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Introduction

Bulk optical property models of ice particles needed for modelling radiative transfer through clouds
« Some models are found to perform inconsistently in different spectral regions

* Treatment of radiation through ice clouds can vary within NWP models

Radiative closure experiments allow us to test these models across different regimes

* Probing the underlying ice scattering physics

EarthCARE instrument synergy lets us test this agreement on one platform
« ACM-CAP retrieval can provide a ‘best guess’ of cloud properties

« MSI observes the LW and SW radiance at 7 channels

Do modelled MSI radiances agree with observations above ice clouds?
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Ice cloud radiative transfer modelling ~* Jxa  Qesa
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ACM-CAP ice Ice models:
clouds:

. reff [13 ”

e [WC BaumO07’;

Baum et al. (2005, 2007)

libRadtran

X-MET: IFS (DISORT solver)
forecasts along- “Baum14”

track ICE CLOUD Heymsfield et al. (2013);
. Temperaturgs MODEL Yang et al. (2013);
« Atmospheric Baum et al. (2014)

composition

MSI-like output: “Yang13”:
» Brightness Yang et al. (2013)
temperature (thermal)
* Reflectance (solar)

Cox & Munk /
Nakajima & Tanaka
ocean surface
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Case study e . @esa
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Brightness temperature [K]

Brightness temperature [K]

Closure in thermal IR channels
ACM-CAP BA baseline

07161E MSI observations
—— TIR1: 8.8um
280 - TIR2: 10.8um

260 -

240 A

220 A

TIR3: 12.0um

Baum1l4 ice cloud simulation — obs
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BaumO7 ice cloud simulation — obs
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ALL models are wrong?!

Modelled brightness
temperatures too cold

= Cloud is too optically thick,
especially in thin cloud
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Closure in solar channels paie 5 Cesa
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07161E MSI observations BaumO7 ice cloud simulation — obs
0.25 — VIS: O.67um 0.08 -
—— VNIR: 0.86um )
o 0-20 - SWIR1: 1.65um 0.06 - i - 1] < ll- .
2 — SWIR2: 2.21um 0.04 4 100 200 300 400 500
g 0.15 1 ~ - | Along-track distance [km]
2 0.02 -
9 0.10 |
o 0.00 - « Solar channels mostly tell a
Rl ~0.02 - similar story
il ' ' ' ' = = « VIS + VNIR channels too
Baum14 ice cloud simulation — obs i
reflective: cloud too
0.08 - 0.08 - : :
optically thick
0.06 0.06 A
g « SWIR channels seem to
c  0.04 - 0.04 - ho (B .
é 0.02 A | 0.02 matC ! (— au mO )
(U]
< 0.00 - N 0.00 57z e e
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ACM-CAP: BB baseline - Takes observations from ATLID (backscatter), CPR
Observations (reflectivity, Doppler velocity), MSI (radiances)

* Only some observations “assimilated”

« BA baseline used for this frame (0716 1E)
operationally

Improved
treatment

Retrieval BE baseline:

cllelelgliglyy « ATLID backscatter & MSI solar radiance treatment improved
in forward model

MSI  All 4 MSI solar radiances now assimilated
4 solar

+ 3 TIR
 How does the retrieval update impact our closure test?
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MSI thermal observations MSI solar observations : : :
O7Ic1E « Consider just one ice model
v —— TIR1: 8.8um i —— VIS: 0.67um
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Changes in the retrieved cloud? — Cesa
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Conclusions and future work e xa  Qesa

Conclusions Future work
- Some small differences between ice radiance models « Effect of different crystal habits / further ice scattering

« Currently we believe this signal is dominated models
by issues in the ACM-CAP retrieval * Further investigation into the ice cloud retrieval, e.g.:

« Comparison to single-sensor cloud properties

« Closure improvement with the BE baseline further « Validation against in-situ measurements
validates upgrades, compared to BA
* There are still biases in the radiative closure, » Use satellite matchups to test ice cloud agreement:

suggesting more work to be done on retrieval - High-resolution sounders to test full IR

spectrum e.g. MTG-IRS, CrIS
 Also hints to inconsistency between information used + Far-infrared e.g. PREFIRE, FORUM (future)
from MSI vs ATLID/CPR

Thank you!
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