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a. EVENT OVERVIEW
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b. REANALYSIS METHODOLOGY



Reanalysis Data

RAP MODEL REANALYSIS VERTICAL PROFILE VALID: 23 UTC 20 May 2017
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RAP model reanalysis used to represent the near-storm vertical
environment as no near-by *representative™ observations are available
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c. ENVIRONMENT ANALYSIS

1. SYNOPTIC
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MESOANALYSIS
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Large neutral-negatively-titled
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through ARLATX - Mississippi
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23z RAP FOO ANALYSIS
VALID: 2017-05-20 23:00:00=z } MESOANALYSIS

23 UTC 20 May 2017 RAP
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Absolute Vorticity (fill)
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c. ENVIRONMENT ANALYSIS

2. THERMODYNAMIC & KINEMATIC
ENVIRONMENT



MODEL REANALYSIS VERTICAL PROFILE | 17Z RAP F0O MODEL REANALYSIS VERTICAL PROFILE | 20Z RAP FOO
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MODEL REANALYSIS VERTICAL PROFILE | 17Z RAP F0O
VALID: 17 UTC 20 MAY 2017
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MODEL REANALYSIS VERTICAL PROFILE | 20Z RAP F0O

VALID: 20 UTC 20 MAY 2017

West Lafayette, IN | [40.42, -86.93]
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c. ENVIRONMENT ANALYSIS

3. MESOSCALE ANALYSIS
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1. Warm frontdraped across
central Indiana.

2. Backed low-level flow
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MESOANALYSIS

23 UTC 20 May 2017 RAP

MSLP
10m Wind Barbs
2m Dewpoint (fill)

1. Warm frontdraped across
central Indiana.

2. Low-level moisture transport
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23z RAP FOO MESOSCALE ANZ
- VALID: 23:00 UTC 05-20-2017 :
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MESOANALYSIS
23 UTC 20 May 2017 RAP
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Low level diurnal heating and
low-level moisture advection
support large CAPE along
warm front.




23z RAP FOO MESOSCALE ANALYSIS
~ VALID: 23:00 UTC 05-20-2017

23z RAP 0-9km Hodographs, 0-500m Streamwiseness of vorticity, 0-500m SRW, 10m Wind Barbs (kts)
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d. RADAR EVOLUTION
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KLOT BASE REFLECTIVITY Sl 4* 18 UTC 20 May

VCP: 212 | VALID: 2017-05-20 | 17:59:41z

R - P
et

1. Pt. a: stratiformrain left
behind by morning
convection

NEXRAD Level Il | Equivalent Reflectivity Factor (dBZ)




KLOT BASE REFLECTIVITY "f; *‘ " A 19 UTC 20 May
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KLOT BASE REFLECTIVITY 20 UTC 20 May
VCP: 31 | VALID: 2017-05-20 | 20:01:25z2
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KLOT BASE REFLECTIVITY 21 UTC 20 May
VCP: 31 | VALID: 2017-05-20 | 20:58:54z

1. Pt.a: Subtle boundary
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IN.

Clear conditions during
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3. Pt.b:first indications of
Cl attempts WSW of
Indianapolis
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GOES 16 ABI OUTGOING RADIANCE 21 UTC 20 May
VALID: 21:02 UTC 05-20-2017z
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KLOT BASE REFLECTIVITY 21:30 UTC 20 May

VCP: 31 | VALID: 2017-05-20 | 21:27:35z

1. Pt.a: Firstindications of
CIWSW of Indianapolis
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KLOT BASE REFLECTIVITY
VCP: 12 | VALID: 2017-05-20 | 22:01:42z

NEXRAD Level Il | Equivalent Reflectivity Factor (dBZ)
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Pt. a: Two main discrete
development areas with
“open warm sector
access”

Pt. b: more linear,
clustered convection
along cold front.

Pt. c: Possibly favorable
future rear-flank merger
into northern supercell




GOES 16 ABl OUTGOING RADIANCE
VALID: 22:02 UTC 05-20-2017z

ABI Outgoing Radiance Per Unit Wavelength (W m-2 sr-1 um-1)
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Pt. a: Two main discrete
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“open warm sector
access”

Pt. b: more linear,
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Pt. c: Possibly favorable
future rear-flank merger
into northern supercell




KLOT BASE REFLECTIVITY 22:30 UTC 20 May

VCP: 12 | VALID: 2017-05-20 | 22:30:35z

1. Pt.a:“main storms”

2. Pt.b: more linear,
clustered convection
along cold front.

rear-flank merger into
northern supercell

Pt. c: Possibly favorable
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KLOT BASE REFLECTIVITY
VCP: 12 | VALID: 2017-05-20 | 23:00:572

NEXRAD Level Il | Equivalent Reflectivity Factor (dBZ)

1.

23 UTC 20 May

Pt.a: Twomain
supercells of interest

Pt. b: more linear,
clustered convection
along cold front.

Pt. c: Possibly favorable
rear flank merger on
northern supercell. Main
cell briefly shrinks &
becomes disorganized.

Pt. d: left split from the
southern supercell




KOT BASE REFLECTIVITY 23:10UTC 20 May
VCP: 12 | VALID: 2017-05-20 | 23:11:03z

1. Pt.a: Twomain
supercells

2. Pt.c: Northernsupercell
ingests merging shower,
begins to organize again

3. Pt.d: Left split from
southern supercell
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KLdT!ASE REFLECTIVITY 23:20 UTC 20 May
_ VCP: 12 | VALID: 2017-05-20 | 23:19:55z

1. Pt.a: Twomain
supercells

2. Pt.c: Mergeriscomplete
& the northern supercell
is at its strongest point

3. Pt.d: Left split from
southern supercell
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GOES 16 ABI OUTGOING RADIANCE 23:20 UTC 20 May
VALID: 23:32 UTC 05-20-2017z

1. Pt.a: Twomain
supercells

2. Pt.c: Mergeris complete
& the northern supercell
Is at its strongest point

3. Ptd: Left split from
southern supercell

-------------------------------------------
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23:20 UTC 20 May

G et AT

KLOT BASE REFLECTIVITY KLOT BASE VELOCITY
VCP: 12 | VALID: 2017-05-20 | 23:19:55z VCP: 12 | VALID: 2017-05-20 | 23:19:55z

e

NEXRAD Level Il | Equivalent Reflectivity Factor (dBZ) NEXRAD Level Il | Corrected Radial Velocity (kts)

1. Farclearer supercell reflectivity structure
2. Broadinflow (2.1km beam height)
3. Velocity suggests lower-level mesocyclone developing (inbound + outbound flow)




23:25 UTC 20 May
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1. Supercell begins rightward deviation (increasing SWV ingestion & SRW)
2. Broadincrease in inflow velocity
3. More prominent mesocyclone signature (psbl RFD surge signature)




23:30 UTC 20 May

KLOT BASE REFLECTIVITY 1 KLOT BASE VELOCITY
VCP: 12 | VALID: 2017-05-20 | 23:30:04z VCP: 12 | VALID: 2017-05-20 | 23:30:04z

NEXRAD Level Il | Equivalent Reflectivity Factor (dBZ) NEXRAD Level Il | Corrected Radial Velocity (kts)

1. Tornado #1 develops
2. Tightcouplet (2.17km beam height)
3. Inflowvelocities increase & become more centralized.




23:33 UTC 20 May

KLOT BASE REFLECTIVITY J KLOT BASE VELOCITY
VCP: 12 | VALID: 2017-05-20 | 23:33:26z

NEXRAD Level Il | Equivalent Reflectivity Factor (dBZ) NEXRAD Level Il | Corrected Radial Velocity (kts)

1. Tornado #1 onthe ground
2. Clear mesocyclone signature & tornadic couplet
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e. CONCLUSIONS



FORECASTER TAKEWAYS

a. Subtle details were key

o Weak shortwave provided upper-level lift & o Cyclonic low-level flow via weak surface cyclone

adiabatic cooling of mid-level temperatures. & a subtle warm front draped across the risk

o Afternoon heating & low-level cyclonic moisture area provided favorable low-level kinematics

advection provided destabilization. =  Ample low-level horizonal vorticity
= Warm, humid surface = High streamwiseness of horizontal vorticity
= Strong low-level destabilization (0-3km CAPE) = Strong storm relative wind (reduced CAPE-

= Moist profile limited CAPE-dilution via dilution via entrainment)

entrainment =  Ample bulk shear

OVERVIEW MODEL METHODOLOGY | ENVIROMENT ANALYSIS RADAR EVOLUTION CONCLUSIONS REFERENCES



REFERENCES

AWS NOAA-NEXRAD-LEVEL2., 2017: NOAA NEXRAD archive from Amazon
Web Service, accessed: 25 Nov 2023,
https://dataweather.uwyo.edu/upperair/sounding.html

AWS NOAA-GOES-16., 2017: NOAA GOES-16 archive from Amazon
Web Service, accessed: 26 Nov 2023,
https://s3.amazonaws.com/noaa-nexrad-level2/index.html

Gillett, K., 2023: SounderPy: Vertical Profile Data Retrieval & Analysis Tool
for Python (Version 2.0.6). Py-Pi,
https://pypi.org/project/sounderpy/

Helmus, J.J. & Collis, S.M., (2016). The Python ARM Radar Toolkit (Py-
ART), a Library for Working with Weather Radar Datain the

Python Programming Language. Journal of Open Research
Software. 4(1), p.e25. DOI: http://doi.org/10.5334/jors.119

National Centers for Environmental Information (NCEI), 2023: RUC RAP
Model Reanalysis Data, accessed: 10 Nov 2023
https://www.ncei.noaa.gov/thredds/catalog/model/rucrap

NOAA/SPC, 2022: Severe weather database files (1950-2022).
NOAA: accessed: 8 Nov 2023
https://www.spc.noaa.gov/gis/svrgis/

Oolman, L., 2010: University of Wyoming Upper Air Archive.
University of Wyoming, accessed: 20 Nov 2023,
https://dataweather.uwyo.edu/upperair/sounding.html

Peters, J. M., C.J. Nowotarski, J. P. Mulholland, and R. L.
Thompson, 2020: The Influences of Effective Inflow
Layer Streamwise Vorticity and Storm-Relative Flow on
Supercell Updraft Properties. J. Atmos. Sci., 77, 3033—
3057, https://doi.org/10.1175/JAS-D-19-0355.1.

Peters, J. M., B. E. Coffer, M. D. Parker, C. J. Nowotarski, J. P.
Mulholland, C.J. Nixon, and J. T. Allen, 2022:
Disentangling the Influences of Storm Relative Flow
and Horizontal Streamwise Vorticity on Low-Level
Mesocyclonesin Supercells. J. Atmos. Sci., 80,
https://doi.org/10.1175/JAS-D-22-0114.1.033-3057

OVERVIEW MODEL METHODOLOGY | ENVIROMENT ANALYSIS

RADAR EVOLUTION

CONCLUSIONS REFERENCES


https://dataweather.uwyo.edu/upperair/sounding.html
https://s3.amazonaws.com/noaa-nexrad-level2/index.html
https://pypi.org/project/sounderpy/
http://doi.org/10.5334/jors.119
https://doi.org/10.1175/JAS-D-19-0355.1

	Slide 1: An analysis of the  20 May 2017 North-Central Indiana localized tornado outbreak.
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48

