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Low-Level Jets and Mixing Layer Heights in the 
Plains Elevated Convection at Night (PECAN) Campaign

Low-Level Jets and Moisture Transport Mixing Layer Heights from Doppler Lidar: A New Algorithm
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Thisresearchwill improveour understandingof the atmosphericphenomenarelatedto GreatPlainsrainfall,openingthe
door for better modelsandweatherforecasting.

Nocturnalwarm seasonthunderstormsare a commonphenomenonin
the GreatPlainsregionof the UnitedStates. Thesestormshavea crucial
impact on the local agriculture and everyday life, and yet the
forecastingof these events and their quantitative rainfall remains a
difficult task. PECANwas designedto study Great Plains nocturnal
rainfall and related phenomena with unprecedented temporal and
spatialcoverage.

�‡ Focusedon nocturnalconvectionwith a stableboundarylayer (SBL),
low-level jet, and largest convectively available potential energy
(CAPE)abovethe SBL

�‡ Domain: southernGreatPlainsfrom June1 �t July15, 2015
�‡ 200+ scientistsfrom multiple agenciesanduniversities
�‡ 6 fixedsites(FPs),4 mobilesites,and3 aircraft

PECAN Overview
PECANFP2 Instruments:
�‡ Watervaporlidar
�‡ Dopplerwind lidars
�‡ Radiosondes
�‡ Microwaveradiometer
�‡ X-bandDopplerRadar
�‡ Celiometer
�‡ Micropulselidar
�‡ Surfaceinstruments
�‡ Tethersonde
�‡ Sodar
�‡ Airborneinstrumentflyovers
�‡ Atmospheric Emitted Radiance Interferometer (AERI)

The Warm Season Great Plains Nocturnal LLJ

�‡ Typically forms around sunset (~1 UTC)with dissipation of
constrainingboundarylayer turbulence,and often persistuntil
sunrise. Windspeedmaximumin earlymorninghours.

�‡ Characteristicsoutherlyflow from the Gulfof Mexico

�‡ Most commonin OklahomaandKansasbut canreachCanada

�‡ Moisture and momentum and can feed into mesoscale
convectivesystems

Objectives

�‡ The broad array of instrumentation operating during PECAN
will be used for a statistical study characterizingmoisture
transport and jet wind structure and evolution with
unprecedenteddetail.

�‡ Datafrom the PECANsite FP2 alongwith other fixed sitesand
aircraftwill beutilizedto examinemesoscalespatialvariations.
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�‡ Intercomparisonof high-resolution moisture and wind profiles for the 33 LLJ
eventsobservedat FP2. CalculateRichardsonnumbers.

�‡ Expandsomecasestudiesto the entire PECANdomainof data; report on spatial
variationof LLJmoisturetransport

�‡ Incorporateairborneinstrumentflyoverdata

�‡ Continuevalidationandfine-tuningof MLHalgorithm

�‡ Examinenighttime busts of mixing using MLH algorithm in conjunction with
other profilingandsurfaceinstruments

�‡ UtilizeMLHalgorithmand individualproductsto exploreturbulenceaboveand
belowLLJnose

�‡ All Dopplerlidar scantypesare incorporated
(conical, slice, stare). Coversheights from
10m AGLupwards

�‡ 7 independentproducts contribute to MLH
estimate

�‡ Fuzzylogic: Eachproduct at each height is
converted to a �^�u���u�����Œ�•�Z�]�‰�À���o�µ���_of
confidence in mixing; 1.0 most, 0.0 least
likelyto be in ML. Combinedby averaging.

�‡ New MLH estimate with each scan cycle;
~25min cycle during PECAN. Applicable in
nearreal-time.

Applications to PECAN

�‡ Relate daytime convective boundary layer
heightsto evening/nightphenomena

�‡ ExamineMLH before and after bore wave
passage

�‡ Nocturnalburstsof mixing

LLJ Statistics from PECAN FP2
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PECAN domain

2) Find turbulent layer via velocity variance of all useful scans:
�•vr

2  from each VAD scan  �•u 2, �•v 2 from RHI scans
�•w 2 from vertical stares

Combine using fuzzy logic for a first guess of the MLH

1) Detect and remove effects of gravity waves and large scale, 
non-turbulent motions

3) Find nearby proxies for mixing:
Peaks in wind shear and SNR variance, large gradients in SNR

If locations of these proxies are within 15% of the first guess 
MLH, combine them with first guess to determine final MLH

4) Flag the final estimate of the MLH:
Is it raining? Is the MLH cloud-topped?
Is MLH estimate near max or min of measurement range?

Strong bore wave observed at FP2

FP2

a) �t e): Some of the processed data products that feed into the MLH algorithm     f): Flags of the final MLH estimate
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LLJ 
category

Vmax
(m/s)
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Count in 
PECAN

No jet --- --- 5

LLJ-0 �H���í�ì �H���ñ 3

LLJ-1 �H���í�î �H���ò 9

LLJ-2 �H���í�ò �H���ô 4

LLJ-3 �H���î�ì �H���í�ì 17

Vmax is the maximumwind speedat jet
nose. �P�sis the differencebetweenVmax
andthe minimumspeedabovenose.

LLJcategoriesand nose heights at FP2 for every night during
PECAN. Gapsarenightswith no jet or oneof 3 missingdatanights.

r2: 0.971
RMSE: 129

y = 0.923x + 40.5

Final estimate for MLH requires surface-connected
membershipof 0.7 or higher [cyan line]. Convective
daytime layer is clearly mixed. Transitionperiodsare
difficult to characterize,expandingthe 0.2 and 0.9
confidencebounds[white, blackdashedlines].

a)

Comparisonwith radiosondesshowsgood agreement.
Sonde MLHs were determined by surface-connected
constantpotential temperature. Only17datapointsare
available becausemost other sondeswere launched
during stablenighttime conditions(MLHwithin 20m of
surface)or transitionperiodswith no clearMLH.
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