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How	we	observe	&	simulate	climate?	
TOA	incoming	radia>on	DJF	 Surface	air	temperature	DJF	

Surface	pressure	DJF	 Wind	speed	and	direc>on	DJF	

TOA	outgoing	radia>on	DJF	

ITCZ/convergence	

divergence	

The	history	of	climate	data	
COADS	number	of	observa>ons	
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The	history	of	climate	data	

•  Where	does	our	data	come	from?	
•  What	is	the	difference	between	historical	
observa>onal	products	and	reanalyses?	

Why	the	
discrepancy	in	
surface	ocean	

trends??	

Deser	et	al.	2010	



1/30/18	

3	

H
is

to
ric

al
 s

al
in

ity
 tr

en
ds

 
(1

95
8-

20
01

) 

SSS	trend	(PSU/decade)	

Where	does	this	data	come	from?	
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Number	of	observa>ons	

How	do	we	
get	from		

COADS	SST	1854	

ERSSTv4	SST	1854	

t
o
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The	long	and	windy	road	of	
historical	data	

1.  Bias	correc>on	
2.  Interpola>on/Infilling	

missing	data	
3.  Reanalysis	

Example	1:	Ocean	temperature		
bias	correc>on	

'bucket correction' for data collected before 1942, to correct for a known cool 
bias in the data.	
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Ocean	temperature	measurement	bias	

•  Canvas buckets: evaporation while hauling in the bucket, cooling the water à cool bias 
•  Wooden or rubber buckets: reduced evaporation effect. 
•  Engine room sensors: sample from deeper water, but the water is heated by the pipeworkà warm 

bias 
•  Hull sensors suffer similar problems to engine room sensors, although the effect is probably smaller 
•  Buoys tend to be more consistent. 

Kennedy	et	al.	2012	

Profiling	floats	(e.g.	ARGO)	

Each	programmed	to	make	~150	cycles	



1/30/18	

7	

ARGO	ac>vity	
•  19 countries
•  Can stay at one level, or move up and 

down (programmable)
•  Data include T, S, and location
•  Gives surface and deep circulation, as well 

as T and S
•  “real time”
•  >3000 publications to date

hbp://www.argo.ucsd.edu/	hbp://www.argo.ucsd.edu/Frpictures.html	

Profiling	floats	and	dricers	-	data	

hbp://flux.ocean.washington.edu/	 hbp://www.argo.ucsd.edu/Frpictures.html	
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Satellite	observa>ons	

Trend	in	lower	tropospheric	temperature,	1979-2011	as	measured	by	the	
Microwave	Sounding	Unit	(MSU)	and	Advanced	Microwave	Sounding	Unit	(AMSU)	

Example	1:	Ocean	temperature		
bias	correc>on	
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Corrected	vs	uncorrected	SSTs 		

HadISSTv2	bias	
corrected	data	

•  What	caused	the		~0.3	°C	drop	in	
SST	around	1945	(dashed	line	=	
Aug	1945)??	

•  (equivalent	to	~40%	of	the	
century-long	upward	trend	in	
global	mean	temperature!)	

•  only	apparent	in	ocean	data,	but	
not	in	land	measurements.	

Thompson	et	al.	2008	
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Post-World	War	II	cooling	a	mirage	
“the result of uncorrected instrumental 
biases in the sea surface temperature 
record”	

Thompson	et	al.	2008	

History	of	SST	measurements	

Kennedy	et	al.	2012	

•  The grey region represents measurements of unknown type. 
•  Black line: approximate indication of the correction required.  
•  When all the data come from cool-biased buckets, a positive adjustment is 

required 
•  When they come from warm-biased engine room intakes, a negative 

adjustment is required.  

~1942:	“Bucket	
correc>on”	

~1945:	Post-war	
shic	back	to	
buckets	
(increase	in	UK	
ships)	
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HadISSTv3	bias	correc>on	

HadISSTv2	
(green)		vs	

HadISSTv3	(red)	

hbps://
www.skep>calscience.com/
print.php?n=1414	



1/30/18	

12	

Example	2:	Air	temperature		
bias	correc>on	

Vose	et	al.	2003	

1.  Time	of	day	

Historical	climatology	network	
(HCN)	

Air	temperature	bias	correc>on	
1.  Time	of	day	
2.  Loca>on:		

a.	poor	si>ng	and	changes	to	si>ng	
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Air	temperature	bias	correc>on	
1.  Time	of	day	
2.  Loca>on:		

a.	poor	si>ng	and	changes	to	si>ng	

Air	temperature	bias	correc>on	
1.  Time	of	day	
2.  Loca>on:		

a.  poor	si>ng	and	changes	to	si>ng	
b.  Urban	vs	rural	

hbp://www.realclimate.org/index.php/archives/2013/02/urban-
heat-islands-and-u-s-temperature-trends/	

Peterson	et	al.	1999	
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Before	&	acer	correc>on	

HCN:	sites	selected	by	
spa>al	coverage,	length,	
completeness,	and	historical	
stability.		Adjusted	fro	
systema>c,	non-clima>c	
changes	that	bias	
temperature	trends	

Global	air	temperature	sta>ons	with	
bias	correc>ons	
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Surface	air	
temperature	

before		
	
	
	
	
	

acer		
	

bias	correc>on	

How	are	all	of	these	disparate	
measurements	incorporated	into	one	

temperature	record??	
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BUT…how	do	
we	get	from		

COADS	SST	1854	

ERSSTv4	SST	1854	

t
o

Op>on	#1:	
Interpola>on/

Infilling	
missing	data	
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Example	from	ERSSTv3b	

Example	from	OISST	
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Op>on	#2:	reanalysis	

Reanalysis	

1.	The	model	is	run	
forward	a	large	
number	(typically	25	
to	100)	of	>mes	by	
perturbing	either	its	
ini>al	condi>ons	

2.	The	forecasts	are	
"analyzed",	or	
updated	with	the	
use	of	observa>ons	
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Advantages	&	disadvantages	of	each	
type	of	data??	

•  Uninterpolated	vs	interpolated?	
•  Historical	products	vs	reanalysis?	


