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“-Ess-EﬁXé‘L Takeaway message up front
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Using numerical simulations (LES) we found that field-based sampling methods are
unique 1n surface flux variability due to coherent roll structures within the marine
boundary layer*.

Vertical velocity contours of a large eddy
Schematic of a numerical simulation simulation with Lagrangian particles
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Black nodes: Eulerian field air
quantities (velocity, pressure,
temperature, specific humidity, LA
drag from particles, ...) v ' ‘

Blue circles: Lagrangian particle
quantities (position, velocity,
temperature, radius, mass, ...)
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* Lots of contingencies...



Rationale: GCCN source flux
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GCCNs accelerate the hydrological cycle for faster
cloud precipitation, and leading to less condensed water
in the atmosphere (Posselt et al. 2008, Jung et al. 2015)

Surface/production flux is orders of
magnitude in variability, how can we
constrain it? 3



wuvel Where do we go wrong?
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Does the source function or the model representation of physical meteorology cause the wide
range of model outcomes for high wind conditions and latitude?

With many source functions to choose from, how may we approach comparing output metrics?
How good can a source flux measurement even be? Is there physics or bias in different
measurements? Can we even evaluate with AOD?
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Observation of MBL roll features:
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SAR imagery on the surface winds of the
Sulu sea (09/01/2019), 250m resolution
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Horizontal wind-speeds of the Sulu Sea

b

SR .. SN e . e

Wind speeds (m/s)

5.0

6.0

70

Large scale models must
parameterize smaller
scale processes. What are
the consequences of
ignoring these roll-
features observed on
aerosol particle
transport?

We have ongoing conversations
of intermodel analysis with
different teams/groups to
accurately represent/capture
smaller-scale turbulent
structures
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weomeion  comparison of satellites & models

Large scale models must
parameterize smaller scale
processes. What are the
consequences of ignoring
these roll-features observed
on aerosol particle
transport?

Variation in production
fluxes lead to systematic
bias and uncertainty for
aerosol-transport models

Production Flux using Monahan 1986 empirical formula (#/m"2/s)
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* What 1s the range of variability
in surface flux given in situ ship
or aircraft measurements of
aerosol particles and vertical
velocity?

* How do roll features affect the
sampling of aerosol particle
fluxes?

* What measurement practices
can aid 1n sampling
representative aerosol fluxes?

Production flux, dF/dlogrgy/(m > s ™)
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Ués-'gﬁgéL Numerical approach
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Le.u‘ge eddy simulatiop Representation of the cloud-free marine
with Lagrangian particles atmospheric boundary layer: a simplified approach

Unstable boundary configuration (AT = 1.5K,
Uy, = 10m/s)

Prescribe persistent source of Lagrangian particles

10000m .. : :

o of two distinct sizes (10um, 50pum) representing
tracers and significant settling characteristics,
respectively.

Aerosol particles LES COAMPS NAAPS, ERAS
CCN Droplets Turbulence Meso, synoptic scales
Increasing scales,
% as well as different
0.1 pm 10 pem 1 mm Im 1 km 1000 km processes! 9



Plane visualizations of
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Horizontal 2-D
planes (idealized)

Numerical
Instrumentation

Theoretical flux-
profiles

POSitiVe o Not to scale...

| turbulent flux! o ,
x * How much sampling is required to

achieve convergence between a
measurement and its regional flux?
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* Do we get total convergence of sub-sampled
turbulent flux in numerical simulations?



“égEﬁXéL Surface flux (s.f.) variability
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Colors represent s.f. variation based on height, sub-regional areas, and particle size
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sampling (~14 minutes) variability in calculated surface fluxes! 12



U-Ess-gﬁggt Aerosol flux convergence
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An ogive curve computes how much aerosol flux

(through the Cospectrum Co,,.) is captured given a

reference frequency fy: 0guc(fo) = [ oj; °Co,.(Af

Ogive curve from LES dataset
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Aerosol flux is captured in
different frequencies based on
method of retrieval (critical for
measurement differences from
ships, buoys, aircraft, etc...)!
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Yertical flux bu.dget: The Extract LES data L Kind -
linearly decreasing (—fz) net (i.e. horizontal | Nisankaetal -
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(I)S,Z/(DS,LES
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We aggregate all techniques to

quantify the variability in the retrieved = ,, #=0m (2/zu =003
T F/Trazy = 1, Ar

surface flux through aerosol particle I EC, stream
size and boundary layer height B et
—J— N18, stream
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This baseline summary of & I 1l
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bounds the sampled surface flux
in predictive range: informing
global/mesoscale aerosol models 10+
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Production Flux using Monahan 1986 empirical formula (#/m"2/s) Production Flux using Monahan 1986 empirical formula (#/m*2/s)
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frequencies and associated temporal duration of

samplinglye want to quantify the important small-scale processes and
arameterize them for the global/meso-scale models...
GCCNs (larger settling) cause greater aerosol flux

uncertainty due to higher settling velocity
17
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