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Overview

Timing: 15 August 2018 — 30 April 2019
Location: Villa Yacanto, Argentina (32.1°S, 64.75°W)

Secured Resources: AMF-1 (reconfigured), C-SAPR2,
INP and stereo camera measurements

Potential Resources: G-1 aircraft, Other Pl
instrumentation

|OP is coincident with RELAMPAGO (NSF) field
program (1 November — 15 December 2018)

Courtesy NASA



Experiment Rationale — Repeated Orographic Cumulus

Figures courtesy of U. Wyoming

Figures courtesy of NASA



Experiment Rationale —
Variable Aerosol and Land Surface Properties



Experiment Rationale —
Repeated Deep Convective Initiation

Figures courtesy of U. Wyoming

Figures courtesy of NASA



Experiment Rationale —
Repeated Cumulus and
Deep Convective
Initiation
Webcam time lapse videos viewing

SW toward AMF1 site:
https://www.wunderground.com/we

bcams/ClaudioLU9HOA/4/show.html

Courtesy Wunderground



Experiment Rationale — “Extreme” Convection

These numbers are for the area observable by the AMF-1 (< 25 km
away) from one season estimated from MODIS images.

Most Extreme Lightning Flash Rates (Zipser et al. 2006)

The most “extreme” storm
observed by TRMM occurred
downstream of our proposed
location. It had a 40 dBZ echo

reaching 18.8 km, a 85-GHz

PCT down to 44 K, a 37-GHz

PCT down to 68 K, and a

minimum IR T, of -111.6 C.

Severe Hail Frequency Estimated from AMSR-E
(Cecil and Blankenship 2012)



Experiment Rationale — Mesoscale Organization

Solman et al. (2013)

Figure courtesy of Steve Nesbitt



Experiment Rationale — “Extreme” Organization

System rainfall > 300,000 m3/s

Vidal and Salio (2014)



Experiment Rationale — Variable Environmental
Conditions and Forcings

Rasmussen and Houze, 2016

Jetstream
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Gravity Waves
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Science Question #1

How are the properties and lifecycles of orographically generated boundary layer
clouds, including cumulus humulis, mediocris, congestus, and stratocumulus,
affected by environmental kinematics, thermodynamics, aerosols, and surface
properties? How do these clouds types alter the lower free troposphere through
detrainment?

Measure the scales and velocities of individual cloud updraft and downdrafts
including how they evolve in time, and relate these to measurements of cloud
microphysical and macrophysical features.

Investigate the ways in which aerosol properties and cloud dynamics impact
precipitation and ice initiation in a growing congestus cloud including the ways
that these initiations impact subsequent cloud and precipitation evolution.

Explore the predictability of cloud coverage, depth, and radiative properties given
large-scale environmental conditions

Investigate the impacts of mesoscale circulations and land surface interactions on
local environmental conditions and cloud lifecycles.

Quantify cloud effects on the environment.



Science Question #2

How do environmental kinematics, thermodynamics, and aerosols impact deep
convective initiation, upscale growth, mesoscale organization, and system lifetime?

How are soil moisture, surface fluxes, and aerosol properties altered by deep
convective precipitation events and seasonal accumulation of precipitation?

Quantify the mechanisms that transition congestus to deep convection while
relating deep convective dynamical motions to microphysical signatures and
macrophysical characteristics of the clouds and precipitation.

Investigate the predictability of deep convective cloud and precipitation properties
including mesoscale organization given knowledge of large-scale environmental
conditions, and determine the mechanisms most important for continued growth
and/or organization of deep convection. This includes the ways in which cold pool
properties depend on environmental and precipitation characteristics.

Investigate the impact of deep convective precipitation on boundary layer aerosol
and cloud properties through alteration of surface conditions across a range of
timescales from hourly to seasonally.



AMF-1/MAOQOS/C-SAPR2/Guest Instrumentation

Land Surface/PBL
Soundings, Surface Met, ECOR, SEBS, AERI, Doppler Lidar, SODAR
Free Troposphere

Soundings, Microwave Radiometers, RWP
Aerosols

MPL, Doppler Lidar, MFRSR, Sun Photometer, Size Distribution (UHSAS, SMPS, APS?), CCN, UCPC,
CPC, INP Filter Collections, Extinction (PSAP, Aethelometer, Ambient Nepholometer), Growth
(HDTMA), composition (ACSM), CO/N20/H20/03

Not included: Wet/Dry Nepholometer, SP2, PTRMS, NOx/NOy/SO2
Clouds/Precipitation

X/Ka-SACR, C-SAPR2, KAZR, RWP, ACDC, Ceilometer, TSI, Microwave Radiometers, Laser
Disdrometer, Tipping Bucket and Optical Rain Gauges, WACR?

Radiation
Microwave Radiometers, AERI, MFRSR, Ground/Sky Radiometers

We hope to have the G-1 aircraft participate for an IOP in November-December as well so that in
situ cloud and free tropospheric aerosol properties can be obtained and extended using remote
sensing. IOP requests for additional instrumentation may also be in the works.



Proposed CACTI AMF-1 Site and Logistics




Proposed CACTI AMF-1 Site and Logistics

Looking north at proposed site

Looking south at proposed site



Road to ridge top



Road to ridge top



Looking back to site from ~2000-m elevation



Siting

View: https://www.google.com/maps/@-31.9069276,-
64.7725012,636m/data=!13m1!1e3!5m1l!led




Measurement Strategy



Measurement Strategy



Combined CACTI-RELAMPAGO Resources

Figure courtesy
of Steve Nesbitt



Measurement Strategy — Environment

Strategy is to measure interactions between all local environmental variables with clouds
and precipitation

Measure the inflow to cloud base with in situ/radar cloud measurements and detrained air
into the free troposphere over the site

Operations will be limited to daytime with 1.5-3 hourly AMF site soundings depending on
the situation, and 3-6 hourly upstream soundings



G-1 Measurement Strategy



Open Questions

|OP Requests (UAS, met. stations, rain gauges/disdrometers?)
APS Deployment? WACR Deployment?
UU and Ul Pre-CACTI Research

Observing Strategies — Especially soundings and scanning
radars

Preliminary Science Plan to be released



Extra Slides



Research using CACTI measurements

* INTERACTIONS BETWEEN BOUNDARY LAYER CLOUDS AND THE
ENVIRONMENT

— Land Surface Properties

— Boundary Layer Circulations

— Free Tropospheric Interactions

— Aerosol Effects

— Model Validation and Improvement

* DEEP CONVECTIVE INITIATION AND ORGANIZATION
— Transition from Congestus to Cumulonimbus
— Dynamical, Microphysical, and Macrophysical Relationships
— Factors Controlling Mesoscale Organization
— Impacts on Aerosols and Land Surface Properties



INTERACTIONS BETWEEN BOUNDARY LAYER CLOUDS AND THE
ENVIRONMENT
Land Surface Properties

How do surface conditions such as soil moisture and vegetation, as well as
atmospheric conditions such as atmospheric relative humidity and wind
speed, impact the Bowen ratio?

How does the Bowen ratio impact the evolution of boundary layer
temperature, relative humidity, depth, and turbulence?

How does the coupling between surface conditions and boundary layer
structure impact boundary layer aerosol and cloud properties?

Can single column and LES models reproduce observed sensitivities of
boundary layer evolution to surface conditions? If not, what causes
differences?



INTERACTIONS BETWEEN BOUNDARY LAYER CLOUDS AND THE
ENVIRONMENT
Boundary Layer Circulations

How is the evolution of upslope flow affected by surface fluxes and the
horizontal and vertical distributions of atmospheric temperature,
humidity, and winds?

How do background mesoscale circulations, such as the SALLJ or a cold
front, interact with the topography and alter thermal upslope flows?

How do boundary layer circulations and thermodynamics impact cloud
location and depth as a function of time?

How well do multi-scale models reproduce boundary layer circulations and
observed sensitivities of boundary layer growth and cloud formation to
these circulations? What are sources for model biases?



INTERACTIONS BETWEEN BOUNDARY LAYER CLOUDS AND THE
ENVIRONMENT
Free Tropospheric Interactions

How does the entrainment rate vary as a function of environment, and
what impact does it have on cumulus dynamics, microphysics, and
macrophysics?

How does cloud detrainment modify the lower free tropospheric humidity
and stability?

How do orographic, low level jet, and synoptic circulations modify the free
tropospheric humidity and stability, and what are the relative time scales
of these modifications?

How do impacts of circulations and clouds on the environment feedback
to the circulation and cloud evolution?

How well do multi-scale models reproduce the interactions between cloud
lifecycle and free tropospheric evolution? When do models perform well
and when do they not perform well? What are sources of model biases?



INTERACTIONS BETWEEN BOUNDARY LAYER CLOUDS AND THE
ENVIRONMENT
Aerosol Effects

As a function of meteorology, how does the low level CCN concentration
impact cloud microphysics, dynamics, macrophysics, and radiative forcing?

How does CCN correlate with CN and AOD for different meteorological
conditions and as a function of the diurnal cycle?

How do out-of-cloud, in-cloud, and cloud-processed aerosol properties
relate to one another?

How well do surface aerosol measurements predict in-cloud aerosol and
cloud droplet properties?

How well do high-resolution simulations with state of the art aerosol and
microphysics schemes reproduce observed sensitivities of clouds to
aerosol properties, particularly the aerosol size distribution and CCN
number concentration?



INTERACTIONS BETWEEN BOUNDARY LAYER CLOUDS AND THE

ENVIRONMENT
Model Validation and Improvement

How well do different combinations of surface, boundary layer, free
troposphere, and aerosol variables predict cloud macrophysical,
microphysical, and dynamical properties as a function of time in
observations and models?

Can idealized and nested LES simulations using an ensemble of physics
schemes reproduce relationships between surface conditions, boundary
layer structure, aerosol properties, and cloud properties when given the
range of conditions that were observed? What are the primary causes for
differences between simulations and observations?

Can GCM and NWP simulations reproduce cloud macrophysical,
dynamical, and microphysical characteristics as a function of environment
and different time scales (diurnal and seasonal)? What are the primary
causes of model biases?



Research using CACTI measurements

* INTERACTIONS BETWEEN BOUNDARY LAYER CLOUDS AND THE
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— Land Surface Properties
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* DEEP CONVECTIVE INITIATION AND ORGANIZATION
— Transition from Congestus to Cumulonimbus
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— Factors Controlling Mesoscale Organization
— Impacts on Aerosols and Land Surface Properties



DEEP CONVECTIVE INITIATION AND ORGANIZATION
Transition from Congestus to Cumulonimbus

How predictable is the transition from congestus to cumulonimbus, and
which combinations of environmental variables are the best predictors of
this transition?

Does warm rain form in congestus clouds, and if so, what environmental
conditions support warm rain formation, and how does warm rain impact
subsequent cloud and precipitation evolution?

When and where in congestus clouds does ice initiate, how does ice
initiation depend on INP properties and other environmental conditions,
and how does ice initiation impact subsequent cloud and precipitation
evolution?

How do models with different grid spacing and physics parameterizations
perform in predicting deep convective initiation? What model aspects
produce the best and worst predictability? Are environmental predictors
of initiation the same in models and observations? If not, why not?



DEEP CONVECTIVE INITIATION AND ORGANIZATION
Dynamical, Microphysical, and Macrophysical Relationships

What size and strength are convective updrafts and downdrafts in congestus
and cumulonimbus clouds, and how do draft properties depend on
environmental conditions (boundary layer depth, convective available
potential energy, vertical wind shear, and free tropospheric humidity)?

How do sub-cloud scale microphysical features (e.g., regions of large
precipitation rate, supercooled water, or specific ice properties) relate to cloud
updrafts and downdrafts?

How do cloud dynamical and microphysical features co-evolve in time, and
what impacts do they have on cloud macrophysical evolution?

How do CCN and INP properties indirectly impact deep convective dynamics
and ice microphysics through lofting of supercooled water and ice initiation,
and how does this affect cloud top height, anvil expanse/thickness, and
rainfall?

How do relationships between simulated deep convective cloud macrophysics,
microphysics, and dynamics compare to observed relationships as a function
of the convective life cycle? How do comparisons change with model setup
(grid spacing, physics schemes, etc.) and what aspects of parameterizations
cause differences between simulations and observations?



DEEP CONVECTIVE INITIATION AND ORGANIZATION
Factors Controlling Mesoscale Organization

How predictable is the upscale growth and mesoscale organization of
deep convection, and which combinations of environmental variables are
the best predictors of these processes?

Which combinations of cold pool strength/depth and ambient
environmental conditions promote upscale growth and organization of
convection to the east of the mountains and which do not? How
important are the SALLJ and gravity waves?

Which environmental properties best predict convective mode?

What impacts do aerosols have on mesoscale convective properties such
as cold pool strength, and how does organized deep convection alter the
distribution of aerosols?

Are multi-scale models able to predict when deep convection organizes or
doesn’t organize? Which models perform best and why? How can
mesoscale convective organization be represented in GCMs?



DEEP CONVECTIVE INITIATION AND ORGANIZATION
Impacts on Aerosols and Land Surface Properties

How does deep convective rainfall impact soil moisture and vegetation on
daily and seasonal time scales?

How do convective downdrafts feeding cold pools and precipitation alter
CCN and INP properties at the surface and in the boundary layer?

How do surface conditions that change as a result of precipitation
feedback to boundary layer cloud properties and probability of further
precipitation (e.g., through the altered probability of convective
initiation)?

Do aerosol and surface schemes in models accurately reproduce observed
changes in surface conditions and aerosols that result from precipitation
on daily and seasonal time scales?



