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A CESM2: New Physics
A Coupled model behavior with CMIP5 and
CMIP6 emissions data



Evolution of CAM Model Physics

Model CAMS3 CAM4 CAMb5 CAMG6

CCSM3 CCSM4 CESM1.0 CESM2
Release Jun 2004 Apr 2010 Jun 2010 Sometime 2017
PBL HoltslagBoville HoltslagBovillle(1993) | Bretherton et al (2009) | CLUBB

(1993)

Orographic form
drag

Richter et al (2010)
ATMSO

Beljaars et al.2003

GW drag

McFarlane (1987)

McFarlane (1987)

McFarlane (1987)
(non-orographic
sources for WACCM)

Anisotropic/Low-level
nonlinearities

Shallow Convection

Hack (1994)

Hack (1994)

Park et al. (2009)

CLUBB

Deep Convection

ZhangMcFarlane
(1995)

Neale et al. (2008)

Neale et al. (2008)

Neale et al. (2008)
Retuning

Microphysics

RasckKristjansson
(1998)

RasckKristjansson
(1998)

Morrison-Gettelman
(2008)

Morrison-Gettelmanv?2
(2014)

Macrophysics

RasckKristjansson
(1998); Zhang et al
(2003)

RasckKristjansson
(1998); Zhang et al
(2003)

Park et al. (2011); Zhang
et al (2003)

CLUBB

Radiation Collins et al. (2001) | Collins et al. (2001) lacono et al. (2008) laconoet al. (2008)
ModalAerosol Model
Modal Aerosol Model
Aerosols Bulk Aerosol Model Bulk Aerosol Model (MAM3,Ghanet al., .
BAM 2011) (MAM4, Liu et al., 2016)

= switch parameterization

= significant retuning/modification




T

1.0

0.8

0.4

0.4

0.7

0.0

—0.2

—0.4

Annual mean TS Global

Exp. 125 (Model c&8/2017,
emissions=CMIP5

b.e20 BHIST.f09_g18 20T 12502

— g HadCREUT

! W “f‘\ W‘!

o ]

I

L1

1660

1380

1900

19220
Year

1940

1960

19a0

2000



As of March 2017 development version
CESM?2 looked pretty good

AOverall Taylor scores better than
CESM1(LENS)

AD22R 9f DbA3J32

AReasonable MJO



As of March 2017 development version
CESM?2 looked pretty good

AOverall Taylor scores better than
CESM1(LENS)

AD22R 9f DbA3J32

AReasonable MJO

Next Steps:
AFurther development of land model
Alntroduction of CMIP&missions
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What happened???

A Dust tuning and land model changes led to
significantly colder mode(these changes are not
considered optional)

A CMIP6 emissions ????
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What happened???

A CMIP6 emissions contribute, but may not be the
whole story



RESTOM* ChangeihC run with CMIP6 emissions
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What else can we do???

A Patterns of RESTOM change suggestive of AIE

A 2nd aerosol indirect effecflifetime effect): more
dropletsC slowerautoconversioC thickerlonger
lived clouds

I Poorly constrained. Sonabs(e.g. in volcanic plumes)
suggest is not very big



Using Volcanic Plume to studersolCloud Interaction

CAMb5.4 and CAMS.5 show big increases in cloud water with elevated aerosols.
Here: an example from thidoluhrauneruption in Iceland in 2014.
Smaller drops are seen, but no increase in cloud water from Satellites (MODIS)

Drop Size Cloud Liquid Water Path
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from A. Gettelman Anomalies of Drop Size and Cloud Water for Malavelleet al 2017, Nature

October 2014 from long term mean.

2"dindirect effect (thicker clouds from reducexlitoconversiorn seems to
large in CAM 13



e\ y T@ , 1 4
Au=autoconversiomate
L=cloud liquid (kg/kg)

N=droplet number (#/kg)

Seifert&Behenga=4, b=-2
Khairoudtinov&Kogan(KK); a=2.67, b=1.79

A R.Woodbin KK could be as weak a6.9.
A compromiseb=-1.1.

Other tunablenumbers (KK)
k=0.01,, k=0.0%, (k,=1350)
Arel ati ve di sheaterimgAwcalaulatiolm n af f ect
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. . . .. Exp. 161 (Model ca. 3/2017
X but simulation forced with CMIP6 emissions eﬁ,ﬁ’ssioné:ém‘fpéa
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X but simulation forced with CMIP6 emissions )
aUAff R2Say QilresgpHadORUIS Yy 2 dz3 K¢ @ GKE GE  ed
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Warming 188061920 to 19662000
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Differences in forcing CMIRS CMIP6
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Differences in forcing CMIR5 CMIP6

Longitudeheight crosssections along 26N (1970980ann avg)
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