Severe Weather Ingredients
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Ingredients for
Organized Severe Thunderstorms

Alnstability (Lapse Rates)
ALift (QG, mesoscale, convective scale)
AMoisture (return flow, soil moisture, evapotranspiration)

AVertical wind shear



Ingredients for
Organized Severe Thunderstorms

Alnstability (Lapse Rates)
ALift (QG, mesoscale, convective scale) This lecture
AMoisture (return flow, soil moisture, evapotranspiration)

AVertical wind shear - a separate lecture

Key ingredient for

organizedsevere storms




Instability: The Basics

AGive a parcel a nudge and see what
happens!

AWe determine an environments
stability by itslapse rate(Change of
environmental temperature with
height)
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Instability: The Basics

Alntegrate the depth where parcel is
warmer/less dense than its surrounding

ACAPE (Convective Available Potential
Energy)
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Instability: The Basics

Take a small finite layer depth
within CAPE profile
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Short/thick CAPE:
Drives larger upward acceleration

Tall/narrow CAPE:
Smaller upward acceleration

1. Offsets negative effects of dry air entrainment Water loading and entrainment more

into updraft

2. Mitigates effects of precipitation drag on updraft

substantially weaken updratft




So, how do we get wider CAPE?
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Looking for steep midlevel lapse
rates!
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Instability: Elevated Mixed Layer (EML)

ADeep mixed layer forms over Rockies and Sierra Madre in response
to surface heating

AStronger heating and/or cooler temperatures aloft results in deeper
mixed layer

AMixed layer is advected eastward and becomes elevated east of the
Rockies and Sierra Madre (really, east of the dryline)

ADifferential advection (eastward advection of EML above northward
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DNR 140904/0000 (Archive)
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Cap strength is
related to:

* EML @

* Depth/quality
of moisture

e Surface
heating and
mixing in
moist sector




Lift

ASynopticscale lift
A 1-10 cm/s for many hours (6 hours ~2 km ascent (8BC hPa))
A 6 hours to reach LFC

A Conditions environmenfor deep, moist convection over broad area
A Lapse rate stretching
A Removal of inhibition
A Layered clouds in regions of isentropic lift; some elevated storms can form

AMesoscale lift
A 1 m/s for minutes to hours (1 hour ~3.6 km ascent (SF50 hPa))
A < 1 hour to reach LFC
A Narrow zones of ascent along boundaries and terrain features
A Direct initiation of thunderstorms

AStormrscale lift
A 10 m/s for minutes (15 mins ~9 km of ascent (S¥D hPa))
A 5 minutes to reach LFC
A Storm maintenance and propagation (supercells, MCSs, squall lines, etc.)



SynopticScale Lift

AQG sources
AWarm advection/isentropic lift and differential vorticity advection

Aldet streaks (also QG)

AStraight jet: ascent in right entrance and left exit regions
ACurved jet: ascent downstream and along jet core
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SynoptiecScale Lift Summary

AGradual ascent over many hours
AWarm advection and differential vorticity advection are primary drivers

APrimary role of QG ascent is to precondition environment for convection
ACan also initiate elevated storms in regions of warm advection
AMost surfacebased storms are triggered by mesoscale ascent



Mesoscale Lift

AFocused and narrow zones of lift for minutes to hours

AFronts

ARising on warm side with frontogenesis
Alsentropic ascent on sloped warm front

AOutflow boundary

A Lift is governed by depth/strength of cold pool and lelevel vertical wind shear
[Rotunno-KlempWeisman (RKW) Theory]

ADryline
A Lift on dry/hot side (lower density air)

Ald_iftlgoverned by depth of mixing west of dryline and depth of moist layer east of
ryline
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Dryline

AFocused ascent along dryline can be ~1 m/s (~1 hour to reach LFC)

ALift depends on depth of mixing west of dryline and depth of moist layer
ahead of dryline

AMaximum vertical motion along dryline scales with height of moist layer

AConvection initiation linked to the residence time of air in the zone
of ascent

AWinds above the surface parallel to dryline keeps air in zone of lift longer

AConvection will initiate in points or bands

AUsually the mode of initiation for surfacdased supercells in
central/southern Plains
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110524/1800 (Archive)

LFC is within the deep
dryline circulation

Keep parcels in the
zone of ascent winds
within circulation SSW
(parallel to dryline)
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Moisture

AMoisture in PBL needs to be large and deep enough for convection
AReturn flow
Alnland vertical mixing/diurnal processes

AEvapotranspiration



Low-level Moisture Return Flow

AKey elements include air mass modifications over warmer water
and return flow trajectories

AAir mass modification is a muliilate process

AAsk yourself the following:
AWhere is the air coming from?
AWhat are the underlying ocean characteristics?
AWhat is the character of the returning moist layer?
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Air temperature after cold front passage

NOAA/NESDIS GFE"g—POLAR BLENDED 5 km SST ANALYSIS
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BRO 161120/0000 (Observed)
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BRO 161121/0000 (Observed)
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