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WFO ALY Severe Weather Operating Plan

Severe Weather Mesoscale Analyst (Duties)
Monitoring mesoscale, near-storm environment and short range trends

Briefing warning teams and the Short Term Forecaster on the current and
expected environment, while monitoring “big picture” radar trends
(acceleration, vortices, deviate motion, etc.)

Utilize SPC Mesoanalyses page, LAPS, Four Dimensional Storm-scale
Investigator (FSI), high resolution models/CAMs (3-km HRRR, 3-km
NAMnest, NSSL WRF, etc.), and the NYS Mesonet

Update the Hazardous Weather Outlook and Area Forecast Discussion to
explain the evolving situation

Issue graphical NOWcasts via social media (Facebook or Twitter)

Time permitting, assist decision makers and the general public with a time
line when the severe weather (significant winter weather) is expected
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Outline

 Why do (Surface) Mesoanalysis?

 SPC Mesoanalysis Page (Rapid Refresh) Overview and
some Convective Parameters Defined

* Mesoscale Showbanding — 2 March 2018 Case

* Winter Weather Case — Snow Squall Event in Albany
forecast area: 30 Jan 2019

* Severe Weather WFO ALY Case Example:
18 May 2017 Severe Weather Event
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Why do “Surface” Mesoanalysis

(from Dave Imy SPC early 2000’s archived presentation)

* Forecast = Diagnosis + trend

* Incorrect diagnosis of the atmosphere reduces the
probability of making an accurate forecast

* Mesoanalysis facilitates our ability to synthesize data
from a variety of observational sources

 Gain an improved perspective of actual
environmental conditions

* Critical to track and identify mesoscale boundaries
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Observational Sources used in
Mesoanalysis

e Surface observations, including mesonets (i.e.
NYS Mesonet)

* Upper Air/Sounding data & Profilers

e Satellite imagery (newer GOES-16 data)
e Radar (local and regional)

* Loops/animations of radar/satellite data

e Lightning Data (NLDN, Lightning Mapping
Arrays, Geostationary Lightning Mapper)
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Tracking Mesoscale Boundaries

Incorporate all available data
Continuity is important (hour by hour analysis)
Thermal or moisture gradients track

Pressure/Wind Data (i.e. 1 or 2 hPa analyses),
streamline analysis (convergence/divergence),
wind shifts, rise/fall pressure couplets)

Severe/Significant Weather Forecast
Parameters (Indices)/Tools




SPC Mesoanalysis Page (RAP data)

SPC Mesoscale Analysis Change Sector | Image Archive & Loops | SPC Homepage | Mobile Version NE"I",'“ Df‘ible'dic:‘ map fortorrtlaldo Surface: [01/31/19 14 UTC|
: climatology and environmenta i

Auto-rafrech is set to every minute [OFE 1 min & min] Operational EMC RAP T e — Model: | 19013113f001
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Mesoscale Analysis Data fTende Losmsass
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- SfcOA Diag - | - RAPISTcOA Frst -

Image overlays:
County Boundaries
B County Warning Areas

W Hivays & Cifies

B ARTCC Regions
B nws Watches & Warns

B spc Day1 Outiook

Image underlays:
—
. None

O Radar

® Termain

[ ] Population

® surface Obs

Current SPC Products
Show popup images? v

Day1 Convective OQutlook
ssued st 1200 UTC

Probabilites: Tom Hail Wind

Day1 National Fire Qutlook
ssued at 0725 UTC
This list updates automatically.
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Thermodynamics — Instability (CAPE)

SBCAPE — Convective Available Potential Energy (CAPE)
calculated from a Surface-Based Parcel (J/kg)

MUCAPE — CAPE calculated using the Most Unstable
parcel in the lowest 300 hPa (0-10 km)

MLCAPE — Mixed Layer CAPE calculated using a parcel
consisting of Mean Layer temp and moisture in the lower

100-hPa, when lifted to the Level of Free Convection
(LFC)

DCAPE — Downdraft CAPE can be used to estimate the
potential of rain-cooled downdrafts with deep
convection. Larger DCAPE -> Stronger Downdrafts!
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SPC Guidelines:
Degree of Instability (MLCAPE)

0-1000 J/kg: Weakly Unstable
1000-2500 J/kg: Moderately Unstable
2500-3500 J/kg: Very Unstable

3500+ J/kg: Extremely Unstable




Deep Layer Shear (0-6 km Bulk Shear)

Deep Layer Shear -> 0-6 km shear vector

Thunderstorms tend to become more

organized and persistent as vertical shear
Increases

Supercells are commonly associated with
vertical shear values of 35-40+ kts

25-35 kts some supercells with sufficient
instability, but can be multi-cells in Northeast
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Effective Bulk Shear (EBS)

e Defined as the vertical wind shear through a
percentage of the “storm depth”, as defined by the
vertical distance from the effective inflow base to the
Equilibrium Level (EL) associated with the Most
Unstable parcel (max ©6-e value) in the lowest 300
hPa

e Effective Bulk Wind Difference (kts) is another way at
looking at the potential for severe convection
(Effective Storm Relative Helicity (ESRH) is similar to
EBS but based on theshold values of lifted parcel

.CAPE (100 J/kg) and CIN (-250 J/kg))
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Effective Bulk Wind Difference (EBWD)

* Defined as the magnitude of the vector wind
difference from the effective wind flow based
upward to 50% of the EL height for the Most
Unstable parcel in the lowest 300 hPa

e Similar to bulk wind difference, though it accounts
for storm depth (effective inflow base to the EL), and
is defined to identify both Surface-Based and
“Elevated” supercell environments

e Supercell environments more probable as EBWD
increases in magnitude through range of 25-40 kts
«.and greater
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Supercell Composite Parameter (SCP)

(Thompson et al. 2003)

SCP is a multiple ingredient composite index that
includes: Effective Storm-Relative Helicity (ESRH),
MUCAPE, and EBWD

Each ingredient is normalized to supercell thresholds

Larger values of SCP’s indicate greater overlay in
supercell “ingredients”

Positive values displayed (right moving supercells)
and looking for SCP > 1

SCP =

(muCAPE /1000 J kg™') * (ESRH / 50 m2 572) * (EBWD / 20 m 1)

EBWD is divided by 20 m s in the range of 10-20 m s'. EBWD less than 10 m s7'is set to zero, and EBWD greater than 20 m s~ is set to one.

\‘\in Ty

&
\@
< o
= m
=) =
- <
v, ~
4 <
g\

i AOsa,
Ko e
& T,
é ;.
% e
“rdergr 5




Winter Weather - Mesoanalysis

. . - X NEW: Double-click map for tornado
SPC Mesoscale Analysis DR | ™ limatology and environmental

Autc-refresh is set to every minute [OFF 1 min 5 min Operati0n3| EMC RAP

m Upper Air Thermodynamics ‘Wind Shear Composite Indices Multi-Parameter Fields Winter Weather

pakdowns.

& NOAANWS/Storm| 923mb Analysis

&
%K T00mb Analysis

Mesaoscale Analysis Data
& 4

850mb Analysis

500mb Analysis

Deep Moist Convergence
Sfc Frontogenesis
925mb Temp Advection
850mb Temp Advection
T00mb Temp Advection
925mb Frontogenesis
850mb Frontogenesis
T00mb Frontogenesis
1000-925mb Frontogenesis
925-350mb Frontogenesis
| 350-T00mb Frontogenesis
700-300mb Frontogenesis
T00-400mb Diff. Vierticity Advection
400-250mb Pot. Vorticity Advection
350-250mb Diff. Divergence

&Q0mb Jet Circulation ' / | _ m > 7 /4

Surface: |01/30/19 19 UTC
Model: 190130171001

Trends/Forecast
4fz2]0
- SfeOA Diag -

Image overlays:
County Boundaries

B county Warning Areas
. Hiways & Cifies

B arTCC Regions

B nws watches & Wamns
B spPc Day1 Outlock

Image underlays:

—
.Nune

© Radar

® Termin

. Population
® Surface Obs

Current SPC Products
Show popup images? Ld

Day1 Convective Qutlook
Issued at 1818 UTC
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1000-925 hPa FGEN: 1900 UTC 30 JAN 2019 — Snow Squalls




CSTAR | (Novak et al. 2004). Mesoscale
Snowband Flow Charts &Conceptual Models

cyclogenesis
deformation
frontogenesis
|
r 1
small large
stability stability
narrow frontogenetical broad frontogenetical
response response
LEGEND
mesoscale band formation stratiform precipitation Frontogenesis
Fig. 4.7. Flow chart of the key components and interactions involved in band formation. Deformation
— = Dilitation Axis
Jet core

g g Fig. 4.1. Conceptual model of a single-banded system highlighting the key parameters.
F req u e ntly Clted In N WS Area FO re Ca St Features drawn include 700 hPa frontogenesis (shaded), 700 hPa deformation zone
(encompassed by scalloped line) and associated primary dilatation axes (dashed line),

Discu SS i o n S’ refe reed I ite rat u r'e & u Sed i n t h e 700 hPa streamlines (black lines), and 300 hPa jet cores (wide dashed arrows).

warning decision making
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0000 & 1200 UTC 2 March 2018 Surface Maps
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00 & 12 UTC 2 MAR 2018 500 hPa Upper Air Analysis
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803020000 500 MB UA OBS, HGHTS, and TEMPS
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0600 UTC 2 MAR 2018 Rapid Refresh
300 hPa Heights, Divergence and Winds (kts)
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Poleward jet streak
lifting out
(equatorward
entrance region)
while dominate 120-
140 kt poleward left
exit region jet streak
is approaching
Northeast

180202/70600%001 200mb hoht dlwvergenceswlnd




0900 UTC SREF F1200 UTC 2 MAR 2018

850 hPa u-wind anomalies (easterlies)

a. 09Z02MAR2018 SREF Valid 12Z02MAR2018(Fri)
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b. 09702MAR2018 SREF Valid 17ZOZMAR2018(Fn)

850 hPa Moisture Flux anomalies
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b. SREF Consensus Forecast {contour) &
Normalized Anomaly shaded)




1200 UTC 2 MAR 2018: 850 hPa 1540 yTC 2 MAR 2018: 850 — 700
Height,Temps ('C) and Winds (kts) hPa Rapid Refresh 2-D Petterssen

TGN Mean FGEN & Heights
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Pivoting Ban

Kenyon Pivoting Band Conceptual Model (2013)

© 1000-500-hPa thickness isopleth

/ 250-700-hPa streamiine

850-700-hPa

WAA  850-700-hPa warm advection maximum

CAA  850-700-hPa cold advection maximum

/ 850-700-hPa Q, vector

A7 350-700-nPa O, vector

‘ upper-level jet core

X  hodograph location

NEXRAD LEVEL-II

KENX - ALBANY, NY
03/02/2018 02:58:44 GMT
LAT: 42/35/11 N

LOM: 74/03/51 W

ELEV: 1826 FT

WCP: 21

REFLECTIVITY
ELEV ANGLE: 0.47
SWEEP TIME: 02:58:50 GMT

Legend: dBZ




NWS forecast (12-24 hrs before)
vs. observed snowfall

National Weather Service Albany, NY
Snowfall Forecast 03/01/2018 07:00PM to 03/03/2018 01:00AM

National Weather Service Albany, NY
Snowfall Analysis 03/01/2018 07:00PM to 03/03/2018 01:00AM

Data Source: Regional Observations(PNS)

Data Source: Regional Observations(PNS)

Challenging
forecast in

Snowfall Analysis 0" - 36"
I 0.0"
;. <1.0"

N 6.0" -
= 8.0"-12.0"
7 12.0" - 18.0" I 12.0" - 18.0"
18.0" - 24.0" 1 Wi L 18.0" - 24.0"
24.0" - 30.0" .0 24.0" - 30.0"
L J [ ' F -
RS s -
This Is an experimental product. Care snould be taken in using the data. . Values at not represent totals at This is an experimental product. Care should be taken in using the data. i ti plotted. Values at i i ot represent actual precipitation totals at thatlocation.

1 March 2018 4 pm Initial Forecast Totals 2 March 2018 Observed Snowfall Amounts




1800 UTC 30 JAN 2019
MSLP and SFC Wind & 1900 UTC radar overlayed
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1900 UTC 30 JAN 2019 RAP

N

1000-925 hPa FGEN & 1915 UTC Radar Overla '

2uf 901307 918 Fm )
13907130/1300%0071 1000-925 mh mean Petterssen frnntogenesm (K100 kmd3 hr, purple)




Snow Squall Parameter

Snow Squall Parameter

A non-dimensional composite parameter that combines 0-2 km AGL relative humidity, 0-2 km AGL potential instability (theta-e
decreases with height), and 0-2 km AGL mean wind speed (m/s). The intant of the parameter is to identify areas with low-level potential
instability, sufficient moisture, and strong winds to support snow squall development. Surface potential temperatures (theta) and MSL

pressure are also plotted to identify strong baroclinic zones which often provide the focused low-level ascent in cases of nammow snow
bands.

The index is formulated as follows:
Snow Squall = ((0-2km mean RH - 60%) / 15%) * (( 4 - 2km_delta_theta-g) / 4) * (0-2km mean wind / 9 m s1)

The 2km_delta_theta-e term is the change in theta-e (K) from the surface to 2Zkm AGL, where negative values represent potantial
instability. Areas with 0-2 km RH =< 60% are filtered out in the color fill plots.

Additional information can be found here (PowerPaoint presentation). (Please open this link in another browsers window. )

Reference: (Banacos, Loconto, Devoir 2014)
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1800 UTC 30 Jan 2019
0-3 km Lapse Rates (°C/km) & Snow Squall Parameter

s o af
ZUT90130¢1 915 RALS
1800 0-3 km lapse rate {Crkm)




1922 UTC: Snow Squall Warnings

NWS Forecast Office Albany, NY

Weather.gov = Albany, NY

Current Hazards  Current Conditions Radar Forecasts

Click a location below for detailed forecast.

Rivers and Lakes

Watches,
Warnings &
Advisories

Hartford
*
'Inllin:mlil:
Meriden
Last Map Update: Wed, Jan. 30, 2019 at 2:22:08 pm EST

Blizzard Warning
Snow Squall Warning [l
Winter Storm Warning [l
Gale Warning

Wind Chill Warning

Winter Weather
Advisory

Wind Chill Advisory

Heavy Freezing Spray
W arn\iﬁng .

Wind Advisory

Freezing Spray.
Advisory

Special Weather
Statement

Hazardous Weather
Outlook

Climate and Past Weather
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Albany, NY

\Weather Forecast Office

Local Programs

Adjacent Radars:

Base Reflectivity

Short Range Images
Reflectivity:
Composite
Base

Loop
Loop

Velocity:
Storm Relative Loop
Base Loop

Rainfall:
1-Hour Total
Storm Total

Loop
Loop

MouseOver OF ¥

Long Range Images
Reflectivity:
Base Loop

U.S. Views
Reflectivity:
National
Alaska
Hawaii
Guam
Puerto Rico
Radars by State

Additional Info:
Radar FAQ
Downloading Images
GIS Users KML
Doppler University
Color Blindness Tool
Credits

Flash Flood

Topo Radar counties M Rivers Highways Cities Warnings Legend




2000 UTC 30 Jan 2019
Snow SquaII Parameter

[) Type here to search
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NWS Forecast Office Albany, NY

Weather.gov = Albany, NY

Current Hazards

Click a location below for detailed forecast.

Current Conditions Radar Forecasts Rivers and Lakes Climate and Paj

Short Range Images

1301 BDIZDDDV Reflectivity:

Composite Loop
Loop

Velocity:
Storm Relative Loop
Base L

Rainfall:
1-Hour Total  Loop
Storm Total  Loop

Long Range Images
Reflectivity:
Base Loop

U.S. Views
Reflectivity:
National
Alaska
Hawaii
Guam
Puerto Rico
Radars by State
Additional Info:
Radar FAQ
Downloading images
GIS Users KML

i 2057

=

UTC KENX 0.5°Base REF

K4 Topo 4 Radar K4 Counties W Rivers K4 Highways K4 Cities K4 Wamings &4 Legend

ate: Wed, Jan. 30, 2019 at 3:54:09 pm EST

\Watches,
\Warnings &
Advisories

SFeuaI Marine
Warning

Blizzard Warning |
Snow Squall Warning 1l
Winter Storm Warning
Gale Warning

Wind Chill Warning

W W
Winter Weather
Advisory -

Wind Chill Advisory
Heau}, Freezing Spray =

"uarnln

Wind Adwsor-,-

2054 UTC T

w|

Special Weather
Statemnent

Hazardous Weather
Outloo

Snow squall parameter indicated
Capital District and Hudson River
Valley would get hit hard!
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18 May 2017:
NY and New England Severe Weather Case




Hot/Record Breaking Max Temps
18 May 2017

KGFL: 92°F (record)
KALB: 94°F (tie)

95

High Temperature (F)

NYS Mesonet Highs
(image by Nick Bassill)
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1800 UTC and 2100 UTC 18 May 2017
WPC Surface Maps

2100 UTC
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1800 UTC KALB Sounding

ALB

MOAAMNWS Storm Prediction Center
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- 200 - 23202 >
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. =FzL=13819 Wi,

819m _B0mis?
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1000 EC{Q5m)- - -SFC

20 30 10 51

- 170518/1800 (Observe d) W Norman, Oklahoma
'(‘ vind .Speed kh Inferre I o
. o vs Height :::":%Q: vection
- 15km NS i
; - s :
=MU MPL :
r - :
B 5
200 == W R W 4
: Was = 2 ezazms Lh o]
| 3 ’ T 1.4 10 Kz DP=253{51
0

300 s - i

—akm % ¥ Y 280/35 RM

1 Critical &ngle = 22

30 20 10 010

STP (eff layer) = 0.(
STP (fix layer) = 0.0
Sig Hail =0.0

§50-500mhb Lapse Rate = 7.5 Ckm
700-500mb Lapse Rate= 6.5 Cikm

‘1438

c

PARCEL CAPE CINH ICL LI LFC EL SRH(m2/s2) Shearkt) MnWind
SURFACE 1264 0 2503m -5 2503m 38722 M SFC- 1 km 15 25617 11920
MIXED LAVER 197 =31 2761m -2 7618m 35279 [l SFC - 3km 106 23 24719 128021
FCST SURFACE 548 -1 3004m -3 4233m 36675 [l Ef Inflow Layer 60 16 2sen7 11821
MU (995 mh 1264 0 2503m -5 2503m 35722 | SFC - 6 km 40 257725 141415
oD o F-g_ams S B2 SO SFC - § km 35 256/27 148115
5 oadonn Ny 2 d LCL - EL {Cloud Layer) 22 257137 189115

K=28 DCAPE=1501 Jkg FZL=13819 ESP=00 Eff Shear (EBWD) 40 25725 141115
MidRH = 46% DownT=56 F ConvT = 95F MMP = 0.50 - iria
LowRH=35% MeanW=580gky  MaxT=894F  NCAPE=0.14ffl BAN Shear = 15 més

: 4-Bkm SR Wind = 23113kt
SigSevere = 4080 m3/s3 Supercell = 1.5

p © 2 .....5torm Motion Vectors.....

Sfc-3km Agl Lapse Rate = 9.8 Cikm | | eft Supercell =-1.4 Bunkers Right = 28035 kt
3-Bkm Agl Lapse Rate = 6.3 Ckm ) Bunkers Left = 224)26 kt

Corfidi Downshear = 253/51 kt
Corfidi Upshear = 25417 kt

20 40 60 30 10012

54

®* MUCAPE/SBCAPE = 1264 J kg !

« DCAPE = 1501 J kg 1

* 850-500 hPa lapse rate = 7.5°C km™!

* Sfc-3km Lapse Rate (AGL) = 9.8°C km?

* 0-6 km shear = 40 kts (some super cells
organizing into a line/lines)

* Wet Bulb-Zero Height = ~10.0 kft AGL
* 0°C Height = 13.9 kft AGL

¢ -20°C Height = 23.2 kft AGL




2000 UTC 18 May 2017
RAP 0-6 km Bulk Shear SBCAPE (J kg'') & SBCIN (J k

Mesoscale Analysis Data

Mesoscale Analysis Data

@l!%u.ﬁ% g

1000-2000 J kgt of SBCAPE over
eastern NY and western New

Best 0-6 km Bulk Shear from Capital
Region north and west ~40 kts or greater

QEATH, England (moderate instability)
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2000 UTC 18 May 2017 RAP
0-3 km Lapse Rates (°C km 1) and DCAPE(J kg)

Mesoscale Analysis Data

The low-level lapse rates were steep 8.5-9°+C km ! and the
wErTae | best DCAPE of 1000-1400 J kg* was over the forecast area.
5&3 Not shown, the mid level lapse rates 6.5-7+°C km %
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2030 UTC NYS Mesonet LCL (hPa) and
Radar (>20 dBZ)with Winds overlayed

LCL (pressure, fill) and Radar (> 20 DBZ)
Figure created on Thu, 2017-05-18, at 20:30 UTC
Station Count: 119 Stations Used

25 mph

800

700

. 600




2100 UTC RAP MSLP (hPa) & Winds(kts)

Mesoscale Analysis Data

Lake breeze and outflow boundaries
race ahead prefrontal trough and cold
front




2000-0200 UTC KENX Base REF loop (dBZ)




NWS at Albany Forecast Area
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18 May 2017 NYS Mesonet
Glen Falls Meteogram

__Temperature (F) & Insolation (W/m?) Winds (mph) & Pressure (mb)
Ug’j I | 80 ]
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5 A 0 | e Occurred between
0001 0601 1201 1801 0001 0001 0801 1201 1801 0001
Time (UTC) Time (UTC) 730-740 pm
Relative Humidity (%) & Precipitation (in) Wind Direction
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= o § o mphfl
©
_:éu o0 o West |3 .,‘ 210;
> | B 4
oc m ) 16
T o B g s ‘.'M : 14
= 3] . 12
,S } 0.40 k=] South . 10
2 40 3 b 8
5 < ¢
2 - 0.20 2 East - 4
& 2 ' o b 2
= ]
a
0 ﬁ 0.00 North
0001 0601 1201 1801 0001 0001 0601 1201 1801 0001
Time (UTC) Time (UTC)
Location: Glens Falls
Station elevation: 98.6638 m Extremes For Past 24 Hours
Station lat/lon: 43.3409; -73.602 (High/Low/Max Wind/Total Precipitation)
Figure created on Fri, 2017-05-19, at 00:01 UTC 91.5/58.1/29.7/0.48
Most recent data timestamp: : ) o




«.and a barn destroyed
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Macroburst near KGFL

Maximum Estimate Wind Speed: 90 mph
Estimate Time: 730-740 pm (2330-2340 UTC)

NYS Mesonet site in Glen Falls measured a
wind gust of 59 Knots (68 mph)

Path Length 3 miles, and path width 1.5 miles
extending from Queensbury in Warren Co. to
northern Washington Co.

Extensive tree damage, a few roofs damaged
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Washington Co. Emergency
Management (Tim Hardy) Photos
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18 May 2017 Storm Reports

Ut

ALY Forecast Area: 41 reports
POD: 1.0 (100%)

FAR: 0.17 (17%)

Avg. Lead Time: 26.4 min
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Mesoanalysis Results

 Anomalous hot air mass for mid-May (NYS mesonet)

 Moderate instability and 0-6 km bulk shear (40 kts or
greater) supported discrete mini-supercells evolving
into QLCS and finally a squall line

* Impressive/extreme DCAPE coupled with steep low-
level lapse rates (inverted-V signature) supported
significant damaging wind threat
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Final Thoughts on Mesoanalysis

e Use all available data: surface, upper air, mesonet,
profiler, radar, lightning and satellite data

* Try to keep continuity and do your analysis on an
hour by hour basis

* Look for boundaries and gradients

* Incorporate convective parameters in the severe and
winter weather analysis (very important)

 Don’t always run to the HIRES mesoscale models or
CAMs for the answer (important to use still)
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