
EarthCAre’s potential for 
constraining models: learning
from the A-Train

Tristan L’Ecuyer



Sledd and L’Ecuyer, J. Climate (2021)

examples

0Glo
bal

 Ra
in 

Fre
qu

enc
y (

%)

50

100

Stephens et al, J. Geophys. Res. (2010)

FL
XH

R-
LI
DA

R!

DJF! MAM! SON!JJA!

CE
SM

-C
AM

5!

Matus et al., J. Climate (2015)

Cloud Biases Influence the Seasonality of Aerosol Radiative Forcing

Precipitation Frequency Impacts Intensity Distribution

Jiang et al, J. Geophys. Res. (2012)
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Spop =
−d lnPOP
d lnAI

Wang et al., GRL (2012)

Precipitation Susceptibility to Aerosol Influences Warm Cloud Feedbacks

Large and Varied Ice Water Path Biases Across Models

Many Models Underestimate Cloud Modulation 
of Arctic SW Absorption Trends (About Half 

Predict Cloud Changes Enhance Trends)



W-band perspectives on precipitation

Convection

Warm Rain

June 25, 2022 Aug. 29, 2006

• W-band sensitivity and path-integrated attenuation provide the most comprehensive depiction of 
global precipitation (both rain and snow) occurrence.

• Optimal estimation algorithms that account for attenuation, non-Rayleigh scattering, and multiple-
scattering have been applied to estimate rainfall and snowfall intensity.

• EarthCARE will build on this 16+ year record with better sensitivity/resolution, reduced clutter, and 
the addition of Doppler velocity.

Snow



Detecting precipitation

Path-Integrated Attenuation (PIA), calculated using an estimated of clear-sky surface return (either interpolated or retrieved from wind-speed and
SST), provides an indicator of rainfall and a crude intensity estimate
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Areas where the surface reflectivity is near the background value - unlikely to contain rainSurface return significantly attenuated à rainfall
Near-surface Z > 0 dBZ à precipitation (-15 to 0 dBZ à drizzle/light snow)

Haynes et al, JGR (2009)
No attenuation à No rainfall

Near-surface Z < -15 dBZ à No precipitation



global precipitation Distributions 
2007-10 Mean Precipitation Distributions

(Zmax < 0 dBZ)

Identified using both reflectivity and 
attenuation (surface return).

Distinguished using cloud top height 
and 0 dBZ echo top height.

EarthCARE’s increased sensitivity and spatial resolution 
will allow further refinment.

Modeled melted fraction < 90%



Rainfall frequency
“The Dreary State of Models”
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dreary midlatitudes
“The Dreary State of Models”
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Global

Mid-latitudes

Tropics

Stephens et al, J. Geophys. Res. (2010)



Falling Snow
Algorithm Highlights
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N(D) = N0e
−ΛD

Microphysical Assumptions
• Variational Approach
• Allows prior information
• Predicts uncertainties

• Retrieve intercept and slope of exponential
particle size distribution

• Scattering properties, PSD, and density
based on field observations

• Non- spherical scattering modeled based on in situ
obs.

• Mass and projected area relationships are constrained
from multi-sensor retrievals

• These assumptions remain the largest source of
uncertainty in CloudSat snowfall estimates

Wood et al., AMT (2014)
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Global Distribution of falling snow

Global-mean Accumulation: 75.7 mm y-1

(~7% of global precipitation) 
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• Unique high-latitude precipitation 
observations to evaluate global snowfall 
predictions.

• Ground clutter impacts both occurrence 
(shallow snow and virga) and intensity 
estimates.

• EarthCARE’s reduced ground clutter and 
coincident radar/lidar measurements offer the 
potential to reduce uncertainties in global 
snowfall estimates.

The Global of Falling Snow



Reanalyses and climate models
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Annual Mean Accumulation ANTARCTIC MEAN
ACCUMULATION

CloudSat
ERA-interim

Palerme et al, Atmos. Res. (2017)
Palerme et al, Climate Dynamics (2017)



arctic mixed phase cloud biases

ASO

NDJ

FMA

MJJ

CloudSat CESM-LE

McIlhattan et al, J. Climate (2017)
See also: Cesana et al, Geophys. Res. Letters (2012)3/27/23 2nd EarthCARE Modeling Workshop 11
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A Connection to Snow formation processes?

ASO

NDJ

FMA

MJJ

CloudSat CESM-LE
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• Combining these two 
independent parameters provides 
a metric that connects to 
precipitation processes: Arctic 
liquid containing clouds 
precipitate much too frequently 
in CESM1

• Snowfall detection is impossible 
in the blind zone.

• EarthCARE’s higher vertical 
resolution radar mitigates blind 
zone effects.

FRACTION OF ARCTIC LIQUID CONTAINING CLOUDS THAT SNOW

~40%

McIlhattan et al, J. Climate (2017)

12



(      )
Model Gridbox

Profiles

Model Sub-
Column 
Profiles

Model Near-Surface 
Precipitation 
Frequency
(Level-2)

3) Apply 2C-PRECIP-COLUMN 
algorithm

(Haynes et al. 2009)

Observed Near-
Surface Precipitation 

Frequency

4) Apply 2C-PRECIP-
COLUMN algorithm
(Haynes et al. 2009)

vs.

vs.   

Model Sub-
Column 

CloudSat dBZ
(Level-1)

1) “Down-scale” 
using sub-column 

generator
(COSP1.4)

2) Apply satellite forward 
model (COSP2.0)

the cloudsat Level-2 precipitation simulator

Courtesy: Jen Kay2nd EarthCARE Modeling Workshop3/27/23



dreary models revisited

Kay et al, J. Geophys. Res. (2018)

• Simulators are essential to account for 
instrument sensitivity, resolution, limitations 
(e.g. blind zone).

• Defining robust metrics linked to observable 
quantities increase confidence in biases. 

• Consistent definitions (e.g. reflectivity 
thresholds or ice/liquid fractions) can be 
applied to simulator output to ensure 
apples-to-apples comparisons against 
Level-2 products.
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A Satellite View of Future Precipitation

2080’s minus 2010’s

Three CESM1 Predictions:

• Snow transition to Rain (esp. in mid-latitude storm tracks)
• Narrowing of Equatorial Rain Band (esp. in Pacific)
• Increase in Sub-tropical Light Rain Frequency

Kay et al, J. Geophys. Res. (2018)

RCP8.5
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can we test these predictions?
L’Ecuyer et al, J. Climate (in prep)

See also:
Chepfer et al, J. Geophys. Res. (2018)
Sledd and L’Ecuyer, J. Climate (2021)

• Diagnostics tied to observables 
and simulators provide robust 
tests.

• Inter-calibration possible using 
surface returns.

• W-band precipitation record 
could be extended to > 25 years 
with EarthCARE and AOS.

CESM IPSL

Slight decrease in global precipitation 
fraction, detectable by 2035.

Significant decrease in global precipitation 
fraction, detectable in the EarthCARE era.
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heavy rain (w-band fully attenuated)
CESM IPSL

• Robust metric: “Can the radar see the surface?” (analogous to CALIPSO opaque cloud occurrence).

• Time-to-emergence analyses show that these models have opposite trends in heavy rain frequency.

• CESM trend could be verifiable within AOS timeframe provided EarthCARE bridges the gap.

More heavy rain in a warmer world, 
detectable by ~2030.

Slightly less heavy rain in a warmer world, 
not detectable until at least 2055.
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L’Ecuyer et al, J. Climate (in prep)



looking ahead to the era of earthcare and k-scale models

• EarthCARE advances
• Increased sensitivity
• Smaller FOV
• Reduced ground clutter
• Vertical motion
• Continuing active sensor data records (absolute calibration/robust metrics)

• k-scale models better suited to applying measurement simulators
• Resolution more comparable to precipitation scales
• Explicit microphysics
• Minimize need to statistically generate sub-columns
• Spatial information preserved
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• Simulating instrument characteristics (spatial 
resolution, sensitivity, blind zone, etc.) is essential for 
meaningful comparisons.

• Simulating Level-2 products offers diagnostics ofen 
easier to interpret than Level-1.

• Diagnostics directly tied to observables provide the 
most robust tests.

• W-band precipitation record could be extended to > 
25 years with EarthCARE and AOS.

Messages



backup slides
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comparisons to ground radar networks
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Satellite-based W-band radar measurements mitigate beam 
curvature, limited sensitivity, and calibration differences that 
impact precipitation detection from scanning ground-based 
radar networks.

Smally et al, J. Hydro. (2014)



testing model advances
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SUMMIT STATION GREENLAND

McIlhattan et al, J. Geophys. Res. (2020)

• The constraint that about 15% of Arctic super-cooled liquid containing 
clouds produce snow (closely linked to observables and verifiable 
against ground observations) provides a metric for testing model 
improvements.

Satellite
Ground-based
Model



identifying convection
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• CloudSat uses attenuation 
to identify updrafts 
where raindrops are 
observed above the 
freezing level (at the 1.5 
km scale of the field of 
view).

• EarthCARE should resolve 
cores with even greater 
spatial resolution

• Doppler velocity may help 
constrain updraft strength 
in larger cores.Pilewskie and L’Ecuyer, JGR (2023)


