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evelopment since late 1990s

progression of GOES satellite

. Replacing the GOES N/O/P (13/14/15)
satellites as they end their scheduled orbital
lifespan

. ENORMOUS increase of data

. Improvements in spatial, spectral, temporal
and radiometric resolution of products

. New technology for new products
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GOES-R Milestones
2010 | 201 | 201z | 2013 | 2004 | 2015
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GOES-R Instruments

Lightning Mapping

* Advanced Baseline * Geostationary Lightinng
Imager (ABI) Mapper (GLM) ~ -y - 8
IN=SITLU Sun Pointing

Space Weather Monitoring Solar Imaging

* Space Environment In-Situ * Solar Ultra-Violet
Sensor Suite (SEISS) Imager (SUVI)
* Magnetometer * Extreme UV / X-Ray
Irradiance Sensors (EXIS)




Advanced Baseline Imager (ABI)

16 Channel imager
2 visible, 4 near-IR and 10 IR channels

Improves upon current

satellite capabilities _ Visible and Infrared Imagery
3 times spectral information Full Disk every 15 minutes
4 times spatial coverage . CONUS every 5 minutes
5 times temporal resolution Rapid Scan every minute
Continues current products . Super Rapid Scan i
Allows for new products 1000 km? every 30

seconds OR 2 areas per

Severe weather forecasting _
minute!

Fire and smoke monitoring
Volcanic Ash Advisories
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Corresponding current Imager bands of Hurricane Katrina
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Progression of GOES Fog Products

Heritage GOES GOES-R Algorithm GOES-R Algorithm Applied
Fog Detection applied to current GOES to GOES-R **

** Using data from TERRA,
AQUA and GOES, part of
GOES-R Proving Ground



Taste |. Summary of the wavelengths, resolution, and sample use and heritage instrument(s) of the ABI
bands. The minimum and maximum wavelength range represent the full width at half maximum (FWHM
or 50%) points. [The Instantaneous Geometric Field Of View (IGFOV).]

Future GOES |
imager (ABI)
band

Wavelength

range (pm)

0.45-0.49

0.59-0.69

0.846-0.885

Central
wavelength
(pm)

Nominal
subsatellite
IGFOV (km)

Sample use

Heritage
instrument(s)

0.47

Daytime aerosol
over land, coastal
water mapping

MODIS

Daytime clouds fog, inso-

lation, winds

Current GOES Imager/
sounder

Daytime vegetation/burn

scar and aerosol
over water, winds

VIIRS, spectrally modified
AVHRR

1.371-1.386

Daytime cirrus cloud

VIIRS, MODIS

1.58-1.64

Daytime cloud-top phase
and particle size, snow

VIIRS, spectrally modified
AVHRR

2.225-2.275

Daytime land/cloud
properties, particle size,
vegetation, snow

VIIRS, similar to MODIS

3.80-4.00

Surface and cloud, fog at
night, fire, winds

Current GOES Imager

5.77-6.6

6.75-7.15

High-level atmospheric
water vapor, winds,
rainfall

Midlevel atmospheric
water vapor, winds,
rainfall

Current GOES Imager

Current GOES sounder

7.24-7.44

83-87

Lower-level water vapor,
winds, and SO,

Spectrally modified cur-
rent GOES sounder

Tortal water for stability,
cloud phase, dust, SO,
rainfall

MAS

942-9.8

Total ozone, turbulence,
and winds

Spectrally modified cur-
rent sounder

10.1-10.6

Surface and cloud

MAS

10.8-11.6

11.8-12.8

13.0-13.6

Imagery, SST, clouds,
rainfall

Current GOES sounder

| Total water, ash, and SST

Current GOES sounder

Air temperature, cloud
heights and amounts

Current GOES sounder/
GOES-I2+ imager




GOES-R Products

Sample Baseline Products Future Capability Products

Aerosols ., Aircraft Icing Threat
Clouds and Moisture ~ Enhanced-V &
Imagery Overshooting Top
Fire Detection & Estimation

Characterization (FDC)

| _ Flood/Standing Water
Hurricane Intensity

Fog/Low Cloud Detection

Estimation
Hydrology Turbulence
Snow Cover . Visibility

Volcanic Ash: Detection & http://www.goes -r.gov/products/
Height list.htm|



>4 Geostationary Lightning Mapper (GLM)

NS,

Detects total strikes: in cloud, cloud to cloud, and
cloud to ground
— Complements 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

Photo credt: Shane Lear, NOAA

EDU rear lens housing

GOES West GOES East
Field-of-View Field-of-View

i
chnma=NrORIEUEEES

Global distnbution of lightning from & combined nine years of observations of
the NASA OTD (4/95-3/00) and LIS (1/98-12/04) instruments




NOAA / Space Weather Prediction Center

Space Weather Now
WWW. SWpC.noaa,gov 2014 Jul 09 17:53 UTC (Jul 09 11:53 MDT)

Latest GOES Solar X-ray Image NOAA Scales Activity
. Range 1 (minor) to 5 (extreme)
NOAA Scale Past 24 hrs  Current
Geomagnetic Storms none none
Solar Radiation Storms none none
Radio Blackouts R1 none

Auroral Map

Alerts
Latest Alert: Jul 09 0121 UTC ALERT: Type |l Radio
Emission

‘ —1¢ 200

nT
Average over last 15 minutes

ill EI LI EI |D=‘[>| 10 frames/sec ¥

Space Weather User Groups

Solar Cycle Progression

Navigation
Radio
Electric Power
Satellite Operaiors .
Aurora Related pages
Jews Ve
Mews Media Today's Space Weather
W for Aviation Service Providers
SWPC Home Space Weather Topics
/ Warnings, Space Weather Now, Today's Space Wx, Data and Products, About Us | Email Products
Space Wx Workshop . Education/Outreach, Disclaimer, Customer Services, Contact Us




GOES-R Space Weather

Space Environment In-Situ Suite (SEISS)

A Ensemble of electron, proton and
heavy ion detection sensors

A Critical information to assess
electrostatic discharge risk &
radiation hazard to astronauts
and satellites

A Warn of high flux events,
mitigate any damage to radio
communication

A Data will drive solar radiation
storm portion of NOAA Space

Weather Scales , B
A Geomagnetic storms —— e

A Solar Radiation storms
A Radio Blackouts www.swpc.noaa.gov/NOAAscales



GOES-R Space Weather

Extreme UV/X-ray lrradiance Sensor (EXIS)

A Solar X-ray irradiance (XRS)
& Solar Extreme UV (EUVYS)
spectral irradiance in 5-127

nm range

A Issue warnings based on
solar x-ray increases, large

A spikes from solar flares
Warnings for radio | g
plackouts of terrestial HF [N bmm
adio communicatons at [l J\mwn L
low latitudes e 1 10

A Potential hazards to Uodoted 2014 Jul 0 17 NOMY/SWPC Baulder, CO USA

astronauts in orbit, decrease Current SWPC Irradiance product

in optimal_life of satellites New capabilities expected with new
(degradation of solar panels) data from GOES-R




GOES-R Space Weather

Solar UV Imager (SUVI)

Locates coronal holes, flares and coronal mass
ejection source regions

. Characterizes active region complexity
Improves forecasting of space weather and early
warnings of possible Earth environmental impacts
Magnetometer
Measures time-varying field in magnetosphere

Provides only operational measure of impact of
geomagnetic storms at geosynchronous orbit

. Key in interpreting solar radiation storm measurements
by SEISS



COSPAS-SARSAT System Overview
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Proving Ground

*  Working with cooperative institutes,
weather forecast offices, NCEP
National Centers, and NOAA

Testbeds (75+ rs
Goal is Day-1 readiness and effectiv

\tﬁmsttlon to operations -~

Training and Education
*  Online training modules
*  http://meted.ucar.edu/goes_r/envmon/




Mission

User Information

Overview
Conferences & Events
User Systems
— GOES-R Rebroadcast
— HRIT | EMWIN

— Receiver Links
Proving Ground
— Cooperative Institutes
— Demonstrations
— Partners
Risk Reduction
Training
Products

Overview

Baseline

Future Capabilities
Sample Data

Product Fact Sheets
Algorithm Working Group

CONNECT

WITH US
L4

Tou |

5] oo

User Information

Proving Ground

The Proving Ground is a collaborative effort between the GOES-
R Program Office, NOAA Cooperative Institutes, a NASA center,

NWS
MOAA Test Beds across the country. The Proving Ground is a

Weather Forecast Offices, NCEP Mational Centers, and

project in which simulated GOES-R products can be tested and
evaluated before the GOES-R zatellite is [aunched into

space. The simulated GOES-R products are generated using
combinations of currently available GOES data, along with
higher resolution data provided by instruments on polar-orbiting
zatellites such as MODIS on NASA's Agua and Terra satellites

as well as model synthetic satellite data.

The Praving Ground was established to realize the benefits of
the GOES-R system as soon as the satellites are launched and
aperational. GOES-R will mark the first major technological
advances in geostationary observations since 1994, The
advances include improvements upon existing data such as
increased spatial, temporal, and spectral resolutions for Earth
maonitaring and improved space weather observations and
initiation of new operational observations such as lightning
mapping.

Many of the GOES-R products will be aimed at monitoring severe

Education & Outreach

Multimedia Resources Organization

GOES-R Proving Ground Demonstrations

mation shows vizible imagery from GOES-14 showe the

= |
m

standsrd or roufine {5-minute inferval, 5-F minute interal
ARspid Scan Opersfions (RSQ), and {-minute infenal Super Rspid Scan COperstions
Mode for GOES-R [R50} 0.63 pm vizible channel images for the rapidly-

developing convection that produced fwo separsie fomadoes in southem

o
a

Minnezots on May B, 2014, Thiz exampie highlightz the fact that the formation snd

evolution of the rapidly-developing convection was much more evident and essay o

weather and helping forecasters issue earlier, mare accurate severe

weather warnings. In order to create the maost useful severe weather tools possible, the GOES-R Proving Ground is working closely with the

Experimental Forecast Program and the Experimental Warning Program of the NOAA Hazardous Weather Test Bed, developing and utilizing

experimental GOES-R products to determine their utility in monitoring and forecasting severe convective weather.

WWW.goes-r.gov/users/proving-ground




Multimedia

— Mission GOES-R Multimedia- Proving Ground

— Space Segment

— Ground Segment
Products
Proving Ground
Space Weather
Events

GOES-14 SRSOR: Automated Detection of Overshooting Tops

This three-panel animation shows visible imagery from GOES-14 and shows the difference
between standard or routine 15-minute interval, 5-7 minute interval Rapid Scan Cperations
(R30), and 1-minute interval Super Rapid Scan Operations Mode for GOES-R (SRS0) 0.63
pmvisible channel images for the rapidly-developing convection that produced two separate
tornadoes in southern Minnesota on May 8, 2014. This example highlights the fact that the

CONNECT

WITH US

i b b

formation and evolution of the rapidly-developing convection was much mare evident and
easy to follow with the one-minute imagery.

GOES-R Rapid Refresh- 1-min Imagery and Lightning Mapping Array

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 metearologists 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 zevera storms.

Hurricane Sandy Super Rapid Scan Operations Visible Imagery

A special 1-minute Super Rapid Scan Operations Experiment for GOES-R (SRS0R) Risk
Feduction Science Program took place August — QOctober 2012 while Geostationary
Operational Environmental Satellite (GOES)-14 was out of storage. This was a unigue
apportunity to combine rapid scan imagery and demonstrate the Future Capabilities of the
Advanced Baseline Imager (ABl) and Geostationary Lightning Mapper (GLM) products. This
animation shows visible 1-minute SR30R imagery for Hurricane Sandy from October 25-31,
2012. For additional GOES-14 SRE0R 1-min imagery, visit
http:iicimss.ssec.wisc.edu/goes/srsorGOES-14 SRSOR.html
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University of Wisconsin-Madison / Space Science and Engineering Conter

/CIMSS /CIMSS Satellite Blog /

Offshore mesovortex affecting the inland penetration of marine stratus
along the California coast

GOES-15 0.62 pm visible channel images (click to play snimstion)

On 02 June 2014, McIDAS images of 1-km resolution GOES-15 0.63 pm visible channel data
(above; click image to play animation) revealed the presence of a cyclonic mesoscale
vortex in the vicinity of Point Reyes along the California coast, which appeared to be playing a
role in enhancing the inland penetration of marine fog/stratus into areas such as the San
Francisco Bay region just south of the mesovortex

An AWIPS image of 375-meter resolution (projected onto a 1-km AWIPS grid) Suomi NPP
VIIRS 0.64 pm visible channel data at 21:07 UTC (below) included overlays of surface station
and buoy reports, along with MADIS 1-hour satellite-derived atmospheric motion vectors within
the 1050-900 mb layer at 21 UTC. The satellite cloud-tracked winds appeared to be picking up
on the cyclonic circulation of the mesovortex. At this particular time, winds at San Francisco
(station identifier KSFO) were southwesterly gusting to 23 knots

Search for:

Follow us on
BN

Pages
» About this site
» CIMSS *Sateliite Proving Ground®
» Contact us
» Mobile users
» POES/AVHRR in AWIPS
» SatePedia
» Suomi NPP / JPSS Proving
Ground
» VISIT / SHyMet Training Topics

July 2014

« Jun

Categories

» Air quality

» Antarctic

» Arctic

» AVHRR

» Aviation

» AWIPS Il

» Calibration/Anomalies

» Cloud-Top Cooling

» COMS

» Convective Initiation

» DMSP

» Fire detection

» Fog detection

» General interpretation

» GOES sounder

» GOES-10

» GOES-11

» GOES-12

» GOES-13

» GOES-14

» GOES-15

» GOES-7

» Google Earth

= Unmini enin { fAnndin~



Formal GOES -R Proving Ground Partners

6 Product Development Partners

Evaluation Partners

May 2014




AMD Betrsewad (AB1) T006 08 24 | 53000
A =

Aviation Weather Center (AWC) —-Kansas City, MO 0 Cooperative Institute for Meteorological Satellite

IR Imagery of Oceanic Storms Studies (CIMSS)/Center for Satellite Applications STAR/University of Maryland Baltimore
and Research {STAR) - Madison, W| County (UMBC }- College Park, MD
Fog/Low Stratus Product Aerosol Optical Depth

tir133i3133

Cooperative Institute for Research in the
Atmosphere (CIRA)/STAR ~ Ft. Collins, CO
ABI Synthetic Low Cloud Enhancement Imagery

O Short-term Prediction Research and Transition
Center (SPORT)/NASA ~Huntsville, AL
GLM Lightning Density

53] Evaluation

. National
Partner

Hurricane
Center (NHC) -
Miami, FL
RGB Air Mass
e~ for Hurricane
\ Sandy
. Storm Prediction Center (SPC)—-Norman, OK

Severe Storms 1-Min Visible imagery of Overshooting Tops

o Product
Development
Partner
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&) GOES-R Proving Ground

» Home » GOES-R Proving Ground

Resources GOES-R Satellite Proving Ground Mission Statement Related Links
CIMSS NOAA Testbed Proving Ground Overview

Support Products The Geostationary Operational Environmental Satellite (GOES-R) Satellite Proving Ground gl RN kI
CIRA Products project engages the National Weather Service (NWS) forecast and warning community in lesson

M : pre-operational demonstrations of selected capabilities anticipated from the next generation

Air Quality (UMBC) of National Oceanic and Atmospheric Administration (NOAA) geostationary earth observing (MY SRR RSN TERV;

systems - Next Generation
TS ——— P o e P Environmental Monitoring

ORI % E A . Module
ABI VISITview lesson (2003)
CIMSS Satellite Blog

Meetings and Presentations

Teleconferences

Proving Ground Partners

GOES-R Advanced Baseline
Imager (ABI) Bands

GOES-R ABI Sample
Product Table

GOES-R ABI Baseline
Products and Band
Information

GOES-R ABI Future
Capabilities and Band
Information

GOES-R ABI Weighting i : —— :
Function Examples I R Proving Ground images and products
round Mission Statement

Nearcasting Convection using
GOES Sounder data

Space News Article: GOES-
R Milestones

Space News Article: U.S.
Weather Satellites Saw
Tornado Swarm Coming 5
Days Out

CIMSS Blog: Detecting
Turbulence from Satellites

ol

IFollow the GOES-R Proving Ground on Facebook

http://cimss.ssec.wisc.edu/goes_r/proving-ground.html



NOAAOs Hazar doTlesbedV:
. Not Just a facilitye

Prediction

Center
Norman, Okiahoma

Experimental
Forecast
Program

Warning
Program

Prediction of hazardous weather
events from a few hours to a
week in advance

Detection and prediction of
hazardous weather events up to
several hours in advance




Total Lightning Detection

* Pseudo-GLM
— Data from ground-based total
lightning detection networks

* Huntsville, AL; Washington, DC;
Melbourne, FL; and Norman, OK

— Raw data sorted into flashes and
interpolated to an 8km grid

— Running 2-minute average

* Simulated lightning threat
— Based on NSSL-WRF 0Z 4km data

— Estimates total lightning from
vertical ice content and flux within
cloud objects (see McCaul et al.,
2009)




GLM Lightning Testbed 04/27/11

North Alabama VHF Lightning Mapping Array (LMA, 13-stations)

GLM proxy for total lightning, forecaster demonstrations

Research indicates potential to increase severe storm and
tornado warning lead-time up to 20+ min

NESDIS. OAR aardinating on a national demo field

test to asses Igorithm

650,000 in N. Alabama without power for 1 week

TVA replaced 353 transmission structures and lines in 74 days at
cost of $25M

Half of the 300+ fatalities in manufactured homes
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ST sl e 7
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HWT: Forecaster Feedback from 2011
Lightning Detection

“The total lightning data is an excellent tool for monitoring convection, |
see much promise for such data in the future...”

“We saw several instances where the total lightning was picking up on
storms before the AWIPS lightning [NLDN] program picked up on them.
One could see the utility of this in the future, bringing with it a potential
for lighting statements and potentially lightning based warnings.”

“| utilized it as a situational
awareness product and then
kept a watch on my tried
and true radar practices to
issue the warning. The
PGLM data gave me more
confidence in my warning.
Which is always something
that is positive.”




Testbed Takeaways 1T 2014

» Almost ready for operations

+» ProbSevere
Trends on target
Struggles with mature cells

» NearCast

Predicted area of convective instability well

Possibly add an interpolation toggle ability to fill gaps
In with NWP



Testbed Takeaways 1T 2014

Get/-thiuoscctvoemy ' of f 1 ce

» Lightning Flashes & Lightning Jump Algorithm
Increases confidence in severity of storms
Provided information about updraft health

» Super-Rapid Scan Operations (SRSOR) Imagery

Used to observe key storm-scale features; 1-min
temporal resolution made this possible

» Simulated Satellite Imagery

Comparison to reality raised or lowered confidence In
using model

When on-track, predicted areas of storm development



The GOES-R GLM Lightning Jump Algorithm (LJA): Research to Operational Algorithm

Chris Schultz®, Larry Carey?, Dan Cecil?, Monte Bateman3, Geoffrey Stano*,Steve Goodmans
* Department of Atmospheric Science, UAHuntsville * Earth System Science Center (ESSC), UAHuntsville 2 USRA/NASA MSFC ¢ ENSCO/NASA SPoRT S NOAA NESDIS

Objective L GLM Proxy and Cell Tracking

* Ohbservations from LMA = GLM B0051110-33:43 ncale_i
Lh| Different instrument T T ey
To refine, adapt and demonstrate the L1A for transition i : Different abservation [Cwossn ™ ‘ ﬂG;Mh F':uxv
: - Oigtical v VHF 3 din® rata
to GOES-R GLM (Geostationary Lightning Mapper) . ot F: B _ fh,ekc_t :
. . . ifferent part of flas! - tracking
readiness and to establish a path to operations + GLM Praxy flash count is ~86% of the .
LMA flash count (102 storms; lower left)

Year 1 Goals : ik misboeaciguto | JOT

* Correlation is strong but non - linear
R=ofg = Schultz et al. “og, ‘1a studies used TITAN,

* Reducing risk in LJA algorithm automation, - Trods il presnt inGLIM prey data e, mrgers
. e.g., below % .
« Cell tra‘:k“ﬂ.gIr B L . Cells change shapejsize
* GLM lightning proxy and data fusion i | accurate objective tracking system using GLM

= Ultimate goal: Incorporate LIA into an
proxy.

WD55-Il changes storm ID a few times
during lifecycle of storm (color changes in
flash rate plot, upper right)

Situational Awareness | g N || enportanty the taceis maisinedduring. | :'..|.|...|u|||\||||h|_|i“hllh||||‘|"‘l‘_|||||||||i||I||||||||l_|||

the period which the storm is most
hazardous (-2300 -0o30 UTC) {
March 2, 2012 _ ik (-2300-003 bty b Ll
. - . i z Jump time in GLM data correspond well
with lightning jump times from Schultz et
al. {2o11) {lower right)

Accomplishments to Date Year 2 Objectives

) ) * Complete LJA modifications
* Recent work Published in WAF (Schultz et al. 2011) Finalize optimal thresholds and logic for representative GLM

711 storms, POD 79%, FAR 36%, avg. lead time 20.65 mins aptical-proxy data at GLM resolution
*Developing LJA as an automated objective system Develap LIA Algarithm Theoretical Basis Docurnent (ATBD)

1452 UTC - Forecaster nates Began adaptation of LA (rules, thresholds) to GLM proxy and = Merge LJA with ongoing WD55-11 cell tracking
increaze in lightning multi-sensor object tracking improvements Test LIA within cell-tracker in post event “real-time” simulations
;‘ng Huntsville lssues Investigated environmental controls on LA for identification and
. F-“t: of sewere weather mitigation of Lnwafr LJA biases during low topped convection
1520 UTC Explored fusion of L1A with radar products
- Debris signature observed on
ARMOR at 1513 UTC . . ;o et
LaaeHinie on vt 2g minolas Il_'nprmnng ml:lltl sensor (GLM proxy, radar) cell (object)
[touchdawn 2520} oriented tracking

Optimized current WDSS-11/K-means cell tracking algorithm to

reduce tracking ambiguity for LIA

In collabaration with Carey, Feltz, Bedka GOES-R3 Aviation Project,
adapt L1A and cell tracking systerm to improve GLMJABI-based
hazard praducts for aviation routing

+ Begin initial planning for Proving Ground (PG) demonstration of

GOES-R GLM optical-proxy LIA

User interactions and feedback within NASA SPoRT and local NW5S
affices

i + Continue participation in MOAA Lightning Jump Test (LIT)

15 Minute lead time an a1 + Refining and developing GLM lightning proxy database

first report of severe e E s ! ! Transformed VHF-based MA-LMA to optical lightning proy using EXPECtEd OUtcomes Year 3

i R L tistical-physica t . !
) ﬂ.“r' . ' T £ e LIS 2nd statisticz| F-"S'.c'l me'h:fcs - - ) *Test LIA/Cell-tracker/GLM proxy system in Proving Ground (PG) and local
» Similar to avg. lead time e ey Developed representative proxy lightning (2.q., GLM resolution, 8 WFO's

in Schultz et al. : C ! L krm) wents (100's of cells) f 22 e MA-LMA . - .
inSchultz et al (2011) 3 7 MITer 20 BVEnts (10es aF cEls)Trom 2on2-2010 orer = Make improvements to LJA, Transition to PG, AWIPS Il plugin

i * Develop training materials
- Educate end users on LA strengthsweaknesses, situational awareness
* Explore LIA in multi-sensor/multi-parameter forecaster methods and
algorithms

* Participating in NOAA Lightning Jump Test (LIT)
Assisted with implementation of Schultz et al. (200g, 2011) LJA on
WHF-based flash data at LMA-native {non-GLM) resolution




Training and Education Materials

New! - L
Online Training Modules
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Printed Materials
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Outreach Materials

chure are available

Trifold Brochure Ruler & Bookmarks

Poster: The History of GOES Weather Satellites

Fact Sheets

Baseline Products Proving Ground Instruments

Also Available:
A Student Resources
AAFun and

http://www.goes-r.gov/education/outreach.html






