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GOES-R Program and GLM Update 

Steve Goodman 
GOES-R Program  Chief Scientist 

 
 

 GOES-R GLM Science Team  
Technical Interchange Meeting 

NOAA National Weather Center, Norman, OK 
June 21, 2014 



 
When, Where: Saturday June 21, National Weather Center, Room 3910 following the ICAE  
 
What:  A half day meeting to invite national and international participation in our planned 
calibration/validation and user readiness planning for on-orbit post launch testing and field 
programs in support of the performance assessment of the GLM.   The half day Agenda 
(see below) will have a few short presentations followed by discussions. 
  

AGENDA 
8:00-10:15 a.m.: Cal/Val 
  
8:00-9:00: Steve Goodman, Rich Blakeslee- GOES-R GLM Status, Validation Status 
9:00: Ken Cummins- Cross-comparison Tools 
9:15: Discussion 
  
10:15-10:30: Break 
  
10:30-11:30: Proving Ground/Training 
  
10:30:: Brian Motta/Pete Roohr/James LaDue- Training 
10:50: Kristin Calhoun- Proving Ground 
11:10: Discussion 
11:30: Adjourn 
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The GOES-R Geostationary Lightning 
Mapper (GLM) Science Team Meeting 
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The Geostationary Lightning Mapper (GLM) 

Puddle of light at cloud top 



Objective: Why are you here? 
You Have Interest in GLM Performance or Applications 

• What does GLM detect, not detect and why? Causes? 
• Flash type, height, polarity, amplitude, threshold 

• What correlative data and measurements are available? 
• Correlative measurements with known performance, error 

characteristics 

• Inventory of available correlative measurements- who has them, 
where does one get them 

• Where are the measurements taken (map, lat/lon, time, 
continuous or sporadic (ie, field campaign) 

• Will you provide data or analysis? Pre- or post-launch 

• Are you interested in working in collaboration with GLM team 

• What is your interest in GLM- Cal/Val or Applications? 

• Visiting Scientist- short, longer term visit? 
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GOES-R GLM Correlative Data 
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Data Source Instrumentation Description Data Coverage Product Applicability 

LMA/LDAR VHF Channel Mapping  
(North Alabama, Oklahoma, DC, 
West Texas, KSC)  

Multi-sensor VHF time-of-arrival ground 
based network 

~300 km range Flash location/time, channel 
geometry, lightning type, flash 
rate. 

HAMMA (Huntsville Alabama 
Marx Meter Array)  

Multi-sensor field change and RF time-of-
arrival system 

~100-200 km Flash location/time, channel 
geometry, lightning type, flash 
rate, continuing current, charge 
deposition, flash energy 

High Speed Video High speed video camera operating at 
tens of thousands of frames per second 

Individual flashes Lightning physics (e.g. optical 
amplitude, channel speed/length, 
flash type, various breakdown 
processes) 

Field Mill Network (Kennedy 
Space Center)  

Ground-based network of 31 electric field 
sensors. 

~40 km Flash location/time, charge 
deposition, flash energy, flash rate 

National Lightning Detection 
Network (NLDN)  

Multi-sensor ground-based lightning 
detection system 

CONUS Ground flash  location/time, peak 
current, multiplicity, ground flash 
rate  

GLD360 Multi-sensor ground-based lightning 
detection system  

Global scale Primarily ground flash 
location/time and some cloud 
flash detection 

Earth Networks Total Lightning 
Network (ENTLN)  

Multi-sensor ground-based lightning 
detection system 

Global scale Primarily ground flash 
location/time and some cloud 
flash detection 

World Wide Lightning Location 
Network (WWLLN)  

Multi-sensor ground-based lightning 
detection system 

Global scale Primarily ground flash 
location/time 



GLM Validation Data 
• Ground Truth Datasets:  

– Short-Medium Range Lightning 
• LMA North Alabama (NASA-NOAA), DC (NASA-NOAA), Oklahoma (OU 

CIMMS-NSSL), West Texas (TTU), NMTech, Camp Blanding (UF-
DARPA), Colorado Front Range (CSU), Houston (TAMU), NASA-KSC and 
Wallops, Atlanta (GTRI), Toronto, Canada (EC) 

• HAMMA/Delta-E Array (North Alabama)  

• High Speed Video Cameras 

• KSC Field Mills (KSC Florida) 

• NLDN  (CONUS) 

– Long Range Lightning 
• GLD360  

• WWLLN 

• ENTLN 

GLM optical 
outline 

LMA 
VHF 
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GLM Validation Data 
• Airborne GLM Simulator 

– Airborne high resolution optical  (and electrical) measurements as a 
GLM simulator (pre- and post-launch). 

– Deploy on aircraft (e.g., ER2, Global Hawk) to observe cloud-top 
lightning pulses (post launch field campaigns- 2016, 2017). 

 
• Satellite Observations  

• LIS for GLM proxy data development 
• Pre-launch validation simulations (including val tool  testing) 
• LIS on International Space Station (ISS LIS, launch 2016)-transfer radiometer 
• TRMM Extended Mission (possibly until 2018) 
• TARANIS (Tool for the Analysis of RAdiation from lightNIng and Sprites) 

 
• Cross-Calibration of GLM and MTG LI at 777.4 nm ( 2019) 
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ISS LIS TRMM LIS 

http://www.google.com/imgres?imgurl=http://www.airforce-technology.com/projects/global/images/4_global_hawk.jpg&imgrefurl=http://www.airforce-technology.com/projects/global/global4.html&h=347&w=550&sz=45&tbnid=SFsW30cDemxi6M:&tbnh=84&tbnw=133&prev=/images?q=global+hawk&zoom=1&q=global+hawk&hl=en&usg=__2e1B7u8XvEa3I_8AWGxglvr0SCk=&sa=X&ei=Rk6LTZaWMKqZ0QGl3qSKDg&sqi=2&ved=0CCgQ9QEwAA
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The GOES-R System Architecture 

GLM IV&V Team local L0 Data Store at NASA DAAC in Huntsville, AL 
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Antenna System PDR 
   GS Project PDR 

2010 2011 2012 2013 2014     2015 2016 

Mission PDR 

S/C PDR 

S/C CDR ABI FM1 Delivery 

SEISS FM1 Delivery 

EXIS FM1 Delivery 

SUVI FM1 Delivery 

GLM FM1 Delivery 

Antenna System CDR 

GS Project CDR 

ESPDS CDR 

CLASS CDR 

GOES-R Milestones 
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S/C  Propulsion Core Delivery 
Mission CDR  

  
Launch 

Readiness  
2Q FY 2016 
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Mission Readiness Review 

Launch Readiness Review 

SUVI FM1 PSR 

S/C System Module and 
Propulsion Core Mate 

SEISS FM1 PSR 

GLM FM1 PER 

EXIS  FM1 PSR 

ABI FM1 PSR 

RMMU Interim Release 
Available 

  
  
  
  

  
S/C  System Module Delivery 

Antenna-EI 
Integration W1   

Antenna-EI Integration N1 

EI Interim Release Available 

IPS Interim Release 
Available 

MMFR Interim Release Available 

FPS Interim Release Available 

  

  

Presenter
Presentation Notes
SDR: System Design ReviewPDR: Preliminary Design ReviewCDR: Critical Design ReviewPER: Pre-Environmental ReviewESPDS: Environmental Satellite Processing and Distribution SystemCLASS: Comprehensive Large Array-data Stewardship SystemPSR: Pre-Shipment ReviewRMMU: Release Mission Management UpgradeEI: Enterprise InfrastructureIPS: Initial Product SetsFPS: Final Product SetsMMFR: Mission Management Flight Ready



GLM vibration testing complete 

GOES- R Flight Segment Progress 
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GOES-R Propulsion Module  
and System Module delivered to Littleton 

SEISS DPU integrated to 
System Module 

SUVI and EXIS installed on the Sun Pointing 
Platform 

SUVI 
EXIS 

Solar Array Wing deployment 
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GLM Spec Capability 
Est. Detection Efficiency 75-80% 
Mass 122 kg 
Average Operational Power 377 W 
Maximum Operational Power 390 W 
Radiator Dissipated Power 141 W 
Average Survival Power 6.5 W 
Maximum Survival Power 10.2 W 
Telemetry Data Rate 5.7 Mbps 

Volume SU: 151 x 81 x 66 cm 
EU: 37.5 x 50 x 50 cm 

GLM  Overview and Specifications  
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GLM Field of View – GOES E, W 
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Presenter
Presentation Notes
Combined field-of-view of the Geostationary Lightning Mapper (GLM) from the east (bold outline centered at 75W and west (thin outline centered at 137W positions.  The lightning statistics are derived from measurements from the LIS (January 1998-December 2010) and the Optical Transient Detector (OTD) (May 1995-March 2000) (Cecil et al., Atmos. Res., 2012). 



GLM Projected Detection Efficiency 
at Local Noon 

• Lowering thresholds can increase 
FAR (cal est <1%, spec is 5%) and 
yet improve DE by having 2 or 
more events pass coherency filter. 

GLM spec is 
70% flash DE  



Post Launch Product Testing (PLPT) 
Planning and Implementation Timeline  

06/14 
2014 

Pre-Launch PLT Activities  
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Plans 
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PLPT Plan 
Stakeholder 
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Monitoring and Analysis Software Tools ( MAST) Development 

PLPT Plan 
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LEGEND 

GOES-R Post-Launch Product Science Validation 
Stages (Nominal Timeline) 

Launch 
& Orbit 
Raising 

Operations Post-launch Testing (PLT) - 180 Days 

Activation & 
Characterization Test 

(ACT) 

System Performance Operational Test (SPOT) 

14 Days 40 Days 98 Days 1 Year 

Post-Launch Assessment Review (PLAR) and Handover 
Readiness Review (HRR):  Handover  S/C Ops to OSPO 

42 Days 

Cal/INR Checkout *Post-Launch Product 
Testing (PLPT) 

Post-PLT Product Validation           
(Depends on if satellite is put into storage 

or operations) 

<=5yrs Storage + >=8.4 Yrs Ops 

Beta Stage Testing Provisional Stage Testing Validated Stage Testing 

* NOAA Science Test @ Maturity level may vary for each product, as product availability is driven by maturity of  
     algorithm implementation, as well as, the existence of science phenomena and associated ground-truth data. 

Peer-Stakeholder ABI L1b & KPP Product Validation Review  
Handover ABI L1b & KPP Products to NWS 

Peer-Stakeholder L2+ 
Product Validation 

Reviews  
Handover L2+ 

Products to NWS  

Initial 
Checkout 

L+60 Days 

L+60 Days 

L+74 Days 

L+60 Days 

L+94 Days 

PLT End+6 Months 

PLT End+4 Months 

L+215 Days 

Products Not Yet Generated 

PLT End + 6 Months 

L+153 Days 

Beta Validated 
Product 

Provisionally Validated 
Product 

Fully Validated 
Product 

ABI (L1b) 
ABI (KPP) 

ABI (Other L2+)@ 
GLM (L2+) 

SpWx (L1b)@ 
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GOES-R  Product  (L1b and L2+) Validation Maturity  Stages (Nominal Mission) 
1. Beta 

• Activities 
o Early release of product. (e.g., at-launch version of algorithms and their input parameters are initially used to generate the product) 
o Initial calibration applied. (L1b) 
o Rapid changes in product parameters (e.g., lookup tables, coefficients) or product algorithms can be expected. 
o Product quick looks and initial comparisons with correlative validation data are performed.  
o A thorough analysis of products are ongoing. 
o Users are engaged and products are made available to users. 

• End state 
o Product is minimally validated, and may still contain significant errors (identified and unidentified). 
o Information/data from validation efforts can only be used to make initial qualitative and/or very limited quantitative assessments regarding product fitness-for-

purpose. 
o Documentation of product performance and identified product performance anomalies, including recommended remediation strategies, exists. 

2. Provisional 
• Activities 
o Product validation, quality assurance, and anomaly resolution activities are ongoing. 
o Algorithm anomalies are identified and analyzed. 
o Incremental improvements may be GOAL:occurring.  
o Users are engaged and user feedback is provided and assessed. 

• End state 
o Product performance (L1b or L2+) has been demonstrated through analysis of a large, but still limited (i.e., not necessarily globally or seasonally representative) 

number of independent measurements obtained from selected locations, time periods, or field campaign efforts.  
o Product analyses are sufficient for qualitative, and limited quantitative, determination of product fitness-for-purpose. 
o Documentation of product performance, testing involving product fixes, identified product performance anomalies, including recommended remediation strategies, 

exists. 
o Product is recommended for operational use (user decision) and in scientific publications. 

3. Validated 
• Activities 
o Product validation and quality assurance activities continue. 
o Future algorithm incremental improvements are identified.  
o User community actively testing or utilizing product . 

• End state 
o Product performance has been demonstrated over a large and wide range of representative conditions (i.e., global, seasonal).  
o Comprehensive documentation of product performance exists that includes all known product anomalies and their recommended remediation strategies for a full 

range of retrieval conditions and severity level.  
o Product analyses are sufficient for full qualitative and quantitative determination of product fitness-for-purpose. 
o Product is ready for operational use based on documented validation findings and user feedback. 
o Product validation, quality assurance, and algorithm stewardship continue through the lifetime of the instrument. 



Objective: Why are you here? 
You Have Interest in GLM Performance or Applications 

• What does GLM detect, not detect and why? Causes? 
• Flash type, height, polarity, amplitude, threshold 

• What correlative data and measurements are available? 
• Correlative measurements with known performance, error 

characteristics 

• Inventory of available correlative measurements- who has them, 
where does one get them 

• Where are the measurements taken (map, lat/lon, time, 
continuous or sporadic (ie, field campaign) 

• Will you provide data or analysis? Pre- or post-launch 

• Are you interested in working in collaboration with GLM team 

• What is your interest in GLM- Cal/Val or Applications? 

• Visiting Scientist- short, longer term visit? 
17 
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NWS Preparations for GLM Use 
Most-Promising GLM Contributions 

 
 

• GLM represents a new/unique capability 
— High efficiency Total Lightning (TL) detection eventually stretching 

from the Pacific to the Atlantic (+ EUMETSAT-MTG, CMA FY-4)  

• Improved Convective Warnings (combine TL, radar, other) 
– Reduced FAR, Increased POD, Increased Lead Time for Tornado 

Warnings and other Severe Convective Warnings 
– Enhanced Situational Awareness for Aviation Services over broad 

geographic area (especially trans-oceanic flights) 
– Enhanced Situational Awareness for Convective Precipitation (Flash-

Flood) 

• Improved Forecasts of Rapid Intensification (RI) and Rapid 
Weakening (RW) in Tropical Storms 

• Short-term numerical weather prediction improvement- 
assimilation of TL as proxy for strong convection 

Presenter
Presentation Notes
Key Point – The bullets in the slide are probably the 3-highest impact contributions expected from GLM…other contributions include (but not limited to):Improved situational awareness for aviation and other transportation services, especially over oceans and in remote locationsAirport Weather Warnings (NWS negotiates support with each airfield supported by Terminal Aerodrome Forecast (TAF) and this support often includes issuance of lightning warnings.Public Lightning Advisories/Warnings – not yet an implemented NWS public service…but future implementation is possible and this service would be greatly enhanced by existence of GLMFire Weather Spot Location - Spot-fire locations used after a convective storm to focus search for spot fires which are relatively easy to extinguish if attacked early, but can grow rapidly if not addressed quickly.  GLM support for this application would be especially useful in mountainous regions of CONUS where ground based detection suffers from terrain effects



International Collaboration  
• Japan Meteorological Agency (JMA) 

– Information exchange and collaborative research on volcanic ash and cloud 
analysis science  

– Algorithm Working Group team member visits 
– Access to full resolution HIMAWARI imagery for PG demonstrations 
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• European Organization for the 

Exploitation of Meteorological 
Satellites (EUMETSAT) 
– Collaboration in research and 

applications through the Convection 
Working Group and the Satellite 
Application Facilities  

– Collaboration with GLM cal/val 
activities 

– Development of training materials 
through the World Meteorological 
Organization (WMO) Virtual 
Laboratory 

 
 

2014  EUMETSAT Convection Working Group 
workshop, April 7–11, Zagreb, Croatia.  
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Lockheed Martin 

Making GOES-R test products available to forecasters 
for feedback and evaluation with algorithm  

developers 

– Satellite liaisons (subject matter experts) at 
NWS National Centers 

– Develop training for users 

– Several GOES-R level 2 products are 
demonstrated in the GOES-R Proving Ground. 

– Examples can be found on the PG blogs and 
through the website www.goes-r.gov.   

– International projects 

– Visiting Scientist Program 

NOAA Hazardous Weather Testbed (HWT) 

Satellite Proving Grounds 

Presenter
Presentation Notes
Convective Initiation (CI), Nearcasting, and Overshooting Tops (OT) have all been evaluated by EUMETSAT testbeds (ESSL)This has helped us improve our algorithms
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Lockheed Martin 
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GOES-14 SRSOR 1-min Super Rapid Scan Experiment 
GOES-R Demonstrations at NOAA Testbeds and Proving Grounds 

(http://cimss.ssec.wisc.edu/goes/srsor2014/GOES-14_SRSOR.html) 

• Dates: 

• May 8-22, 2014 

• August 14-28, 2014 

• Target Locations: 

• Norman, OK- NEXRAD, MPAR, OKLMA (primary site) 

• Huntsville, AL- NEXRAD, UAH dual-pol radars, NALMA 

• Sterling, VA- NEXRAD, TDWR, DCLMA 

• Fort Collins, Colorado- NEXRAD, CSU-CHILL, NCLMA 

• Melbourne/KSC, FL- NEXRAD, LDAR II 

• IPHEX/Hydrometeorology Testbed - GPM validation campaign  

• Atlantic Ocean/GulfMex Basin- NASA EV-1 Hurricane and Severe Storm 
Sentinel-HS3 science flights  



23 

Click image to open hyperlink 

GOES-14 SRSOR 1-min Super Rapid Scan Experiment 
GOES-R Demonstrations at NOAA Testbeds and Proving Grounds 

(http://cimss.ssec.wisc.edu/goes/srsor2014/GOES-14_SRSOR.html) 
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Derecho/Lightning/Tornado (June 13, 2013) 

 
GOES 14 Out-of-Storage SRSOR  

 

http://cimss.ssec.wisc.edu/goes/srsor2013/GOES-14_SRSOR.html 
S. Rudlosky 

Presenter
Presentation Notes
Derecho/Lightning/Tornado 6.13.13Cooperative Institute for Climate and Satellites (CICS) at the University of Maryland, College Park By combining special GOES-14 Super Rapid Scan imagery with the Washington, DC Lightning Mapping Array (DCLMA) as proxy for the GOES-R Advanced Baseline Imager (ABI) and Geostationary Lightning Mapper (GLM) respectively, this animation from a severe weather event on June 13, 2013 provides weather forecasters and broadcast meteorologists a glimpse of what will be available in the GOES-R era. The tracks and locations of two tornados (red lines/circles) are overlaid to highlight the important relationship between lightning activity and severe storms.http://essic.umd.edu/joom2/index.php/outreach-main/its-severe-blog/1405-dclma-plus-srsor-provides-a-glimpse-into-the-goes-r-era 



25 25 Photpo credit Buddy Denham- sailing between Long Island and Jersey shore 

Presenter
Presentation Notes
Derecho – 6.13.13 
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Offshore Waters Forecast Zones  
3 April 2012  

Presenter
Presentation Notes
Derecho – 6.13.13 



Large MCC (04/02 – 04/04) 
GOES-13 Infrared overlaid with  

(Vaisala) GLD-360 Lightning Density 
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Presenter
Presentation Notes
Derecho – 6.13.13 



GOES-R Science Seminars 

• Promote more frequent 
communication with the 
user community about 
GOES-R science and 
demonstration activities 
– Semi-monthly virtual science 

seminars 
– Allow scientists to highlight 

their work to the rest of the 
community 

– Webinars archived  
http://www.goes-r.gov/users/sci-
sem/index.html  
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Overshooting Cloud Tops 

GOES-R Convective Toolkit Products 
Moore, OK Tornado Outbreak May 20, 2013 

From January 24, 2014 Science Seminar on Severe 
Weather. These products provide enhanced situational 
awareness of the convective environment.  

Courtesy of Chad Gravelle, OPG/CIMSS 

Flash Extent Density 

Nearcast Model Convective Initiation 



Training and User Education Materials 

Online Training Modules 
• How Satellite Observations Impact 

NWP 

• GOES-R ABI: Next Generation Satellite 
Imaging (COMET) 

• GOES-R: Benefits of Next-Generation 
Environmental Monitoring (COMET) 

• Satellite Hydrology and Meteorology 
for Forecasters (SHyMet) 

• SPoRT product training modules 

• VISIT Training Resources 

• Commerce Learning Center 

On-line Documents 
• GOES-R Fact Sheets (18) 

• User Readiness Plan 

• GRB Downlink Specifications and 
Product Users Guide 

• Proving Ground Demonstration 
Final Reports and Annual Reports 

30 

New! 

New! 

Presenter
Presentation Notes
GOES-R:  Benefits of Next Generation Environmental Monitoring - Includes an overview of the mission, instruments, system and services, satellite synergy, the role of GOES-R in the Global Observing System as well an environmental monitoring section that addresses the benefits of GOES-R and the ability to monitor 13 unique hazards and phenomena. GOES-R 101 - Targeted for Forecasters and anyone else interested in basic aspects of GOES-R Satellite Hydrology and Meteorology (SHyMeT) - Dedicated to operational satellite meteorology. The Forecaster track of the SHyMet course covers satellite imagery interpretation, including feature identification, water vapor channels, and what to expect on GOES-R.  There is a session on remote sensing data for operational hydrology as well as one relating to aviation hazards.  Other topics include an understanding of the Dvorak method in tropical cyclone analysis and the utility of cloud composites in forecastingCIMSS Satellite Meteorology for Grades 7-12 -Meteorology is an excellent topic to introduce middle and high school students to geoscience, physics, chemistry, and applied mathematics. Satellite Meteorology provides scientists and educators with exciting tools for investigation, inquiry, analysis and stewardship.  Commerce Learning Center:  Forecasters can take these training courses and get credit for taking them�



31 http://weather.msfc.nasa.gov/sport/training/ 
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http://www.goes-r.gov/users/risk-reduce/index.html 
GOES-R Science Program 



GOES-R Quarterly Newsletter 

To subscribe: nesdis.goesr@noaa.gov 
30 



Summary 
• Launch Readiness Date: Decision in October on Oct or Dec 2015 

launch, no later than 2nd Quarter FY 2016 

• User Readiness components: User System, Risk Reduction, Proving 
Ground, Training 

• Joint Center for Satellite Data Assimilation (JCSDA)/National Centers 
for Environmental Prediction (NCEP) preparations for GOES-R 
underway  

• Products available for validation/testing 60 days after launch, also 
made available to users for science assessment 

• Program studying request for GOES-R operations following Post-
Launch Testing (PLT)  

• AWG/CWG continued pre-launch assessments and planning PLT 

• AWG developing of deep dive L1B and L2 product monitoring tools 

• CLASS archives L1B and L2 products, GLM L0 at NASA Huntsville 

• 1-min Super Rapid Scan Experiment- evaluate rapid refresh imagery 
31 



Thank you! 

 
For more information 
visit www.goes-r.gov 
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