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GCMs/ESMs

y V4
LW coupling: A missing physics in all
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(Chen et al., 2014, GRL)

Premise: Reflective surface and scattering clouds=>» IR photons scattered
around=»more chance to be absorbed=2increased atmospheric absorption

To what extent does this matter?
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Gaseous absorption is strong

It won’t matter if
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Ice scattering is not strong
But ice cloud scattering has a peak at the far-IR

Usually H,O absorption is too strong to make this ice scattering a concern

But in polar region

TPW is small enough: weaker absorption from water vapor

Ice scattering starts to be important

CESM/E3SM cannot test this mechanism due to LW ice cloud scheme

Only parameterize cloud emissivity
Using different assumption from SW ice cloud scheme
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"~ New ice-cloud optics: MC6 ice model

e MC6: MODIS Collection 6 adopted the same model in their
retrievals

* It achieves spectral consistency between retrievals based on

solar bands and the counterparts based on thermal infrared
bands

e Compare to current scheme in E3SM: smaller Q_,, in LW
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What have we done so far

Branch out from E3SM v1

Put into MC6 ice cloud optics

Modified RRTMG to have 2-stream solver for LW
Put into surface emissivity, making it a prognostic

variable for sea ice/snow/water
— Prescribed over other land surfaces

Initial assessment with fully-coupled run

— AMIP run cannot reflect the LW atmosphere-surface
coupling

— Two runs to check against E3SM DECK v1

* MC6 + non_scat
* MC6 + scat



Summary

* Arctic
— Cloud fraction biases are similar in DECKv1, noScat and Scat.

— Scat reduces the warm bias in surface air temp in DECKv1],
making it a small cold bias compared to OBS. This cold bias
should be reduced when surface emissivity is included in the

run.

e Antarctic

— DECKv1, Scat, and noScat have similar biases in surface air
temp, OLR, cloud fraction, etc.

* Tropics
— DECKv1 has a positive bias in OLR over the ITCZ, which is likely
due to underestimated cloud fraction. Either the inclusion of
MC6 or scattering has little impact on cloud fraction thus little
on the OLR bias too.



DECKv1 - OBS noScat - OBS Scat - OBS Scat - noScat
Arctic
Surface air temp | ++, esp DJF --, esp DJF -, ANN +, esp DJF
Surf LW\ +, esp JJA -, DIF = +inJIA,-in |+, esp DIF
DJF

Clrsky Surf LWW | = -, esp DJF -, ANN +, esp DJF
OLR -, esp DJF -, ANN -, ANN +, esp DJF
Clear-sky OLR +, esp DJF -, esp DJF = +, esp DJF
Cloud fraction +inlow & high | +inlow & high | +inlow & high |=

clouds, ANN clouds, ANN clouds, ANN
TOA LWCF +, ANN +in JJIA +, esp JJA +, esp DJF

- in DJF

 DECKv1 has a negative bias in the OLR, which is probably due to too much high clouds.
MC6 and scattering seem to have similar bias in cloud fraction.




DECKvl, ANN Surface air temperature Scat, ANN

DECKv1b_HIST_ENS - ERAI piC_yy300_309_Scat - ERAI
mse = 1.92 K

mean = —-0.14 rmse = 1.65 K
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Min =-10.26 Max = 7.

DECKv1b_HIST_ENS - ERAI D EC KVlr -”A

mean = —-0.32 rmse = 1.64 K

piC_yy300_309_Scat - ERAI

mean = -1.29 rmse = 2.04

Min = —9.70 Max = 9.19

DECKv1, DJF pIC_yy300_309_Scat - ERAI

mean = -1.12 rmse = 2.27

Min = —12.43 Mox = 14.61




DECKv1 - OBS noScat - OBS Scat - OBS Scat - noScat
Antarctic
Surface air temp | -, JJA -, JJA -, JJA +, ANN
+, DJF +, DJF +, DIF
Surf LWW/ -, esp JJA -, esp JJIA -, esp JJA +, esp DJF
Clrsky Surf LWW | -, in JJA -, esp JIA -, esp JIA +, esp DIF
OLR = = = =
Clear-sky OLR -in JJA -in JIA -in JJA +, esp DJF
+in DJF +in DJF +in DJF
Cloud fraction +in middle & + in middle +in middle & =
high clouds, clouds, ANN high clouds,
ANN ANN
TOA LWCF -in JJIA -in JJIA -in JJIA =
+in DJF +in DJF +in DJF

 E3SM DECKv1, noScat, and Scat have similar biases in surface air temp, Surf LW@, cloud

fraction, etc.
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MODIS Ice Particle Models (Collections
5 & 6)
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MODIS C6 model achieves spectral consistency
between retrievals based on solar bands and the
counterparts based on thermal infrared bands

Left panel: a smooth ice crystal model
Right panel: MODIS C6 model
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MODIS C6 Ice Model leads to polarization consistency
with observation
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It won’t matter if

Surface emissivity is close to one

— Having broadband surface emissivity is not
enough because atmospheric R.T. is spectrally
dependent
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Changing emissivity alone can
affect precipitation by

* Increase local evaporation

,s * Affect moisture convergence
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v 0w meec e wwDECKVI, ANN  Surface downward LW flux Scat, ANN

piC_yy300_309_Scat - ISCCP FD
mean = -6.73 rmse = 15.92 W/m?

Min = —69.13 Mox = 38.73

| Min = -86.08 Max = 29.71
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DECKvib_HIST_ENS - ISCCP FD

mean = —0.29 rmse = 18.51 piC_yy300_309_Scat - ISCCP FD Scat, JIA
- . mean = -7.42 rmse = 20.38 W/m?

Min = -108.34 Max = 40.40
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2
mean = 1.27 rmse = 13.09 W/m piC_yy300_309_Scat - ISCCP FD Scat’ DJ F
Nin 56.70 Mox 4.0 mean = -6.50 rmse = 15.52 W/m?

Min = -65.15 Max = 35.50

SEeRas0on3aB88E




DECKv1b_HIST_ENS - ISCCP FD

eon = 1.67 mse = 1215 wr DECKv1, ANN Clear-sky Surface downward LW flux
- : Scat, ANN

Min = -76.24 Mox = 2543 mean= -5.86 rmse = 13.76 W/m?

Min = -91.84 Max = 19.91

288G Z0cn3nREEY

DECKv1b_HIST_ENS - ISCCP FD DECKv1, JIA §cat JIA

mean = 1.02 rmse = 13.75 W/m2

Min = —=72.25 Maox = 37.48 Min = -84.23 Max = 31.50
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DECKv1b_HIST_ENS - ISCCP FD DECKv1, DJF mean- s e = 1299 Wi
mean =  3.42 rmse = 12.54 W/m? -

Min = -75.82 Max = 26.03
Min = —64.16 Mox = 32.47
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DECKv1b_HIST_ENS - CERES-EBAF

mean = —0.64 mse = 6.85 wm? DECKv1, ANN Outgoing LW radiation

Scat, ANN

piC_yy300_309_Scat - CERES-EBAF

Min = -20.85 Max = 40.20
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DECKv1b_HIST_ENS - CERES-EBAF DECKv1, JIA *

mean = 0.62 rmse = 8.11 W/""2 “
Scat, JIA

piC_yy300_309_Scat - CERES-EBAF
rmse = 10.27 W/m?

Min = -38.53 Max = 59.88

DECKvib_HIST_ENS - CERES-EBAF
mean = =2.28 rmse = 9.82 W/’“2
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DECKv1b_HIST_ENS - CERES-EBAF

mean = —2.72 rmse = 5.52

Clear-sky Outgoing LW radiation

Scat, ANN

piC_yy300_309_Scat - CERES-EBAF

Min = -48.09 Max = 15.72

DECKv1b_HIST_ENS - CERES-EBAF DECKv1, JIA
mean = =3.92 rmse = 6.90 W/"“2
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mean = —1.76 rmse = 6.32 W/m?
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