
Developing the next version of the 
Community Earth System Model: 
Aerosol effects using CMIP5 and 

CMIP6 forcing data.

WGNE, Exeter UK, October 12, 2017

w/ Jean-CǊŀƴœƻƛǎ Lamarque, Andrew Gettelman, Richard Neale, Cecile Hannay,  
and many others

NCAR/CGD



ÅCESM2: New Physics
ÅCoupled model behavior with CMIP5 and 

CMIP6 emissions data

Overview



Model                                              CAM3

CCSM3

CAM4

CCSM4

CAM5 

CESM1.0

CAM6

CESM2

Release Jun 2004 Apr 2010 Jun 2010  Sometime 2017

PBL Holtslag-Boville 

(1993)

Holtslag-Bovillle(1993) Bretherton et al (2009) CLUBB

Orographic form 

drag

Richter et al. (2010) 

ñTMSò

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
Zhang-McFarlane 

(1995)
Neale et al. (2008) Neale et al. (2008)

Neale et al. (2008)

Re-tuning

Microphysics
Rasch-Kristjansson 

(1998)

Rasch-Kristjansson 

(1998)

Morrison-Gettelman

(2008)

Morrison-Gettelmanv2 

(2014)

Macrophysics

Rasch-Kristjansson

(1998); Zhang et al 

(2003)

Rasch-Kristjansson

(1998); Zhang et al 

(2003)

Park et al. (2011); Zhang 

et al (2003)
CLUBB

Radiation Collins et al. (2001) Collins et al. (2001) Iacono et al. (2008) Iaconoet al. (2008)

Aerosols Bulk Aerosol Model
Bulk Aerosol Model 

BAM

Modal Aerosol Model 

(MAM3, Ghanet al., 

2011)

Modal Aerosol Model

(MAM4, Liu et al., 2016)

= switch parameterization = significant retuning/modification 

Evolution of CAM Model Physics



Exp. 125 (Model ca. 3/2017; 
emissions=CMIP5



As of March 2017 development version 
CESM2 looked pretty good

ÅOverall Taylor scores better than 
CESM1(LENS)
ÅDƻƻŘ 9ƭ bƛƷƻ
ÅReasonable MJO
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Next Steps:
ÅFurther development of land model
ÅIntroduction of CMIP6 emissions



Exp. 161 (Model ca. 5/2017; 
emissions=CMIP6



ÅDust tuning and land model changes led to 
significantly colder model. (these changes are not 
considered optional)

ÅCMIP6 emissions ????



CMIP5

Exp. 161 (Model ca. 5/2017; 
emissions=CMIP6

Exp. 151 (Model ca. 5/2017; 
emissions=CMIP5



ÅCMIP6 emissions contribute, but may not be the 
whole story



161 (1951-1970) ς(1851-1870)
PD PI

RESTOM* Change in 20thC run with CMIP6 emissions

*RESTOM = Net SW ςbŜǘ [² ŀǘ ά¢ƻǇ-of-ƳƻŘŜƭέ



ÅPatterns of RESTOM change suggestive of AIE

Å2nd aerosol indirect effect (lifetime effect): more 
dropletsČ slower autoconversionČthicker longer-
lived clouds

ïPoorly constrained. Some obs(e.g. in volcanic plumes)
suggest is not very big



Using Volcanic Plume to study Aersol-Cloud Interaction

Malavelleet al 2017, Nature 

CAM5.4

Satellite

CAM5.4

Satellite

Drop Size Cloud Liquid Water Path

CAM5.4 and CAM5.5 show big increases in cloud water with elevated aerosols.
Here: an example from the Holuhrauneruption in Iceland in 2014. 
Smaller drops are seen, but no increase in cloud water from Satellites (MODIS)

from A. Gettelman
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Anomalies of Drop Size and Cloud Water for 
October 2014 from long term mean.

2nd indirect effect (thicker clouds from reduced autoconversion) seems to 
large in CAM 



ὃό Ὧὒὔ
Au=autoconversionrate

L=cloud liquid (kg/kg)

N=droplet number (#/kg)

Seifert&Beheng: a=4, b=-2

Khairoudtinov&Kogan(KK) ; a=2.67, b=-1.79

Å R. Wood: b in KK could be as weak as -0.9. 

Å compromise b=-1.1.  

Other tunable numbers (KK)

k=0.01k0, k=0.02k0 (k0=1350)

ñrelative dispersionò can affect N entering Aucalculation



Exp. 192 (Model ca. 9/2017; 
emissions=CMIP5Reducing droplet dependence in autoconversion

improves simulation (w/respHadCRUT) ὃό ὯὒὔȠ×ÉÔÈὦ ρȢρ

Exp. 151 (Model ca. 5/2017; 
emissions=CMIP5
Au=Seifert-Beheng



Χbut simulation forced with CMIP6 emissions 
ǎǘƛƭƭ ŘƻŜǎƴΩǘ ǿŀǊƳ ŜƴƻǳƎƘ όǿκrespHadCRUT)

Exp. 192 (Model ca. 9/2017; 
emissions=CMIP5
ὃό ὯὒὔȠ×ÉÔÈὦ ρȢρ

Exp. 190 (Model ca. 9/2017; 

emissions=CMIP6
ὃό ὯὒὔȠ×ÉÔÈὦ ρȢρ
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Χbut simulation forced with CMIP6 emissions 
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Exp. 192 (Model ca. 9/2017; 
emissions=CMIP5
ὃό ὯὒὔȠ×ÉÔÈὦ ρȢρ

Exp. 190 (Model ca. 9/2017; 

emissions=CMIP6
ὃό ὯὒὔȠ×ÉÔÈὦ ρȢρ



Warming 1880-1920 to 1960-2000

192(CMIP5) 190(CMIP6)

άhōǎŜǊǾŜŘέ

192 minus 190



SWCF1900-1950 1950-2000

CMIP5

CMIP6

CMIP6 ς
CMIP5 



Differences in forcing CMIP5 -> CMIP6

21

Approximate 
location of cross-
sections on 
following slide

192: CMIP5

190: CMIP6

190-192

Annual SWCF (W/m2) Annual Low Clouds (%)

Period=1970-1980



Differences in forcing CMIP5 -> CMIP6
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Longitude-height cross-sections along 26N (1970-1980 annavg)

CLOUD CLDLIQ NUMLIQ so4_a1 so4_c1
MexicoSE Asia

192(CMIP5)

190(CMIP6)

190-192


