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How much will climate change this century?

NOW!

Example of 

“Reason for Concern”

+5ºC if clouds amplify 

the warming, a positive 

cloud feedback

+3ºC if clouds stay 

about the same
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Climate forcing, feedbacks, and sensitivity

https://www.ipcc.ch/report/ar6/wg1/ 

Net cloud feedback positive 

(high confidence).

Cloud feedbacks remain 

largest contributor to 

uncertainty of net feedback, 

but the uncertainty is reduced 

compared to AR5 (by ~50%).  
High confidence that 

radiative feedbacks are 

largest source of uncertainty 

in project global warming 

out to 2100 under increasing 
or stable emission scenarios.

Uncertainty is dominated 

by aerosol ERF in strong 

mitigation scenarios.

[chapter 7.5]

AR6

https://www.ipcc.ch/report/ar6/wg1/
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Climate and cloud feedbacks (AR6 7.4.2.4)
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ERF and aerosol-cloud-radiation interactions

Aerosol: 1.30 Wm-2      CO2: 0.51 Wm-2

Total anthropogenic uncertainty: 1.52 Wm-2

uncertainty bars/shading: very likely ranges (5-95%)
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Effective radiative forcing of aerosols and clouds

7.3.3.4. In AR5, the overall assessment of total aerosol ERF (ari+aci) used the median of all 

ESM estimates (…) but placed more confidence in a subset of models that were deemed more 

complete in their representation of aerosol-cloud interactions. These models, which include 

aerosol effects on mixed-phase, ice, and/or convective clouds, (…)

Likewise, studies that constrained models with satellite observations (…) were given extra 

weight. (…) 

Finally, based on higher resolution models, doubt was raised regarding the ability of ESMs to 

represent the cloud-adjustment component of ERFaci with fidelity.

[In AR6], the best estimate and range is revised relative to AR5, partly based on updates to the 

above lines of argument. (…) As in AR5, there is still reason to question the ability of ESMs to 

simulate adjustments in LWP and cloud cover in response to aerosol perturbation, (…)

There is thus strong evidence for a substantive negative total aerosol ERF, which is supported 

by the broad agreement between observation-based and model-based lines of evidence for 

both ERFari and ERFaci that has emerged since AR5. 

However, considerable uncertainty remains, particularly with regards to the adjustment 

contribution to ERFaci, as well as missing processes in current ESMs, notably aerosol effects 

on mixed-phase, ice, and convective clouds. This leads to a medium confidence in the 

estimate of ERFari+aci and a slight narrowing of the uncertainty range.

(…)

There is high confidence that ERFaci contributes most (75-80%) to the total aerosol effect. 

aerosol type 

dependence
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Next-gen climate models with interactive aerosols (ICON-HAM-lite)
Weiss et al., 2025, GMD (5 km model grid)
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https://doi.org/10.5194/gmd-18-3877-2025
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EarthCARE: an Earth Explorer satellite mission for 

cloud, aerosol, and Earth radiation budget research

Alex Hoffmann on behalf of the joint ESA and JAXA EarthCARE Team

09/10/2025

Joint Training in Atmospheric Composition

Online Webinar
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World-class Earth 
Observation systems 

developed with 

European and global 
partners to address 

scientific & societal 
challenges

11

ESA Earth Explorer 6: EarthCARE
Earth Cloud Aerosol and Radiation 

Explorer

ESA’s Earth Observation fleet
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Earth Explorers:

Pioneering scientific and 

technical excellence 

EE11       WIVERN

CryoRad   ECO   
Hydroterra+   Keystone

EE12
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1998 2001 2004 2015 2023

From early ideas to implementation…

Earth Radiation Mission Candidate

https://doi.org/10.1117/12.332702

EarthCARE Candidate (Ph 0) 

Report for Assessment

EarthCARE Candidate (Ph A) 

Report for Mission Selection

Illingworth et al, BAMS

Mission description publication

https://doi.org/10.1175/BAMS-D-12-00227.1

Wehr et al, AMT

Science and system overview publication

https://doi.org/10.5194/amt-16-3581-2023 

https://doi.org/10.1117/12.332702
https://esamultimedia.esa.int/docs/sp_1257_1_earthcaresc.pdf
https://esamultimedia.esa.int/docs/SP_1279_1_EarthCARE.pdf
https://doi.org/10.1175/BAMS-D-12-00227.1
https://doi.org/10.1175/BAMS-D-12-00227.1
https://doi.org/10.1175/BAMS-D-12-00227.1
https://doi.org/10.1175/BAMS-D-12-00227.1
https://doi.org/10.1175/BAMS-D-12-00227.1
https://doi.org/10.1175/BAMS-D-12-00227.1
https://doi.org/10.1175/BAMS-D-12-00227.1
https://doi.org/10.5194/amt-16-3581-2023
https://doi.org/10.5194/amt-16-3581-2023
https://doi.org/10.5194/amt-16-3581-2023
https://doi.org/10.5194/amt-16-3581-2023
https://doi.org/10.5194/amt-16-3581-2023
https://doi.org/10.5194/amt-16-3581-2023
https://doi.org/10.5194/amt-16-3581-2023
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Vandenburg (USA), 28 May 2024, 22:20 UTC

… to launch in May 2024
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How do aerosols and 
clouds heat or cool the 

Earth?

Systematic provision of 

vertical profiles of clouds 
and aerosols, collocated 

with measurements of solar 

and emitted thermal 
radiation.

Direct verification of impact 

of clouds and aerosols on 
atmospheric heating rates 

and radiative fluxes.

EarthCARE: Scientific objectives

See EarthCARE Mission Requirements Document (MRD) for more details on mission objectives and requirements.

https://doi.org/10.5270/esa.earthcare-mrd.2006
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EarthCARE: instrument payload

Cloud Profiling Radar 

CPR (JAXA)

High Power 94GHz 

Doppler Radar

• Cloud profiles, rain estimates, 

particle vertical velocity

Atmospheric LIDAR 

ATLID (Airbus TLS)

High spectral resolution 
355nm LIDAR

• Vertical profiles of aerosol 

and (thin) clouds

Multi Spectral Imager MSI (SSTL)

• Context information

• Creating 3D 

cloud-aerosol scenes

• VIS, Near IR, SWIR Camera 

(VNS)

• Thermal IR Camera (TIR)

• 4 solar and 3 TIR channels

BroadBand Radiometer BBR (TAS-UK)

• Measurements of reflected 

solar and emitted thermal 

radiation
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Cloud Profiling Radar 

CPR

High power 94GHz cloud 

radar with Doppler

• 2.5 m antenna

• Resolution 800m (hor) x 500m 

(ver)

• Range -1 km to 20 km

• Doppler velocity range ±10ms-1

• Doppler velocity accuracy 1ms-1 

@10km integration, -19dBZ

L1: radar reflectivity

& vertical Doppler velocity

Atmospheric LIDAR 

ATLID

High spectral resolution, 

UV LIDAR
• 355 nm source

• Vertical profiles 0-40km, 100-

500m resolution

• Horizontal sampling 280m

• Rayleigh co-pol

• Mie co-pol

• Mie cross-pol

L1: attenuated backscatter 

profiles

Multi Spectral Imager MSI

• 150km swath (-35 km to +115 km)

• 500m Ground Sampling Distance

• VIS, Near IR, SWIR Camera (VNS)

• Thermal IR Camera (TIR)

L1: radiances (VNS), 

brightness temperature 

(TIR)

Broad Band Radiometer BBR

• TOA fluxes with accuracy better than 10Wm-2

• 3 telescopes, Total Wave and Short Wave 

radiances at same location, different angles

• SW 0.25 to 4 µm, LW 4 µm to >50 µm 

• Angular sampling 0, +/- 55 °

• Spatial resolution 10kmx10km

• Spatial sampling 1 km

L1: Solar and Thermal TOA rad.

EarthCARE: key measurement specs
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• 94 GHz cloud radar with Doppler capability

- 2.5 m transmit/receive antenna (800 m footprint)

• Transmitter

- Emits 3.3 µs pulses, peak power 1500 W

• Receiver

- Vertical resolution 500 m oversampled at 100 m

- 500 m horizontal integration

- 3 Pulse Repetition Frequencies, dependant on 

latitude, 6100 to 7500 Hz

- Minimum sensitivity better than -35 dBZ for 10km 
integration and uniform clouds

- Doppler velocity measurement range ±10 ms-1

- Doppler velocity measurement accuracy 1 ms-1 

@10km integration, −19 dBZ

→ Profiles of radar reflectivity, vertical 

velocities of cloud and precipitation particles.

→ Radar signal allows penetration much deeper 

into clouds, compared to lidar.

→ Synergistic use with the atmospheric lidar 
and multispectral imager used to classify 

atmospheric targets and derive atmospheric 
profiles, important for making radiative 

transfer calculations.

CPR instrument
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• Bi-static, 355 nm UV lidar

- Actively controlled co-alignment loop

• Transmitter

- Power laser head emits 37 mJ pulses 

of 26 ns at a repetition rate of 51 Hz

- Linear polarised output

- 15 m ground footprint points 3º 
backwards to minimise specular 

reflection

• 3-channel receiver

- Cross-polar channel 

- Co-polar, spectrally broadened 
molecular backscatter (“Rayleigh”) 

channel

- Co-polar, particulate backscatter 
channel (“Mie”)

→ Profiles of aerosols, thin clouds and the top of thick clouds.

→ Aerosol properties including altitude, thickness, detailed 
optical properties and aerosol type.

→ High-spectral resolution receiver and depolarisation channel.

ATLID instrument
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• 7 channel imager

• Visible, Near-IR and 
Shortwave IR camera

- 4 separate optic trains

- Pushbroom, linear detectors 

• Thermal IR camera

- Three channels share defined 

by dichroics

- Common 2-D detector uses 

Time Delay Integration to 
increase SNR

→ Provision of scene context information.

→ Derivation of “MSI-only” cloud and aerosol data products.

→ Nadir pixel used in retrieval of synergistic products with the 

ATLID and CPR. 

→ Across-track data (selected channels) used for creation of 3D 
scenes, for 1D and 3D radiative transfer calculations to calculate 

radiative properties.

→ Used to improve the unfiltering of BBR measured radiances.

MSI instrument
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• Broadband Radiometer

- 3 views: forewards, aft and nadir

- 2 channels per view: short-wave and 
total-wave, from which is derived a 

long-wave

- Pushbroom onto microbolometer 

arrays

- Unfiltering for the spectral response 
of the scene is improved using data 

from the MSI
→ Unfiltered, top-of-atmosphere 

radiances, short-wave and long-
wave fluxes

BBR instrument
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Synergistic Level 2b
Target classification, cloud & 
aerosol prof. at x-sectn, …

ATLID Level 1b (ESA)
Attenuated backscatter in 
• Rayleigh channel
• Co-polar Mie channel
• Cross-polar Mie channel

CPR Level 1b (JAXA) 
Radar reflectivity and 
Doppler velocity profiles

MSI Level 1b/c (ESA)
TOA radiances for four solar 
channels, TOA brightness 
temperatures for three 
thermal channels

BBR Level 1b (ESA)
Filtered TOA short-wave and 
total-wave radiances 
Note: uncorrected for 
instrument effects 

ATLID Level 2a
Feature mask and target 
classification, extinction, 
backscatter & depol. profiles, 
aerosol properties, ice cloud 
properties, ...

CPR Level 2a
Radar echo product, feature 
mask, cloud type, liquid and 
ice cloud properties, vertical 
motion, rain and snow 
estimates, ...

MSI Level 2a
Cloud mask, cloud  micro-
physical parameters, cloud 
top height, aerosol 
parameters, ...

BBR Level 2b
Unfiltered top-of-atmosphere 
radiances, short-wave and 
long-wave fluxes
Products are enhanced by 
using MSI

Assessment
Comparison of calculated 
fluxes and radiances to BBR 
observations

3D Scenes Construction
Expand syn. retrievals across-
track using MSI; ≈40km wide

Radiative Transfer Products
calculated radiances, fluxes, 
heating rate profiles 

Operational 

software 
developed 

directly by 

science teams 

microphsyical 

observations 

+ theory

direct

observations 

Data processing chain

ATLID Level 1b (ESA)
Attenuated backscatter in 
• Rayleigh channel
• Co-polar Mie channel
• Cross-polar Mie channel

BBR Level 1b (ESA)
Filtered TOA short-wave and 
total-wave radiances

MSI Level 1b/c (ESA)
TOA radiances for four solar 
channels, TOA brightness 
temperatures for three 
thermal channels

CPR Level 1b (JAXA) 
• Radar reflectivity
• Doppler velocity profiles
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EarthCARE data production model (ESA)

AMT special issue: EarthCARE Level 2 algorithms and data products
https://amt.copernicus.org/articles/special_issue1156.html

ESA Chain: 24 Data Processors 
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L1 L1 L1

L2A L2A

L2B

ATLID BBR MSI CPR

L2A

L1

L2A

L2B

ATLID BBR MSI CPR

L2AL2A

Aux Proc

X-JSG X-MET

• Mutual dependency at Level 1 requiring for strong coordination between 
Agencies

• Separate Level 2 chains provide opportunity for collaboration 
and comparison

• Each agency coordinates the validation of its own products

L1 L1 L1 L1

EarthCARE data products
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March 2025

Jan 2025

Dec 2025

Level 1b Single Sensor Products

Level 2a Single Sensor Products
Level 2b Two Sensor Products

Level 2b Synergistic Products

Free and Open Data Policy
https://earth.esa.int/eogateway/missions/earthcare/data

https://www.esa.int/Applications/Observing_the_Earth/FutureEO/EarthCARE/EarthCARE_goes_live_with_data_now_available_to_all

Data release schedule

https://www.esa.int/Applications/Observing_the_Earth/FutureEO/EarthCARE/EarthCARE_goes_live_with_data_now_available_to_all
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Synergy images,

published 16 October (Launch + 20 Weeks)

https://www.esa.int/Applications/Observing_the_Earth/FutureEO/EarthCARE/EarthCA

RE_synergy_reveals_power_of_clouds_and_aerosols 

https://www.esa.int/Applications/Observing_the_Earth/FutureEO/EarthCARE/EarthCARE_synergy_reveals_power_of_clouds_and_aerosols
https://www.esa.int/Applications/Observing_the_Earth/FutureEO/EarthCARE/EarthCARE_synergy_reveals_power_of_clouds_and_aerosols
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EarthCARE validation sources

Airborne campaigns
Under-flights for product 
validation:

Rapidly collect numerous, 
precise collocations.

Networks
Continuous surface-
based data acquisition

Slower collection of 
collocations but broader 
coverage of geophysical 

and meteorological 
conditions.

Satellite intercomparison
Semi-global coverage (depending 
on orbits).

Assimilation
Systematic monitoring (incl. 
calibration drift detection) 

with NWP model.

KA



29https://www.esa.int/Applications/Observing_the_Earth/FutureEO/EarthCARE/Taking_to_the_skies_for_EarthCARE

https://www.esa.int/Applications/Observing_the_Earth/FutureEO/EarthCARE/Taking_to_the_skies_for_EarthCARE
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Telescope 
 

Telescope support 

baseplate (TSB) 

 

Struts 

M1 

M2 

Power Laser Head 

(PLH) 

ATLID Stable Structure Assembly 
(SSA) and equipments 

Radiator 

Beam-Expander 

(E-BEX) 

Emission baffle 

Main plate 

Atmospheric LIDAR 

ATLID

High spectral resolution, 

UV LIDAR
• 355 nm source

• Vertical profiles 0-40km, 100-

500m resolution

• Horizontal sampling 280m

• Rayleigh co-pol

• Mie co-pol

• Mie cross-pol

L1: attenuated backscatter 

profiles

ATLID: Atmospheric LidarATLID: atmospheric lidar fundamentals

elastic backscatter lidar equation
range

Laser power per pulse

system variables atmospheric variables

2-way transmittance

β: volume backscatter coefficient

molecules     aerosols

⍺: extinction coefficient: absorption + scattering by molecules + aerosols
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HSRL lidar
Two measurement and two unknowns
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ATLID: High Spectral Resolution Lidar

Non-HSRL lidar
One measurement but two unknowns

Must assume                     in order to

recover backscatter and extinction.
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Compared to e.g. CALIPSO where total 

(Mie+Ray) signals are not separated:
• Direct measurement of aerosol extinction

• Measurement of extinction-to-backscatter ratio

• Improved daylight performance
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ATLID has three channels: 
1. A perpendicular channel
2. A parallel (mainly-) particulate scattering channel
3. A parallel (mainly-) molecular scattering channel 

After spectral/polarization cross-talk correction and calibration 
1. Perpendicular particulate channel (cross-polar Mie)
2. Parallel particulate scattering channel (co-polar Mie)
3. Molecular scattering channel (Rayleigh)

ATLID: HSRL and polarization receiver
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• High spectral resolution lidar (HSRL) separately measures backscatter of particles (clouds & aerosols) 

and air (Rayleigh scattering)

• Can unambiguously calculate the important profile of extinction coefficient from how much the air 

backscatter is attenuated

ATLID: Level-1 data
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Aerosols modelled with NASA’s Goddard Earth Observing System 

GEOS run from August 1 to September 14, 2024
Credits: NASA Global Modeling Assimilation Office (GMAO) and NASA Scientific Visualization Studio (SVS) 

https://svs.gsfc.nasa.gov/5572/; DOI: 10.5281/zenodo.16782523

https://svs.gsfc.nasa.gov/5572/
https://zenodo.org/records/16782523
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ATLID: aerosol type classification

Aerosol classification from measurements of lidar ratio and particle linear depolarization ratio at 355 nm. 

Ground-based observations were performed with the Raman-polarization lidars (POLIS) (University of Munich, dots) and Polly XT (Leibniz Institute for Tropospheric

Research, open squares) at Cape Verde (dust, marine, dust and smoke, dusty mixtures; dots; Groß et al. 2011); Leipzig, Germany (pollution, aged boreal biomassburning

aerosol, dusty mixtures; open squares); Munich, Germany (volcanic ash; dots; Groß et al. 2012); in the Amazon basin (smoke; open squares; Baars et al. 2012); and over

the North Atlantic (dust, dust and smoke; open squares; Kanitz et al. 2013). Source: Figure 8, Illingworth et al, 2015

https://doi.org/10.1175/BAMS-D-12-00227.1
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ATLID: A-PRO cloud and aerosol processor

simulated/modelled scene 

A-TC (target classification algorithm), description in: Donovan et al, 2024, Wandinger et al., 2023 and Irbah et al., 2023

https://doi.org/10.5194/amt-17-5301-2024
https://doi.org/10.5194/amt-16-2485-2023
https://doi.org/10.5194/amt-16-2795-2023
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2025 was second only to 2023 in the intensity of the Canadian wildfires, and just ahead of 2024.

Injection of dense smoke plumes into the upper atmosphere.

EarthCARE can tracked smoke layers over vast distances. 

What’s the impact on long-term climate, ozone, 

cloud formation and radiative forcing?

ATLID: smoke from wildfires into UTLS

https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere 

1 June 2025 – Canada

6 June 2025 – Europe

https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
https://earth.esa.int/eogateway/success-story/earthcare-sees-canadian-wildfire-smoke-spreading-over-the-northern-hemisphere
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Towards scientific exploitation

https://www.earthcarescience.net/home 

https://earth.esa.int/eogateway/missions/earthcare 

EarthCARE Product Data Handbook:

https://earthcarehandbook.earth.esa.int/ 

https://www.earthcarescience.net/home
https://earth.esa.int/eogateway/missions/earthcare
https://earthcarehandbook.earth.esa.int/
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Radiative closure

https://www.earthcarescience.net/science/radiative-closure

https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-
instruments-working-together-evaluate-atmospheric-models 

• EarthCARE continually compares computed 
fluxes from ACM-RT to measurements by the 
broadband radiometer (processed by BMA-FLX)

• If they agree, it gives us confidence in the retrieved 
cloud properties; if they disagree then we have 
something to improve in our algorithms or 
something to learn about the atmosphere!

https://www.earthcarescience.net/science/radiative-closure
https://www.earthcarescience.net/science/radiative-closure
https://www.earthcarescience.net/science/radiative-closure
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
https://www.ecmwf.int/en/about/media-centre/news/2025/earthcare-instruments-working-together-evaluate-atmospheric-models
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Model eval: CAMS aerosols extinction

https://www.earthcarescience.net/science/model-evaluation ATLID A-EBD

CAMS

European 

continental 
aerosol

Desert dust Elevated smoke

above cloud

CAMS: ECMWF’s air quality forecast including 15 prognostic 

aerosol variables

Outputs 355-nm extinction coefficient

Have never before been able to evaluate aerosol profiles 

globally with such resolution & accuracy, nor above clouds!

Peter Hill, 

Robin Hogan,

David Donovan

https://www.earthcarescience.net/science/model-evaluation
https://www.earthcarescience.net/science/model-evaluation
https://www.earthcarescience.net/science/model-evaluation
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Model eval: CAMS aerosols in India
Peter Hill, 

Robin Hogan,

David Donovan

Unprecedented quantitative, global 

evaluation of aerosol profiles in 

CAMS air-quality forecasts!

Good agreement between 
EarthCARE and AERONET

CAMS underestimates high 

optical depth in south-west India



42

Improving ice/snow fall speed in ECMWF model 

CPR mean fall speed

ECMWF model is very 

simple! ice falls at 0.13 

m/s, snow at 1 m/s

Modifications: use a 

mass-weighted fall 

speed; add rimed snow, 

temperature-dependent 

size & air-density effect 

Rebecca Murray-Watson, Mark Fielding, 

Richard ForbesEarthCARE

ECMWF

Modified 

ECMWF

Upper troposphere 

ice/snow falls 0.25+ 

m/s too fast

Biases reduced 

everywhere!

Ice & snow fall speeds affect model 

climate and forecast skill: this is first time 

we have been able to evaluate it globally!

Riming snow near the 

melting layer should 

fall 0.25 m/s faster
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Data assimilation and NWP impact

https://www.ecmwf.int/en/newsletter/183/earth-system-science/earthcare-data-begin-make-impact 

Assimilation of CPR reflectivity and ATLID backscatter into ECMWF 

model improves skill: will go operational in Cycle 50r1 (autumn 2025)

ECMWF is working on assimilation of ATLID into aerosol forecasts

Wind

Temperature

Pressure

Impact on 5-day forecast skill

Up to 4% 

reduction 

in RMSE

ATLID total backscatter

Averaged ATLID

First guess

Analysis

Mark Fielding,

Marta Janiskova

https://www.ecmwf.int/en/newsletter/183/earth-system-science/earthcare-data-begin-make-impact
https://www.ecmwf.int/en/newsletter/183/earth-system-science/earthcare-data-begin-make-impact
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Gravity waves in Antarctic cloud

https://earth.esa.int/eogateway/success-story/earthcare-reveals-how-

atmospheric-ripples-boost-cloud-formation-over-antarctica 

Shannon Mason

Gravity waves are common in the atmosphere, particularly in the 

vicinity of orography, and can lead to cloud formation.

In this example over Antarctica, gravity waves were detected by 

the CPR with a wavelength of 18 km and an amplitude up to 2 m/s.

https://earth.esa.int/eogateway/success-story/earthcare-reveals-how-atmospheric-ripples-boost-cloud-formation-over-antarctica
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Polar Stratospheric Clouds

• Polar Stratospheric Clouds (PSCs) over the Arctic (and Antarctica)

• Form inside the polar vortex, at heights of ~20-30 km 

• PSC Type I: supercooled nitric acid (and sulfuric acid) and water (T < -78°C)

• Contribute to polar ozone depletion (see Tritscher et al., 2021)
• PSC Type II: ice crystals (nacreous clouds) (T ~< -83 to -85 °C)
• Mountain leewaves (gravity waves) can form lenticular PSCs

10 hPa (~30 km)

-78°C

PSCs over Kiruna, 19 Jan 2025

ATLID co-polar channel

ATLID cross-polar channel
tropopause

https://earth.esa.int/eogateway/success-story/earthcare-s-

incredible-images-of-winter-in-the-stratosphere 

winter polar vortex
ozone

https://doi.org/10.1029/2020RG000702
https://earth.esa.int/eogateway/success-story/earthcare-s-incredible-images-of-winter-in-the-stratosphere
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A direct look into the eye of a hurricane

https://www.earthcare

science.net/gallery/tro
pical-cyclones
See also: 

https://earth.esa.int/eo
gateway/success-

story/earthcare-stares-
into-the-eye-of-
tropical-cyclone-vince  

credits: JAXA

Hurricane Humberto

28 September 2025

https://www.earthcarescience.net/gallery/tropical-cyclones
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Observing volcanic plumes

https://www.earthcarescience.net/gallery/volcanoes 

Klyuchevskaya Sopka (Kamchatka)

volcano eruption, observed on 

8 August 2025

plume

MSI image using

EUMETSAT’s ash RGB scheme 

to highlight volcanic plume 

(ash and SO2)

https://modis.gsfc.nasa.gov/gallery/individual.php?db_date=2025-08-15 

https://www.earthcarescience.net/gallery/volcanoes
https://user.eumetsat.int/resources/user-guides/ash-rgb-quick-guide
https://modis.gsfc.nasa.gov/gallery/individual.php?db_date=2025-08-15
https://modis.gsfc.nasa.gov/gallery/individual.php?db_date=2025-08-15
https://modis.gsfc.nasa.gov/gallery/individual.php?db_date=2025-08-15
https://modis.gsfc.nasa.gov/gallery/individual.php?db_date=2025-08-15
https://modis.gsfc.nasa.gov/gallery/individual.php?db_date=2025-08-15


4848

In a nutshell:

• EarthCARE explores the scientific basis of the interactions between cloud, aerosol, and radiation, and will 

improve satellite algorithms, numerical weather predictions, and climate model projections, with new features 

such as synergetic observations by four sensors

• EarthCARE hosts two unique remote sensing instruments, CPR (Doppler Radar) and ATLID (High Spectral Resolution 

Lidar)

• The EarthCARE satellite was successfully launched on 28 May 2024

• Level 1 products were released to the public on 14th January 2025

• Level 2 single-sensor products and 2-sensor synergy products were released on 17th March 2025

• 3-sensor and 4-sensor synergy products are scheduled to be released in December 2025 

• Validation results show very promising early product quality and offering significant scientific opportunities. 
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And why the dragon?
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EarthCARE
Nickname "HAKURYU" ("White Dragon") proposed by JAXA: 

"The nickname embodies the distinctive appearance of the EarthCARE satellite. In 
Japan, dragons are revered as divine creatures governing water, aligning with the 
EarthCARE mission of elucidating the radiation balance mechanism of the Earth’s 
atmosphere through the interaction of water and ice cloud formations with 
aerosols. 

Among dragons, HAKURYU is believed to fly faster than others, resonating with 
the image of satellites orbiting the Earth at high speeds. 

Furthermore, in the Five Elements philosophy, white represents the west, 
symbolizing good cooperation with Europe, located in the western direction from 
Japan."

HAKURYU
“White Dragon”
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BACK-UP SLIDES
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1998 2001 2004 2015 2023

Evolving ERF(ari+aci) uncertainties
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Aerosols, climate change and air quality

[…]
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US Pacific Coast

Canada 

          USA

Capo Verde

                        W Africa

Barbados

                        

South 
   America

Europe

More than 100 flights 

(… and counting)!

International effort 

involving complex 
cooperation between 

more than 60 

research 

organisations, space 

agencies and aircraft 
teams

Airborne validation campaigns
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Legacy, Future and Internat’l Collaboration

AOS-Storm/

PMM
2029-

AOS-Sky/

HAWCsat
2031-

ACDL/DQ-1, 2022-

532nm(HSR)/1064nm/
1572nm Lidar

ACDL/DQ-2, 2025-

CALIPSO

2006-2023
532/1064 nm Lidar

eps-Aeolus/-2

2034-
355nm  HSRL Lidar

Aeolus

2018-2023
355 nm HSRL LidarCloudSat

2006-2023
94 GHz Radar

EarthCARE 2024- 
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