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Cloud	Radia*ve	Forcing	at	the	surface		
Quan3fying	the	perturba3on	to	the	net	surface	radia3on	budget	caused	by	clouds	
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Radia+ve	Flux	Analysis	(RadFlux)	
•  RadFlux	methodology	
– Time	series	analyses	of	surface	broadband	
radia+on	and	meteorological	
measurements	(T/RH)	
• Need	at	least	5-minute	resolu+on	

– Detect	clear-sky	(cloud	free)	periods	
– Use	detected	clear	sky	data	to	fit	func+ons	
– Interpolate	coefficients	to	produce	
con+nuous	es+mate	of	clear-sky	
irradiances	
– Use	clear-sky	and	measured	irradiances	to	
infer	cloud	forcing	and	cloud	proper+es	



RadFlux	Outputs	

Complete Net surface radiative cloud forcing and cloud 
macrophysical properties without using any measurements  
typically used as input for model calculations 



Cloud Radiative Forcing (CRF) Seasonal Cycle
[21-day smoothed hourly averages]

(Miller et al. 2015) 

Warming compared to clear sky 
Cooling compared to clear sky 

Summit	summer	snow	covered	thus	
high	albedo,	liYle	SW	CRF	

Winter	CRF	similar	at	all	sites	

CRF	ini+ally	increases	in	
spring	with	increase	in	cloud	
amounts	and	air	temps	while	
liYle	SW	yet	and	high	albedo.	



Cloud Radiative Forcing (CRF) Seasonal Cycle
[21-day smoothed hourly averages]

(Miller et al. 2015) 

Warming compared to clear sky 
Cooling compared to clear sky 

CRF	rapidly	decreases	to	
nega+ve	once	snow	melts,	
surface	albedo	decreases,	
and	the	SW	CRF	dominates.	

Factors	determining	when	
CRF	transits	between	
cooling	and	warming	
include	la+tude,	surface	
albedo,	cloud	amounts	
and	type.	



Longwave Cloud Radiative Effect (LW CRE)

Notably,	the	LW	CRE	is	preYy	similar	between	the	sites.	
Greater	in	the	warmer	months.	

But	while	the	average	LW	CRE	is	similar,	the	
combina+on	of	cloud	proper+es	producing	the	CREs	
differ.	
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Distribu3ons	of		
LW	CRE	

•  Cloud	amounts	and	OVC	
occurence	greater	at	Barrow	
than	Alert.	

•  CRE	of	each	cloud	likely	greater	
at	Alert	due	to	drier	
atmosphere	(less	greenhouse	
effect	at	given	temperature).	

•  Barrow,	Tiksi,	and	Eureka	LW	
CRE	mode	centered	on	~	60	
Wm-2	

•  Alert	and	Summit	centered	on	
80	Wm-2	

2.5 



Conclusions	
•  Proper+es	of	the	environment	that	are	not	cloud	proper+es	(e.g.,	surface	cover)	are	

among	the	largest	levers	in	variability	in	CRF	(and	some+mes	magnitude	too).	
•  CRESW	differs	between	sites	due	to	differences	in	cloud	frac+on	and	available	sunlight.	

Conversely,	average	CRELW	is	similar	between	the	sites,	but	this	average	comes	from	
different	combina+ons	of	cloud	proper+es.	Analyzing	components	of	SEB	and	
understanding	how	balance	is	reached	through	compensa+on	is	a	priority.	

•  Interannual	variability	in	CRF	annual	cycle	is	nearly	as	large	at	each	site	as	differences	
between	sites	–	we	hypothesize	that	intra-site	variability	might	be	as	large	as	inter-
site	variability	(with	notable	excep+ons,	e.g.,	Summit	in	all	months	and	Aug./Sept.	at	
all	sites	when	cloud	frac+ons	differ	between	sites	the	most).	

	
Given	ini+al	analyses,	
•  	What	improvements	to	the	arc+c	surface	radia+on	network?	

–  Mul+ple	upwelling	radia+on	measurements	at	each	site	to	complement	1	
downwelling	set	-	site	selec+on	in	collabora+on	with	studies/IASOA	working	groups		

–  Need	to	make	intersite	comparisons	more	robust	with	comparability	metrics	–		
“traveling	comparison	standard	system”	

	
•  Next	steps	

–  Already	analyzing	what	CRF	observa+ons	at	Barrow	can	tell	us	about	interannual	
variability	in	sea	ice.	

–  Assessing	capabili+es	of	long-term	Arc+c	radia+on	measurements	for	trend	detec+on.	
–  Understanding	the	influence	of	atmospheric	dynamics	and	low-frequency	variability	in	

modula+ng	CRF.	

Thanks!	
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Shortwave Cloud Radiative Effect (SW CRE)



Monthly Mean Cloud Radiative Forcing (CRF)

Ice-covered

Ice-free

Greenland icey
 year round

Brief ice-free 
Period at Alert

Ice-covered


