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Executive Summary
ÅThree Cases from DC-8 HIWC Field Campaigns are Examined with a 

Numerical Cloud Model
ÅThese include two cases from the 2022 Campaign and one from the 2015 Campaign

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

ÅNumerical Simulations Produce Large HIWC Systems in all Three Cases
ÅWithin the mature convective systems, most of the volume integrated water is in the 

form of ice particles 

ÅLarge areas of significant IWC occurs between 7-12 km (23,000-40,000 ft)  altitude

ÅValues for RRF drop off rapidly with altitude above 9 km MSL

ÅThe horizontal scale of the HIWC areas are similar to encountered by the DC-8

ÅAdditional Sensitivity Experiments are Conducted in Each of the Three 
Cases to Examine Sensitivity to Aerosols
ÅIncreased concentrations of aerosols may reduce the area of HIWC



Outline

ÅReview of Important Factors Influencing HIWC

ÅBrief Overview of Three-dimensional Cloud Model Used in Study

ÅTwo Cases from HIWC 2022 are Identified and Briefly Described

ÅResults from the Cloud Model are Shown for Each Case
ÅSimulated results compared to observations

ÅParametric studies to investigate influence of environmental aerosols on 
HIWC

ÅBonus Simulations from a HIWC 2015 Case are Described

ÅSummary and Conclusions



Review of Important Factors Influencing HIWC

ÅEnvironment has Significant Convective Potential Instability (CAPE)

ÅDeep Moisture through Tropopause with High Values of Precipitable Water

ÅPersistent Duration of Convection.  Convective Plumes should be Active an Area 
for at Least One or more Hours. These Plumes Feed Ice Crystals into an 
Expanding Canopy

ÅDeep 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) 



Environmental Aerosol Effects

ÅChanges in Aerosol Concentrations:
ÅCan Increase or Decrease the Number Concentration of Cloud Droplets (NCD) 

by Providing more (or less) Particles (nuclei) for Cloud Droplets to Grow On
ÅLarger aerosol concentrations are expected to result in larger NCD

ÅHigh 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.

Åi.e., Higher aerosol concentrations result in Higher NCD and Smaller Droplet Sizes

ÅCan Affect Raindrop Production from Collection-Coalescence of Cloud 
Droplets due to Increased NCD (via Higher Aerosol Numbers) 

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



TERMINAL AREA SIMULATION SYSTEM (TASS)

ÅTime-dependent, 3-D, Large Eddy Simulation (LES) Model

ÅMeteorological Framework

ÅPrognostic Equations for:
Å 3-Components of Velocity - Pressure

Å Potential Temperature - Rain

Å Water Vapor  - Snow

Å Liquid Cloud Droplets - Hail / Graupel

Å Cloud Ice Crystals - Dust / Insects

ÅSubgrid-scale turbulence parameterized with modifications for stratification and flow 
rotation

ÅNumerics are accurate, highly efficient, and essentially free of numerical diffusion

ÅContains roughly 60 cloud microphysics submodels. Bulk Parametrizations follow Kessler 
approach

ÅHistory since 1986: microburst wind shear, convective induced turbulence, aircraft wake 
ǾƻǊǘƛŎŜǎΣ ǘƻǊƴŀŘƻŜǎ ŀƴŘ ǎŜǾŜǊŜ ǎǘƻǊƳǎΣ ŀǘƳƻǎǇƘŜǊƛŎ ōƻǳƴŘŀǊȅ ƭŀȅŜǊ ǘǳǊōǳƭŜƴŎŜΧΦΦ         
(e.g., NASA TM 2014-21850 

ÅOther HIWC simulations with TASS described in AIAA papers 2016-4203, and 2017-4370, 
as well as NASA TM 2020-5010032, and NASA TM 2020-5010118



Cloud Ice Variables in TASS

ωImportant Prognostic Variables:
ςIce crystal water 
ωRepresents small ice crystals ~ 200 µm diameter and smaller
ωMonodispersed
ωWeak fall speed
ωHexagonal shape
ωNumber density of crystals function of temperature only, based on Meyers et 

al JAM, July 1992

ςSnow
ωRepresents larger precipitating ice crystals
ωInverse exponential distribution with intercept increasing with colder 

temperatures and ice water content temperature as derived from NASA 2015 
and 2018 HIWC DC-8 campaign ice particle size distribution data (NASA TM 
2020-5010118)
ωTreated as low density spherical particles

ςGraupel (or hail)
ωInverse exponential distribution with smaller intercept than snow 
ωHigher density and greater fall speed than snow
ωGenerated from frozen raindrops and rimed snow

ςFor this presentation, Ice Water = ice crystal + snow + graupel



Background: Cloud Droplet Measurements

     (table from Proctor 1987)

NCD
# cm-3

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 of 3-D Cloud System (2 hr ς 4.5 hr)

RED -   RRF > 40 dBZ
Yellow ï IWC > 0.5 g m - 3

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



HIWC Cases for 2022

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

Factors in Selecting Cases:

ÅAerosols

ÅSuccessful Measurements of HIWC



Two Cases from 2022 Flight Campaign

Date Convection Type and Location NCD 
(# cm-3)1

Peak IKP2 
gm-3

Flight 
Duration of 
IKP >1.5 gm-3

Comments

10 
July

Coastal MCS with short-lived cells
(over Gulf of Mexico off Louisiana)

274 3.70 49s (~10 km)3 Lowest concentration of 
aerosols, highest IWC of 
deployment

30 
July

Frontal MCS (off Mid-Atlantic 
Coast) 

650 2.09 65s (~13 km)3 Highest concentrations of 
aerosols, limited IWC 
sampling

1Number of Cloud Droplets per volume (NCD) from low-level flight measurements (5th highest for each day).
2Ice water concentration (IWC) measured with Ice Kinetic Probe (IKP) 
3Spatial scale estimate based 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 aerosols, it 
would be difficult to correlate HIWC characteristics with aerosol concentrations from the measured data.  
IƻǿŜǾŜǊΣ ǘƘƛǎ ŎƻǳƭŘ ōŜ Ŝŀǎƛƭȅ ŘƻƴŜ Ǿƛŀ ǎŜƴǎƛǘƛǾƛǘȅ ǎǘǳŘƛŜǎ ǿƛǘƘ ƳƻŘŜƭ ǎƛƳǳƭŀǘƛƻƴǎ όƛŦ ȅƻǳ ōŜƭƛŜǾŜ ǘƘŜ ƳƻŘŜƭΩǎ 
accuracy.)



30 July 2022                              



Surface Weather Map and NEXRAD Radar, 30 July 2022

Source: NOAA Daily Weather Maps Source: NOAA National Centers for Environmental Information

https://www.ncei.noaa.gov/maps/radar/

NEXRAD

https://www.ncei.noaa.gov/maps/radar/


Visible Satellite Image and Sea Surface Temperature 

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

Source: NASA Langley Satellite Imagery and Cloud Products Group
NOAA Sea Surface Temperatures: Gulf Stream,
6 July 2022

Visible, 30 July 2022

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

Location
 36.5N, 69.9W
Prominent Features
Å Tropopause -69C (204K)
Å -40 C at 246 mb
Å Melting level 5025 m
Å Unstable, deep moisture
Å Storm inflow from east
Å Anvil blow-off to northwest
Å Cell movement from east-

southeast about 25-30 knots
Å Surface: sea level (Atlantic 

Ocean)



Descriptor, 30 July 2022

ÅSeveral Significant HIWC Encounters Near FL340

ÅHighest Aerosol Case

ÅMulticellular Convective Line 

ÅNCD 790-632 per cm-3 (ten highest for day), 650 cm-3 (5th highest for 
day)

ÅTimes of Greatest Interest: 1830-1845 UTC, 1850-1905 UTC

ÅMax IWC 2.095 g/m3, 178s above 1g/m3 (~36km), 64s above 1.5 gm-3 
(~13km)



TASS Model Domain Configuration, 30 July 2022
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ωGrid rotated counter clock-wise 10o.  Low-level 
shear vector aligns parallel to cyclic BC.

ςPeriodic BC at x,y = X0,y and X*,y (left and 
right sides),

ςOpen BC at x,y =x,Y0 and x,Y*

ω Integrated in time for 3 hours

TASS Domain

X0

Y*

X*

X

y

Y0

Domain Size and Resolution
Domain Parameter Physical Dimension

Lateral dimensions (X, Y) 30 km x 120 km

Vertical dimension (Z) 18.6 km

Lateral grid spacing 150 m

Vertical grid spacing 150 m

Computational grid ~21  x 106 grid points



TASS Simulation 30 July, Altitude 10 km

Radar Reflectivity Ice Water ContentIce Water Content Radar Reflectivity

160 mins 180 mins



DC-8 Airborne Radar, Heading 92o, 1834 UTC
Altitude: 34,000 ft (10.36 km) with TASS Comparison

RRF From DC-8 RIWC From DC-8

IWC From TASS SimulationRRF from TASS Simulation



Satellite Comparisons for, 30 July 2022

ÅLeft Column: Infrared imagery of cloud top 
temperature from GOES Satellite

ÅAbove: TASS simulated IR (cloud top 
temperatures)

ÅDistance scales nearly identical between 
plots

ÅWhite indicates coldest cloud tops, 
extending above the tropopause

ÅCloud anvil shearing toward north 

IR at 1839 UTC TASS Simulated IR



TASS Simulation 30 July, Y-Z Cross Section 
Orthogonal to Convective Line 
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Houze Ŝǘ ŀƭΦΩǎ  /ƻƴŎŜǇǘǳŀƭ aƻŘŜƭ ƻŦ a/{ ǿƛǘƘ !ŘŘŜŘ IL²/ wŜƎƛƻƴ 

Conceptual model of a convective line with trailing-stratiform precipitation viewed in a 
vertical cross section oriented perpendicular to the line. Intermediate and strong radar 
reflectivity is indicated by medium and dark shading, respectively. Dashed-line arrows 
indicate fallout trajectories of ice particles passing through the melting layer. HIWC denoted 
by yellow shading. [Adapted from Houze et al., Bulletin of the American Meteorological 
Society, June, 1989; ©American Meteorological Society.  Used with permission. ]

HIWC



TASS Simulation 30 July: Area (km2)

Area with IWC > 1 gm-3 Area with Radar Reflectivity >20 dBZ




