EARTHCARE'S POTENTIAL FOR
CONSTRAINING MODELS: LEARNING
FROM THE A-TRAIN
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Many Models Underestimate Cloud Modulation
of Arctic SW Absorption Trends (About Half
Predict (loud Changes Enhance Trends)

ACCESS-CM2

BCC-CSM2-MR
CESM2
CESM2-WACCM
CanESM5
EC-Earth3
EC-Earth3-Veg
GFDL-ESM4
INM-CM4-8
INM-CM5-0
IPSL-CM6A-LR
MIROC6
MPI-ESM1-2-HR
MPI-ESM1-2-LR
MRI-ESM2-0
NESM3
NOreSM2-LM
CERES-EBAF

@
N
<
IOV ALSOO OO HRAD > (0 0

ACCESS-ESM1-5

1

1
0.5 0.7

N CMIP6 SSP245
[TOA,, Trend] / [SFC,,, Trend]

Sledd and L'Ecuyer, ./ Llimate (2021)

Large and

\ | 1
‘\M‘“:_"‘r\}/yl ‘ Ja)
varity Lt

Iater
CMIP3 and CMIP5 Model Output compared with A-Train Observations

NN

Path Biases A

M
ross [Vlodels

E CMIP3 CMIP5 A-Train = E
o E  Global  mmm o = " Ice Clouds E
€ 300E- Tropical rmms e m— o =
) E Midlat wwm e —= o 3
- E High-Lat revers e = 3
L = ] =
® E [ ) E
S 200F- ! i =
5 E o1 E
- E ] § uncertainty limit 3
© E H ] 3
= 100E i ; =
[ E - » 2 =
O = ] . [ =
- E » [} . best estimate =

CMIP3 models bem2 cgem3,1  em3 mk3 em2 eh e emd m:roe:.z cew hadgem1 TcoIG;LnoPc x:z's
mirocs  can hadgem2-a aSat

CMIPS models _noresm canesm2 cm5

mk3.6

o2+

em3
cm4  cmSa

Model Centers BCCR CCCMA CNRM CSIRO

RN
[
[—

blobal Rain Frequency (1)

(<!
[

GIss INm

IPSL MIROC NCAR UKMO

A-Train Satellites

Jiang et al, / Gegprys fes (2012)
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W-BAND PERGPECTIVES ON PRECIPITATION
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CIRA CloudSat DPC

CIRA CloudSat DPC

. v
Dy e

2006 Aug 29 (241) 21:09:04 UTC | 1A-AUX | Gral

2006 Aug 29 (241) 2L0904UTC | 1A-AUX | Granule 1799 P88 Time 28:40:57 20:37:46 | Lat 630736 [Lon-1029-89.3  CIRA CloudSat DPC
W-band sensitivity and path-inteqrated attenuation provide the most comprehensive depiction of

global precipitation (both rain and snow) occurrence.
(ptimal estimation alqorithms that account for attenuation, non-Rayleigh scattering, and multiple-

scattering have been applied to estimate rainfall and snowfall intensty.

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



DETECTING PRECIPITATION

Path-Integrated Attenuation (PIA), calculated using an estimated of clear-sky surface return {either interpolated or retrieved from wind-speed and

001}, provides an indicator of rainfall and a crude intensity estimate
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GLOBAL PRECIPITATION DISTRIBUTIONS

[dentified using both reflectivity and
attenuation (surface return)

Distinguished using cloud top height
and 0 dBl echo top height

Modeled melted fraction < 907

200/-10 Mean Precipitation Distributions

Precipitation Freqjency (0.150)
e

FarthCARE'S increased sensitivity and spatial resolution
wil allow further refinment



RAINFALL FREQUENCY

"THE JPEARY STATE OF MODHLS
100 — : : : '
1 Model
3 CloudSat(3X)
= C—J CloudSat(1X)
Fy. i |
i | | HHI, HHI'_

OCloudsat ' ECMWF 2 UKMet 3 cAM 4 AM S NIcAM © Nicam 7
Native T511 1.25 deg 2 deg 2 deg 7km 14km

Stephens et al, ./ Gegprys fes (2010)



DREARY MIDLATTTUDE

“THE JRAARY STATE OF MODELS
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FALLING SNOW

Algorithm Highlights Microphysical Assumptions
e ariational Approach o Non- spherical scattering modeled based on in situ
obs.

o Alows prior information
o Mass and projected area relationships are constrained
from multi-sensor retrievals

e Predicts uncertainties

o Retrieve infercept and slope of exponentia
particle size distribution

N(D) = N,e ™"
* ocattering ~properties, PS0), and ~ density o lhese assumptions remain the largest source of
based on field observations uncertainty in Clouddat snowfall estimates

Wood et al, AM7(2014)



GLOBAL DISTRIBUTION OF FALLING SNOW

* Unique high-latitude precipitation
observations to evaluate global snowtal
predictions

The
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e bround clutter impacts both occurrence
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REANALYSES AND CLIMATE MODELS

Annual Mean Accumulation
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Mean snowfall rate

CloudSat (2007-2010)

172 mm /year

ERA Interim (2007-2010)

165 mm /year

ERA Interim (1999-2008)

167 mm /year

Palerme et dl, /e (ryosphere (2014)
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ARCTIC MIXED PHASE CLOUD BIASES

Ind EarthCARE Modeling Workshop
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(Precipitating LCC)/(Total LCC)

A CONNECTION T0 SNOW FORMATION PROCESSES?

o [ombining these two
independent parameters provides
3 metric that connects to
precipitation processes: Arctic

FRACTION OF ARCTIC Liouip CONTAINING CLOUDS THAT Show

iJV

¢) Precipitation Frequency in LCCs | — A-Train Mean
— CESM-LE Mean

liquid containing clouds
precipitate much too frequently

in CEM]

o dnowfall detection is impossible
in the blind zone

o FarthCARE's higher vertical

resolution radar mitigates blind

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mcllhattan et al, ./ Cimate (207))

70ne effects,




[HE CLOUDSAT LEVEL-2 PRECIPITATION SIMULAIOR

Model Gridbox

Profiles

1) "Down-scale"
using sub-column
generator

(COSP14)

¢

Model Near-Surface

Precipitation

Model Sub-
Model Sub-

CloudSat dB/
3) Apply 2C-PRECIP-COLUMN

) Apply satellte forward (Haynes et al. 2007)

model (COSPZ0)

Ind EarthCARE Modeling Workshop

® O

Observed Near-

Surface Precipitation
Frequency

4) Apply 2C-PRECIP-
COLUMN alqorithm
(Haynes et al. 200)

Courtesy: Jen Kay



DREARY MODEL REVISITED

a) Observed CloudSat Rain (> 0 dBZ) b) Observed CloudSat Light Rain (0> dbZ > -15)

90N

o Simulators are essential to account for
instrument sensitivity, resolution, limitations
le.q. blind zone)
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e Defining robust metrics finked to observable
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90N

e (onsistent definttions (e.q. reflectivity
thresholds or ice/liquid fractions) can be
applied to simulstor output to ensure
apples-to-apples comparisons against
Level-/ products.
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Early 21st Century CloudSat Rain Frequency (%)
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A SATELLITE VIEW OF FUTURE PRECIPITATION
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* Snow transition to Rain {esp. in mid-latitude storm tracks)
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[Eeuyer et al, ./ Climate (in prep)

(AN WE TEST THESE PREDICTIONS? i

Sledd and L'Ecuyer, ./ Llimafe (2021)

CESM

surface returns.
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HEAVY RAIN (W-BAND FULLY ATTENUAIED)

CESM PSL
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2020 2040 2060 2080

o Robust metric: “Can the radar see the surface”" (analogous to CALIPSO opaque cloud occurrence)

o [ime-to-emergence analyses show that these models have opposite trends in heavy rain frequency

o (ESM trend could be verifiable within AJS timeframe provided EarthCARE bridges the gap.



LOOKING AHEAD [0 THE ERA OF EARTHCARE AND K-5CALE MODELS

o [arthCARE advances

* |ncreased sensitivity
o dmaller FOV

e Reduced ground clutter

Messages

o dimulating instrument characteristics {spatial
resolution, sensitivity, blind zone, etc.) is essential for

meaningful comparisons.

o Verlical mofi
erlical motion o dimulating Level-/ products offers diagnostics ofen

e [ontinuing active sensor data records absolute calibration/robust metrics| e
easier o interpret than Level-1.

o k-scale models better suited to applying measurement simulators « Dioscsdrcy b o et et

e Resolution more comparable to precipitation scales ot robust b

o biplicit microphysics
e W-band precipitation record could be extended to >

25 years with EarthCARE and ACD.

o Minimize need to statistically generate sub-columns
o dpatial information preserved



BACKUP SLIDES




COMPARISONS T0 GROUND RADAR NETWORK)

Detected Probability of Precipitation (96)
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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,



[ESTING MODEL ADVANCES

= CESM1 1850s (10 Year Branch)
- CESM2 1850s (10 Year Branch)

= Obs 2007-10
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o [he constraint that about 15% of Arctic super-cooled liquid containing
clouds produce snow (closely linked to observables and verifiable
against ground observations) provides a mefric for testing mode
improvements

(Precipitating LCC)/(Total LCC)
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<) Precipitation Freguency in LCCs - Summit Satellite
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[DENTIFYING CONVECTION

a) CloudSat CPR Reflectivity
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CloudSat uses attenuation
to identify updrafts
where raindrops are
observed above the
freezing level (ot the 15
km scale of the field of
view).

carthCARE should resolve
cores with even greater
spatial resolution

Doppler velocity may help
constrain updraft strength
in larger cores



