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“Big Data” to Environmental Intelligence

Batg
Rou

harles Loyisia

High-resolution Satellite Imagery and Radar Imagery and Total Lightning
NWP Data Derived Products Derived Products
S [T e S Evolution of Cumulus Storm Tracking Storm
to Cumulonimbus and Hydrometeor Electrification

‘ Properties ’

Probabllity a thunderstorm will produce severe
weather in the future (up to 60 minutes)
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ProbSevere Model AWIPS-II Display
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Model output are shapefiles contoured

around radar storm cells. AL
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- Env MUCAPE: 3296 1/kg
|- Env EBShear: 35.5 ktsi@
- MRMS MESH: 22047 1.06 in.|
- Norm Vert Growth Rate (Max): 21307 5.60 %/min (strong) o

Enhancement designed for overlay on
radar reflectivity—but can be overlaid on e
any field (satellite, radar velocity, etc.).

Sampling offers readout of model - _ L
probability as well as each model input.

* NOAASCIMSS Prob Severe Model ([lightning] (%) Sun 22:047 29-Jun-14
MRMS Merged QC Comp  Sun 22:047 29-Jun-14
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1644 UTC May-08-
2014

MUCAPE ~ 750 J kg
Eff. shear ~ 48 kts

A Prob = 27%
Highly sheared environment

Low MESH
/ Low lightning

SYR PROB: 27%

- Env MUCAPE: 743 1/kg

- Env EBShear: 48.2 Kkts

- MRAS MESH: 1644Z 0.60 in.

- Norm Vert Growth Rate {Max): N/A
Glaciation Rate (Max): N/A

- Dbject ID: 54656)

- Flash Rate: 16447 1.5 f1/min
Lightning Jump: 0.0 sigma
37.BdEZ

[

IMSS Prob | Severe Model [lightning] (%) Thu 16
MRMS Merged QC Comp  Thu 16447 08-May-14
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1646 UTC May-08-

2014

MUCAPE ~ 750 J kg
Eff. shear ~ 48 kts

Prob = 54%
Strong satellite growth and

SVR PROB: 54%
- Env MUCAPE: 743 1/kg
- Env EBShear: 48.2 Kts
- MRMS MESH: 16467 0.60 i
- Nl:lr‘rrl Yert Growth Rate (I'Iax) 16457 2. 31 /é./lnln (strong)
- Glaciation Rate (Max): 16457 0.11 /mi ng)
- l]b] t ID 54656 i
- Flash Rate: 16467 §.3 ﬂ/lmn
L ght ng Jump: 0.0 sigmal

VLab Forum - May 17, 2017

]

|, glaciation rates.
/ Small increase in lightning.
.

MRMS Merged

ightning] (%) Thu 16

DC Comp  Thu 163

467 08-May-14

8



1648 UTC May-08-
2014

MUCAPE ~ 750 J kg
Eff. shear ~ 48 kts

77272772/ ... -

T R I R I o Strong satellite growth and
gl “ iy |, glaciation rates.

MESH increases to 0.89”.
» Lightning continues to
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- Env EBShear: 49.9 kts Y 11 I.'
- MRMS MESH: 1648Z 0.89 in. L
Norm Yert Growth Rate (Max): 1645Z 2.31 %/min (Strong)
Glacial 16457 0.11 /min {strong}
Dbject - J — [ =
Flash 0 fl/min Sy
n ]
]

e
L SS Prob|Severe Model [lightning] (%) Thu 16&
3 MRMS Merged NC Comp  Thu 1648Z 08-May-14
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1726 UTC May-08-
2014

MUCAPE ~ 750 J kg
Eff. shear ~ 48 kts

//////////////////////////////////////// E::OSbD:if:J/gs SVR warning @

g 10} 20} 30/ 40} 50} 60} EEI_ 90} ! L] Fuim

o AR | TEFL |~ 1726 UTC (40 minutes)
g 2% Golf ball sized hail report @

& 1732 UTC (46 minutes)

L
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Impact of GOES Data

1646 UTC May-08-
| 2014

Prob 27%
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“Big Data"” to Information: ProbSevere

n one hour..

mmmmmmmm 100 120

W&l

T

8 CONUS satellite scans
(in rapid scan)

e e »

ggv*“—n ProbSevere

\ 0),

min [2014 0

30 lightning files (2%
Input: 1.3 GB s
Output: 6 MB

g Y :

ile size: 0.2 MB

30 output files
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“Big Data"” to Information: ProbSevere

n one hour.. =

With 1 GOES-R el
Series el

. 12 CONUS satellite
scans (in rapid scan)

% 4 2 0 22 4 60

1set of RAP grids

e TR ® e !
2 @ ir
-

Sor

ggv‘“ | ProbSevere

30 lightning files U
Input: 10 GB =

Output: 6 MB

pm—

ile size: 0.2 MB

30 output files
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“Big Data"” to Information: ProbSevere

n one hour.. =

With 2 GOES-R el
Series i

. 12 CONUS satellite
scans (in rapid scan)

% 4 2 0 22 4 60

1set of RAP grids

e TR ® e !
2 @ ir
-

Sor

ggv‘“ | ProbSevere

30 lightning files (2%
Input: 19 GB =
Output: 6 MB ‘

pm—

ile size: 0.2 MB

30 output files
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“Big Data"” to Information: ProbSevere

n one hour..

With 2 GOES-R
Series + HRRR ol

12 CONUS satellite
scans (in rapid scan)

® 4 2 0 2 4

1set of RAP grids

e TR ® e !
2 @ ir
-

Sor

ggv‘“ | ProbSevere

30 lightning files

Input: 22.5 GB
Output: 6 MB

pm—

ile size: 0.2 MB

30 output files
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ProbSevere Verification
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ProbSevere Calibration
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ProbSevere Verification by WFO

50% threshold 60% threshold | 70% threshold = 80% threshold = 90% threshold
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http://cimss.ssec.wisc.edu/severe_conv/training/validation.html
http://cimss.ssec.wisc.edu/severe_conv/training/validation.html

ProbSevere Verification - Daily Storm Tracks
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ProbSevere Verification - Daily Storm Tracks
AL SIS SIS SIS SIS SIS LI SIS AL SIS I SIS SIS SIS S SIS SIS S SIS IS SIS S SIS S LIS SIS SIS A,

DO(D(O (D@ (B(D(D(E{D{D s (D{DO(D{D{O{P RnR 0D ERWERY A EAVERUERUERYUERAEPAAT AL MichaslNo)
C realearth.ssec.wisc.edu/?products=PROBSEVACCUMLOW.-100,PROBSEVACCUM.100,SPCREPS12Z12Z.100,NWSWARNS12Z12Z.100&center=38.951815490937896,-98.1317634582... <. =
i Apps W Bookmarks 3 ssec D Cooperative Institu D Volcanic Cloud Mor D The GOES-R Provir D GOES-R Fog Produ D WMO/Volcanic Ash z Portal:Weather - Sk D FTP SCOPE » || Other Bookmarks
= a7 Ciiia
L ! = . 6 . Labels: Lines o
# Settings Share o Refresh | ‘_f, J / Basemap: Terrain ﬂp
‘ . + B2 . Ma[uon 0 =Celina
Animation w Bloomington G @ Kokomo feEl
= ¥ Lafayette g Portland
o - « > » s <] ¥
7 o
> » o 136
Times > Muncie @ (23
SyEsly Champaign s
¥ Relative 8 Absolute @ Product S 73] Greenville
From: 2016-04-30 12:42 UTC @ @ ® G5
To:2016-05-01 12:42 UTC RS STORM REPORT: il o A Yoo 3 New Castle
y o Decatur < 23 2 e i A
Bveryi|d days K3 ringfield @ ° LOCATION: BUSHTON, COLES Co, IL G @ polis -9 gichimondmSery
o SIZE: 1.00in n@ﬂm] )
atham
+ Connersville
Lavers Tayiqrwlle pac
¥ = | Mattoon ke v
* Presets - All & Displayed =l Sheltiyvme Charleston o il 1 IS @
o ] 6) @j Greensburg @ﬁ g
o | @ } Bloomington rﬂ?duznbus Ve % ;
| & Effingham G 2 e Uﬁj Cincinnati
4 £ Linton A N v @
SPC reports 12Z to 12Z o (65) Fifence
| Seyl;]our ﬁ @
e I g O ey L
J ﬁ Olney @ 'ﬁ‘ Madison
¥ lihcennes Scottsburg
gl o AR (o R R
1 f o |
Centralia ng D Menc? Lick 2 ﬂ
;3 - Hoolsxer 68 ) [JEH
@ Fairfleld rI- Mt Carmel [ﬁ] @ljn Jasper National Forest ‘
;I ] [:[I[m ‘ 0
20% to ool 11 I T ievi
g T S g ey
Carmi 9 m@jﬁ@J @%ﬁl{:ﬂws @ . [H
2 D Lexmgton
Berlton Evansville o Tell Cit Wmchesler ®
¥ Mt Vernon ﬁm SV e e .
SE : 5 e oy )
(S}S EC Hendgrson Show Legend rdstown Nicholasville mj y Fh:m.
O gle ‘Carbondale Marion Harrisburg i N al .. Map data ©®2016 Google 20 km'Llllola Terms of Use | Report a maperror

=

PrDbSEUEﬁE ()

VLab Forum - May 17, 2017



ProbSevere Verification - Daily Storm Tracks
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Hazardous Weather Testbed (HWT)

- o o -l T P - Lol o o - e i & c entral OH

http://goesrhwt.blogspot.com

The GOES-R Proving Ground at the
Hazardous Weather Testbed

i1

Create Blog Sign In

Wednesday, May 14, 2014 Links

(® goesrhwt.blogspot.com.

CIMSS Prob Severe Product Increases Warning Confidence in
South Central OH

CIMSS Prob Severe Product did a great job illustrating a developing severe storm over South Central Ohie. The
SVR PROB increased from 32% at 1840 UTC, 94% at 1856 UTC, then decreased to 69% at 1920 UTC. The

MESH increased from (.64 in. at 1840 UTC to 1.78 in. at 1856 UTC, then decreased to 0.95 in. at 1920 UTC. - n
Normal Vertical Growth Rate rose from 0.87%/min at 1840 UTC to 1.00%/min at 1856 and 1920 UTC. The = e a e I e rOVI ng rou n a e I

Glaciation Rate went from 0.02/min at 1840 UTC, 0.03/min at 1856 UTC, to 0.03/min at 1920 UTC.

The MUCAPE was arcund 1500 J/kg and ENShear ranged between 38 and 43 kt. The change in colors from blue ‘- Hazardous Weather Testbed |

to red and expansion in width of the outlined area depicting the reflectivity core provides warning forecasters
valuable information for making warning decisions. A Severe Thunderstorm Warning was issued for this storm in
¥ the HWT.

“ Apps % Bookmarks A SSEC Cooperative Institu... Volcanic Cloud Mo... The GOES-R Provi... GOES-R Fog Prod... WMONDolcanic Ash... [ Other Bookmarks |

k [ More v Next Blog» Create Blog Sign In

Tuesday, May 10, 2016 Links

Bt  Michael Scotten

GOES-R Homepage

First severe warning issued!

GOES-R Proving Ground
lissued my first severe thunderstorm waming ever...what a thrill! The Prob severe product as well as lightning o

jump product aided my decision. Sadly it seems to have been a bit hasty as storms have weakened quite a bit, as
they move into region of lower cape...

NOAA Storm Prediction Center

VAN RS Pk s M (9 T 90T 10 My 38

Blog Archive

v 2016 (482)




HWT (2014) |
28 Woud you use the NOANCIMSS “Would you use NOAA/CIMSS
operations at your WFO if available? ; ProbSevere model Output
during warning operations at

your WFO if available?”

HWT (2015)

No
I use the NOAA/CIMSS
| output during warning
0% 10% 20% 30% 40% 50% 60%  70% sow 0% 100% dur WFO if available?

HWT (2016)

use the NOAA/CIMSS
output during warning
wr WFO if available?

80% 90% 100%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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v N s s I- The National Severe Storms Laboratory
s the stérm headed
this way?
fmee

Threat ID:

FAC ETS Forecusiingdu Continuum of Environmental Threats

ProbSevere is
one of the
guidance
options available
in the PHI tool

of producing large hail in excess of 2

Activate Threat
O 24



Spring/Summer 2016 Central and Eastern Region Evaluation

Participating Forecast Offices...

Eastern Region: 15 Credit: Chad Gravelle
Central Region: 37

52 offices...18 forecasters (assumptions)...potentially 936 sets of eyes
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Spring/Summer 2016 Central and Eastern Region Evaluation

did your office find ProbSevere for providing confidence in issuing or not
Issuing convective warnings on thunderstorms?

10 (Extremely Useful) 10 (Extremely Useful)

9 Mode (8) 9
8 — —8
7 —
6 Median and Mode (7) Range Median (7) 6
5 5
4 Range 4
3 3
2 — 2
1 (Not Useful) B 1 (Not Useful)

62 forecasters 25 S0O0’s
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Realtime ProbSevere Time Series Analysis

ffffffffff,.-"fff{ffffffff!f!f!ffffff,.-"fffffffffffffffffffffff!f!f!f!ffy
ProbSevere Total Lightning Time Series Plot

Mouse over for data readout. Click and drag to zoom. Double-click to zoom back out.

Total Lightning Flash Count for Storm/Object ID #371838
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http://hopwrf.info/ProbSevere/PlotLightning.html
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http://hopwrf.info/ProbSevere/PlotLightning.html
http://hopwrf.info/ProbSevere/PlotLightning.html

ProbSevere — Multi NOAA

Line Office Research anc
A

NOAA NOAA
Satellites Research
(NESDIS)

Project lead, satellites, MRMS,
data fusion lightning, PHI

s “
Y 2

. 4

National
Weather
Service

End user, O2R




ProbSevere is Expandable

L4

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Vod 0.

+ Phillipsburg

Doppler velocities Addltlonal radars

Hazard specific
probabilities (tornado, halil,
wind) are being evaluated
In the 2017 HWT

Images are from NOAA, NASA, UW-CIMSS, and OU-CIMMS
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Probability of Tornado (ProbTor)

MRMS low level az. shear
| I = ( #°© MRMS mid level az. shear
T VTl 1T ENTL flash density

TR N R 0-1 km SRH (RAP)
EBS (RAP)
Mean wind 700-900 mb (RAP)
MLCAPE (RAP)
MLCIN (RAP)
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Probability of Tornado (ProbTor)
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NOAA/CIMSS ProbTor Model NE Pennsylvania — February 25, 2017
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Storm Centric ProbTor Verification
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Human experts will always add
value!
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NWS skill vs. Prongrnado (probabiIiFy threshold = 60%) 10 7

ProbTor shows promise, but there
are some known issues that are
being worked:

« Radar artifacts

« RAP limitations
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“All Hazards” ProbSevere

Zc
‘ 3 1 '., Q_"* 4 n.“_

SEL e 0 i ek

jﬂ - ‘:--. i A .
i i o

st

<

5, l_-.- P y

.‘- /i

: ¥ T G iRl i
g SR PROB: 12% e 1 _ & ProbHail: 13%; Probliind: 80%; Prob ¢
- Env MUCAPE: 448 1/kg | t 4 g A r ~ [-MUCAPE: 447 1/kg: MLCAPE: 342 1/kg ; MLCIN: -11 J/kg
1 o | T . ; * ' -EBShear: 37.7 kts ; SRH O-Llkm AGL: 135 m2/sA2[0
#- MRMS MESH: 1746Z 0.45 in. e ’ = A Meankind 700-900mb: 33.2 kts -
'~ Norm Yert Growth Rate {Max): N/A W LY Py 3 . 4 EFa
e | ) ! m N - 0 .
3 g m -VIL Density: 3.30 g/m*3 3
- & gt , -Flash Rate: 20 f1/minli i
e S . TS o, N 7ty - i il —Flash Densit in last 30 min): 0.89 f1/min/km 2 "
0.0034 UBCSYRLWX Valid 17:12Z Thu 06Aprl? Thru 18:00Z Th = i J i M ash Density {max in las win): 0. /min/k o
) g 5 ¢

-98% MLAzShear: 0.006 /s

|-Norm. vert. growth rate: N/A

-Glaciation rate: NJALTT

—Wetbulb OC hgt: 1932 m AGL

-Lapse Rate 700-500mb: 7.0 C/km

-minAvgRH 700-450mb: 26%|

Avg. beam height (ARL): 0.44 kft / 0.13 km

Object ID: 1710543 Y
o Wr fioieg - : d R

0.0034 WBCSYRLWX Valdid 17:127 Thu 06Aprl? Thru 18:007 Thu {5

40.6dBZ - Bl = 1

38.92N 77.11W 0.00

ProbSevere = 12% e ProbHail = 13%
ProbWind = 80%
ProbTor = 14%

VLab Forum - May 17, 2017 33



Legacy ProbSevere wrt First LSR
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“All Hazards” ProbSevere wrt First LSR
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weather warning operatlons through data fusion

R20: Optimistic that ProbSevere will be added to MRMS product
generation suite at NCO in coming years

User Readiness: Most NWS forecasters have taken the ProbSevere
training and have experience using it at WFO’s or the HWT

Development: An “all hazards: version of ProbSevere will be
evaluated in the 2017 HWT EWP and PHI experiment (future
availability in baseline AWIPS depends on HWT results and AWIPS
development schedule)

GOES-16 Status: Work is underway to re-train ProbSevere with on-
orbit GOES-16 data by the Fall 2017 (improvements in lead-time and
accuracy are expected)

VLab Forum - May 17, 2017 36



-, WMmua sl E-n W E Rwa R W, L S LE VR S

Tiizzi/zsiizzzzzzzindi/

* Justin Sieglaff - UW/CIMSS (justin.sieglaff@ssec.wisc.edu)

* Dan Lindsey —- NOAA/NESDIS/STAR (dan.lindsey@noaa.gov)

ProbSevere training modules and supplemental training material:

ProbSevere blog posts:

Realtime ProbSevere on the web:

Realtime “All Hazards” ProbSevere on the web:

Realtime ProbTor on the web:

Realtime ProbSevere time series:
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http://cimss.ssec.wisc.edu/severe_conv/training/training.html
http://goesrhwt.blogspot.com/search/label/ProbSevere
http://cimss.ssec.wisc.edu/severe_conv/probsev.html
http://cimss.ssec.wisc.edu/severe_conv/probsev.html
http://cimss.ssec.wisc.edu/severe_conv/probsevtest.html
http://cimss.ssec.wisc.edu/severe_conv/probsevtest.html
http://cimss.ssec.wisc.edu/severe_conv/probtor.html
http://cimss.ssec.wisc.edu/severe_conv/probtor.html
http://hopwrf.info/ProbSevere/PlotLightning.html
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Questions?
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1). Mesoscale NWP

Effective Bulk Shear

VLab Forum - May 17, 2017

Short-term forecasts from the Rapid
Refresh NWP model are used to
characterize the dynamic and
thermodynamic environment.

Most Unstable CAPE




“Big Data” to Environmental Intelligence

2). Geostationary Satellite Data

/. : Top of Troposphere Emissivity
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Object are extracted from g, ,(11pum) and are tracked in time (Lakshmanan et al. 2003).
Time trends in the maximum value of g, ,(11pm) are utilized.
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“Big Data” to Environmental Intelligence

2). Geostationary Satellite Data
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The time trend in the fraction of glaciated pixels within each object is also utilized.



“Big Data"” to Environmental Intelligence

3). Precipitation RADAR Data
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“Big Data"” to Environmental Intelligence

ntal nhtr o ’ - 4 7
: within each radar object is

J ' = utilized. The total lightning data
are from Earth Networks.

ENI ENI_LightningDensity 002_min [2014 07/14 20:58:00 UTC] Liu and HeCkman’ e
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Spring/Summer 2016 Central and Eastern Region Evaluation
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product.”

“As people got comfortable using the data it became very useful, especially in marginal
cases and when the warning met wanted to issue a warning early in a storms life. We
had a supercell event where a storm was quickly building and warnings were issued
before a robust core aloft. ProbSevere gave us another piece of data to support the
warning decision to our customers before it was apparent on legacy radar techniques.”

“l think we all found the best use of ProbSevere to be what storms to NOT focus on as
much. In that way, ProbSevere improved radar efficiency on a scope full of
storms...guiding us to more detailed interrogation on the higher probability storms.”

“ProbSevere was most valuable on days with numerous cells with just one person on
radar, helping to quickly determine which cells to focus on and which not to.”

“I think those who used the model as a guide to determine what storms to focus a more
detailed assessment on generally were pleased. With 4 RPGs in our CWA (3 TDWRs and
an 88D) we need all the time/awareness efficiency we can get.”
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http://cimss.ssec.wisc.edu/severe conv/probsev.html
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NOAA/CIMSS ProbSevere Model

NOAA/CIMSS ProbSevere is a statistical model that predicts the probability that a storm will produce severe we er in the near-term. ProbSevere inputs include: G East, G West, Rapid Refresh NWP, MRMS severe weather products, and total lightning (see
).
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http://cimss.ssec.wisc.edu/severe_conv/probsev_TEST.html
http://cimss.ssec.wisc.edu/severe_conv/probsev.html
http://cimss.ssec.wisc.edu/severe_conv/probsev.html
http://cimss.ssec.wisc.edu/severe_conv/probsev.html
http://cimss.ssec.wisc.edu/severe_conv/probsev.html
http://cimss.ssec.wisc.edu/severe_conv/probsev.html
http://cimss.ssec.wisc.edu/severe_conv/probsev.html

. 2007:

y

IV

Small exploratory project to utilize GOES Imager derived cloud properties for

guantitatively diagnosing and forecasting severe storms begins under NESDIS GIMPAP

. 2011:
. 2012:
. 2013:
. AVNRCK
. 2014:
. 2014:
. AVNESK
. AVNESK
. 2016:
. 2016:

First version of ProbSevere (GOES + NWP)

NEXRAD added to ProbSevere

ProbSevere project continues under GOES-R Risk Reduction Program
Internal NRT evaluation of ProbSevere at UW-CIMSS

ProbSevere successfully demonstrated at HWT EWP

ProbSevere evaluated at WFO MKX

ProbSevere becomes part of AWIPS Il baseline (V14.4)

ProbSevere, with improvements, successfully demonstrated in HWT EWP
Earth Networks lightning integrated into ProbSevere

ProbSevere, with lightning, successfully demonstrated at HWT EWP and PHI

experiments

. 2016:

Successful completion of NWS Eastern, Central, Southern, and Western Region

demonstrations

. 2017:

Began testing ProbSevere upgrades for improved forecasting of severe straight-line

winds across spectrum of storm type

. 2017:
. 2017:

ProbTor model is evaluated in HWT EWP and PHI experiments
ProbSevere is assessed in Operations Proving Ground
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The Weather Channel
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Local Media Coverage: Peoria, IL
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