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ESA EarthCARE+ Innovation – VAMOS
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Scientific Investigations of the Vertical Air MOtion and Hydrometeors 
Sedimentation rates from the EarthCARE CPR (VAMOS)
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The Doppler capability of EarthCARE’s CPR represents a significant innovation, yet considerable work is 
required before we can fully capitalize on its potential to provide new insights into cloud dynamics and 
the sedimentation terminal velocity of hydrometeors
(website: https://web.meteo.mcgill.ca/EarthCARE/project/)

The VAMOS consortium will focus on the following set of objectives:
1. Generate new advanced EarthCARE CPR Doppler products that target the needs of the scientific 

community in convection and precipitation,
2. Conduct detail scientific investigations of the global CPR Doppler dataset using the aforementioned 

advanced products,
3. Develop a fast CPR forward simulator suitable km-scale models and demonstrate its applicability to a 

number of high-resolution regional simulations, and
4. Promote and foster collaborations and awareness regarding the use of the CPR Doppler velocity 

measurements. 



EarthCARE Cloud Profiling Radar (CPR)
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CPR is the world’s first spaceborne Doppler radar developed by JAXA
credit: JAXA

EarthCARE CPR v.s. CloudSat CPR

• A larger antenna (2.5 m v.s. 1.85 m) and low orbit (400 v.s. 700 km):
- more sensitivity (-35 v.s. -29 dBZ)
- improved footprint resolution (750 v.s. 1,400 m)
- reduced multiple scattering effects

• An improved CPR receiver point target response:
- Limit surface clutter to 500 m above the surface

• Higher data collection rates:
- Along track (500 v.s. 1,100 m)
- Range (100 v.s. 240 m) 

• First Doppler radar in space for atmospheric research
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EarthCARE CPR measures Doppler velocity of a mid-latitude cyclone

EarthCARE CPR 2025, EUMETSAT, NASA
@2025 Google, processed by ESA

EarthCARE CPR Doppler velocity



EarthCARE CPR sedimentation velocity
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• Doppler velocity (𝑉𝐷) is the sum of vertical air motion 
(Vair) and hydrometeor sedimentation velocity (𝑽𝒔𝒆𝒅):

𝑽𝑫 = 𝑽𝒔𝒆𝒅 + 𝑽𝒂𝒊𝒓
(downward positive)

• The ESA C-CD algorithm removes 𝑉𝑎𝑖𝑟 by averaging 
Doppler velocities with similar (Z, T), weighting more 
heavily those that are more similar and are closer in 
space. 

• This produces a coherent 𝑽𝒔𝒆𝒅 field that preserves 
microphysical features. We use this field for riming 
detection.
.

(Puigdomènech Treserras et al., 2026, in preparation)

EarthCARE CPR: From Doppler velocity to sedimentation velocity

2025-02-02 03878B

reflectivity

Doppler velocity

Sedimentation velocity

ESA L2 C-CD product: 
“sedimentation_velocity_best_estimate”EarthCARE Science Seminar | 13 May 2026 | Online
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Vertical gradient of 
sedimentation velocity (GV)

0.1–0.2 m s-1 km-1

++ (accel.)

- (decel.)

vapor deposition

dendritic growth

aggregation

riming

sublimation

~0 m s-1 km-1

Sedimentation velocity

Vertical gradient of ice sedimentation velocity: 𝐺𝑉 ≡ −𝑑𝑉𝑠𝑒𝑑/𝑑𝑧
(Here we focus on ice and mixed-phase clouds)

Vertical gradient of sedimentation velocity: GV
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(source: Li Wei, 2018)

aggregates of fernlike dendrites

slightly rimed 
stellar plates

12:24 EST

14:10 EST

Photos: Jiseob Kim
17 Jan 2026
Little Italy, Montreal, QC
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Sedimentation velocity, VSED Vertical velocity gradient, GV

accel. decel. 

mean line
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Climatology of ice VSED in stratiform clouds

EarthCARE CPR climatology of ice sedimentation | Dec 2024 – Nov 2025

(Kim et al., 2026, in preparation)
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2025-02-04 03916G (Weddell Sea, Antarctica)

deceleration

accel. 

decel. 

Ice particle growth with sedimentation deceleration

planar/dendritic 
ice crystal growth

Ice particles can grow into fluffy aggregates whose 
cross-sectional area increases faster than their 
mass, which may enhance aerodynamic drag and 
reduce their fall speed

A more detailed investigation of this DGZ-related 
deceleration is underway by Dr. Robin Hogan’s ECMWF 
team using models, EarthCARE, and aircraft observations



9EarthCARE Science Seminar | 13 May 2026 | Online

Define a conservative threshold from SLW-free ice/snow clouds (i.e., non-riming reference)

• Nearly 99% of SLW-free ice/snow clouds have 𝑮𝑽 < 𝟎. 𝟒 𝐦 𝐬−𝟏 𝐤𝐦−𝟏

• In stratiform clouds, vertical acceleration from vapor deposition and aggregation alone rarely exceeds 
this threshold 

CPR 

ATLID

supercooled liquid water 
(SLW) detected by ATLID

penetration 
depth

hidden SLW beneath 
ATLID attenuation

A conservative GV threshold for riming detection

SLW-free ice/snow clouds:
CPR + ATLID identify ice/snow, 
with no ATLID-detected SLW

0.4 m s-1 km-1
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PIA ≈ α(T) ∙ SLWP

(1) Estimate SLWP from PIA

α(T): liquid absorption coefficient

(2) Estimate effective SLW layer depth (h)

Estimated SLW layers:
PIA → SLWP → SLW layer depth

h ≈
2 ∙ SLWP

fadΓad

fad: 0.85 (adiabaticity) 
Γad: adiabatic rate of LWC 

SLW tops (from ATLID)

SLW bases

PIA supercooled LWP

high GV
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Evaluating riming detection against estimated SLW layers

Evaluate the GV threshold using independently estimated SLW layers
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Evaluating riming detection against estimated SLW layers

Evaluation cloud regime:
Shallow mixed-phase clouds (single-layer, CTH ≤ 2.5 km) where SLW layer and SLWP can be estimated

estimated 
SLW base

high riming occurrence

• GV-based riming detections are concentrated 
within the estimated SLW layer

• .

• Detected riming occurrence increases with SLWP, 
exceeding ~50% for SLWP ≥ 200 g m-2

High LWPno LWP low LWP
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Dec 2024 – Nov 2025

(Kim et al., 2026, in preparation )
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A B C D A B C D

A B C D

riming
SLW top

ECALOT campaign observation
NRC Convair-580 aircraft
2025-03-25
Northwest of Ottawa, QC 
(with contributions from NRC, ECCC, 
and McGill) 

Comparing CPR riming signatures with in-situ aircraft data



13

SLW tops

riming detected

Riming in a deeper mixed-phase system

CPR GV-based riming detection captures embedded riming inside deep clouds where ATLID cannot penetrate
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Global riming probability

(Kim et al., 2026, 
in preparation )

• Strong GV reliably captures active riming layer, enabling the first global map of riming occurrence
• Riming hotspots are found in the Northwest Atlantic, the Northwest Pacific, the Nordic Seas, Europe, 

China’s Sichuan Basin, and the Southern Ocean
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Southern Ocean

Europe

Nordic Seas

Sichuan Basin,
China

Northwest Atlantic Northwest Pacific
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Summary and future work
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Summary

• EarthCARE CPR provides, for the first time, global measurements of the sedimentation velocity 
(Vsed) of hydrometeors

• The vertical gradient of Vsed (GV) is a useful indicator of hydrometeor growth processes (e.g., 
vapor deposition, aggregation, dendritic growth, and riming).

• Strong positive GV (≥ 0.4 m s−1 km−1) reliably capture active riming layer, enabling the first 
global map of riming occurrence 

Future work

• Investigate which environments favor or suppress riming and other ice growth processes

• Constrain the mass-size relation of rimed particles to improve the EarthCARE microphysical 
retrievals



Thank you 
for listening to my presentation

Jiseob Kim

McGill University, Montreal, QC, Canada

Jiseob.kim@mcgill.ca
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