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Mission GoalMission Goal
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Geostationary Lightning Mapper
(GLM)

Geostationary Lightning Mapper
(GLM)

• Detects total strikes: in cloud, cloud to 
cloud, and cloud to ground

– Compliments today’s land based  
systems that only measures cloud 
to ground (about 15% of the total 
lightning)

• Increased coverage over oceans and 
land

– Currently no ocean coverage, and 
limited land coverage in dead 
zones
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Predict onset of tornadoes, hail, microbursts, flash floods
Tornado lead time -13 min national average, improvement desired

Track thunderstorms, warn of approaching lightning threats
Lightning strikes responsible for >500 injuries per year
90% of victims suffer permanent disabilities, long term health problems, chiefly neurological 
Lightning responsible for 80 deaths per year (second leading source after flooding)

Improve airline/airport safety

routing around thunderstorms, saving fuel, reducing delays 

In-cloud lightning lead time of impending ground strikes, often 10 min or more

Provide real-time hazard information, improving efficiency of emergency management

Large venue public safety, HAZMAT safety, & outdoor/marine warnings

NWP/Data Assimilation

Locate lightning strikes known to cause forest fires, reduce response times

Multi-sensor precipitation algorithms

Assess role of thunderstorms and deep convection in global climate

Seasonal to interannual (e.g. ENSO) variability of lightning and extreme weather (storms)

Provide new data source to improve air quality / chemistry forecasts
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GOES R Lightning Mapper
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Large Venue Lightning -1
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Large Venue Lightning -2
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Large Venue Lightning -3
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Large Venue Lightning -4
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Large Venue Lightning -5
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Large Venue Lightning -6



Currently Available TrainingCurrently Available Training



Currently Available TrainingCurrently Available Training

 VISIT CONUS Lightning
 VISIT Lightning Meteorology I
 VISIT Lightning Meteorology II
 COMET Intro to Tropical Met
 COMET Fire Weather Climatology
 COMET GOES-R Benefits
 VISIT GOES-R 101
 SPoRT Lightning Mapping Array
 SPoRT PGLM Training
 VISIT Use of GOES/RSO Imagery w/Remote 
Sensor Data for Diagnosing Severe Weather
 COMET Weather and Health (Broadcasters)
 COMET Summer Faculty Satellite Class



Currently Available TrainingCurrently Available Training

• Developed for 2010 & 2011 Spring Program
• Described three features

 Total lightning
 Geostationary Lightning Mapper (GLM)
 Pseudo GLM product

• Included operational examples
• Intended for use before arrival
• Available on Learning Management System
• Available on SPoRT web page
http://weather.msfc.nasa.gov/sport/training/

Courtesy Dr. Geoffrey Stano



Future Training ActivitiesFuture Training Activities
New activities
 Mosaic product (all networks product)
 New visualizations (maximum density)

New training module
 Initial use for NWS forecasters
 Examples to be converted to PGLM

New training has more operational focus
 Severe weather applications
 Airport Weather Warnings
 Lightning safety applications
 Aim for release before Spring 2012
 Update current PGLM training

Early Mosaic

Lightning Safety New Module Courtesy Dr. Geoffrey Stano



Common Themes for Next HWTCommon Themes for Next HWT
Training begins before arrival in Norman
 Complete learning path for NWS staff
 Conduct mix of GotoMeeting, VISIT, and Recorded 
training modules
 Time is precious, Monday to orient & spin-up
 Need improved rapid display procedures/bundles 
for complex displays/analysis

Need a comprehensive simulation case
 Facilitated, guided learning
 Need to fix issue with total lightning playback in 
case mode
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What is Training ?What is Training ?
Leveraging
Training for

Performance 
Improvement

Leveraging
Training for

Performance 
Improvement

“Training is about getting 
people ready to execute and 
put their training to the test 
when the organization needs it 
the most.” 

(104 seconds from birds to water)



NOAA HydroMet Testbed (HMT)
Testbed as a Process

NOAA HydroMet Testbed (HMT)
Testbed as a Process

Marty Ralph
NOAA/ESRL/PSD

See: Dabberdt et. al. 2005 Bull. Amer. Meteor. Soc.



Info Systems DevelopmentInfo Systems Development
ESRL / GSD Prototypes and Activities

Integrated Hazards Information Services

USWRP/NOAA Testbeds
HWT, HydroMeteorology Testbed & Others

AWIPS II Remote Sensing
Vis, IV&V, TIMs

ESRL / GSD Prototypes and Activities
Integrated Hazards Information Services

USWRP/NOAA Testbeds
HWT, HydroMeteorology Testbed & Others

AWIPS II Remote Sensing
Vis, IV&V, TIMs



Purpose -- Integrate Hazard Tools
Phase 2
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WARNGEN
(< 1 hour)

GHG
(Hours-Days)

RiverPro
(Days)

IHIS

NMAP
(National)



Purpose -- Two-way Communication
Phase 3
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AWIPS II Cave --
Forecasters

Web -- Partners:
EM's, Broadcasters
Spotters, Publics

Hazards

Impacts

IHIS serves as a vehicle for social science
(RENCI / SSWIM)  research into

Partner Requirements to be realized by NWS



AWG Meeting DiscussionAWG Meeting Discussion
What you said: What I heard:
1) Forecasters want Intermediate Reduce “black box” for forecasters 
data/displays for GLM so they understand the processing
2) High flash rates (5-12 per second) Forecasters will see that it’s a
can be problematic for algos significant storm, what is value-add ?
3) Need GLM-compatible flash definition LMAs provide more detailed data

needed to understand storm-scale
lightning science/apply GLM flash grid

4) 3D view can show flash initiation This  can be important information for
and ground strike location forecasters to consider
5) Lightning info needs to be integrated Optimal displays are ad-hoc.  Need to 
with  radar, vertical profile information build decision-making visualizations
6) Lightning Jump Algorithm Thresholds sensitive to storm

environment, type. Tornado signature ?
Correlation with svrwx better. 1” hail*

7) Lightning Warning Algo 5-min Lightning Prob. Maps, merge LMA
and CG point data. Output:CG lightning
lead time given 1st IC.

8) SCAMPER/QPE Algo Calibrates IR predictors to MW RR
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5) Lightning info needs to be integrated Optimal displays are ad-hoc.  Need to 
with  radar, vertical profile information build decision-making visualizations
6) Lightning Jump Algorithm Thresholds sensitive to storm

environment, type. Tornado signature ?
Correlation with svrwx better. 1” hail*

7) Lightning Warning Algo 5-min Lightning Prob. Maps, merge LMA
and CG point data. Output:CG lightning
lead time given 1st IC.

8) SCAMPER/QPE Algo Calibrates IR predictors to MW RR



weather.gov/trainingweather.gov/training



Contact InformationContact Information
Brian.Motta@noaa.gov
SPORT- http://weather.msfc.nasa.gov/sport/
VISIT - rammb.cira.colostate.edu/visit
COMET METED - meted.ucar.edu
NOAA LMS – https://doc.learn.com/noaa/nws
Proving Ground – cimss.ssec.wisc.edu/goes_r/proving-ground.html
NWS FDTB – http://www.fdtb.noaa.gov
NWS Training Portal - http://weather.gov/training
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VISIT - rammb.cira.colostate.edu/visit
COMET METED - meted.ucar.edu
NOAA LMS – https://doc.learn.com/noaa/nws
Proving Ground – cimss.ssec.wisc.edu/goes_r/proving-ground.html
NWS FDTB – http://www.fdtb.noaa.gov
NWS Training Portal - http://weather.gov/training



NESDIS GOES Program Office
NOAA/Earth Sys Research  Lab
NESDIS STAR
NASA SPoRT
NOAA/NSSL
UCAR/NCAR
NWA Remote Sensing Comm.
Colorado State University/CIRA
U Wisconsin/SSEC/CIMSS
NWS/Office Science & Tech
NPOESS JPO
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A new one-stop source for all GOES-R information.
http://www.GOES-R.gov

A joint web site of NOAA and NASA
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NOAA ProfilersNOAA Profilers



Training IdeasTraining Ideas

Keep in mind that operational forecasters are constantly bombarded with information 
from satellite, radar, mesonets, unofficial observations, model guidance (both 
deterministic and ensemble), etc. It easily can become a data management nightmare. 

To get forecasters to use any particular set of data, it must:
Be easily available, on-demand, 24/7
Be understandable, accurate, reliable,
Be proven superior to (or at least equal to) other options for the problem at hand

Prior to Data Availability
The science behind the data 
High resolution simulations in AWIPS 
Improvements due to data inclusion 
Current data gaps/solutions 

After Data is Available
Case studies/simulations on AWIPS/WES showing satellite data led to improved 
decision-making. Current DLAC2 is a good example.
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Forecasters’
Satellite Requirements

Forecasters’
Satellite Requirements

Latency
- Currently, not adequate to meet operational requirements for polar & derived products 
- Increased availability is necessary for consistent use by operational forecasters

AWIPS Availability
- Some useful, operational imagery/data/products currently unavailable in AWIPS 

(primary NWS tool used to issue forecasts, watches, warnings and advisories)
- Plans must be made to incorporate new satellite products in AWIPS
- NWS/NESDIS needs to demo increased satellite capabilities

Ease of AWIPS Interrogation
- Currently, several step process to get POES & GOES sounder data. Should be click-
and-go process. Need an interactive sampling capability (similar to today’s pop-up 
SkewT). Especially true of GOES sounder data.

Quick turnaround from research to operations
- Too cumbersome and time consuming to get new data in AWIPS. Used LDM as   
“backdoor” for some products, this should not have to be SOP.
- GOES proving ground and AWIPS2 could be very helpful. 

BANDWIDTH
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BANDWIDTH
Slide Courtesy Frank Alsheimer and Jon Jelsema,  CHS, SC
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GOES R Era Dataflow:
Firehose or Raging River ?

GOES R Era Dataflow:
Firehose or Raging River ?

Leverage Human Role in Process
Early warnings (warn on forecast)
Super-resolution accuracy and precision in 
space/time                     
Increased warning lead times
Impact-based Integrated Decision Support Services

Disparate pieces of complimentary data from 
operational and experimental systems
Smarter data assimilation & modeling 
Consolidation of products, parameters, satellites, 
instruments, and visualizations

“Data fusion should not be data confusion.”

Leverage Human Role in Process
Early warnings (warn on forecast)
Super-resolution accuracy and precision in 
space/time                     
Increased warning lead times
Impact-based Integrated Decision Support Services

Disparate pieces of complimentary data from 
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Smarter data assimilation & modeling 
Consolidation of products, parameters, satellites, 
instruments, and visualizations

“Data fusion should not be data confusion.”
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Inter-use and Cross-taskingInter-use and Cross-tasking



The Grand ChallengeThe Grand Challenge
1. Ingest, process, calibrate, correct, geolocate, 

transmit, display, fuse/combine within 5-30 
seconds of observation so uncertainty can be 
determined and decisions can be made

2. Use data before lead time vanishes

3. Warn on forecast concept
• Probability
• Risk 
• Worst Case Scenarios

1. Ingest, process, calibrate, correct, geolocate, 
transmit, display, fuse/combine within 5-30 
seconds of observation so uncertainty can be 
determined and decisions can be made

2. Use data before lead time vanishes

3. Warn on forecast concept
• Probability
• Risk 
• Worst Case Scenarios



DSS User Training Requirements

1) Highly Relevant – Decision Focused
2) Time-limited
3) New spatial and temporal demands
4) Real-time decision support
5) Just-In-Time training
6) Uncertainty/probability information
7)  Simulations needed
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Training:Total LightningTraining:Total Lightning

Currently, 4 CWAs with LMAs
Each has own story
Archived data sets ?  
Any WES cases ?
Decision-making Scenarios
Service impacts (eg, POD, leadtimes, etc)
Starting point(s)
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Training: GLMTraining: GLM

Algos
Proxy Data – Need Inventory
Simulated data (w/other GOES-R)
Scenarios
Impacts
Concepts
Visualizations
Decision-making

Algos
Proxy Data – Need Inventory
Simulated data (w/other GOES-R)
Scenarios
Impacts
Concepts
Visualizations
Decision-making
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Global Space-based Inter-Calibration System
(GSICS)

Global Space-based Inter-Calibration System
(GSICS)
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NOAA Developmental Test BedsNOAA Developmental Test Beds

GOES-R Proving Ground
Hazardous Weather Test Bed (HWT)
National Wx Radar Test Bed (NWRT) 
Hydrometeorological Test Bed (HMT) 
NOAA, Navy, NASA Joint Hurricane Test Bed (JHT)
Climate Test Bed  
Aviation Weather Test Bed
NOAA/NCAR Development Test Center (DTC-WRF)
Joint Center for Satellite Data Assimilation (JCSDA)
NOAA/USAF Space Weather Test Bed
Unmanned Aircraft Systems Test Bed
Short-Term Prediction Research/Transition (NASA/SPoRT)
NextGen Transportation System – Weather Incubators
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NOAA’s Hydrometeorological Testbed
(HMT)  Program

Major Activity Areas

• Quantitative 
Precipitation Estimation 
(QPE)
• Quantitative 
Precipitation Forecasts 
(QPF)
• Snow level and snow 
pack
• Hydrologic Applications 
& Surface Processes
• Decision Support Tools
• Verification
• Enhancing & 
Accelerating Research to 
Operations
• Building partnerships

A National Testbed Strategy with Regional ImplementationA National Testbed Strategy with Regional Implementation



May 13, 2008
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Atmospheric Rivers
A key to understanding West Coast 

extreme precipitation events

Atmospheric Rivers
A key to understanding West Coast 

extreme precipitation events



Pacific Mission Requirements
Atmospheric Rivers

Pacific Mission Requirements
Atmospheric Rivers

NOAA has the operational 
responsibility for providing 
accurate forecasts of 
precipitation and flooding in the 
western US
Atmospheric river events 
observed to have a connection to 
severe flooding events in the 
western coastal regions
Observations look to provide a 
new resource to forecasters and 
a new decision support tool
The mission is central to the 
Pacific Testbed focus on water, 
its distribution, and impacts in 
the western US

NOAA has the operational 
responsibility for providing 
accurate forecasts of 
precipitation and flooding in the 
western US
Atmospheric river events 
observed to have a connection to 
severe flooding events in the 
western coastal regions
Observations look to provide a 
new resource to forecasters and 
a new decision support tool
The mission is central to the 
Pacific Testbed focus on water, 
its distribution, and impacts in 
the western US

Atmospheric
river

Ralph et al., GRL, 2006.
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Solution:
Data Integration/Synergy– Blended TPW

Solution:
Data Integration/Synergy– Blended TPW



Blended TPW Product
Operational Implementation

Blended TPW Product
Operational Implementation

Lessons Learned
• What  started as a global SSM/I and AMSU TPW blend was
expanded to include GOES TPW and GPS-Met data

• Blend became problematic as smaller-scale  over-land variations
required more quality control and time for forecaster 
investigation of short-term signatures

• Forecasters uncomfortable with “black box” processing, prefer 
access to intermediate products and processing should questions 
arise

• Solid approach to science forms the foundation for forecasters
to exploit new technology, key observations, better uncertainty info
for decision makers

• Key briefing product in event timing, location, severity
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NextGen - ConceptuallyNextGen - Conceptually



Tools/Technology/ConceptsTools/Technology/Concepts

Next Generation Joint Weather Requirements 
(Joint Development Project Office)
Substantial leapfrog in communication, 
processing investments
Data fusion, visualization, graphical layering, 
transparency, volumes, only glimpsed by 
today’s progressive disclosure display 
clients like Google Earth
Immediate all-media probabilistic product  
generation and distribution

Next Generation Joint Weather Requirements 
(Joint Development Project Office)
Substantial leapfrog in communication, 
processing investments
Data fusion, visualization, graphical layering, 
transparency, volumes, only glimpsed by 
today’s progressive disclosure display 
clients like Google Earth
Immediate all-media probabilistic product  
generation and distribution
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Virtual 4D Weather CubeVirtual 4D Weather Cube

Virtual 4D 
Weather 

Cube

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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The 4-D Cube:
A Conceptual Model

The 4-D Cube:
A Conceptual Model

4D Wx 
Cube

Custom
Graphic

Generators

Integration into User DecisionsIntegration into User Decisions

Decision
Support
Systems

Custom
Alphanumeric

Generators

ObservationsObservations
Numerical
Modeling
Systems

Statistical
Forecasting

Systems

NWS
Forecaster

Forecasting

Automated Forecast
Systems

Forecast Integration

4D Wx
SAS

Radars

Aircraft

Surface

Satellites

Soundings
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NextGen 101NextGen 101

Today NextGen
(new requirements)

Not integrated into aviation 
decision support systems 
(DSS)
Inconsistent/conflicting on a 
national scale
Low temporal resolution (for 
aviation decision making 
purposes)
Disseminated in minutes
Updated by schedule
Fixed product formats 
(graphic or text)

Totally integrated into DSS

Nationally consistent

High temporal resolution

Disseminated in seconds

Updated by events 

Flexible formats
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NextGen 101;
Key Themes

NextGen 101;
Key Themes

An integrated and nationally 
consistent common weather picture 
for observation, analysis, and forecast 
data available to all system users

An integrated and nationally 
consistent common weather picture 
for observation, analysis, and forecast 
data available to all system users



NOAA – COMET – EUMETSAT - WMO
Working Together for Satellite Training

NOAA – COMET – EUMETSAT - WMO
Working Together for Satellite Training

GOES Proving 
Ground

Users & Developers

NOAA/EUMETSAT 
Bilateral Program

VISIT (CIRA/CIMSS)
SPoRT

UCAR/COMET

WMO (VL & FG) 
National Weather 

Service



Global Cylindrical IR image 
for Science On a Sphere

Global Cylindrical IR image 
for Science On a Sphere



•Training vs Information/Doc •Training vs Information/Doc 
Training is a special form of communication/instruction 
 carefully and deliberately designed to focus attention 
 needed job tasks, skills, and knowledge for application 
 real-time operational decision-making environment.

In particular, new science and technology requires a complete training 
process that covers:
 essential knowledge
 proven operational applications
 specific job tasks related to forecast/warning decision making
 integrated (not weather-only) simulations requiring substantial depth-of-
knowledge application to the forecast and warning decision-making process. 

Testbeds/proving grounds provide the best value when demonstrated 
improvements are “operationalized” to real-world constraints. 



VISIT - rammb.cira.colostate.edu/training/visit/

COMET METED - meted.ucar.edu

NOAA LMS - https://doc.learn.com/noaa/nws
NWS FDTB - http://www.fdtb.noaa.gov/
NWS Training Portal http://weather.gov/training

VISIT - rammb.cira.colostate.edu/training/visit/

COMET METED - meted.ucar.edu

NOAA LMS - https://doc.learn.com/noaa/nws
NWS FDTB - http://www.fdtb.noaa.gov/
NWS Training Portal http://weather.gov/training



Collaborations

IHIS
AWIPS II NWSWarn

Iris / iNWS 

COMET

RENCI

MDL
Meteorological Development Laboratory

University of Wisconsin

NWS National Centers
NCEP Development Team

NWS Partners
BOU Office

NSSL
National Severe Storm Laboratory

Raytheon

AWIPS II
Extended
Collaboration
Data Delivery
Thin Client
Verification

SSWIM
Social Science Woven
Into Meteorology



Purpose -- Integrate Hazard Tools
Phase 1

54

WARNGEN
(< 1 hour)

GHG
(Hours-Days)

RiverPro
(Days)

IHIS
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AWIPS II Cave --
Forecasters

National Hazard
Database

Web -- Partners:
EM's, Broadcasters, Spotters, Publics

GISIris

IHIS Architecture
Conceptual Shared Data

Hazard Information
User Extensions
Layer Data / GIS

Shared Services
Web
App

Cave 
Plug-in
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Enhanced Simulation 
Capabilities

Enhanced Simulation 
Capabilities

• FY14 completion 

• FTEs required

• 2+ Networked Simulators per 
WFO with Situation Awareness 
Capability 

• Thin Clients

• Leverage AWIPS II Thin 
Client Capabilities

• Decision Support Services 
(DSS)

• Partnerships with 
Stakeholders

• Simulation Development

• Simulation Facilitator

• Synchronous Instruction

WFO

WFO

WFOWFO

RFC

RFC

CWSU

CWSU

SMG

National 
Center

Central 
Facilitation
(NWSTD) 

Government 
Decision Makers

Internet Cloud

Emergency 
Managers Broadcasters
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 Root Cause  One actual event submitted to
Advanced Warning Operations Course

Intense 
updraft with 
LP storm

Stormscale 
dryline bulge

Merger with 
weaker 
thunderstorm

Lack of full 
attention to 
storm

Underestimation 
of tornado threat

Funnel 
cloud 
report

Spotter 
reported 
funnel

Funnel 
cloud 
developed

No extra 
staffing

Missed seeing quick 
evolution of strong 
low level 
environmental shear

Other severe 
thunderstorms

Severe 
thunderstorm 
watch

Only weak 
shear evident 
on radar

Severe 
thunderstorms 
developed an 
hour earlier than 
expected

LP storm with 
limited 
sampling in 
low levels

Vortex 
developed 
very quickly

First 
tornado of 
season

No 
mesoanalyst

F3 tornado 
occurred with 
short lead 
time

Tornado 
Occurred

6 minute 
lead time on 
tornado
warning

IFPS grid 
preparation

Extra 
forecaster 
had not 
arrived yet

Science

Technology

Human Factors
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Analysis   
Data 

Analysis   
127 tornado 
events 

Technology

16%

Science
20%

Human Factors
63 %

 Not Anticipated       No watch 
 Environment           Short fused spin-up  

 Radar sampling (VCP, range folding, update time,
radar horizon, blockage, no closer radar, viewing angle)
 No radar Signature (due to sampling)

 Spotters                               Conceptual model 
 Communication/teamwork  Staffing
 Workload  Fatigue
 Radar use  Failure to sectorize  
 Inexperience  Worried about stats
 Distractions  Lack of training
 Loss of Sit Awareness   
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Flash Floods    
Missed

Flash Floods    
Root Cause Analysis
136 events (04-09)

4
4

6
9

10
17

18
18
18

27
28

29
35

39
48
48

54
57

0 10 20 30 40 50 60

Worried about warning stats
Failure to sectorize

Fatigue
Short fused/quick spinup

Radar sampling
Rain remained below FFG

Lack of Training
Conceptual model failure

Environment
Workload

Staffing
Communication/teamwork failures

Inexperience
Loss of SA

No threat percieved
Spotter Reports

Distractions
Radar use

Number of Occurrences

C
on

tr
ib

ut
in

g 
Fa

ct
or

136 RCA Missed Flood Events
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 Train as we fight   Fight as we train
Advanced Simulation Capability

Benefits

• Gain experience without costly or 
irreversible consequences.

• Experientially develops human factor 
competencies.  

•Trains for individual & team
performance

•Critical for Decision Support Services

Strategy

• WFO mock-up at the Training 
Center
(full immersion residence training)

• Advanced WES development 
(AWIPS II)

• Virtual synchronous mission 
scenarios with other WFOs, 
RFCs, NCEP, FEMA, EOCs and 
others

• Modeled after DOD, FEMA, 
NASA
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Other Gov’t 
Decision Makers

WFO LZK

WFO SGFWFO LSX

WFO PAH

Paducah EOC

NWSTD
Facilitator(s)

•Collaborative simulations and interagency 
exercises: partnerships, teamwork and decision 
support

•Intraoffice and interoffice simulations
(like FEMA, NASA/SMG, DOD)

Wash. Co. EOC

Vision 2014:  Distributed and Collaborative Simulations
Focused on Human Factors and Decision-Support

Internet

WAN/NOAAnet/VRF

NCEP & RFCs


