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Mo#va#ons	

•  MAGIC’s time-resolved hyper-spectral measurements 
reveal more details of cloud types/structure as well as 
cloud aerosol interactions. 

•  Retrievals of cloud and aerosol properties depend on 
accuracy of radiance measurements. We want to know 
how effective it can be to use redundant hyper-spectrum 
radiation measurements from SSFR and SASze in 
studying the cloud properties near cloud edges. 

 



Transi#on	zone	

•  What	is	transiMon	zone?	

•  Why	it	is	important	to	
study	the	cloud	in	
transiMon	zone?	



Intr.	To	Spectral	invariance		
(1)	spectrum	in	the	transi#on	zone	

250 s; cloud base 
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SWS	data,	18	May	2007,	SZA=45°	
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Spectral-invariant	hypothesis	

Itransition (λ) = aIcloudy (λ)+ bIclear (λ)

Itransition (λ)
Iclear (λ)

= a
Icloudy (λ)
Iclear (λ)

+ b

y(λ) = ax(λ)+ b

	e.g.	A.	Marshak	et	al,	2009,	2011;	J.C.	Chiu,	et	al,	2010.			
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Tes#ng	spectral-invariance	hypothesis	with	
SWS	data	

Itransition (λ)
Iclear (λ)

= a
Icloudy (λ)
Iclear (λ)

+ b

0

5

10

15

20

0 5 10 15 20

20070518
350-1800 nm160/250

170/250
180/250
190/250
200/250
210/250
220/250
230/250
240/250

ra
tio

s 
to

 c
le

ar

cloudy to clear ratio (150/250)

Itransition (λ)
Iclear (λ)



0

1

2

3

4

5

6

0 1 2 3 4 5 6

350-680 nm

y = 0.14451 + 0.86528x   R= 1 
y = 0.31185 + 0.69791x   R= 0.99998 
y = 0.64447 + 0.40227x   R= 0.99982 
y = 0.95884 + 0.122x   R= 0.99582 

y = 0.9731 + 0.052729x   R= 0.99775 
y = 0.98547 + 0.032384x   R= 0.99697 
y = 0.9857 + 0.025497x   R= 0.99776 
y = 0.9936 + 0.014396x   R= 0.99302 

y = 0.99931 + 0.0049027x   R= 0.96287 

ra
tio

s 
to

 c
le

ar

cloudy to clear ratio (150/250)

Itransition (λ)
Iclear (λ)



Tes#ng	with	SBDART	model:	spectra	omiPng	
absorp#on	bands	(l),	spectral-invariant	plot	(r)	

0

0.2

0.4

0.6

0.8

0

0.2

0.4

0.6

0.8

0.4 0.8 1.2 1.6 2

tau0.1
tau0.3
tau0.5
tau0.7
tau0.9
tau2.0
tau3.0

tau0.0
tau4.0

ze
ni

th
 ra

di
an

ce

zenith radiance

wavelength

0.40 - 0.92 µm
0.99 - 1.07 µm
1.18 - 1.29 µm
1.53 - 1.71 µm

0

5

10

15

20

0 5 10 15 20

rat0.1
rat0.3
rat0.5
rat0.7
rat0.9
rat2.0
rat3.0

ra
tio

s

ratio tau=4.0 to tau=0.0

0.40 - 0.92 µm
0.99 - 1.07 µm
1.18 - 1.29 µm
1.53 - 1.71 µm

zooming	in	on	red-box	
regions	in	next	slide	

Itransition (λ)
Iclear (λ)

= a
Icloudy (λ)
Iclear (λ)

+ b
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Intr.	To	Spectral	invariance		
(2)	applica#ons	

•  How	do	we	apply	the	discoveries	to	help	us	
understand	the	cloud	property	in	the	transiMon	
zone.	

– Observing	the	variaMons	of	the	a	and	b.	
–  	NIR	intercept	are	significantly	affected	by	the	
effecMve	radius	of	droplet.	

– VIS	slopes	are	affected	by	the	cloud	opMcal	depth.	
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Radia#on	Instruments	

SAS-Ze CIMEL SSFR 

Solar Spectral Flux Radiometer  
FOV: 2.8o 

Spectral range:  350-1700 nm 
Frequency    1 Hz 

Same family (NASA Ames) 
as the Shortwave 
Spectradiometer (SWS) at 
SGP 



The	difference	between	the	two	hyper-
spectrum	instruments	
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The	HSRL	lidar	profiles	and	TSI	(Total	Sky	Imager)	images	during	cloudy-to-clear	sky	transiMons	on	
2013-07-10	(Upper	leW)	and	on	2013-07-12	(Upper	right).	(a)	and	(b)	are	zenith	radiances	@500nm	
from	3	instruments	on	07-10	and	07-12,	respecMvely.	

Two	examples	
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(d)

Time-series	of	slopes	and	intercepts	calculated	for	both	instruments.	LeW	Column:	case	of	
2013-07-10	.	Right	Column:	case	of	2013-07-12.	(a)	and	(c)	VIS	slope.	(b)	and	(d)	NIR	intercept.	



Two	limi#ng	scenarios	in	cloud	and	air	
mixing:		

Inhomogeneous	Mixing	
Cloud	drop	evaporates	before	dry	air	
penetrates	the	enMrety	of	the	cloud.		
	
ReducMon	in	the	droplet	number	
concentraMon	for	droplets	of	all	sizes	but	
no	change	in	the	cloud	drop	spectrum.	

Homogeneous	Mixing	
Drier	air	penetrates	the	cloud	before	
cloud	drop	evaporates.	
	
ReducMon	in	size	of	all	droplets	but	no	
substanMal	change	in	the	number	of	
cloud	droplets.	

e.g.	Baker	et	al.	(1980);		Baker	and	Latham	(1982);	Lehmann	et	al.,	(2009);	Lu	et	al.,	(2013)	



Case	of	2013-07-07	with	a	transiMon	Mme	~21:49:00.	(a)	is	the	HSRL	lidar	profiles	and	TSI	(Total	Sky	
Imager)	images	during	cloudy-to-clear	sky.	(b)	are	zenith	radiances	@500nm	from	2	instruments.	(c)	is	
the	VIS	slope.	(d)	is	the	NIR	intercept.	

Another	example	



Summary:	
•  In	the	spectral-invariant	approx.,	the	VIS	slope	is	determined	by	
cloud	opt.	depth,	while	the	NIR	intercept	is	negaMvely	correlated	
with	droplet	sizes.	

•  In	the	cloud-to-clear	transiMon	zones,	~2/3	cases	of	NIR	intercept	
do	not	change	significantly	near	cloud	edges.	

•  Results	indicate	that	cloud-air	mixing	is	predominantly	
inhomogeneous	near	cloud	edges.	

•  The	spectrally	invariant	method	and	the	redundant		hyper-
spectrum	measurements	co-work	effecMvely	for	providing	cloud	
droplet	size	informaMon	in	transiMon	zone.	


