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INTRODUCTION

* Acerosol-cloud interactions (aci)
are the largest source of uncertainty
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ambiguous; aecrosol-cloud
adjustments are poorly constrained

A schematic describing the causal links on aerosol-cloud adjustments. Red
bordered items are examined directly in this work.

* Ny LWP and precipitation rate (P) from surface observations at the Eastern North Atlantic

(ENA) atmospheric observatory are used to constrain global adjustments in a Perturbed Parameter
Ensemble (PPE) of the Community Atmospheric Model version 6 (CAMO6)

Gaussian Process (GP) emulators are used to more thoroughly examine the model parameter space

METHODOLOGY

The relationship between Ny and LWP does not exist in 1solation. Confounding
sources of variability make 1t difficult to discern the causal link flowing from N
to LWP based on observed covariability between these terms. To determine a
causal link, we take measurements of mean/median state of and covariances
between LWP, N4, and P (as highlighted by the diagram in the Introduction) and
then constrain emulators of the PPE with these variables. Covariances are
measured by taking the slope of the linear regression between variables.

107 emulated ensemble members (hereafter referred to as “emulates™) are created
randomly sampling the 45 input parameters within their individual minimum and
maximum bounds,. Emulates have a mean and a variance and are constrained by
removing any emulates where the observed value does not fall within the bounds
of the variance. By examining this constrained subset, we can make inferences
about model causality and constrain PD-PI adjustments.

CAM6 PPE
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ENA is useful because (a) aerosol-cloud adjustments at ENA correlate strongly with
global adjustments and (b) ENA straddles the border of the extratropics and
subtropics. We expect that the same aerosol, cloud, and precipitation processes
being observed at ENA are relevant over the other oceans in these regions where
marine stratocumulus dominates.

through January 2018 and is nudged
to MERRA?2 daily temperatures and

winds based on Gettelman et al. 2020

Variable Description

GP Emulators

To explore parameter space efficiently we
leverage the Earth System Emulator
(ESEm) package (Watson-Parris et al.,

median-state In LWP |natural logarithm of the median-state liquid water path : :
E ! : 2021) to build Gaussian Process (GP)
median-state In Ny [natural logarithm of median-state droplet number concentration emulators.
mean-state P the mean-state precipitation rate We create emulators for ENA median In
dIn LWP The covariance of In (LWP) with In(P), for autoconversion, the process by which LWP (med In LWPENA): ENA median In Nd
dlnP cloud droplets collide with each other to form drizzle drops, which ultimately (med. In N d EN A), ENA mean-state P ( ENA)’
leave the C.IOU.d via precipitatio.n. __ ENA (d In Nd), ENA (d In LWP), ENA
dIn LWP The covariance of In(LWP) with In(P), for the observed susceptibility of cloud dinP dinP
. . : : d In LWP :
dIn Ny liquid water content to different droplet number concentrations. This can be ( TIn N ), the PD-PI change 1n average
cc : ’ : : d
thought of as z.m observed ad].ustmﬁznts term”, although as discussed above, it global LWP ( ALWPgl), and the PD-PI
does not describe a causal relationship between Ny and LWP. :
, , , change in average global Ny (AN ).
dInNy The covariance of In(Ny) with In(P), for below-cloud scavenging of droplets from ’
dInP precipitation.

RESULTS AND ANALYSIS
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TAKEAWAYS

Our framework unites casually-ambiguous present-day observations and a PPE hosted in CAMG6
Adjustments are constrained by 15% from the total CAM6 PPE range towards relatively stronger adjustments
Constrained parameters match our a priori expectations for processes that are relevant to adjustments, including

autoconversion and accretion parameterizations.

Confounding effects from coalescence scavenging can operate in conjunction with autoconversion-driven
precipitation suppression to reproduce a negative correlation between LWP and N, as seen in prior observational

studies

between Ny and LWP as a constraint on aerosol cloud adjustments
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