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1. History of climate models


hLps://prezi.com/pakaaiek3nol/9meline-of-climate-modeling/	

•  Early	1900s:	Bjerknes	iden9fies	the	equa9ons	for	atmospheric	dynamics	
•  1917-19:	Richardson	aLempted	a	6-hour	weather	forecast	(BY	HAND!)	using	these	equa9ons	

•  1949:	first	digital	computers	applied	to	compu9ng	atmospheric	dynamics.		First	automated	weather	
forecast	by	John	Von	Neumann	(24	hours	to	compute	a	24	hour	forecast	over	NA	on	a	15	x	13	grid!)	
•  [2008:	Peter	Lynch	re-implemented	this	forecast	on	a	Nokia	cellphone	in	less	than	1	sec!]	

•  1965:	First	“GCMs”	Global	Circula9on	Models	(GFDL,	UCLA,	LLNL,	NCAR)	
•  1979:	Charney	report	(Na9onal	Academy	review)	warns	of	climate	change.	Equilibrium	sensi9vity	is	
+/-	3C	

•  1988:	United	Na9onals	assembled	the	IPCC,	an	interna9onal	body	to	assess	the	science	for	the	
benefit	of	policy	makers	

•  1995:	16	modeling	centers	around	the	world	compared	their	model	projec9ons	for	future	climate	
change	(the	first	“CMIP”=	Coupled	Model	Intercomparison	Project)	

•  2005:	First	Earth	System	Models	(beyond	the	just	the	atm	and	ocean)	
•  2013:	CMIP5	finished!	

1. History of climate models
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Community Earth System Model (CESM) 
components


Atmosphere 
(CAM) 

Coupler 
(CPL) 

Land 
(CLM) 

Ocean 
(POP) 

Land Ice 
(CISM) 

Sea Ice 
(CICE) 

Biogeochemistry 

Chemistry Full atmosphere 
(WAACM) 

Slide courtesy C.	Zarzycki, NCAR 

•  models	are	strongly	9ed	to	their	
predecessors	

•  Some	exchange	ideas	and	code	with	
other	models	

•  models	in	the	new	ensemble	are	
neither	independent	of	each	other	
nor	independent	of	the	earlier	
genera9on.		

•  (lek)	sta9s9cal	methods	can	iden9fy	
similari9es	between	model	versions		

•  interdependence	of	models	
complicates	the	interpreta9on	of	
mul9model	ensembles	but	largely	
goes	unno9ced	

Climate Model “family 
tree”


Knum	et	al.	(2013)	
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Most	models	are	grid	models,	in	which	variables	
are	computed	at	discrete	grid	points	in	the	
horizontal	and	ver9cal	direc9ons.		

2. ResoluAon and grids 
What are we looking at?  


Slide courtesy C.	Zarzycki, NCAR 
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2. ResoluAon 
Why do we need resoluAon?


4000 km 
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Slide courtesy C.	Zarzycki, NCAR 
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25
0	
km

	

50	km	

Why do we need resoluAon?


Slide courtesy C.	Zarzycki, NCAR 
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So why don’t we just add grid cells?


4 cells 4 x 4 = 16 cells 

2 x # of timesteps 

8 times more computationally expensive! 

I want to double 
my resolution… 
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Unstable! 

Slide courtesy C.	
Zarzycki, NCAR 

Data storage (for data at grid-cell level)


400 MB 
(0.4 GB) 

100 MB 
(0.1 GB) 

48,000 MB 
(48 GB) 

2° (222km) 
monthly data 

0.25° (28km) 
3-hourly data 

0.5° (56km) 
daily data 

1° (111km) 
monthly data 

192,000 MB 
(192 GB) 

0.5° (56km) 
monthly data 

0.25° (28km) 
daily data 

1,600 MB 
(1.6 GB) 

0.25° (28km) 
monthly data 

But…	wait.	Now	I	have	
more	“small-scale	

features…”	

6,400 MB 
(6.4 GB) 

1,536,000 MB 
(1,593 GB) / (1.6 TB) 

* Per month! 

Slide courtesy C.	Zarzycki, NCAR 
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What is “high” resoluAon?


•  True	defini9on	of	“high	resolu9on”	somewhat	ambiguous	and	moving	
target		
• Current	IPCC	models	(FAR/5AR):	~50-100	km		
• Global	numerical	weather	predic9on:	15-40	km	
• Most	people	call	their	simula9ons	“high	resolu9on”	if…	
•  They	are	running	<	50	km	for	climate	applica9ons	
•  <15	km	for	weather	forecas9ng	

Slide courtesy C.	Zarzycki, NCAR 
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3. ParameterizaAon  



4000 km 

25
0	

km
	

250 
km 

Slide courtesy C.	Zarzycki, NCAR 

• Cloud	microphysics	occur	
at	spa9al	scales	that	are	
too	small	to	model	
explicitly	
• Parameteriza9on	makes	
the	problem	solvable	
• BUT	can	introduce	errors	
and	requires	addi9onal	
constants	(some9mes	
not	well	constrained)		

3. ParameterizaAon  
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3. ParameterizaAon


“ l ” 

10 km 100 km 

Small-scale processes are not resolved at all and entirely parameterized. 
The assumption is valid at traditional resolution: Δ ~ O(10-100 km). 

 Δ  

“model grid size ( Δ ) >> characteristic scale ( l )” 

1 km 100 m 

Scale of motions 

(wave length) 

Energy 

larger scale  
(coarser resolution) 

smaller scale  
(higher resolution) 

Slide courtesy C.	Zarzycki, NCAR 

 Δ  

partly resolved by  
model dynamics 

Only unresolved part has 
to be parameterized  

Scale of motions 

(wave length) 

Energy 

“ l ” 

At higher model resolution: Δ ~ l 

ParameterizaAon


Slide courtesy C.	Zarzycki, NCAR 
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4. Flux correcAon


What	is	it?		
	
Why	was	it	
employed?	

5. Spin up


•  Time	required	for	the	ocean	
model	to	reach	a	state	of	
equilibrium	
• Ocean	model	is	ini9alized	
with	present	ocean	state	and	
integrated	forward	un9l	
circula9on	is	consistent	with	
prescribed	water	mass	
structure		

How	long	does	this	circula9on	take?	
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Model spin up example


6. Ensembles
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6. Ensembles


6. Ensembles
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Types of ensembles


1.  Ini9al	condi9on	ensemble	(e.g.,	
CESM	large	ensemble)	

2.  Perturbed	physics	ensembles	
(PPEs)	

3.  Mul9model	ensembles	(MME)	
(e.g.,	CMIP3/5)	

How can we model the climate at the end of the 
century, when we cannot predict the weather 2 
weeks from now??
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PredicAon vs ProjecAon


Weather	predic9ons	are	a	ini9al	value	problem	

Climate	projec9ons	are	a	boundary	value	problem	

PredicAon vs ProjecAon
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7. Emission scenarios 
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8. DetecAon & A[ribuAon


A[ribuAon of recent 
climate change
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A[ribuAon of recent 
climate change


Last 
millennium 

example



