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What is structural uncertainty?
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Emissions contribute to the propagation of structural
uncertainty

Climate-relevant
cloud quantities like CCN
properties activity

Spatial
heterogeneity Depend on aerosol number

impact? concentration, composition,

Aerosol etc.
sub-grid
processes

Spatial :

hetarogenaity Convective and turbulent

impact? transport of aerosols and

Drivers gases
(Emissions)
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Emissions are heterogeneous

Emissions are
assumed uniformly
distributed across
grid cells

Typical GCM
resolution >50km
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How does CCN activity vary with spatial heterogeneity?

Error in CCN activity

>

Spatial heterogeneity

i metric > i::

Spatially More spatially
heterogeneous homogeneous
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Particle-Resolved Aerosol Modeling %PartMc

Modal Sectional Particle Resolved

Radius Radius
Compositional Diversity

Particle-resolved models allow simulation of per-

particle aging (highly dependent on the properties of the
aerosol!)
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Simulation Setup
SGS eddy viscosity and

diffusivity parameterized

Use coupled WRF- via Deardorff's TKE

_ scheme
PartMC for particle-
Number distribution
rgsolve_d LES er distributio 2 km, 100
simulations grid cells

4000 -

Multiphase chemistry
using MOSAIC
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Gas, aerosol nitial

conditions and T vemewrtmi 4km, 40 A 20
emissions via Riemer et grid cells grid cells

al. 2009
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We must quantify spatial heterogeneity to measure Its
effect R

Error in CCN activity

Spatial heterogeneity
: i
Spatially More spatially
heterogeneous homogeneous
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Variance is an imperfect measure of heterogeneity

These scenarios have the same variance, o% =

Scenario 1 Scer%}io 2 Scenario 3
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Spatial Heterogeneity Metric

Normalized measure of how variance
of a quantlty IS arranged over a

I\mt‘\lh

(.S - LY -6 v <

subsets
Mean over Mean of
entire subarray
domain

For efficiency, a Monte Carlo
Implementation Is used to estimate SH.
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How are the emissions distributed?

Uniform base case

Emissions spatial
distribution varied using
Idealized patterns with
Increasing heterogeneity

Scenario 1

Scenario 2

Scenario 3

Spatial heterogeneity
scenarios compared
against the uniform base

0.17
Scenario 4 Scenario 5 Scenario 6 Scenario 7
SH=0.54 SH=0.64 SH=0.77

CaS e SH=0.40
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Measuring Error in CCN Activity

Spatial heterogeneity

i metric > i::

Spatially More spatially
heterogeneous homogeneous
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Measuring Error in CCN Activity (for each emissions scenario)

1. Calculate = E1R1+E2R2 +E3R3 2. Group particles by S and
critical / calculate CCN concentration
supersaturatio S =0.1% O o
(S) with k-Kopler] @ @
theory, §=03% | @ @ @
O ‘ O .
S = 0.6% @ O
® O
S =1.0% e @
o ©
3. Compute average CCN conc. for each vertical level and time

step
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How does CCN activity vary with spatial heterogeneity?

Error in CCN activity

>

Spatial heterogeneity

i metric > i::

Spatially More spatially
heterogeneous homogeneous
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CCN activating at low S are most sensitive to changes in
emissions heterogeneity

CCN (5§ =0.1%)
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Coagulation increases as spatial heterogeneity
Increases

Scenario 1 Scenario 7
SH=0.06 SH=0.77
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Coagulation reduces the number of particles that
activate as CCN

Scenario 7
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What are the impacts of spatial heterogeneity on

chemistry?

Scenario 1
SH=0.06
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Key takeaways

CCN activity tends to decrease
with increasing spatial
heterogeneity

Coagulation increases with SH,
likely reducing the concentration

Uncertainty
Regional and global models that + |
assume uniform emissions may - 353:33::22
overestimate CCN activity in kﬂ&/\ 33233235¢
geographic regions with high $37i383¢:¢

emissions heterogeneity
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Thank you

Email: sf20@lllinois.edu



