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Executive Summary

AThree Cases from E&CHIWC Field Campaigns are Examined with a
Numerical Cloud Model
A These include two cases from the 2022 Campaign and one from the 2015 Campaign

A Additional experiments are initialized with different cloud droplet concentrations,
each representing a range of aerosol environments

ANumerical Simulations Produce Large HIWC Systems in all Three Cases

A Within the mature convective systems, most of the volume integrated water is in the
form of ice particles

A Large areas of significant IWC occurs betwed2 Km (23,00040,000ft) altitude
A Values for RRF drop off rapidly with altitude abouerBMSL
A The horizontal scale of the HIWC areas are similar to encountered by tBe DC

AAdditional Sensitivity Experiments are Conducted in Each of the Three
Cases to Examine Sensitivity to Aerosols

A Increased concentrations of aerosols may reduce the area of HIWC



Outline

AReview of Important Factors Influencing HIWC
ABrief Overview of Thredimensional Cloud Model Used in Study
ATwo Cases from HIWC 2022 are Identified and Briefly Described

AResults from the Cloud Model are Shown for Each Case

A Simulated results compared to observations
AParametric studies to investigate influence of environmental aerosols on
HIWC

ABonus Simulations from a HIWC 2015 Case are Described
ASummary and Conclusions



Review of Important Factors Influencing HIWC

AEnvironment has Significant Convective Potentia
ADeep Moisture through Tropopause with High Va
APersistent Duration of Convection. Convective P

Instability (CAPE)
ues of Precipitable Water
umes should be Active an

for at Least One or more Hours. These Plumes Feed Ice Crystals into an

Expanding Canopy

ADeep Convection within a Mesoscale or Tropical system (e.g. Mesoscale

Convective System (MCS) or Tropical Cyclone)

Mesoscale Convective System (MCS)
viewed from International Space
Station (NASA)

e . |



Environmental Aerosol Effects

AChanges in Aerosol Concentrations:

ACan Increase or Decrease the Number Concentration of Cloud Droplets (NCD)
by Providing more (or less) Particles (nuclei) for Cloud Droplets to Grow On
A Larger aerosol concentrations are expected to result in larger NCD

A High concentrations of aerosols will result in a higher number concentration of droplets
that compete for the same amount of water vapor, and thus will have droplet diameters
that grow relatively slow.

A i.e., Higher aerosol concentrations result in Higher NCD and Smaller Droplet Sizes
ACan Affect Raindrop Production from Collectidoalescence of Cloud
Droplets due to Increased NCD (via Higher Aerosol Numbers)

AMay Increase or Decrease the Concentration of Active Freezing Nuclei at a
given Temperature.



TERMINAL AREA SIMULATION SYSTEM (TASS)

A Timedependent, 3D, Large Eddy Simulation (LES) Model
A Meteorological Framework

A Prognostic Equations for:
A 3-Components of Velocity - Pressure

A Potential Temperature - Rain

A Water Vapor - Snow

A Liquid Cloud Droplets - Hail / Graupel
A Cloud Ice Crystals - Dust / Insects

A Subgridscale turbulence parameterized with modifications for stratification and flow
rotation

A Numericsare accurate, highly efficienandessentially free of numerical diffusion

A Containsh roughly 60 cloud microphysstgomodels Bulk Parametrizations follow Kessler
approac

A History since 1986: microburst wind shea
@2NIAOSaz G2NYI R2
(e.g.,NASA TM 20121850

A Other HIWC simulations with TASS describelAdApapers 20164203, and 2014370,
as well as NASA TM 202010032, and NASA TM 202010118

ear, convective induced turbulence, aircraft wake
Sa YR 4SO@OSNB A02NyYaz Fdvyz2a



Cloud Ice Variables in TASS

w Important Prognostic Variables:

¢ Ice crystal water
wRepresents small ice crystals ~ 20 diameter and smaller
wMonodispersed
wWeak fall speed
wHexagonal shape

wNumber density of crystals function of temperature only, based on Meyets
al JAM, July 1992

¢ Snow
wRepresents larger precipitating ice crystals

wlnverse exponential distribution with intercept increasing with colder
temperatures and ice water content temperature as derived from NASA 2015
and 2018 HIWC D& campaign ice particle size distribution data (NASA TM
20205010118)

wTreated as low density spherical particles
¢ Graupel (or hail)
wlnverse exponential distribution with smaller intercept than snow
wHigher density and greater fall speed than snow
wGenerated from frozen raindrops and rimed snow

¢ For this presentation, Ice Water = ice crystal + snow + graupel



Background: Cloud Droplet Measurements

(table from Proctor 1987)

Dispersion Location Reference

50 .366 Maritime Simpson and Wiggert (1969)

689-927 .35-.38 Upwind of St. Louis Fitzgerald and Spyers-Duran (1973)

1157-1472 .30-.32 Downwind of St. Louis Fitzgerald and Spyers-Duran (1973)

2000 146 Extreme Continental Simpson and Wiggert (1969)

760-3166 12-.32 Colorado High Plains Knight et al. (1982)




TASS Darwin Simulation: Animation of3Cloud System (Br ¢ 4.5 hr)

TASS Simulation of Darwin,
Australia, HIWC Mesoscale
Convective System, 14 Jan
2014.

reference: NASA TM 2020
5010032

Demonstrates feeding of ice
water content into an
overhanging canopy by a
region of percolating
convective plumes

Time= 2:0:0.13

=20

a0 - —— 40 W)
TASS Ice Water Content (g/m°} TASS Radar Reflectivity Factor (dBZ2)
0.5 o a0

RED - RRF>40 dBZ
Yellow 7 IWC>05 gm*-3



HIWC Cases for 2022

Two Cases Chosen Representing a Range of Aerosol Environments for
HIWC Producing Convection

Factors in Selecting Cases:

AAerosols
ASuccessful Measurements of HIWC



Two Cases from 2022 Flight Campaign

Date | Convection Type and Location Peak IKP | Flight Comments
Duration of
IKP >1.%m3
10 Coastal MCS with shelived cells 274 3.70 49s (~10km)®  Lowest concentration of
July (over Gulf of Mexico off Louisiana aerosols, highest IWC of
deployment
30 Frontal MCS (off Mid\tlantic 650 2.09 65s (~13km)®>  Highest concentrations of
July Coast) aerosols, limited IWC
sampling

INumber of Cloud Droplets per volume (NCD) frorddewl flight measurements {5highest for each day).
?Ice water concentration (IWC) measured with Ice Kinetic Probe (IKP)

sSpatial scalestimatebased on 200 m/s air speed and neglecting environmental wind.

Due to the limitation of cases encountered during the 2022 campaign, especially those with high aerosol
would be difficult to correlate HIWC characteristics with aerosol concentrations from the measured data.

| 26 SOSNE UKAA O2dz R 6S SlFLaArAfteée R2yS OAl aSyairida
accuracy.)




30 July 2022



Surface Weather Map and NEXRAD Radar, 30 July 2022

NEXRAD

Daily Weather Maps
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Source: NOAA Daily Weather Maps Source: NOAA National Centers for Environmental Information
https://www.ncei.noaa.gov/maps/radar/
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Visible Satellite Image and Sea Surface Temperature

NOAA/NESDIS GEO—POLAR BLENDED 5 kwm SST ANALYSIS
FOR THE NORTH ATLANTIC
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https://satcorps.larc.nasa.gov/prod/exp/hiwc-2022/flttrks/DC8/2022/07/30/HIWC-2022.SF10_DC8.G16_CONUS.2022-07-30.VIS.mp4
https://satcorps.larc.nasa.gov/prod/exp/hiwc-2022/flttrks/DC8/2022/07/30/HIWC-2022.SF10_DC8.G16_CONUS.2022-07-30.VIS.mp4

Model Generated Sounding:
1700Z, 30 July 2022
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Descriptor, 30 July 2022

ASeveral Significant HIWC Encounters Near FL340
AHighest Aerosol Case
AMulticellular Convective Line

ANCD 7932 per cnm? (ten highest for day), 656n3 (5" highest for
day)
ATimes of Greatest Interest830-1845 UTC18501905 UTC

AMax IWC 2.095 g/fn 178 above ym3 (~36&m), 64sabove 1.5gm3
(~1%m)



w Grid rotated counter clockvise 1Q®. Low-level
shear vector aligns parallel to cyclic BC.

¢ Periodic BC at,y= X,y and X*)y (left and
right sides),

¢ Open BC ax,y=x,¥Y andx,Y
w Integrated in time for 3 hours

Z - Vertical

Domain Parameter

Lateral dimensions (X, Y)
Vertical dimension (2)

Lateral grid spacing

Vertical grid spacing

Computational grid

TASS Model Domain Configuration, 30 July 2022

Domain Size and Resolution

Physical Dimension

18.6km
150m
150m

A

30km x 120km

~21 x 10grid points

X*



TASS Simulation 30 July, Altitude R
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DCG8 Airborne Radar, Heading 921834 UTC
Altitude: 34,000ft (10.36km) with TASS Compariso
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RRF from TASS Simulation

IWC From TASS Simulation



Satellite Comparisons for, 30 July 2022

IR at 1839 UTC

300
280
260

£ 240
| 230

215

|
) : 200
. ‘_w. |
IlQD

TASS Simulated IR

A Left Column: Infrared imagery of cloud top
temperature from GOES Satéllite

A Above: TASS simulated IR (cloud top
temperatures)

A [)Iis%ance scales nearly identical between
plots

A White indicates coldest cloud tops,
extending above the tropopause

A Cloud anvil shearing toward north



TASS Simulation 30 JulyZYCross Section

Orthogonal to Convective Line

Radar Reflectivity Factor

Ice Water Content
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:— Cloud top
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RS Cloud base

Radar echo
{ " New cell boundary

71l—0°C

== Storm motion

Regton of hea\ﬂ Old ] KMatur;\

stratiform rain cell cell Gust front
Rtegtl.?n of trailing C Region of heavy
Stradtorm fain convective showers

Conceptualmodel of a convectiveline with trailing-stratiform precipitation viewed in a
vertical cross section oriented perpendicularto the line. Intermediate and strong radar
reflectivity is indicated by medium and dark shading, respectively Dashedine arrows
indicatefallout trajectoriesof ice particlespassinghroughthe melting layer HIWCdenoted
by yellow shading [Adapted from Houzeet al., Bulletin of the AmericanMeteorological
SocietyJune, 1989 ©AmericanMeteorologicalSociety Usedwith permission]
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TASS Simulation 30 July: Ardarf)
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