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Motivation

« Despite satellite observations have helped to better 0.00 | — Bellouin 2013
. . . . . o ~3é~ Gryspeerdt 2017
constrain aerosol-cloud interactions (ACI), significant 025 4 ( = McCoy 2017b
uncertainties persist. < oA
~0.501 l . X == Hasekamp 2019
. . . . 1 [ == McCoy 2020
« WMO uses a list of 7 state-of-the-climate indicators. 5 =075 ! , ¢ Diamond 2020
However, these do not include an indicator of ACI. 2. (
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IRFaci observational estimation in Wm-2 as in Table 7.7 of AR6, Technical Summary.

Arctic and « SATACI’s objective is to deepen our understanding of ACI and
Liflael AS”et:'ligc the associated Radiative Forcing, capitalising on the heritage
Extent from the ESA CCI projects and state-of-art algorithms for the
consistent retrieval of aerosols and clouds.
WMO Climate Indicators. Trewin, et al., 2021 ,
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https://climatedata-catalogue-wmo.org/climate_indicators

Activity 1: ACI analyses from satellite data

Activity II: Feasibility study for a new aerosol-

cloud climate indicator.
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Combined AOD/COD retrieval obtained applying the CISAR algorithm to combined
observations from MSG1 and MSG4 during August 9th, 2020. ©Rayference

The two activities will run in parallel an culminate in a
summary work package to evaluate the consistency among

them.
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2. What is your domain of expertise?

We’d love your input!

® Aerosol retrieval 4 S
@® Cloud retrieval 5 | o bort o 110
| P— i X
@ Climate prediction 0 @ * b
P ﬁ. b T e AN
@ Climate monitoring 1 ]
® Acrosolmodeling & | - - . L
5. How would you rate the following quantities to use as aerosol proxies in ACl studies (e.g.
® Cloud modelling ; . susceptibility parameter)?
® Climate modelling 2 . 19 Responses
® Other 3 S Rank Options First choice ® @ © @ Lastchoice
0 2 4 6 8 1 Aerosol Index (Al) | JJ |
2 Fine Mode AOD N — | ]
3 Total AOD ] | I
4 Angstrm Exponent (AE) [ | | ] |
5 Absorbing AOD [ | I
4
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dentified requiremen

1. Assess dataset consistency and F4P

2. Develop an uncertainty propagation framework.

3. Adopt Aerosol Index, Fine Mode Aerosol Optical Depth (FMAOD) and Total AOD as aerosol proxies.

4. Selection dCDNC/dAerosols and Cloud Fraction adjustment as key ACI metrics.

5. Improve characterisation of dust—ice interactions.

6. Assess the impact of time offsets. Download the Science

Requirement Document V1 at

7. Assess the impact of spatial resolution. https://climate.esa.int/en/Cros
o _ s ECV Projects/sataci/

8. Apply relevant stratifications (e.g. cloud phase, regional areas, etc.).

9. Convert radiative forcing in W/m? into estimated temperature change.

10. Disseminate SATACI progress to the community.

11. Establish a community-facing communication channel.
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https://climate.esa.int/en/Cross_ECV_Projects/sataci/
https://climate.esa.int/en/Cross_ECV_Projects/sataci/

Uncertainty
Method definition characterisation Implementation
and propagation

Fithess-for-
purpose
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Selected datasets:

100
CISAR MSG/SEVIRI %
ORAC MSG/SEVIRI 12 80
CLAAS-3: CM SAF Cloud Property 1.0 70
dataset using SEVIRI 083 [ 60
8 G
The use of geostationary satellites allows to evaluate the ;- [ T e A |
impact of the temporal time scale. aadhi AL ‘ 0.4 -
0.2
ORAC and CISAR have both partially developed and A S N | 20
exploited within CCI projects. T e 00
To complement the resulting datasets, the CM SAF CLAAS-3, is included in the analysis, providing mature,
validated cloud microphysical parameters, including effective radii and CDNC proxies.
The use of independent products improves the confidence in the results. FERENCE O
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https://zenodo.org/records/8424628
https://doi.org/10.5676/EUM_SAF_CM/CLAAS/V003

Mineral dust can be assumed to be the dominating INP source for cloud glaciation at temperatures colder than —15°C.

A large-scale (ideally global) and observation-based guantitative impact of aerosols on cloud glaciation is still missing.

IASI-METOPC-ensemble v1.4DN DM dust AOD - 20200703
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Temporally highly resolved cloud-CCl
SEVIRI cloud property data will be
used.

Dust AOD and corresponding ALH

will be taken from C3S Aerosol
Property Products.

Deutscher Wetterdienst g
Wetter und Klima aus einer Hand N\ ‘
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of interest will be performed using satellite data with NorESM.

The simulations will allow the statistical analysis of aerosol and cloud properties and give insights on which
stratifications to apply to satellite data.

Geosci. Model Dev., 13, 6165-6200, 2020 . e 3
https://doi.org/10.5194/gmd-13-6165-2020 Geoscientific S EG U
© Author(s) 2020. This work is distributed under Model Deve]opment 8
the Creative Commons Attribution 4.0 License. @

Overview of the Norwegian Earth System Model (NorESM?2) and
key climate response of CMIP6 DECK, historical,
and scenario simulations
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Global long-term satellite data records will be used to

1998

demonstrate the feasibility to derive a new climate indicator
DJF
-0.71

for monitoring the cooling offset by aerosols andgduds.
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A simple parameterization to convert TOA radiative effect

changes to an equivalent surface temperature change will o

be tested. AOD

|
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Feasibility study for a new climate indicator ,,aerosol and cloud cooling”

Thomas Popp V), Stefan Kinne V), Ulrike Stoffelmair (1), Marta Luffarelli @

(1) DLR-DFD (@ Rayference
Introduction ] ee e,
Since pre-industrial times anthropogenic aerosol (direct and indirect effects) has slowed climate g due to L
anthropogenic greenhouse gases. Within the ESA CLIMATE-SPACE cross-ECV project SATACI (SATellite
Observations to Improve our Understanding of Aerosol Cloud Interactions, 2024 - 2027), global long-term
satellite data records will be used to demonstrate the feasibility to derive a new climate indicator for
monitoring the cooling offset by (anthropogenic) aerosols and (aerosol modified) clouds.

Surface
Temperature

Cooling
offset
Aero-Cloud

This new indicator aims to complement the existing 7 WMO climate indicators (Trewin, et al., 2021) as
indicated in Figure 1, which - despite their relevance — do not yet include aerosols and clouds.

Figure 1: WMO climate indicators / suggested addition

Concept
Calculations will based on off-line (dual call) two-st radiative transfer simul. where baseline optical aerosol properties are taken from the MACV3 |
aerosol climatology (an update of Kinne, 2019), which is tied to multi l g d-based from sun / sky photometry and derived aerosol type

contributions. Aerosol indirect effects can be included based on statistically sound associations between relevant aerosol and cloud properties, which will be
replaced step by step with CCI / Copernicus Climate Change Service (C3S) (and other, such as CM-SAF) satellite retrievals. Outputs are global monthly
maps in 5-year intervals of the Global Stocktake and time records of aerosol impact associated radiative effects at the top of the atmosphere (TOA). Figure 2
shows 1 | maps of simulated anthropogenic aerosol (direct + indirect) radiative impacts at the TOA with AOD data of ATSR-2 1998, AATSR
2008, SLSTR 20]9 and SLSTR 2020. Values to the lower left give global seasonal averages.

For initial demonstration of the climate indicator MODIS aerosol retrievals over the last two decades
and model-based anthropogenic contributions by decade since 1850 will be applied. Uncertainties and
diversity between different satellite datasets will be assessed by using different satellite data records for
each variable and through uncertainty propagation of those satellite inputs through the radiative transfer
code. The new climate indicator will be compared with TOA radiative forcing estimated by climate '
models.

This feasibility study aims at providing an initial demonstration of a cooling indicator. It assesses the
indi S p ial, by exploiting the value of global consistent multidecadal satellite records. To ease
ication, a simple p ization (similar to the last IPCC) to convert TOA radiative effect
changes to an equivalent surface temperature change (0.7W/m? ~ 1° Celsius) will be tested.

o
Figuro 2: Seasonal maps of anbropogenic acrosolraatve mpacts st TOA

Service requirements, long-term consistency and validation

Trewin, et al., 2021, summarize the requirements for a climate indicator. The primary objective is to provide a range of indicators which gives a more
comprehensive picture of the overall state of the global climate system than surface temperature alone. Those indicators should be scientifically robust,
while still being sufficiently simple and few in number (ideally between 5 and 10) to be suitable for wid d public ion. The desired
characteristics for the headline climate indicators (Williams and Eggleston, 2017) are rel , repr ti , traceability, timeliness and data
adequacy.

For the new climate indicator operational long-term records with sufficient historic basis (at least 30 years) ozs
and assured continuation are needed, making data records from the C3S and the CM-SAF priority candidates.
Furthermore, the long record consistency is essential. As there are still issues between record parts from
different similar instruments in the C3S aerosol records in this regard (AATSR vs. SLSTR AOD bias and overall 3

015

Fme Mode AOD bias), MODIS as the best established dataset for the period (2000 — current) will be the aerosol ;

020

line for 1 conti with CS3 / CM-SAF data. Validation and stability of the latest C3S CDRs * 2010
is d d in (E.U. Coy Climate Change Service, 2024) — see Figure 3. H
005
Furth d ding the reliability of the records is important. This shall be achieved by using the

uncertainties provided within the C3S datasets and by evaluating the spread of records between several °% = : - " 8
datasets obtained from the same sensor but with different algonthms Also, associations on aerosol-cloud A I A A
in Somis fordi 5 e hall be the b £ iing / i Figure 3: FM-AOD stability analysis of C3S multi-sensor records

teractions for trati s! d on the basis of comparing / averaging  from the dual view insirument series ATSR-2, AATSR, SLSTR
various data pairs of different satellite datasets to reduce the overall uncertainties in statistical analyses.

All 4 CDRs pass the GCOS threshold criterion (0.04 / decade);
ADV and the ensemble also pass the goal eriterion (0.01 /
decade; pvalues confirm the significance of all 4 trends

Trewin, Blair, Anny Cazenave, Stepben Howell, Matthias Huss, Kirsten Isensee, Matthew D. Palmer, Oksana Tarasova, and Alex Vermeulen, Headline Indicators for Global Climate Monitoring, Bulletin of the American Meteorological Society, 102, E20-37, 2021
Kinne, S, The MACY2 Acrosol Climatology, Tellus B: Chemical and Physical Metcorology, 71, 1, 1-21, 2019

E.U. Copernicus Climate Change Service, C352_312a_Lot2_D-WP2-FDDPAER 202402 PQAR_AER_3.0: Product Quality Assessment Report, hitp:/
Williams, M., and S. Eggleston, Using indicators 10 explsin our changing climate 1o policymakers and the public. WMO Bulletin, 66, 33-39, 2017.
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Are you ready to discover more?

el Subscribe to

et our newsletter!
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