYI
Updated : 1921 UTC Fri 14 Mar 2014 Updated : 0117 UTC Sat 15 Mar 2014 Updated : 0715 UTC Sat 15 Mar 2014

Current Time: 15:07:26 UTC Mon 17 Mar 2014 p reci pitatio n’ te m pe ratu re

Auto Update: [ ARTCC: ALL ¢/ Region: | Mid Atlantic ¢ Sort:| Climate % | Impacts First: ' Hide Nominal: T 24h Snow: ¥ | Reset |
Fi Sa Sal Sal Sal Sat Sar Sat Sal Sun Sun Sun Sun Sun Sun Sun Sun Mon Mon Mon Mon Mon Mon Mon Mon Tue Tue Tue Tue Tue
217 00Z 03z 06Z 09z 12z 15Z 18Z 21Z 00Z 03Z 06Z 09Z 127 15Z 187 21Z 00Z 03Z 06Z 09Z 12z 15Z 18Z 21Z 00Z 03Z 062 09Z 12Z i i

“PARALLEL " KDCA (Group 2)

v BBEEEEDNEEEEREN s = BREEC)EEE NN SHour Snowte 34HourSnowtl 3o Fesing e 2 Hou Preciphaion Caling Vs Tempersrs
god | 11Tl .S EENE

24-Hour Snowfall in Inches

AT AR R AR
Ao ARSI ARP2

Area I ranc B M
e BN P
Pz W NPy [ MBCH
I ONAM I uENY [ MBI
B e B upet B weP2
. used W MEAN

SREF Member Abbreviations
-AR(W) = WRF-ARW
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- ONAM = Operational NAM
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Click on the Airport Identifier to view SREF plume diagrams.
Impact Type: S : Snowfall = l::ie: i V: Visibilitym C D M -W ET)
s o e v e CORE-30 airports + diversions
[1] Impacts due to visibility are only displayed when 2m temperature < 28°F.
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Mouseover dashboard boxes above to display detailed impact information for the selected airport and time period.
Impact
Category: [\ Nominal | slight
This dashboard provides a decision support tool to alert operational meteorologists and air traffic managers to potential winter weather impacts\at major airports. ® A I
It was developed at the Aviation Weather Testbed, located at the NOAA Aviation Weather Center. S o a ve a S u m m e r
View Archived SREF Run: | 2100 UTC Fri 14 Mar 2014 ¢/

\ o
o Pobabisic convective dashboard (not
HPC Winter Weather ~ National Heavy Snow  Winter Precipitation SPC Short-Range SPC Short-Range AWC Terminal Area
Products Discussion Guidance Ensemble Products  Ensemble Plume Charts Farecasts

Impact tuned with airlines via CDM-WET Shown)



Winter Dashboard: SREF Based Impact

http://www.aviationweather.gov/decisionsupport/winterdashboard
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Mouseover dashboard boxes above to display detailed impact information for the selected airport and time period.
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[1] Impacts due to visibility are only displayed when 2m temperature < 28°F.,

This dashboard provides a decision support tool to alert operational meteorologists and air traffic managers to potential winter weather impacts\t major airports. Y
It was developed at the Aviation Weather Testhed, located at the NOAA Aviation Weather Center. S o a ve a S u m m e r
View Archived SREF Run: | 0900 UTC Sat 15 Mar 2014 < |
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Products Discussion Guidance Ensemble Products ~ Ensemble Plume Charts Forecasts

Impact tuned with airlines via CDM-WET Shown)



Winter Dashboard: SREF Based Impact

http://www.aviationweather.gov/decisionsupport/winterdashboard
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Mouseover dashboard boxes above to display detailed impact information for the selected airport and time period.
Click on the Airport Identifier to view SREF plume diagrams.

Impact Type: S : Snowfall o v : Visibility CDM-W ET)
e * CORE-30 airports + diversions

category: [\ Nominal ) Slight
[1] Impacts due to visibility are only displayed when 2m temperature < 28°F.
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This dashboard provides a decision support tool to alert operational meteorologists and air traffic managers to potential winter weather impacts\gt major airports. P
Itwas developed at the Aviation Weather Testbed, located at the NOAA Aviation Weather Center. S o a‘ ' e a S u I 1 ‘ e r
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Winter Dashboard: SREF Based Impact

http://www.aviationweather.gov/decisionsupport/winterdashboard
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Mouseover dashboard boxes above to display detailed impact information for the selected airport and time period.
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This dashboard provides a decision support tool to alert operational meteorologists and air traffic managers to potential winter weather impacts\gt major airports. ®
It was developed at the Aviation Weather Testbed, located at the NOAA Aviation Weather Center. S o a ve a S u m m e r
View Archived SREF Run: 0900 UTC Sun 16 Mar 2014 ;\ - d h b d (
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Impact tuned with airlines via CDM-WET Shown)




Winter Dashboard: SREF Based Impact

http://www.aviationweather.gov/decisionsupport/winterdashboard
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SREF Member Abbreviations
- AR(W) = WRF-ARW
- NM(M) = WRF-NMM
- (NMJMB = NMM-8 NAM Modsl
- ONAM = Oﬂ!raunnll NAM
- € = control or
-P(123)= mslnvo perturbatons
-N(1,2,3) = negative perturbations
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Mouseover dashboard boxes above to display detailed impact information for the selected airport and time period.
Click on the Airport Identifier to view SREF plume diagrams.
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[1) Impacts due to visibility are only displayed when 2m temperature < 28°F.

This dashboard provides a decision support tool to alert operational meteorologists and air traffic managers to potential winter weather impacts \t major airports.

It was developed at the Aviation Weather Testhed, located at the NOAA Aviation Weather Center. ' L4 A I S o h ave a S u m m e r
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Ensemble-Based Development
of I\/IOTL Gmdance

Input: SREF + HRRR-TL
Output: CCFP Polygons

CCFP Issued: 20140220 1600Z MRMS Valid: 20140221 0000Z

0

QozziEe“b14 >

MRM%\Radar

0000000000000000000000000

SREF + HRRR- TL and Radar

» Still early in development cycle (since Jan. 2014)
= SREF SPC Calibrated Thunderstorm and HRRR-TL shown here

70000

» FAA via CDM-WET & Industry studying MOTL CCFP and introducing AWS
= AWS = Aviation Weather Statement (“TFM Warnings” for DSS)



Flight Rules (Celiling & Visibility) Improvements

SREF Parallel vs. Operational — Flight Rule Distribution
February 1-28, 2014

West Coast (Western OR/WA/CA) Northeast (NJ/Ern NY to Ern ME)
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e Overall, much improved distribution of C&V flight categories
o Ceiling in particular very much improved (not shown)
o Snow: High LIFR much improved; introduced a small, high VFR bias in snow
o Rain: Generally improved all categories
o None: LIFR improved NE and West; High VFR bias WC slightly increased



Ensemble Processor (EP)
Objective: Tool to Build Specialized Applications

Ensemble framework at center of NWS/NCEP NWP strategy &
NextGen (advanced probabilistic forecasting)

Looking for a tool to rapidly configure and view ensemble
systems in the AWT (FY13 to present)

— Experiment = Research, Explore, Interactive Use

— Real-time = Automatic processing into NAWIPS (R20)

Software capable of adapting to various ensemble systems (e.g.,
variable membership, resolution)

Software capable of supporting standard ensemble variables
but more importantly, mission specific post-processing

— Applied ensemble research and R20 for aviation applications through
the AWT

— Early beta stage for NCEP Short-Range Ensemble Forecast (SREF)




Ensemble Processor
Design Schematic

Ensemble
GRIBZ GRIBZ
T Post-Processor autout
P (EPP) P
M
I Application \
, Programming | /0
I.Interface (API) | Interface
EPF I
Database A
1. Define ensemble
2. Read GRIB2, store members, ensemble calculations
3. Two-way database interaction
4. Automatic or on-demand output to GRIB2 (for NMAP; AWIPS-2)
5. Web real-time interrogation and display



EP Technical Specifications

e Server Hardware

— Twin Xeon X5660 processors (6 core/processor @2.8 GHz)
— 144 GB of DDR3-1333 RAM
— Intel SSD 910 800 GB (2000|1000 MB/s read|write; 3X /O gain HD to SDD)

e Software

— Developed in Java; APls are written in Java
— MySQL Geospatial Database
e Faster and more efficient than PostGIS
— NetCDF Java libraries to read | write GRIB2 files
— XML configuration files read on startup

e Currently functional alpha-beta phase in AWT

— Real-time data
e NCEP Short-Range Ensemble Forecast (SREF)
— 21 members (WRF-NMM; WRF-ARW; NMM-B)
— 0-87 hours (1-hourly 0-39, 3-hourly thereafter)
— 40 km Grid 212; 16 km Grid 132



Select Ensemble Data

SREF Ensemble Processor Query Tool
Choose Spatial"Varable Consdraints

: = Fefresh Lists
= r||:3:|| P ———— *” 'l

Jear Tables
Grid Paimt(s) Lal-Lon Bounding Box Forecasl Howr Milliars
i ! ¥min {1 615 N b pin|ooo v Build SAL Query
e 1BS | ima|129 15206 W lan E Max A W
e BILL Fun Grit Cuery

Choase From Map Ml [12.0 5 F Haxt

Egit Guery [a L

Samples: |

- Web interface or runs in “batch”
- Select ensemble cycle time (SREF 03, 09, 15, 212)
- Select members (default is all members)

DI Against: | rors *|  colorPaens RedTomie 7| Save SOL Query || Fun SGL Quary




Select Statistical Calculation

SHEF Ensemble Processor Query Tool

Choose SpatisifVarisbie Constraints

Ensstmble Members Constraint Ristresh Lists

[2012-01-31 08 | ai| |
e Tables

SHEF4D_nm_ctl

SREF40_em_n! Fonecas] Hour M bars

SREF40_sm_n2 Min |00+ T pre—— Build SAL Quary
SREF£0_em_nd E Max|oo v

SREF40_sm_pt ! R Faum Grin Cueny
SHEFLA &m _nd hwl

Edit Ciumaiy

Samples

- Choose the statistical variable of interest:
ave, min, max, SD, variance, probability,
point probability over time, probability
matched mean, spaghetti, postage stamp,
airport (point) winds

D Agaieet: [rene

Jave DU Cuery Fam S0 Query



Select Model Field to Examine

SREF Enscmble Processor Query Tool

Choose Spatisiivariatie Consiraints

Ensambile hMembiars Quary Typo s Constraint Feefresh Lisis
| 2014-01-31 09 ¥ ] | avg TN [30] famperstus_ischarnic
U | A LT FoT W T T Ligar Tables
SREFL0_mm i {#8] cioud_ice_lsobadic
SHEF40 &m_nt Grid (28] cloud_mixing_reic_jscharnic Minars
SHEF4D_am_n2 X | 0] composke_refectyity_snina_aimosphers TR Butld SGL Query
EREFL_sm_nd Wreane | 1B5 vimafl |02] cormvective_svaiable_polential_gneigy_presse_differsnce_ayer —
SHEFA0_&m_pt {01] cormeectia_svalable_polental_enangy_surface Qoo T Fiun Gris Cuery
EREFM A ond | Choosa From Map 7] comvvective_inhibition_pressiune_dfemnce_layer
107 ederesttivs_nbibilion_sudfsss
Eddil Sy WI'IFHIHII 1 {01] correscins_precipation_surface 0_hour_accumulatian
{1] ceapoint_Tampsrature_Nedght_ahews ground
Samples | 106] ewpord_lempensiuie_isobanc bl |

101] pecpcinnlial_hesghi clousl boese

] gecpctantinl_hesght cioisd csdling

{01] ecetenlial_hesgiht_ciowd fops

107 geopotential_hesghi mghesd iroposphenc, feezing

130] gecpotantial_height ssobernic

{07 gecpotenLial_neagpit_plarstany_boundary

|01| geopotenital_hesght_surface

0] gecpotential_hesghi zermdege_isoihemm

[07] rangs_Soas_precipilaton_mon_ooeectie_swface_0_hour_scoumula

- Fields from the GRIB2 file available (configurable)
- Choose the particular field of interest

DIT Agaist | rors *|  ColorFakege: | RedToEue T Save SOL Query || Run SOL Queny




Select Forecast Time & Level

SREF Ensemble Processor Querny Tool
Choose Spabial ariable Consirminds

Emssmibie Members Cuary Type “Wariable

|3_=;;-=,"-,_-,.' 0 ¥ | |n'.1:- Si famparatwa_haight_abova_gros,

SHEF40_mm_cil

SHEFYI em_nt Grid Poimk(s) Lal-Lon Bounding Box
SHEF4LD_sm_nl X! wmun|! 615 (]
SREFL)_em_nd W TBE  Wiman {122 L152 86 T
SREF4D._gm_pt —

SAEELN s _nd Choosa From Map adl 12a 5
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- Select the forecast hour (SREF: 0 to 87)

- Choose height or pressure level (if applicable)
o All levels in GRIB2 file available

- Query is then executed from either the database
or directly through GRIB2 API
Plot: 1/31/14 09Z, Max, 2m Temp, F48
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Plot Rendered Over Google Maps

SREF Ensemble Processor Queny Tool

Choose Spatialtariable Consirminds
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- Option exists to manually download a GRIB2 file...
can then push to NAWIPS or another platform




Select Statistical Calculation

SREF Ensemble Processor Queny Tool

Choose SpalialiVariable Consirmints
Constraint Fstimah List
*fl ] =
--------
Fonecasl Hour LT
Min |00+ aloon 1 a
- e[ioc0 <IN
F Haxt

- Choose the statistical variable of interest
- Airport Winds (Spaghetti of point winds)
- Select forecast hour F48
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Select Airport Location

SREF Ensemble Processor Query Tool

Choose Spatial/Variable Constraints Import, Visualization, Docs
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Choose An Airport

Ensemble Members
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-. Example: DFW Fropa
- 09Z 30 Jan 2014 SREF run. DFW Fropa between
Cart Query ' & % ¥ 06Z 1 Feb 2014 (F45) and 00Z 2 Feb 2014 (F63).
Sempes| | __ __ Ensemble mean wind shift at F57 (now shown).
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Cancel OK

- Choose location: Dallas-Fort Worth (DFW) International Airport



DFW 10 m Wind Forecast

F45 Valid at 06Z 1 Feb 2014 (OBS: S 21G29 kts)

SREF Ensemble Processor Query Tool

Choose SpatiallVariable Constraints Impon, Visualization, Docs

Ensemble Members Query Type Variable Constraint Refresh Lists
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DFW 10 m Wind Forecast

F51 Valid at 12Z 1 Feb 2014 (OBS: NW 11 kts)

SREF Ensemble Processor Query Tool

Choose Spatial/Variable Constraints Impon, Visualization, Docs

Ensemble Members Query Type Variable Constraint Refresh Lists
2014-01-30 09 | |aiport winas = |75 I EIE

— — = User Tables
SREF40 nmm_ctl B
SREF40_nmm_nl Grid Point(s) Lat-Lon Bounding Box Forecast Hour Millibars
SREF40_nmm_n2 + [F—— S [— e f

e, i . § Min |5]_ - :
SREF40_nmm_n3 Xmim(1  |SVmim1 | CENS. El Min [1000 ~| Build SQL
SREF40_nmm_pl Xma:| | ¥max: | [ W E Max |51 = — L L —
SREF40_nmm_p2 — : 152 8] R L4 | - Max [1000 -] Run Airport Qry
SREF40_nmm_p3 Choose From Map || Al | [ Prev £ saiit

Map I Plot Options = o : WU & _ i _ _ | 1ap | Satelite | Wind At DFW (knots)
Color Palette:| RedToBlue | ' 4 - ' s - Y, ;,315 e b
Nbrcantaur}ill Rd| e y oo

1st Contour Val:| | 8 173 b2
Contour Interval: ' s em Ll
S— /8 S

Smooﬂ'lnessl |
P U
| j 10.6 11.3
Em Amm
g J,
] Em Rmm
Odds of Fropa: ¢ 8 i
0 05 M FUETTET
: { Be I By

Prob of Fropa:
5%

Opacity: IQU% Fieset

MapData | Terms of Use | Reporta maperror



DFW 10 m Wind Forecast

F63 Valid at 00Z 2 Feb 2014 (OBS: N 11 kts)

SREF Ensemble Processor Query Tool

Choose Spatial/Variable Constraints Impon, Visualization, Docs

Ensemble Members Query Type Variable Constraint Refresh Lists
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Application Development for DSS
Low-Level Wind Shear

Likelihood of Low-Level Wind Shear, Mean PMSL (white), Mean peak shear (contour) & vector
22-hr Fcst Valid 19Z 26 Nov 2013



Application Development for DSS
Mountains Obscured by Clouds

i i [+
X HAT' ] ility Mountains
-1 L = e =4

Likelihood of Mountains Obscured by Clouds
09-hr Fcst Valid 09Z 25 Nov 2013



Application Development for DSS

Likelihood of Icing Conditions
12-hr Fcst Valid 157 20 Dec 2011



Application Development for DSS
Mountain Waves

LY I
Ensemble Mean Ridgle Top Winds
Ensemble Mean GeoHgt (LyrAve: 850/700 mb)
Raw SREF Probability (Shaded)

Likelihood of Mountain Wave Conditions Likelihood of Mountain Wave Conditions
48-hr Fcst Valid 15Z 20 Mar 2014 12-hr Fcst Valid 15Z 20 Mar 2014




Application Development for DSS
Mountain Waves

/ e aido
00 "TBSY>d4 TTSY FELV
00 GOESIS VIS

Likelihood of Mountain Wave Conditions Visible Satellite Image 15Z 20 March 2014
12-hr Fcst Valid 15Z 20 Mar 2014 Aircraft Tracks

Eddy Dissipation Rate (EDR; > “moderate” in boxes)
Mountain Wave in PIREP remarks £
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World Area Forecast Centers
WAFC Washington (Kansas City)
WAFC London (Exeter, UK)

* World Area Forecast Centers @ a%:AVIATION WEATHER CENTER recic

(WAFCs) provided authority to USER HOME ADVISORIES FORECASTS OBSERVATIONS USER TOOLS NEWS SEARCH ABOUT
World Area Forecast System Data

operate under the International ‘unofficial vispiay of WAFS lobal Grids f"’m‘ T
Civil Aviation Organization =»~ AR % x QJL,«(H.‘ 0Nz
(ICAO) World Area Forecast ? L\ > 2 Mie/Glis By EMC/AW
System (WAFS) .*:7{ ! B’ LQ

* Burgeoning International met

offices are seeking a larger role ’\

in WAFS forecast process

 One option is a proposed, FAA

fundable, and ICAO approved

plan for an International WAFS

Ensemble




World Area Forecast Centers
WAFC Washington (Kansas City)

WAFC London (Exeter, UK)

e The WAFS Vision:
— WAFS International ensemble of models from qualified
Meteorological Service Providers
— WAFS International ensemble available at multiple resolutions via
NOMADS-like interface
— Goal to become ICAQ’s global default as the authoritative source

of digital aviation NWP guidance
 Politically seamless (in time, space and policy)
» Calibrated (by modeling Center and membership therein)
e Partnerships with NUOPC?
— Next discussion: The ICAO/WMO Meteorological Division Meeting
e July 8 — 21, 2014, Montreal, Canada)
« See Matt Strahan (AWC I0OB Chief) for further information & input




@ AWC Summary

 Ensemble usage increasing at AWC and AWT

« Building ensemble-based tools to support AWC'’s
Domestic and International forecast, advisory, and warning
operations

 Ensembles the basis of CDM, TFM and IDSS MOTL tools
« Ensemble approach recommended by the WAFS/ICAO

e

David.Bright@noaa.gov

Matt.Strahan@noaa.gov



