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A comprehensive simulation-to-science 
infrastructure that tackles the needs of next-
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climate modeling activities.  

CESM	Simpler	Model	Webpage	(in	development)	
hPp://www.cesm.ucar.edu/models/simpler-models/	
	

Newly	available	with	CESM2.0	and	CESM2.1	



Model	Development	Community	
•  Primarily	interested	in	inter-

comparisons	and	the	design	
aspects	of	weather	and	climate	
models	
	
	
	
	
	
	

•  Dynamical	Core	Model	
Intercomparison	Project	(DCMIP)	

•  Aqua-Planet	Experiment	(APE)	
•  Held-Suarez	test	(original	intent)	

A comprehensive simulation-to-science 
infrastructure that tackles the needs of next-
generation, high-resolution, data intensive 

climate modeling activities.  

Tradi;onally,	there	have	been	two	different	communi;es	

Background:	Simpler	Model	Stakeholders	

User	Community	
•  Primarily	interested	in	the	

general	circula;on	(climate)		
of	the	atmosphere	
	
	
	
	
	
	
	

•  Individual	scien;sts	who	
inves;gate	the	climate	of		
one	model	with	simplified		
forcings	(dry	&	moist)	

Examples:	

both	approaches	
also	serve	as	
teaching	tools	
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•  Over	the	last	15	years	there	has	been	increased	recogni;on	
(including	a	Model	Hierarchies	Workshop	at	GFDL	in	2016)	that	
a	model	hierarchy	promotes	our	understanding	of	model	
designs	and	the	general	circula;on	of	the	atmosphere	

•  Example	publica;ons	include:	

Simpler	Models	&	Model	Hierarchies	

§  Held,	I.	(2005),	The	gap	between	simula;on	and	understanding	in	
climate	modeling,	Bull.	Am.	Meteorol.	Soc.,	86,	1609–1614,	
hPps://doi.org/10.1175/BAMS-86-11-1609.	

§  Held,	I.	M.	(2014),	Simplicity	amid	complexity,	Science,	343(6176),	1206–
1207.		

§  Polvani,	L.	M.,	A.	C.	Clement,	B.	Medeiros,	J.	J.	Benedict,	and	I.	R.	
Simpson	(2017),	When	less	is	more:	Opening	the	door	to	simpler	climate	
models,	Eos,	98,	hPps://doi.org/10.1029/2017EO079417.	

§  Jeevanjee,	N.,	P.	Hassanzadeh,	S.	Hill,	and	A.	Sheshadri	(2017),	A	
perspec;ve	on	climate	model	hierarchies,	J.	Adv.	Model.	Earth	Syst.,	9,	
1760–1771,	hPps://doi.org/10.1002/2017MS001038	
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Model	Hierarchies	
Isolated	Dynamics:	
Determinis;c	dry		
dynamical	core	tests	

Isolated	Physics:		
Single	Column	Modeling	

Determinis;c	moist		
dynamical	core	tests	

Dry	dynamical	core	(climate)	

Models	with	simplified	physics	(climate)	

Radia;ve	Convec;ve	Equilibrium	(RCE)	Models	

Full-physics	Aqua	Planet	Models	

Atmosphere	models	with	prescribed	ocean/ice	data	(AMIP,	CAPT)	

Coupled	Earth	System	Models	
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In-Depth	Look	at	Model	Hierarchies	
Isolated	Dynamics:	
Determinis;c	dry		
dynamical	core	tests	

Isolated	Physics:		
Single	Column	Modeling	
(NCAR	contact:		
								Andrew	GePelman	
								and	John	Truesdale)	

	 	CESM	configura;on:	
	 	--compset	FSCAM	

Determinis;c	moist		
dynamical	core	tests	

Models	with	simplified	physics	(climate)	

Radia;ve	Convec;ve	Equilibrium	(RCE)	Models	

Full-physics	Aqua	Planet	Models	

Atmosphere	models	with	prescribed	ocean/ice	data	(AMIP,	CAPT)	

Coupled	Earth	System	Models	

Dry	dynamical	core	(climate)	
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A	Closer	Look	at	the	Pyramid:		
Determinis;c	Dry	Dynamical	Core	Hierarchy	

Dry	dycore	

Nonrota;ng	planet	 Rota;ng	planet	

Topography	 No	topography	 Topography	 No	topography	

Advec;on	
tests	

Gravity	
waves	

Mountain	
wave	tests	

DCMIP-2012	tests	
with	op;onal	reduced-size	Earth		

Fixed	
dissipa;on	

Scaled	
dissipa;on	

P04	
baroclinic		
wave		
(EUL)	

JW06	
baroclinic		
wave	

UMJS14	
baroclinic		
wave	

opIonal	
toy	chemistry	

others	

opIonal	deep-atmosphere	

CESM	configura;on:	
Adiaba;c:	--compset	FADIAB	
P04:											--compset	FDABIP04		

Analy;c	ini;al	condi;ons	are	
implemented	for	JW06	and	UMJS14	



Snapshots of the dry UMJS14 baroclinic wave 

Surface	pressure	at	day	10	
(Δx=110	km):	overall	paXerns	
similar,	details	differ	

•  Some Gibb’s ringing in 
E3SM (ACME)

•  Some grid imprinting (wave 
4 and wave 5 signals) in  
CSU_LZ, DYNAMICO, FV3, 
ICON, NICAM, apparent in 
the Southern Hemispheres 

Ullrich,	P.A.,	T.	Melvin,	C.	Jablonowski	and	A.	Staniforth	
(2014),	A	proposed	baroclinic	wave	test	case	for	deep-	and	
shallow-atmosphere	dynamical	cores.		Quart.	J.	Royal	
Meteor.	Soc.,	Vol.	140,	1590-1602,	doi:	10.1002/qj.2241	

Examples	from	DCMIP-2016	



Design	Considera;ons:	Simplified	Moist	Physics	

Surface	fluxes	of	sensible	&	
latent	heat,	and	momentum	

Large-scale	condensa;on	or		
Kessler-type	warm	rain	

PBL	Mixing	of		
pot.	T,	q,	u,	v	

Simple-Physics	(Reed	and	Jablonowski,	2012;	Klemp	et	al.,	2015)	
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A	Closer	Look	at	the	Pyramid:		
Simplified	Moist	Dynamical	Cores	(determinis;c)	

Moist	dycore	

Precipita;on	only:	
Kessler	physics	

Precipita;on	(large-scale	
condensa;on),	PBL	mixing	
and	surface	fluxes	

Idealized	
tropical	
cyclone	

Moist	UMJS14	
baroclinic	wave	(DCMIP-		
2016	configura;on	with	
analy;c	ini;al	data)	

CESM	configura;on:	
--compset	FKESSLER		

Moist	JW06	
baroclinic	wave	(DCMIP-	
2012	configura;on,	

analy;c	IC)	

CESM	configura;on:	
--compset	FTJ16	
but	with	modifica;ons		

•  Kessler	physics,	supercell	IC:	Klemp,	J.	B.,	W.	C.	Skamarock,	and	S.-H.	Park	(2015),	Idealized	global	nonhydrosta;c	atmospheric	test	cases	
on	a	reduced-radius	sphere,	J.	Adv.	Model.	Earth	Syst.,	7,	1155–1177	

•  Large-scale	precipitaIon,	PBL,	surface	fluxes:	Reed,	K.	A.	and	C.	Jablonowski	(2012),	Idealized	tropical	cyclone	simula;ons	of	
intermediate	complexity:	A	test	case	for	AGCMs,	J.	Adv.	Model.	Earth	Syst.,	4,	M04001	

•  Tropical	cyclone	test	case	IC:	Reed,	K.A.	and	C.	Jablonowski	(2011),	An	Analy;c	Vortex	Ini;aliza;on	Technique	for	Idealized	Tropical	
Cyclone	Studies	in	AGCMs.	Mon.	Wea.	Rev.,	139,	689–710	

•  JW06	baroclinic	wave,	see	also	DCMIP-2012	for	moist	variant:	Jablonowski,	C.	and	Williamson,	D.	L.	(2006),	A	baroclinic	instability	test	
case	for	atmospheric	model	dynamical	cores.	Q.J.R.	Meteorol.	Soc.,	132,	2943-2975	

Supercell	
(on	a	small	
planet)	

Today:	
Use	IC		
data		
files	



•  At day 10 
precipitation bands 
become very narrow, 
tend to break up in 
some models (with 
very strong grid-point 
scale precipitation) 

•  Differing levels of 
‘noise’ and diffusion

PrecipitaIon	rates	at		
day	10	(Δx=110	km):		
overall	paXerns	similar,	
details	differ	

Moist UMJS14 baroclinic wave with Kessler physics 

Examples	from	DCMIP-2016	
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In-Depth	Look	at	Model	Hierarchies	
Isolated	Dynamics:	
Determinis;c	dry		
dynamical	core	tests	

Isolated	Physics:		
Single	Column	Modeling	

Determinis;c	moist		
dynamical	core	tests	

Dry	dynamical	core	(climate)	

Models	with	simplified	physics	(climate)	

Radia;ve	Convec;ve	Equilibrium	(RCE)	Models	

Full-physics	Aqua	Planet	Models	

Atmosphere	models	with	prescribed	ocean/ice	data	(AMIP,	CAPT)	

Coupled	Earth	System	Models	
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A	Closer	Look	at	the	Pyramid:		
Dry	Dynamical	Core	(Climate)	Hierarchy	

Dry	dycore	

Based	on	Held-Suarez	(1994)	forcing	 Boer	and	Denis	(1997)	forcing	

with	stratospheric	modifica;ons	

Williamson	
et	al.	(1998)	

Original		
Held	and	

Suarez	(1994)	
test	

Held-Suarez		
test	with	

topography	

CESM	configura;on:	
--compset	FHS94		

Polvani	and		
Kushner	(2002)	

Jucker		
(2016)	

Gerber	and	
Polvani	(2009),	

Gerber		
(2012)	

opIonal	topography	
opIonal	Age-of-Air	tracers	

Available,	but	requires	code	
changes	described	here:	
hPp://www.cesm.ucar.edu/
models/simpler-models/
changetrefana.html	



Examples of Held-Suarez simulations with high top 

Yao,	W.	and	C.	Jablonowski	(2015),	Idealized	Quasi-Biennial	
Oscilla;ons	in	an	Ensemble	of	Dry	GCM	Dynamical	Cores.	J.	Atmos.	
Sci.,	72,	2201–2226,	hPps://doi.org/10.1175/JAS-D-14-0236.1	

0.1	hPa	

1000		
hPa	

CAM-SLD	 CAM-FV	

CAM-EUL	 CAM-SE	

Intercomparisons	of	the	monthly-mean	
zonal-mean	zonal	wind	of	four	CAM		
dynamical	cores	with	200	km	grid	spacing,		
55	levels	and	a	model	top	at	0.1	hPa	

Exposes	QBO-like	oscilla;ons	in	the	stratosphere	

Zonal-mean		
monthly-	
mean	zonal		
wind	

Years	



Examples of Held-Suarez simulations with stratospheric 
modifications by Williamson et al. (1998) 

Exposes	Sudden	Stratospheric	Warming	(SSW)	signals	in	CAM-SLD	

•  Yao,	W.	and	C.	Jablonowski	(2016),	The	Impact	of	GCM	Dynamical	Cores	on	Idealized	Sudden	Stratospheric	Warmings		
and	Their	QBO	Interac;ons.	J.	Atmos.	Sci.,	73,	3397–3421,	hPps://doi.org/10.1175/JAS-D-15-0242.1	

•  Williamson,	D.L.,	J.G.	Olson,	and	B.A.	Boville	(1998),	A	Comparison	of	Semi-Lagrangian	and	Eulerian	Tropical	Climate		
Simula;ons.	Mon.	Wea.	Rev.,	126,	1001–1012,	hPps://doi.org/10.1175/1520-0493(1998)126<1001:ACOSLA>2.0.CO;2	

Time	series	of	
the	potenIal	
vorIcity	on	the	
on	the	840K		
isentrope	shows	
break	up	of	the	
polar	vortex		
(SSW)	at	the	North	
Pole	
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A	Closer	Look	at	the	Pyramid:		
Simplified	Moist	Models	(Climate)	Hierarchy	

Moist	dycore	with	large-scale	precipita;on,		
PBL	mixing,	and	surface	fluxes		

Prescribed	SST	
Mixed-layer	(slab)	ocean	model	

Gray	radia;on	

Frierson	et	al.		
(2006)	

Thatcher	and		
Jablonowski	
(2016):	moist	
version	of	the	
Held-Suarez	

	test	

CESM	configura;on:	
--compset	FTJ16		

O’Gorman	and		
Schneider		
(2008)	

Merlis	et	al.	
(2013)	

with	prescribed	ocean	heat		
fluxes	and	SBM	convecIon	

Complex	radia;on	

modified	Frierson	et	al.	
(2006)	with	SBM	convec;on	

simplified	BeXs-Miller	(SBM)	convecIon		
scheme	(Frierson	2007)	can	be	added	

Jucker		
and		

Gerber		
(2017)	

modified	Merlis	
et	al.	(2013)	



Comparison	of	TJ16	(‘moist	Held-Suarez’)	and	Aqua-Planet		

Moist	Held-Suarez	(TJ16)	 Aqua-Planet	with	complex	CAM5	physics	
CAM5-SE	1°	L30:	Moist	Held-Suarez	mimics	Aqua-Planet	simula;ons	

Temperature	

Zonal	wind	

Thatcher,	D.	R.	and	C.	Jablonowski	(2016),	A	moist	aquaplanet	variant	of	the	Held–Suarez	test	for	atmospheric	model	
dynamical	cores,	Geosci.	Model	Dev.,	9,	1263-1292,	hPps://doi.org/10.5194/gmd-9-1263-2016	

2-year-mean	
zonal-mean	



Moist	Held-Suarez(TJ16)	 Aqua-Planet	with	complex	CAM5	physics	

Less	efficient		
upward	moisture	
transport	in	PBL,	but	distribu;ons	
are	similar	

Specific	humidity	

Rela;ve	Humidity	

Lack	of	deep		
convec;on	leads		
to	dryer	areas		
near	the	tropopause	

Comparison	of	TJ16	(‘moist	Held-Suarez’)	and	Aqua-Planet		
CAM5-SE	1°	L30:	Moist	Held-Suarez	mimics	Aqua-Planet	simula;ons	
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In-Depth	Look	at	Model	Hierarchies	
Isolated	Dynamics:	
Determinis;c	dry		
dynamical	core	tests	

Isolated	Physics:		
Single	Column	Modeling	

Determinis;c	moist		
dynamical	core	tests	

Dry	dynamical	core	(climate)	

Models	with	simplified	physics	(climate)	

Radia;ve	Convec;ve	Equilibrium	(RCE)	Models	

Full-physics	Aqua	Planet	Models	

Atmosphere	models	with	prescribed	ocean/ice	data	(AMIP,	CAPT)	

Coupled	Earth	System	Models	



Examples of RCE simulations with CAM5-SE 

Reed,	K.A.,	B.	Medeiros,	J.T.	Bacmeister,	
and	P.H.	Lauritzen,	2015:	Global	
Radia;ve–Convec;ve	Equilibrium	in	the	
Community	Atmosphere	Model,	Version	
5.	J.	Atmos.	Sci.,	72,	2183–2197,	hPps://
doi.org/10.1175/JAS-D-14-0268.1	

RCE	Hierarchy	

RCE	setup	

Prescribed		
STT	

Slab	ocean	
(SOM)	

RCE	setup	includes:	
no	rota;on,	fixed	insula;on,	
full-physics	package,	water-	
covered	Earth	(aqua-planet)	
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A	Closer	Look	at	the	Pyramid:		
Aqua-Planet	Hierarchy	(Climate)		

Aqua-planet	configura;on	
(full	physics)	

Prescribed	SSTs	 Slab	ocean	

Neale	and	
Hoskins	
(2000)	

QOBS	SST	 Other	prescribed	
aqua-planet	SSTs	

CAM5	
physics	

CAM6	
physics	

CAM4	
physics	

CAM5	
physics	

CAM6	
physics	

CAM4	
physics	

CESM	configura;ons:	
--compset	QSC4	
--compset	QSC5	
--compset	QSC6	

CESM	configura;ons:	
--compset	QPC4	
--compset	QPC5	
--compset	QPC6	

compsets	
available	



CESM2/CESM2.1	Simpler	Model	Status	
•  The	currently	available	idealized	(simpler)	model	

configura;ons	can	be	run	out-of-the-box	via		
the	create_newcase	(compset)	and	xmlchange	commands	

•  Several	analyIc	iniIal	condiIons	are	available	via	namelist	
setngs	for	e.g.	dry	and	moist	dynamical	core	tests	
–  analy;c_ic_type	=	‘dry_baroclinic_wave_dcmip2016’	
–  analy;c_ic_type	=	’moist_baroclinic_wave_dcmip2016’	
–  analy;c_ic_type	=	‘dry_baroclinic_wave_jw2006’	
–  analy;c_ic_type	=	‘held_suarez_1994’	

•  Alterna;vely:	Ini;al	condi;ons	can	also	be	read	from	an	iniIal	
data	file	(relevant	for	many	other	adiaba;c	tests)	

•  Several	setups	are	currently	in	progress:		
simplified-physics	gray-radia;on,	RCE	



Conclusions	
•  Efforts	are	under	way	to	build	up	a	CAM	Simpler	Model	Framework	that	

supports	the	broader	community	
•  Supports	the	standardizaIon	of	the	model	configura;ons	
•  Framework	supports	(1)	model	intercomparisons	with	CAM	dycores	and	

various	CAM	physics	packages,	(2)	invesIgaIon	of	the	general	circulaIon,	
and	(3)	educaIon	(Simpler	Models	are	a	teaching	tool)	

•  The	idea	is	that	the	available	idealized	(simpler)	model	configura;ons	can	
be	run	either	out-of-the-box	or	with	a	few	added	setngs	(e.g.	via	the	
namelist	or	xmlchange)	

•  The	Simpler	Model	webpage	documenta;on	will	soon	be	updated	to	
reflect	the	current	status	

•  As	demonstrated	the	Simpler	Model	Framework	only	captures	fragments	
of	the	possible	model	hierarchies	(indicated	by	the	compsets	names	in	
the	presentaIon)	

•  Up	for	discussions:	Which	addiIons	to	the	framework	are	desired	by	the	
community?	Which	ones	are	useful?	
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