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—— Aerosol-cloud-climate effects

Radiative forcing due to aerosol-cloud interactions
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Radiative forcing due to aerosol-cloud interactions o
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—— Aerosol-cloud-climate effects

Radiative  Radiative Cloud Aerosol-
forcing perturbation  particles perturbation
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oy AT Quaas et al., J. Geophys. Res. 2008; Bellouin, Quaas, et al., submitted to Rev. Geophys.



—— Aerosol-cloud-climate effects
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Droplet number concentration

Aerosol-cloud-interaction metric
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Aerosol concentration
(logarithmic) N, — Cloud droplet number concentration

T_ — Aerosol optical depth

e Klein and Hall, CCCR 2015; Feingold et al., Geophys. Res. Lett. 2003



— Droplet number concentration

liquid water droplet droplet
content number effective
concentr. radius

(sub-Jadiabatic cloud

Operational satellite retrievals: Optical Depth (7¢)
and effective radius at cloud top, r_
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~ Droplet number from satellites

k — droplet spectrum dispersion

f_, — sub-adiabatic fraction
c, — adiabatic condensation rate
Q = 2 extinction coefficient

ext

p, = 1000 kg m* density of water
Final estimation of the error

30% 8%
L z Penetration depth + model

\/g AN / 1/2 | inconsistencies: 15%
— fﬂd Cwlc \ Sub-pixel heterogeneity + 3D
5
2m /],{ Qext Pwle }

> effects: 17%
‘e' Avoid SZA > 60° and multi-
12.5% layer condition.

50% ,/"Nd

(stratocumulus)

UNIVERSITAT

LEIPZIG Grosvenor et al. Rev. Geophys. 2018




~ ACI metric relevant to constrain forcing
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~ ACI metric relevant to constrain forcing
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~ ACI metric relevant to constrain forcing
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—Cloud cover — aerosol relationship

IM Regression coefficient cloud

0.2 fraction (CF) vs. AOD

loo © 6 years of MODIS data at
e 1°x1° resolution

I—D.2
-0.4

Data from MODIS Agua (used throughout this work)

Microphysical pathway: via cloud droplet
concentration changes (~ independent of RH)

oy AT Gryspeerdt, Quaas, Bellouin J. Geophys. Res. 2016



—Cloud cover — aerosol relationship: decompose joint PDF
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—Cloud cover — aerosol relationship: decompose joint PDF
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—Cloud cover — aerosol relationship: decompose joint PDF
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— Cloud cover - aerosol relationship

Anthropogenic AOD from
Bellouin, Quaas, Morcrette
and Boucher (ACP 2013)
A TOA SW (Wm~2)
[ — | —
24 -12 00 12 24 Lohmann & Feichter ACP 2005:

ERF =~ 2xRF__

L . Caveat: N, retrieval uncertain
Global annual mean forcing implied

- by AOD - Cloud fraction relationship: =3 Wm2
- by AOD - CDNC - cloud fraction relationship: -0.48 Wm2

Bz Gryspeerdt, Quaas, Bellouin J. Geophys. Res. 2016




— Liquid water path — aerosol relationship
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rhradal Gryspeerdt et al. Atmos. Chem. Phys.. 2019; Michibata et al., Atmos. Chem. Phys. 2016



~Liquid water path — aerosol relationship

Linear: -0.14
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— Liquid water path — aerosol relationship
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~ What about ice clouds? - Ice crystal number concentration

— Climate models (AEROCOM)
— Isotherm —45°C

GEOS-5 CAMS-MICH ECHAMS®6,1-HAM2.2

-180 -135 =80 —45 0 45 80 136 -136 =80 =45 0 48 a0 136 =136 =80 =45 0 45 80 135

Global distribution of the ICNC between -40 and -50°C in the simulations of 3 models for the AEROCOM-IND3 experiment
(2006-2013 average; F. Hemmer, Bachelor thesis)
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——What about ice clouds? - Ice crystal number concentration
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— Size distributions vs. in-situ observations
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—— Gamma-distribution — lower cutoff very relevant!

Dmin = Sum
Most particles are included

in situ and D05 more uncertain
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~Directer comparison to in-situ data

—70to -60°C - 60 to -50°C
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— Derived vertical profile
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— Derived vertical profile

Orographic Frontal Convective Synoptic
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Geographical distribution
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——Ni = Sensitvities
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~ Dynamical forcing = Vertical wind

— No measurements / retrievals avaibale
— Classification of weather condition
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~Distribution in HD(CP)? / NARVAL - simulations with ICON (2 km)
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-~ Sensitivities: vertical wind

(a) Oro2-Orol

Steep orography (Oro2) vs. less steep
orography (Oro1) — weaker updraught
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~ Aerosol: COPERNICUS Atmospheric monitoring service

— Assimilation of MODIS-aerosol optical depth Gpernicus

— ECMWF-model + aerosol module o
— 4D-distribution of specitic aerosol mass @Atmosphere
_ Monitoring Service

MACC Reanalysis Global Monthly Mean November 2011

Aerosol Optical Depth at 550nm [ None] mean: 0.16 max: 1.06
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— Sensitivities: Aerosol (homogeneous freezing)

Orographic Frontal Convective Synoptic
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Satellite simulators c F M E P

Cloud Feedback Model Intercomparison Project

CFMIP Observational Simulator Package (COSP)
1) subgrid sampling

2) mimic retrievals

3) summary statistics

COSP
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/
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— Model evaluation: need to apply simulators

Barrow Eureka
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———Model evaluation in the Arctic: cloud bias

CALIPSO total cloud cover ECHAMB+COSP total cloud cover
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——Conclusions

B Droplet number concentration

— Necessary for assessment of aerosol-cloud interactions

— Allows to constrain the radiative forcing in models

— Relationship with cloud fraction positive, with liquid water path both signs

— Using external aerosol sources (volcanoes, ship tracks): on average no IWP change

B Ice crystal concentration

— From radar-lidar synergy (DARDAR-Nice)
— Very sensitive to vertical wind
— some sensitivity to aerosol for strongly forced, cold cirrus

B Model evaluation in the Arctic

— Requires satellite simulator in the model
— Cloud bias vs. lidar
— Adjust various cloud-related parameterisations
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— Cloud-base height retrieval

idea: lowest cloud-top height in a field = approximate cloud base

CALIPSO lidar MISR multi-angle

Milmenstadt et al. ESSD 2018 Bohm et al. AMT 2019
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— Cloud-base height retrieval
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