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Thank you for inviting me!Thank you for inviting me!
�� 19 years at UW19 years at UW--MadisonMadison
�� Research interests: Nowcasting, Research interests: Nowcasting, uplookinguplooking passive passive 

thermodyamicthermodyamic profiling, validation, NWP satellite profiling, validation, NWP satellite 
simulationssimulations

�� Principal Investigator: NASA ASAP, NASA ROSES, Principal Investigator: NASA ASAP, NASA ROSES, 
NOAA GIMPAP, NOAA GOESNOAA GIMPAP, NOAA GOES--R AWG/PG, NOAA/NRC R AWG/PG, NOAA/NRC 
Network of Networks studyNetwork of Networks study

�� GOESGOES--R Aviation Algorithm Working Group CoR Aviation Algorithm Working Group Co--Chair Chair 
20072007--presentpresent

�� AMS AMS SatMetSatMet Committee (2007Committee (2007-- current)current)
�� AMS Journal of Atmospheric and Oceanic Technology AMS Journal of Atmospheric and Oceanic Technology 

Editor 2009Editor 2009--presentpresent
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OutlineOutline

�� NNational Aviation Transportation Systemational Aviation Transportation System
�� GOESGOES--R R3/AWG/PG programs R R3/AWG/PG programs 
�� Aviation Hazard OverviewAviation Hazard Overview
�� GOESGOES--R Aviation Application OverviewR Aviation Application Overview

�� ValidationValidation
�� Path to current Proving Grounds and Path to current Proving Grounds and 

operational use on current imager technologyoperational use on current imager technology

�� ConvectionConvection
�� TurbulenceTurbulence
�� SummarySummary



����������	
�����
�����
�����
����

44

GOESGOES--R ProgramR Program

Risk Reduction Risk Reduction 

Algorithm Working Group Algorithm Working Group 

Proving Ground ExercisesProving Ground Exercises

First Light Decision Support ProductsFirst Light Decision Support Products



����������	
�����
�����
�����
����
GOESGOES--R Software Development R Software Development 
ProcessProcess

Algorithm Research to Operations Algorithm Research to Operations 
ProcessProcess
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GOESGOES--R AWG Application TeamsR AWG Application Teams

�� Soundings  (Soundings  (Tim SchmitTim Schmit))
�� Winds  (Jaime Daniels, Winds  (Jaime Daniels, Chris VeldenChris Velden))
�� Clouds (Clouds (Andy HeidingerAndy Heidinger))
�� Aviation (Ken Pryor, Aviation (Ken Pryor, Wayne FeltzWayne Feltz))
�� Aerosols / Air Quality / Atmospheric Chemistry (Shobha KondragunAerosols / Air Quality / Atmospheric Chemistry (Shobha Kondragunta, ta, 

Steve Ackerman/Chris Schmidt/Brad PierceSteve Ackerman/Chris Schmidt/Brad Pierce))
�� Land Surface (Dan Tarpley, Land Surface (Dan Tarpley, Chris Schmidt/Elaine PrinsChris Schmidt/Elaine Prins))
�� Cryosphere (Cryosphere (Jeff KeyJeff Key))
�� Visualization and Imagery (Visualization and Imagery (Tim SchmitTim Schmit))
�� SST and Ocean Dynamics (Alexander Ignatov)SST and Ocean Dynamics (Alexander Ignatov)
�� Radiation Budget (Istvan Lazslo)Radiation Budget (Istvan Lazslo)
�� Lightning (Steve Goodman)Lightning (Steve Goodman)
�� Space Environment (Steven Hill)Space Environment (Steven Hill)
�� Hydrology (Robert Kuligowski)Hydrology (Robert Kuligowski)

�� Proxy Data  (Fuzhong Weng, Proxy Data  (Fuzhong Weng, Allen Huang/Tom GreenwaldAllen Huang/Tom Greenwald) ) 
�� Algorithm Integration (Walter Wolf, Algorithm Integration (Walter Wolf, Ray Garcia/Graeme MartinRay Garcia/Graeme Martin))
�� Cal/Val (Changyong Cao, Cal/Val (Changyong Cao, Dave TobinDave Tobin))

SSEC AWG Involvement in 
Yellow
AWG Chair listed first
Local SSEC/CIMSS POC 
underlined/italics 



GOES-R Baseline Products GOES-R Option 2 Products

Aerosol Detection (Including Smoke 
and Dust)

Aerosol Particle Size

Aerosol Optical Depth: AOD & 
Suspended Matter

Aircraft Icing Threat

Volcanic Ash: Detection and Height Cloud Ice Water Path

Cloud and Moisture Imagery Cloud Layers/Heights
Cloud Optical Depth Cloud Liquid Water

Cloud Particle Size Distribution Cloud Type
Cloud Top Phase Convective Initiation
Cloud Top Height Enhanced “V” / Overshooting Top Detection

Cloud Top Pressure Low Cloud and Fog
Cloud Top Temperature Tropopause Folding Turbulence Prediction

Hurricane Intensity Visibility
Lightning Detection: Events, Groups & 

Flashes
Probability of Rainfall

Rainfall Rate / QPE Rainfall Potential
Legacy Vertical Moisture Profile Absorbed Shortwave Radiation: Surface

Legacy Vertical Temperature 
Profile

Downward Longwave Radiation: Surface

Derived Stability Indices Upward Longwave Radiation: Surface
Total Precipitable Water Upward Longwave Radiation : TOA

Clear Sky Masks Ozone Total
Downward Shortwave Radiation: 

Surface
SO2 Detection

Reflected Shortwave Radiation: TOA Flood/Standing Water

Derived Motion Winds Ice Cover
Fire/Hot Spot Characterization Snow Depth (over Plains)

Land Surface (Skin) Temperature Surface Albedo
Snow Cover Surface Emissivity

Seas Surface Temperature (Skin) Vegetation Fraction: Green
Vegetation Index

Currents
Currents: Offshore

Sea and Lake Ice: Age
Sea and Lake Ice: Concentration

Sea and Lake Ice: Motion
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In GEOCAT

(from CIMSS)

Near-term plans 
for GEOCAT
(from CIMSS)

No known plans for 
GEOCAT

Of the 25 Baseline products, 15 are in GEOCAT          Revised  6/30/2009

No Current 
plans for 
GEOCAT

(from CIMSS)

GLM Product
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SatelliteSatellite--based Nowcasting and Aviation based Nowcasting and Aviation 
APplication (SNAAP) TeamAPplication (SNAAP) Team

• Primarily NASA/NOAA funded through Advanced 
Satellite Aviation-weather Products (ASAP) and 
GOES/GOES-R/Polar initiatives working with NOAA, 
FAA, and NCAR

• 8th Year of Existence with UW-CIMSS Research Focus
– Convection, Mesoscale winds
– Turbulence
– Volcanic Ash

• Team continues to explore satellite- based aviation 
weather applications with emphasis on the 0-3 hour 
forecast problem 
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UWUW--CIMSS SNAAP TeamCIMSS SNAAP Team
PI/Lead: Wayne FeltzPI/Lead: Wayne Feltz

NOAA Collaborators:  Michael Pavolonis, Bradley Pierce, and Tim NOAA Collaborators:  Michael Pavolonis, Bradley Pierce, and Tim SchmitSchmit

�� VisibilityVisibility
�� Brad Pierce (NOAA STAR)Brad Pierce (NOAA STAR)
�� Wayne FeltzWayne Feltz

�� Turbulence Turbulence 
�� Anthony Wimmers Anthony Wimmers 
�� Wayne FeltzWayne Feltz

�� EnhancedEnhanced--V/Overshooting top V/Overshooting top 
detectiondetection

�� Jason BrunnerJason Brunner
�� Kristopher BedkaKristopher Bedka
�� Richard DworakRichard Dworak

��Convective InitiationConvective Initiation

�� Justin Sieglaff Justin Sieglaff 
�� Lee CronceLee Cronce
�� Kris Bedka (formerly CIMSS)Kris Bedka (formerly CIMSS)

�� Volcanic ash/SOVolcanic ash/SO22
�� Mike Pavolonis (NOAA STAR)Mike Pavolonis (NOAA STAR)
�� Andrew ParkerAndrew Parker

�� Fog/Low CloudFog/Low Cloud
�� Mike Pavolonis (NOAA STAR)Mike Pavolonis (NOAA STAR)
�� Corey Calvert Corey Calvert 

�� Current Graduate StudentsCurrent Graduate Students
�� Sarah Monette (Tropical Genesis using OTTC)Sarah Monette (Tropical Genesis using OTTC)
�� Caitlin Hart (WDSSCaitlin Hart (WDSS--II object tracking of satelliteII object tracking of satellite--based convection)based convection)
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Why satellite-based nowcasting/aviation 
applications (0-6 hour range)?

� Aviation Community demands high temporal and spatial resolution
� Aviation weather hazard information is relevant on very short time 
scales
� Geostationary satellites provide the temporal resolution but do not 
provide data at high latitudes where “great circle” commercial aviation 
routes are common
� Polar-orbiting  satellites provide higher spatial resolution with more
advanced weather research instrumentation but many times do not 
provide the temporal information need for short term high impact weather 
nowcasts in the mid-latitudes and tropics
� Satellites data provide the primary information over data sparse 
oceanic, arctic, and high terrain regions where commercial and general 
aviation aircraft operate
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The Current System is not Performing AdequatelyThe Current System is not Performing Adequately

Demand remains high in already congested markets

Our air traffic system does not utilize current available technologies to:

– Support aviation’s role in the national economy 

– Address aviation’s environmental impact

Airport Delays Worsen

By MATTHEW L. WALD

July 10, 2008

…delays at Newark Liberty and La 

Guardia are worse.
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Travel woes continue: ‘We’ve got a problem’
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Impact of Aviation on the U.S. EconomyImpact of Aviation on the U.S. Economy

Aviation accounts for:Aviation accounts for:
�� 11 million aviation11 million aviation--related jobsrelated jobs
�� $1.2 trillion in economic activity$1.2 trillion in economic activity
�� 5.6 Percent Contribution to Gross 5.6 Percent Contribution to Gross 

Domestic ProductDomestic Product
�� Adds $61 Billion to the US Trade Adds $61 Billion to the US Trade 

BalanceBalance

The Aviation Industry contributes to the U.S. Economy and International Trade



NextGen
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Trends show that environmental impacts from aircraft noise and emissions 
will be a critical constraint on airspace capacity and flexibility -- unless 
managed & mitigated

Environmental ImpactEnvironmental Impact

Increased efficiency 
with NextGen will lead 
to reduced fuel 
consumption, 
resulting in lower 
carbon emissions.

100

90

80

70



����������	
�����
�����
�����
����

NextGen: Improving Efficiency and CapacityNextGen: Improving Efficiency and Capacity
Today’s National Airspace System NextGen
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Ground-based Navigation and Surveillance
Air Traffic Control Communications By Voice

Disconnected Information Systems
Air Traffic “Control”

Fragmented Weather Forecasting
Airport Operations Limited By Visibility Conditions

Forensic Safety Systems

Satellite-based Navigation and Surveillance
Routine Information Sent Digitally
Information More Readily Accessible
Air Traffic “Management”
Forecasts Embedded into Decisions
Operations Continue Into Lower Visibility 
Conditions
Prognostic Safety Systems
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NextGen Weather: Improving Efficiency and CapacityNextGen Weather: Improving Efficiency and Capacity

Post-flightPre-flight

Provides advanced weather Information as requested by users to enable 
collaborative planning and efficient utilization of airspace routes from end 
to end through entire trajectory

Thunderstorms
Lightning

Crosswinds
Wind Shear 

Freezing/Frozen Precip
Low Ceiling & Visibility

Surface Icing

Thunderstorms, Jet Stream, 
Volcanic Ash, Turbulence, 

In-Flight Icing, Winds, 
Mountain Waves 

Thunderstorms
Lightning

Crosswinds
Wind Shear 

Freezing/Frozen Precip
Low Ceiling & Visibility

Surface Icing
Post-flight observed weather  

archives

Arrival Forecast Weather
Alternate Forecast Weather

Flight Winds  
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Primary Aviation Weather HazardsPrimary Aviation Weather Hazards

�� Convective weather and strong storms (#1 Convective weather and strong storms (#1 
cause of delays/cancellations)cause of delays/cancellations)

�� Turbulence and wake vortices (#1 safety hazard Turbulence and wake vortices (#1 safety hazard 
at cruise altitudes)at cruise altitudes)

�� Icing (ground, inIcing (ground, in--flight and engine ice accretion)flight and engine ice accretion)
�� Reduced visibility (VFR pilots in IFR conditions) Reduced visibility (VFR pilots in IFR conditions) 
�� Volcanic ash and gas (Rare but potentially Volcanic ash and gas (Rare but potentially 

catastrophic)catastrophic)
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Aviation Summertime DelaysAviation Summertime Delays
Aircraft Density

Courtesy: MITRE Corp.

th
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Percent Frequency of Convective Sigmets

July

March

After:
Slemmer and Silberberg (2004)

# of aircraft

Aircraft Density

# of aircraft per day
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Convective Weather Impact on Convective Weather Impact on 
High Density OperationsHigh Density Operations
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Examples of Aviation Delay Examples of Aviation Delay 
DaysDays

June 8 June 19 June 27 July 10

Top 15 delay days (2007)

1/07 3/072/07 5/074/07 7/076/07 9/078/07 11/0710/07 12/07
0.0

0.5

1.0
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Aviation Weather Real Aviation Weather Real 
ImplicationsImplications

From: FAA Aviation Safety 
Journal Vol. 2 (3)
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SatelliteSatellite--based Advanced based Advanced 
Aviation ApplicationsAviation Applications

Derived ProductsConvective Initiation

GOES Satellite

Fog

Icing

Turbulence

Volcanic Ash

Microburst Potential
Cloud Drift Winds

Temperature and Moisture

Cloud Properties
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GOESGOES--R  AWG Aviation R  AWG Aviation 
TeamTeam

AWG Aviation Team Chairs : Ken Pryor, Wayne FeltzAWG Aviation Team Chairs : Ken Pryor, Wayne Feltz

�� Aircraft IcingAircraft Icing
�� Bill Smith, Jr. (Lead, NASA LaRC)Bill Smith, Jr. (Lead, NASA LaRC)
�� Stephanie Houser Stephanie Houser 

�� Volcanic ashVolcanic ash
�� Mike Pavolonis (Lead)Mike Pavolonis (Lead)
�� Justin Sieglaff Justin Sieglaff 

�� VisibilityVisibility
�� Brad Pierce (Lead)Brad Pierce (Lead)
�� Wayne FeltzWayne Feltz

�� TurbulenceTurbulence
�� Anthony Wimmers (Lead)Anthony Wimmers (Lead)
�� Wayne FeltzWayne Feltz

�� EnhancedEnhanced--V/Overshooting top V/Overshooting top 
detectiondetection

�� Kristopher Bedka (Lead, SSAI)Kristopher Bedka (Lead, SSAI)
�� Jason BrunnerJason Brunner
�� Wayne FeltzWayne Feltz

��Convective InitiationConvective Initiation

�� John Mecikalski (Lead, UAH)John Mecikalski (Lead, UAH)
�� John Walker (UAH)John Walker (UAH)
�� Kristopher Bedka (SSAI)Kristopher Bedka (SSAI)

�� SOSO22
�� Mike Pavolonis (Lead)Mike Pavolonis (Lead)
�� Andrew ParkerAndrew Parker

�� Fog/Low CloudFog/Low Cloud
�� Mike Pavolonis (Lead)Mike Pavolonis (Lead)
�� Corey Calvert Corey Calvert 
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Convective Initiation and 
Overshooting-top/Enhanced-V
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Overshooting-Top/Enhanced-V Detecion
Lead:  Kristopher Bedka NASA LaRC SSAI

Jason Brunner (SSEC/CIMSS)
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GOES-R Overshooting-Top 

Credit: Martin Setvak (Czech Republic)
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Overshooting Top AlgorithmOvershooting Top Algorithm
Design OverviewDesign Overview

Reasons Overshooting Tops are Important

Overshooting Top: A domelike protrusion above a cumulonimbus anvil, 
representing the intrusion of an updraft though its equilibrium level or the 
tropopause (from the AMS Glossary)

1)Indicates a storm with a very strong updraft, hazardous for aviation 
operations if a plane were to fly through an OT

2)Correlates well with radar reflectivity/lightning maxima and storm severity

3)Interaction of updraft with stable tropopause layer generates turbulent 
gravity waves which can propagate far away from their source region

4)Responsible for obstructing upper-level jet stream flow, producing the 
enhanced-V signature
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Overshooting Top Detection Overshooting Top Detection 
Processing SchematicProcessing Schematic

(Bedka et al, 2010)(Bedka et al, 2010)

Find Pixels Colder Than 215 K and NWP 
Tropopause

INPUT: BT14 and NWP Tropopause

Filter List of Cold Pixels To Identify Regional 
BT Minima: Overshoot Candidates

Compute BT Difference Between 
Candidates and Surrounding Anvil Cloud 

Pixels With BT > 6.5 K Colder Than Mean 
Surrounding Anvil Are Overshooting Tops, Flag 
Remaining Pixels That Compose The Entire Top 

Output Overshooting Top Mask

MODIS 0.25 km Visible

IRW-Texture Candidate Pixels: Anvil BT Sampling 
White Pinwheels: Candidate OT Significantly Colder Than Anvil 
Black Pinwheels: Cloud Top BT Pattern Too Uniform=Not an OT

Final OT Detection Pixels

CloudSat Overpass (see slide 15)
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OT Algorithm 
Design Overview

Relies solely on 10.7 um channel 
therefore day/night!
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Convective OvershootingConvective Overshooting--toptop

Algorithm Developers: Kristopher Bedka, Jason Brunner, and Wayne Feltz

Overshooting Top

Photo From International Space Station
3 km MSG SEVIRI 10.8 µm 1 km MSG SEVIRI Visible

1 km MSG SEVIRI Visible
With Overshooting Detection

Overshooting Top

Overshooting Top Detections, 
Enhanced-V/Thermal Couplet Detections, and Severe 

Hail Reports Atop MODIS 250 m Visible1 km MODIS 11 µm

Enhanced-V Signature

Anvil Thermal Couplets
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OT ApplicationsOT Applications

� Inference of turbulence
� Inference of cloud-to-ground 

lightning
�Climatology ->  ENSO
�Tropical storm genesis
�More investigations occurring
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GOES-12 Overshooting Top 
Relationships with Cloud-to-Ground 

Lightning

CG lightning is 30% more likely to be found very near (0-10 km) 
to GOES-12 OT’s than non-overshooting cold pixels

OTs with very cold BTs represent a significant lightning hazard

All OT and non-OT 
pixels < 215 K



����������	
�����
�����
�����
����

Objective Turbulence Reporting is Key
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Deep Convection Characteristics and 
Turbulence Signatures: Overshooting 

Tops
Light Intensity Turbulence from EDR

Moderate Intensity Turbulence from EDR

2005-2007 Convective Seasons
Frequency and Intensity of Turbulence 
Increases as Aircraft Fly Closer to an 

Overshooting Top

Overshoots from AVHRR Degraded to 2 km ABIOvershoots from 4 km GOES-12
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3636

6-Year GOES and MSG SEVIRI OT 
Detections

GOES-12 (Includes Rapid 
Scans)

NOTE: Color Table Ranges Do Not Match

SEVIRI (15 min Scans Only)

Bedka et al (JAMC, 2010)

Bedka (Atmos. Res., 2010)
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Difference in Number of OT Difference in Number of OT 
between El Nino and La Ninabetween El Nino and La Nina
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Number of overshooting tops within 
200 km of pre-Tropical Storm Colin.  
Note the sharp increase before 
genesis.

Tropical Storm Genesis
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Approximately 93% of pouches averaging 35 OTs per day or less 
before 40W experience development.
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Ground Mission coordinator display SEVIRI/GOES OT Algorithm used in PREDICT 
(Tropical Cyclone Experiment)
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Biggest heart attack flight

Aircraft increased altitude based on temperature 
data and flew over the OTs.
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Overshoot 
avoided by 
the aircraft 

after 
receiving 
location
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What Is An EnhancedWhat Is An Enhanced--V?V?
(Brunner et al, 2007)(Brunner et al, 2007)

4343

The appearance of an enhanced-V in infrared imagery resembles a V- or boomerang-shaped area of cold IR 
window channel BTs bordering an area of warm BT downwind.  (From Meteorology: Understanding the 
Atmosphere (Ackerman and Knox, 2001) )

• The enhanced-V is often seen in infrared satellite imagery before the onset of severe weather (damaging 
winds, hail, and/or tornadoes) and is an important indicator of a severe thunderstorm  

- McCann (MWR, 1983) found that the median lead time (time from the initial identification of the 
feature on satellite imagery to the first reports of severe weather on the ground) is about 30 minutes.

- Brunner et al. (WAF, 2007) found that ~92% of enhanced-V storms with a specified set of temperature 
parameters produced severe weather during summers 2003 and 2004

AVHRR image 
courtesy of Martin 

Setvak (CHMI)
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MODIS & AVHRR IR Window Degraded to 2 km ABI Resolution
All Images Cover the Same Horizontal Distance and Use Same Color Enhancement, Illustrating Variations in the V-signature Across Events

Though the enhanced-V signature can appear quite 
differently in many cases, the anvil thermal couplet (ATC) is 
(almost) always present, making accurate detection of the 
ATC and thus the V-signature, far more attainable 

VV--Signature vs. Anvil Thermal Signature vs. Anvil Thermal 
Couplet DetectionCouplet Detection
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5/10/2004 2317 UTC
Blue Box: OT Detections 

Green Box: Enhanced-V ATC Detections  
White Lines: Enhanced-V Signatures

1 2

3 4

3
4
1

2

Severe Storm Reports +/- 30 Mins 
From Image Time

Numbers Correspond To The Storms  
Labeled In the Left Panels

5/10/2004 at 2317 UTC 2 km Proxy ABI From 1 km AVHRR

View Slide Show to See Figures 
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* Overshooting top location indicated by blue symbol (only OTs with thermal couplets are shown)

* Enhanced-V ATC detections indicated by green symbol

* 4 of 5 possible enhanced-V ATCs are detected accurately in this MODIS case

2 km Proxy ABI From 1 km MODIS 10.7 

� m Imagery 4/7/2006 at 1825 UTC  
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CloudSat/Calipso Validation is 
Crucial
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OT Detection Method OT Pixel FAR

ABI OT Detection 
Product Maximum 
Acceptable FAR 

Requirement

OT Top Region 
POD

Number of OT Detection 
Pixels Along CloudSat Track

IR-Texture
(Applied to Synthetic ABI) 16.1% 25% 74.6% 940 (114 Global OT Events)

IR-Texture
(Applied to Current GOES 

and SEVIRI)
18.3% N/A 57.6% 252 (59 OT Events)

WV-IR BT Diff > 0 K
(Currently Operational At 
Aviation Weather Center)

81.2% 25% 99.1% 15079 (114 Global OT Events)

• Overshooting tops (OTs) are the product of deep 
convective storm updrafts with sufficient strength to 
rise above the storms’ equilibrium level and penetrate 
into the lower stratosphere

• OTs appear as small clusters of very cold pixels 
relative to the surrounding thunderstorm anvil 
- Infrared (IR) temperature gradients (i.e. texture) are 
combined with NWP information to accurately detect OTs 
during day/night using current and future satellite sensors 
(Bedka et al. 2010)

• Detection product being evaluated within the 2010 
SPC Spring Experiment via the GOES-R Proving 
Ground and the NCAR Global Atmospheric Turbulence 
Decision Support System for Aviation
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505050

OvershootingOvershooting--top Validationtop Validation
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5151

Anvil Thermal Couplet Detection Performance Anvil Thermal Couplet Detection Performance 
Relative to Brunner et al. VRelative to Brunner et al. V--Signature DatabaseSignature Database

• 76% of all detected enhanced V anvil thermal couplets were associated with 
severe weather. 

• 66% of non-detected enhanced V anvil thermal couplets were associated with 
severe weather, indicating that the ABI algorithm focuses on high impact events 

• Spatial resolution has significant impact on thermal couplet detection. 
Current GOES POD: 12.8%, current GOES FAR: 5.9%

Probability Of Detection False Alarm Ratio Accuracy Requirement

62% 
(126 accurately detected 
/ 203 V-signature events)

24% 
(40 false detected / (40 false 

detected + 126 accurately detected))
25%
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Convective Initiation
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12 
9 
6 
3 H

ei
gh

t  (
km

)  

Satellite Detection 
12 

9 
6 
3 

Time 

Radar Detection 

What does satellite data add to convective detection?
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Source of Confusion:  More Source of Confusion:  More 
than one CI algorithm exists!than one CI algorithm exists!

� CI from CIMSS
(UWCI)

� 24-hour coverage
� Uses cloud-typing 

algorithm to detect 
phase changes

� Uses multispectral 
GOES IR data

� Not computational 
intensive

� Being extended via 
object tracking

• CI from UAH (SatCast)
�Daytime Only
�Uses pixel-based 

mesoscale Atmospheric 
Motion Vectors 

�Uses multispectral 
GOES IR data

�Computationally intense 
(esp. to compute 
vectors)

�Being extended via 
object tracking
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UWCI ObjectivesUWCI Objectives
�� Provide a CI nowcast signal during day and Provide a CI nowcast signal during day and 

nightnight
�� Minimize false alarm at the expense of some Minimize false alarm at the expense of some 

probability of detectionprobability of detection
�� Use alternative method for time trend Use alternative method for time trend 

computation (noncomputation (non--AMV) to minimize AMV) to minimize 
pixelationpixelation

�� Provide coherent radarProvide coherent radar--like satellitelike satellite--based CI based CI 
signal as direct AWIPS/Nsignal as direct AWIPS/N--AWIPS satellite AWIPS satellite 
convective initiation decision support aid in convective initiation decision support aid in 
fieldfield
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Thunderstorm Initiation Algorithm Thunderstorm Initiation Algorithm 
DescriptionDescription

�� Cloud top cooling by monitoring infrared Cloud top cooling by monitoring infrared 
temperature measurements from image to imagetemperature measurements from image to image

�� Monitoring cloud top water phase transitions Monitoring cloud top water phase transitions 
(warm water (warm water --> mixed phase/supercooled water > mixed phase/supercooled water 
vapor vapor --> icing/glaciation) from scene to scene> icing/glaciation) from scene to scene

�� Day/Night UW Cloud typing productDay/Night UW Cloud typing product
�� Goal:  PreGoal:  Pre--radar nowcast of imminent convection radar nowcast of imminent convection 

(lead time up to 45 minutes)(lead time up to 45 minutes)



����������	
�����
�����
�����
����

Cloud top cooling example in AWIPS
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Satellite-based Convective Initiation Decision Support following 
to Milwaukee Weather Forecast Office, Storm Prediction 
Center, Aviation Weather Center, and Central Region NWS
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20090429 Dryline CI Case
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20090429 2015 UTC
Instantaneous CI Nowcast

CI PossiblePossible

CI OccurringCI Occurring

CI LikelyCI Likely
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�� Algorithm considers both cloudAlgorithm considers both cloud--top top 
temperature changes and cloud type temperature changes and cloud type 
changeschanges

�� Works day and nightWorks day and night
�� Lead time of up 45 minutes before 35 dbZ Lead time of up 45 minutes before 35 dbZ 

echoes is commonechoes is common
�� Several checks to minimize false alarms:  Several checks to minimize false alarms:  

When CI says convection is initiating, it When CI says convection is initiating, it 
usually is  (POD:  55.6%;  FAR:  26.0%) usually is  (POD:  55.6%;  FAR:  26.0%) 
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�� Algorithm considers both cloudAlgorithm considers both cloud--top top 
temperature changes and cloud type temperature changes and cloud type 
changeschanges

�� Works day and nightWorks day and night
�� Lead time of 30 minutes before 35 dbZ Lead time of 30 minutes before 35 dbZ 

echoes is commonechoes is common
�� Several checks to minimize false alarms:  Several checks to minimize false alarms:  

When CI says convection is initiating, it When CI says convection is initiating, it 
usually is  (POD:  55.6%;  FAR:  26.0%)usually is  (POD:  55.6%;  FAR:  26.0%)

�� Ongoing study to connect radar to UWCI Ongoing study to connect radar to UWCI 
using WDSSusing WDSS--IIII

Nowcast forecasts more than 
half the storms that develop

Forecaster can trust that 3
out of 4 forecasts verifies
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Object 1 at time t-
15 mins

Tb= -10
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C

Object 1 at time t
Tb= - 20
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C

Cumulus objects overlap (or 
“look” very similar) in 2 

images…so they must be the 
same cloud!!!

Identify properties such as object 
size, temperature, mean cloud 
particle size and microphysical 

phase changes 
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Object 1 at time t-
15 mins

Tb= -10
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C

Object 1 at time t
Tb= - 20
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C

Cumulus objects overlap (or 
“look” very similar) in 2 

images…so they must be the 
same cloud!!!

Identify properties such as object 
size, temperature, mean cloud 
particle size and microphysical 

phase changes 
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Coming 
Soon 
using 

WDSS-
II!

Coming 
Soon 
using 

WDSS-
II!
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Additional ResourcesAdditional Resources

UWCI Qualitative Automated Validation Page
http://cimss.ssec.wisc.edu/snaap/convinit/validation/

UWCI/OTTC Data access and Training:
http://cimss.ssec.wisc.edu/goes_r/proving-

ground/SPC/SPC.html
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Satellite-based Turbulence 
Applications

Something 
Wrong?
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Background Background –– knownknown turbulence turbulence 
sourcessources

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

Clear-air
Turbulence 
(CAT)

Mountain 
wave
Turbulence 
(MWT)

Low level 
Terrain-induced
Turbulence (LLT) Convective boundary

Layer turbulence

In-cloud turbulence

Cloud-induced or
Convectively-
induced
Turbulence (CIT)
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Adapting to aircraft hazardAdapting to aircraft hazard
awarenessawareness

�� Validation data Validation data -- Eddy Dissipation RateEddy Dissipation Rate

�� Automated reporting of inertial disturbance on Automated reporting of inertial disturbance on 
commercial aircraft commercial aircraft 

�� 33--minute integration time per measurement (short). minute integration time per measurement (short). 
This indicates several measurements through any This indicates several measurements through any 
single turbulent region.single turbulent region.

�� Collected and qualityCollected and quality--checked by NCARchecked by NCAR

�� ~ 1 month latency~ 1 month latency



• Many United Airlines Boeing 757 aircraft are collecting Eddy Dissipation Rate (EDR) 
observations, an objective measure of aircraft turbulence (Cornman et al., J. Aircraft, 
1995)

- Delta and Southwest Airlines EDR observations are now availabie as of 2009

• EDR provides a significant advantage over PIREPS in their: 1) objectivity, 2) positional 
accuracy, and 3) frequency of turbulent + null reporting (every minute) 

Courtesy of NCAR RAL
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United EDR above 10,000 ft MSL, 07-01-2008 to 07-15-2008

Empirical Turbulence Data: UAL EDREDR = Treasure Chest!
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Delta EDR above 10,000 ft MSL, 07-01-2008 to 10-31-2008
Empirical Turbulence Data: Delta EDR
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Empirical TurbulenceEmpirical Turbulence Data: UData: Udede

Ude, various airlines, 11-1-2008 to 11-5-2008



����������	
�����
�����
�����
����

Satellite-based Turbulence 
Interest Field Detection

• Convectively Induced Turbulence
• Tropopause Folding
• Mountain Wave Turbulence

Compare Summer 2005-2007 GOES-12 
Overshoots to EDR at Expanding Radii
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What Is a Tropopause Fold?What Is a Tropopause Fold?
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� Tropopause folding 
describes an event at 
the tropopause break in 
which the tropopause 
folds into the 
troposphere due to 
ageostrophic flow 
around the jet stream.

� This frequently leads 
to dynamical instability 
(enhanced turbulence) 
because of high levels 
of vertical shear across 
the boundary of the 
tropopause fold, which 
contains elevated 
potential vorticity.

Enhanced turbulence



GOESGOES--R Aviation: Tropopause Fold Turbulence Prediction  R Aviation: Tropopause Fold Turbulence Prediction  
(TFTP) product(TFTP) product

Uses gradients in ABI water Uses gradients in ABI water 
vapor (upper troposphere) to vapor (upper troposphere) to 
find regions of turbulent find regions of turbulent 
tropopause folds in uppertropopause folds in upper--
level air mass boundarieslevel air mass boundaries

Product consists of Product consists of 
tropopause fold location tropopause fold location 
(right, in gray), vertical (right, in gray), vertical 
boundaries and the ranges of boundaries and the ranges of 
vulnerable flight directions.vulnerable flight directions.
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Trop folding product with EDR observations

Moderate turbulence
Light turbulence
None
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• Can be produced from any satellite 
water vapor channel.

• Performing at 50% accurate 
detection of Moderate turbulence

• TFTP is being integrated into the 
GTG project with global geostationary 
coverage.

• TFTP will be available as a GOES-R 
product in 2014

(low WV)

(high WV)

GOES Water Vapor Edge Detection Tropopause fold layer
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Mountain WaveMountain Wave
TurbulenceTurbulence



Detecting sources of mountain wave turbulenceDetecting sources of mountain wave turbulence
Tony Wimmers, Wayne FeltzTony Wimmers, Wayne Feltz

Graphical Turbulence Guidance ProjectGraphical Turbulence Guidance Project

GOES-12 WV over Colorado
(Input to downslope turbulence product)

• Turbulence tends to occur where water 
vapor decreases down elevation gradients 
(associated with downslope winds)

Downslope turbulence product
- Hot colors predict turbulence
- Overlaid with automated aircraft reports:

• Green: Light Turbulence
• Orange: Moderate
• Red: Severe
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Denver Airport
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• According to the EDR record, MWT is concentrated predominantly
around area of the the strongest downslope winds

��������	 
 �������� �������������� � �

Higher mountains (Rockies)
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• The downslope MWT product identifies the regions in the mid-to-
upper troposphere influenced directly by downslope vertical winds 
evident in the WV imagery

���	����������	������

• Can be produced from any satellite 
water vapor channel.

• Optimum: POD: 70%  /  FAR: 20%

• Forecast capability of 0-3 hrs.

• Downslope MWT product is being 
integrated into the GTG project with 
global geostationary coverage.



Dot product of water vapor gradient and elevation:  Extreme Turbulence at 
Wind River Range



Extreme turbulence with low model winds at the Front Range (and north) 



Extreme turbulence in northern New Mexico



Severe turbulence: Northerly wind over Grand Mesa 
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The Future

Kuril Islands N of Japan - ISS

From: FAA Aviation 
Safety Journal Vol. 2 
(3)
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This example is CONUS centric but polar congestion is also increasing rapidly, especially US to China
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• Highly-structured 

• Rigid networks of routes

• Complex Coordination

Research is underway to 
create flexible airspace 

designs that can adapt to 
weather impacts

National Airspace System is unable to respond to
weather impacts



����������	
�����
�����
�����
����

NextGen WeatherNextGen Weather
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Virtual 4D Weather CubeVirtual 4D Weather Cube

100100

Virtual Virtual 
4D 4D 

Weather Weather 
CubeCube 4th

dimension
time

HazardHazard

ObservationObservation

0 – 15 mins0 – 15 mins

15-60mins15-60mins

1- 24 hrs1- 24 hrs
Aviation weather 

information
in 3 dimensions

( latitude/longitude/height)
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Proving Ground Proving Ground 
Partnerships (Essential!)Partnerships (Essential!)

�� Norman SPC/NSSL HWT/AWC Norman SPC/NSSL HWT/AWC 
�� Providing in field support for NProviding in field support for N--AWIPS/AWIPS CI,  and AWIPS/AWIPS CI,  and 

OvershootingOvershooting--top/Enhancedtop/Enhanced--V.  Providing NSSL WRF ABI IR band V.  Providing NSSL WRF ABI IR band 
simulations from 17 May simulations from 17 May –– 18 June 201018 June 2010

�� Milwaukee WFO Haz Wx TestbedMilwaukee WFO Haz Wx Testbed
�� In field UWIn field UW--CIMSS researchers will be at office every Tues/Thur CIMSS researchers will be at office every Tues/Thur 

May May –– Aug, CI and Nearcasting demoAug, CI and Nearcasting demo

�� Collaborations with AK PG effortCollaborations with AK PG effort
�� M. Pavolonis to provide AVHRR Volash/SO2 and Low Cloud/FogM. Pavolonis to provide AVHRR Volash/SO2 and Low Cloud/Fog

�� Initial Hurricane, High Latitude, Pacific, and Initial Hurricane, High Latitude, Pacific, and 
Aviation Testbed collaborationAviation Testbed collaboration
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Volcanic Ash/SO2
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GOES-R (MODIS Proxy) Volcanic Ash



GOES-R (MODIS Proxy) Volcanic Ash
Products being evaluated by Anchorage Volcanic Ash 

Advisory Center as part of GOES-R PG
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Ash plume 
moving east off 
Kamchatk
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AVHRR automated ash cloud warning system

•The warning criteria is fully user configurable.

•In addition to the text message, an automatically generated, pre-analyzed 
false color image along with product images are supplied to the user.

Product Quick-lookText Warning
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Automated WarningAutomated Warning
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Low Cloud/Fog
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High Latitude Testbed/AK Example
Fog Probability (MODIS)

GOES-R (MODIS 
Proxy) Fog 
Probability Product 
in AWIPS 
September 16, 2010 
– 07:00 UTC



AWIPS GOES-EAST MVFR Fog Probability 
at 1845 UTC 29 March 2011



AWIPS GOES-EAST Fog Depth (meters) at 
1845 UTC 29 March 2011.

Products available in AWIPS and N-AWIPS include 
MVFR Fog probability, IFR fog probability, and fog 



N-AWIPS GOES-East 
MVFR Fog Probability 
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NSSL WRF ARW Simulated ABI Imagery
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Simulated

GOES-13 Observed

N
-
A
W
I
P
S



NSSL WRF ABI Band 2 Simulated by UW/CIMSS using ‘fast’ solar RTM
1900 UTC -- 01 March 2011

New near real-time visible channel simulation (HWT 2011)

http://cimss.ssec.wisc.edu/goes_r/proving-
ground/nssl_abi/animations/abi_band02.html
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Avoid StovepipingAvoid Stovepiping

Most of these science product requirements 
are being dovetailed into operational venue 
(examples below), other avenues to 
operations are becoming apparent (DOD 
AFWA)
� Turbulence – GTG-N
� Convective initiation - CoSPA
� Icing - CIP
� Volcanic Ash – VAACs
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SummarySummary

� Transition of National Airspace to NextGen environment will 
heavily use various satellite based weather information

� The GOES-R AWG teams are working toward algorithms 
ready to produce level-2 data at first light (~2015)

� New validation resources have provided decision support 
confidence that was non-existent a decade before, therefore we 
are still learning how to use current GOES imager technology

� GOES-R algorithm development has fostered new  decision 
support applications with current imager technology
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SummarySummary

� GOES-R science requirement algorithms have a valid use 
in operations with current (proxy) imager radiances and are 
finding new decision support value as methodology matures

� With transition to future operational satellite sensors such 
as NPOESS and GOES-R, reliance on this information for 
operational support decisions

� Successful research to operations requires diversity in 
agency objectives and funding requirements = 

COOPERATIVE INSTITUTES!! 
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