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Main take-home points:

=  New framework constrains the dust direct
radiative effect (DRE) using experimental
and observational constraints

= Bias towards fine dust causes models to
overestimate dust cooling

= Dust DRE is about half of AeroCom
models’ estimate (—-0.20 W/m?)

Global dust DRE at TOA (Wm?)
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What determines the global
dust direct radiative effect (DRE)?

= Global extinction of SW radiation by dust
1. Globally-averaged dust optical depth

m Fraction of extinction produced by scattering (cooling) and
absorption (warming)

2. Globally-averaged atmospheric dust size distribution
3. Globally-averaged atmospheric dust optical properties

= LW interactions (warming) that accompany the SW extinction
2. Globally-averaged atmospheric dust size distribution
3. Globally-averaged atmospheric dust optical properties

= Efficiency with which SW and LW interactions are converted to DRE
4. Radiative effect efficiency
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Are climate model estimates of dust direct
radiative effect biased?

= Assessments of dust direct radiative effect (e.g., AeroCom and IPCC
AR) are currently based on global climate model simulations

s Reliance on models might be problematic, because models
need to assume specific values for uncertain dust properties,
such as optical properties and size at emission

= Models do not represent experimental uncertainty in dust
properties and abundance

= Chosen values are sometimes inconsistent with experimental
constraints

- model-simulated dust DRE might be affected by substantial biases

Traditional model-based DRE constraints:
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Is there a better way?
A new theoretical framework

= | propose to instead use model results only when
experimental constraints are not available

= For instance, to simulate the radiative effect efficiency

= Other quantities can be constrained more
accurately with measurements and observations

= For instance dust size distribution and global dust optical
depth
= Direct use of experimental constraints reduces

effects of biases in assumed dust properties and
abundance on the resulting dust DRE

Proposed new framework to constrain DRE:

DIISt_Di!'EEt _ Radiative X Du_St . Size . Optical
Radiative = fmodel effect fmeas ‘;Pt";ﬁ' F distribution F properties
ep

Effect (DRE) efficiency




Theoretical framework for constraining
the dust direct radiative effect

Dust direct

radiative effect Dust Direct dr,
(DRE) Is caused Radiative = j st + QLW ]dD
by extinction Effect (DRE)

(scattering + :

absorption) of Global dust  Radiative
radiation optical depth  effect
size distr.  efficiency

Extinction of SW radiation by dust is quantified by t4, the globally-averaged
dust aerosol optical depth at 550 nm

Q is radiative effect efficiency with which optical depth is converted to
radiative effect at top of atmosphere

= Depends on Earth’s albedo, 4D distribution of dust, temperature profile, clouds,
etc. = needs to be estimated with global model

Must integrate over particle size because () depends strongly on particle
size: small dust cools, coarse dust warms

= Also must separate SW and LW components

Framework separates what needs to be simulated with global
models (2) from what can be constrained with measurements and

observations (—)



Radiative effect efficiency

' s Radiative effect

efficiency (REE) from
simulations by four
leading climate models

SW REE increases
with D (becomes more
warming)

= Largely because greater
fraction of extinction
due to absorption

LW REE positive, and
INncreases as D become
comparable to LW
wavelength in
atmospheric window
(=8 — 13 um)

SW DRE efficiency at TOA, O, (Wm?/)
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LW DRE efficiency at TOA, 2, (Wm/1)
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What is the global dust optical depth
size distribution, dtg/dD?

= Size distribution of global
dust AOD depends on:

1. Global dust aerosol optical
depth

2. Globally-averaged
atmospheric dust size
distribution

3. Globally-averaged
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Constraints on global dust AOD and
extinction efficiency

10—

= From Ridley, Heald, [T peemetonal/meeln ERreoaK ]
dr, . dM y , AD) <0 (D) xc. |3 oa] st -
— ext 1
dD | ¢ | ap  mD) T "1z
1 : 1 Y I Y J 1 . i\ - Jb—mm— % 0.6—_
DAOD size | Global | Atmospheric ~ Surface- | Extinction [Vormali-| | © ]
distribution] DAOD fize distribution  '°-M3%5 | efficiency | facear | | & 04
o) :
m Ridley et al. (ACP, 2016) recently S 02
constrained the global dust AOD Y .. _
= From combination of MODIS and MISR g:fbmo;:st ;;iso?-sstic:f ze SHOfDAg?JG)
satellite retrievals, AERONET data, and e
global model simulations —
= Dust AOD = 0.030 % 0.005 o A .
m Consistent with AeroCom ensemble g " / Y ]
result of 0.028 + 0.011 % o ) N ]
= / R
© ! :
m Used range of measured dust shapes |5 2{ //
and optical properties to calculate g 14
corresponding range in globally- [% | _
ave raged 0 (D) (e.g., Reid et aI_, 20031 0 1 \I—I—”GIobaIIy-ave:-ragecf du?tef(tir:lc?icznlefficiency|~

ext — :
Kandler et al., 2007; &ou et al., 2008) @2 1 10 20
Dust aerosol geometric diameter, D (um)




What Is the size distribution of
atmospheric mineral dust?

= Globally-averaged size
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Globally-averaged emitted dust size
distribution

s 7 studies of size distribution of emitted dust

= Limited dependence on wind speed and soil properties (Gillette, 1974;
Kok, ACP, 2011; Rosenberg et al., 2014)

- Each data set is a measure of globally-averaged emitted dust size distribution

= Used statistical model (combination of maximum likelihood and

bootstrap methods) to get most likely emitted size distribution
and 95%b6 confidence interval
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Globally-averaged size-resolved dust lifetime

= NO direct observational constraints

= Best way to constrain T(D) is through compilation of global model
results

> Obtained size-resolved dust lifetime from 9 (AeroCom) global models

= Most likely dust lifetime and 95%0 confidence interval from
maximum likelihood and bootstrap methods
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s Global models have
bias towards fine
dust!
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Models overestimate extinction by fine dust,

underestimate by coarse dust
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~ Constraints on global dust DRE

s Can now calculate DRE
using dtz/dD from: {
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Constraints on global dust DRE

DRE using dt,;/dD from
AeroCom models consistent
with published AeroCom
estimates (stars)

Correcting fine dust bias
~halves the DRE cooling:
1. Less SW cooling (—0.15

W/m?) because of less fine
dust

2. More LW warming (~0.10
W/m?) because of more
coarse dust

Constrained DRE to -0.20
(-0.48 to +0.20) W/m?

= Propagated all uncertainties in
analysis

—one-in-four chance that
DRE is actually net
warming!
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Summary and conclusions

= Developed new framework to
constrain dust DRE

Directly leverages experimental /
observational constraints on dust
properties and abundances

Reduces bias in DRE

= Models have too much fine
(cooling) and too little coarse
(warming) dust

Current (AeroCom) models
overestimate dust cooling!

= Correcting —halves the dust
DRE to -0.20 W/m?

—one-in-four chance that dust
DRE net warms the planet

Dust AOD size distribution, dz,/d In D
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Main take-home points:
1= New framework constrains the dust direct radiative effect (DRE) using
experimental and observational constraints

Bias towards fine particles causes current (AeroCom) models to
overestimate dust cooling

Dust DRE is about half of AeroCom models’ estimate (—-0.20 W/m?)

~0One-in-four chance that dust DRE net warms the climate
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