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•  On	the	use	of	Calipso	to	evaluate	climate	
models	(GOCCP	and	COSP/lidar)	

•  Low	level	tropical	clouds	

•  Deep	convecGve	tropical	clouds	



Calipso	observes	enGrely	the	atmosphere	down	to	
the	surface	in	69%	of	the	profiles	

Guzman,	R.,	et	al.	,	2016,	JGR-Atm,	SubmiTed	

!

!

Opaque	clouds	

Thin	clouds	

Clear	sky	

Whereas	31%	of	the	
profiles	sound	parGally	
atmosphere		



!

Guzman,	R.,	et	al.	,	JGR-Atm,	SubmiTed	

A	majority	of	the	opaque	clouds	are	below	4	km	of	alGtude	and	are	
composed	of	liquid	water	

!

Opaque	clouds	
Liquid	clouds	 Ice	clouds	
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Cesana	et	al.	2016,	JGR	
Chepfer	et	al.	2013,	JAOT	

Ice	clouds	 Liquid	clouds	

Clouds	climatologies	derived	from	the	same	Level1	Caliso	dataset	are	
different	depending	on	the	resoluGon	(verGcal/horizontal)	and	the	

associated	detecGon	threshold	(constrained	by	SNR)		



Acknowledging	 the	 significant	 impact	 of	 the	 differences	 in	 the	 cloud	
definiGon	between	observaGonal	products	(cloud	opacity,	cloud	masking,	
resoluGons,	detecGon	thresholds,	etc…)	and	also	between	models	

the	Cloud	Feedback	Model	Intercomparison	Program	(CFMIP)	developed	:		

	The	simulator	COSP/lidar	(Chepfer	et	al.	2008,	GRL,	Cesana	et	al.	2013,	JGR,	Bodas	et	al.)	

The	GCM		Oriented	Cloud	Product	GOCCP(Chepfer	et	et	al:	2010,	JGR,	Cesana	et	al.	2013,	JGR)	

Recommended	 to	 use	 COSP/lidar	 and	 GOCCP	 for	 evaluaGng	 the				
	descripGon	of	clouds	in	climate	models	
	 	in	CFMIP2	(	Bony	et	al.	)	,		
	 	in	CMIP5	(Taylor	et	al.			)	

		 	 	in	CMIP6	(Webb	et	al,	GMD,	2016,	submiTed)	



lidar simulator. Definitions of ice and liquid clouds within the
observational data set and the simulator are fully consistent, so
that the differences between observations and outputs from the
ensemble “model + simulator” can be used to evaluate the
cloud thermodynamic phase in the model.
[43] The liquid and ice cloud climatology is new in

the GCM-oriented CALIPSO Cloud Product (CALIPSO-
GOCCP). It was built using lidar profiles of total attenuated

backscatter (ATB) and cross-polarized attenuated backscatter
(ATB┴) included in the CALIOP Level 1 data set (version 3).
Each level of altitude (480m thick) of a single lidar profile
(every 330m) is declared cloudy when the scattering ratio
(SR) is higher than 5. The values of cross-polarized and total
attenuated backscattered signals were used to determine liquid
or ice cloud particle phase. The sensitivity of the ice/liquid
discrimination was discussed. We then documented ice and

Figure 11. Temperature profiles in liquid and ice clouds. (a) Temperature profiles of (black) liquid
and (red) ice clouds in JFM, (solid lines) as observed by CALIPSO-GOCCP and (dash-dotted lines) as
simulated by the “LMDZ GCM+COSP lidar simulator.” Note that the high values of cloud fraction at
temperature colder than !80"C correspond to very few cloudy events (0.8% of ice clouds). (b) Ice
fraction with respect to the total condensate, (solid + circle lines) as observed by CALIPSO-GOCCP
and (dashed lines) as simulated by the “LMDZ GCM+COSP lidar simulator” for different
regions. The modeled temperature in each subgrid is vertically averaged over 480m to characterize
the temperature of each cloudy pixel. The black solid line corresponds to ice fraction with respect
to the total condensate as simulated by LMDZ GCM vertically averaged over the 480m GOCCP
grid. The dash-dotted black line corresponds to the relationship used to parameterize the phase transition
in LMDZ GCM.

Figure 12. Cloud temperature distribution. Ice cloud fraction in JFM (a) as observed by CALIPSO-GOCCP
in JFM, (b) as simulated by the “LMDZ GCM+COSP lidar simulator,” and (c) as simulated by LMDZ
GCM alone.
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Cloud	phase	observed	by	CALIPSO	is	a	new	a	strong			
constrain	for	climate	models,	

But	apple	to	orange	comparisons	lead	to	wrong	interpretaGon	of	the	model-
obs	differences,	and	contribute	(among	others	things)	to	different	conclusions	
regarding	the	sensiGvity	of	the	climate	to	the	cloud	phase	change	

Cesana	et	al.	2015,	JGR-Atm,	2012,	GRL,	2013	JGR	
Bodas	et	al.	2014	
Kay	et	al.	2016	
McCoy	et	al.	2016		
Hawcrof	et	al.	2016a	and	2016b	J	Clim.	
Storelvmo	et	al.	2016	



Low	level		clouds	(z	<	4km)	
in	Tropical	subsidence	regions	(w500>0)	

Expected	Cloud	Feedback	mechanism	:	

Subtropic	marine	low	level	cloud	cover	decreases	when	the	sea	surface	temperature	
increases	=>	Posi:ve	??	SW	cloud	feedback			

Qu	et	al.	2014	
Klein	and	Hall	2015	
Bretherton	2015	
…	



Nam	et	al.,	2012,	GRL	
Cesana	and	Chepfer,	2012,	GRL	

4. Tropics

[12] Exchanges of energy in the tropics influence the climate of the entire Earth, and tropical clouds play a
key role in its redistribution. All cloud types influence the tropical climate, but inter-model studies [

Bony and Dufresne , 2005 ] suggest that the representation of low level clouds in subsidence regions
(nearly 65% of the tropics) impacts substantially the tropical clouds climate sensitivity.

[13] As describe in Section 1, CALIOP can detect the fractionated and small shallow cumulus in
subsidence regions close to the surface [e.g., Konsta et al. , 2012 ]. The observed boundary layer
cloud cover is larger than 15% almost everywhere (Figure 3a), with a maximum of 100% in stratocumulus
over the East part of oceans, where the subsidence is strong. Figures 3b–3f exhibit the model cloud
covers together with the regions of subsidence, identified by a positive mean air mass vertical speed at
500 hPa (w500). Stratocumuli are reproduced by most models but their horizontal extent is
underestimated, in particular along the Californian and Australian coasts. The shallow cumulus cloud
cover is significantly underestimated (10% instead of 25%) by half of the models. Further analysis (not
shown) indicates the high cloud cover in subsidence regions (w500 > 0) is small in both models and
observations, which suggest that the model underestimation of low clouds is not due to masking by higher
clouds (Section 3.2).

Figure 3.
Open in figure viewer

Tropical low cloud cover (DJF). (a) observations CALIPSO-GOCCP, (b–f) climate

models + COSP/lidar simulator with MPI-ESM (Figure 3b), CanAM4 (Figure 3c), IPSL-CM5B

(Figure 3d), CNRM-CM5 (Figure 3e), HadGEM2-A (Figure 3f). Green and magenta isolines

The	too	few	too	bright	low	level		cloud	problem	
in	CMIP5	models			



Konsta,	Dufresne,	Chepfer,	et	al.,	2015,	Climate	Dynamics	
Konsta,	Chepfer,	Dufresne,	et	al.,	2012,	Climate	Dynamics	

D. Konsta et al.
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are consistent with those obtained with CALIPSO–PARA-
SOL, both for the observations and for the models. How-
ever, the confidence in CALIPSO–PARASOL data is 
higher because the detection of low-level clouds is much 
better than in ISCCP, as noted above. In CALIPSO–PAR-
ASOL data, cumulus clouds are found to be characterized 
by larger values of cloud cover compared to the ISCCP 
observations. The decrease of cloud reflectance with cloud 
cover observed with CALIPSO-PARASOL is not obvious 
in ISCCP.

Based on theory and observation, the cloud optical 
thickness increases with the cloud top height for low-level 
clouds having the same base height: as the cloud grows 
vertically, more water can condensate and the cloud opti-
cal depth increases. This relationship depends on many 
phenomena (e.g. turbulent mixing, precipitation efficiency) 
that are not accurately known. This has motivated many 
field campaigns (e.g. Coakley et al. 2005; Siebesma et al. 
2003). The analysis of this relationship on the global scale 
is performed using the CALIPSO-PARASOL observa-
tions. The mean cloud reflectance as a function of the cloud 

top pressure when low-level clouds dominate is shown on 
Fig. 7. The cloud top pressure is defined as the first layer 
below 680 hPa, where the cloud cover is greater than 0.1. 
Both model and observations show that the cloud optical 
depth increases with cloud top altitude, as expected. How-
ever, the cloud optical thickness simulated by the models is 
two to three times larger than the observed one.

The poor representation of the low-cloud properties in 
the models may have important consequences for climate 
change studies. Indeed, low-level clouds cover most of the 
tropical ocean and are the main source of spread in climate 
sensitivity estimates (Bony and Dufresne 2005; Vial et al. 
2013). In addition, the amplitude of the low-level cloud 
feedback depends on the cloud radiative effect (Brient and 
Bony 2012). An error in the later may impact the value of 
the former.

4.3  From model evaluation to model improvement

The analysis of monthly mean values of cloud properties 
confirms that the LMDZ5 model, as many other models, 

Fig. 6  2D histograms of instantaneous cloud reflectance and cloud 
cover over the tropical ocean, when low level clouds dominate 
(CClow > 0.9*CC) a, d observed, b, e simulated with LMDZ5A 
and the simulator, and c, f simulated with LMDZ5B and the simula-
tor. The upper line a, b, c corresponds to PARASOL observations, 

CALIPSO observations and simulator respectively and the lower line 
d, e, f corresponds to ISCCP. The color bar represents the number of 
points at each grid cell (cloud cover-cloud reflectance) divided by the 
total number of points

Use of A-train satellite observations (CALIPSO–PARASOL) to evaluate tropical cloud…

1 3

simulate low-level clouds with a too low cloud cover and 
a too high optical thickness (Nam et al. 2012; Klein et al. 
2013). The use of instantaneous values of cloud properties 

further highlights that the mean values, as well as the vari-
ation of the cloud optical thickness with the cloud cover in 
the LMDZ model, are biased. Key deficiencies in the model 
parameterizations can be identified and improved using the 
diagnostics presented above. Presenting new parameteriza-
tions for low-level clouds is far beyond the scope of this 
paper, but the proposed diagnostics are very relevant for 
future model developments. The major model discrep-
ancy, with increasing optical thickness as the cloud cover 
decreases (Fig. 6), is further analyzed in the LMDZ5A 
model.

Many factors affect both the cloud cover and the cloud 
reflectance in models, but a sensitivity analysis shows 
that the liquid water content is the main source of the 
error in the relationship between these two variables in 
the LMDZ5A model, and not the micro-physic properties 
of clouds such as the cloud droplet size. The vertical inte-
grated cloud water amount (or liquid water path) and the 
cloud reflectance for low-level clouds increase as the cloud 
cover increases, and the liquid water path is strongly cor-
related with the cloud reflectance (Fig. 8a).

The cloud fraction and the liquid water content are diag-
nosed in the LMDZ5A model from the large-scale value 
of the total (vapor + condensed) water Qt, the moisture at 
saturation Qs, and the subgrid scale variability of the total 
water using a generalized log-normal Probability Distribu-
tion Function (PDF) defined by three statistical moments 

Fig. 7  Instantaneous mean cloud reflectance as a function of cloud 
top pressure for mainly low-cloud situations (using the criterion: 
CClow > 0.9*CC) over the tropical ocean, observed with PARASOL 
and CALIPSO-GOCCP (red line), simulated with LMDZ5A and the 
simulator (black line), and simulated with LMDZ5B and the simu-
lator (black dotted line). CTP is defined as the highest level of low 
clouds where the local cloud cover is greater than 0.1

Fig. 8  2D histograms of instan-
taneous of a cloud liquid water 
path versus cloud reflectance 
simulated with LMDZ5A where 
low-level-clouds dominate 
(CClow > 0.9*CC), b cloud 
reflectance versus cloud cover 
with the modified parameteriza-
tion in LMDZ5A (see text) for 
all clouds and c for condi-
tions where low-level-clouds 
dominate (CClow > 0.9*CC). 
The color bar represents the 
number of points at each grid 
cell divided by the total number 
of points

ObservaGons		
CALIPSO/PARASOL	

Model		
+	simulators	

Model-modified		
+	simulators	

Model-modified	includes	a	
new	parameterizaGon	of	the	
verGcal	subgrid	cloud	
distribuGon		deduced	from	
Calipso	obs	

Instantaneous	Calipso/A-train	correlaGon	between	
variables	at	high	spaGal	resoluGon	guide	
parameterizaGon	development	in	climate	models	
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Calipso	low		cloud	volume	drives	the	CRE-SW	

Lidar	in	space	record	would	allow	
observing	the	sign	of	the	SW	feedback	
model	predicGng		>0	SW	feedback		
model	predicGng	<0	SW	feedback	

A	lidar	25+	years	record	to	constrain	the	SW	cloud	feedback,		
and	climate	sensiGvity		

And	also	the	magnGude	of	
the	SW	tropical	feedback	

Chepfer	et	al,	in	prep	



Opaque	Tropical	clouds	
in	convecGve	regions	(w500<0)	

…	

Expected	Cloud	Feedback	mechanism	:	

Opaque	tropical	clouds	are	expected	to	rise	up	as	surface	temperature	increases	=>	Is	
the	dominant	Posi:ve	LW	cloud	feedback	term	,	…	how	much	?	Depends	on	models		

Hartmann	et	al.	2002	
Zelinka	et	al.	2012	
	Wang	et	al.	2002		
O’Gorman	et	al.	2013	
Chepfer	et	al.	2014,	GRL	
…	



Vaillant	de	Guélis	et	al.,	in	prep	

The results shown in Figure 4 indicate where robust signatures of forced climate change may likely first
occur. The CMIP5 RCP8.5 CO2 emission scenario produces a roughly +4 K increase in the global mean
surface temperature (+3.8 K ± 1 K depending on the CMIP5 model considered) between 2006 and 2100.
Assuming a linear evolution of the thick cloud fraction profiles between 2006 and 2100, we computed the
number of years required to observe a change equal to three times the observed variability. As an example,
in the tropics (Figure 3), at z = 5 km, 3 times the observed variability is ±0.92%, and the expected change
in a +4 K climate is +4% for the CanAM4 model (red line). In this emission scenario, it would take
0.92 × 94/4 = 22 years for this change to be observed. Figure 4 shows the time required to produce a
change of 3 times the observed variability, as a function of altitude, assuming the Earth temperature
increases +4 K in 94 years.

The results shown in Figure 4 represent lower bounds on the time required to detect a change in cloud
occurrence, due to anthropogenic forcing, and where such change may first be detectable. Changes in
opaque cloud profiles possibly attributable to anthropogenic forcing would be observable more quickly at
altitudes higher than 5 km at all latitudes. The first observable change would be in the polar northern regions.
Observable changes would occur last in northern midlatitudes at low altitudes.

The results shown in Figure 4 can be used to make relative comparisons about the time needed to detect
signals using different variables or locations but should not be used in an absolute sense because of
the following:

1. The AMIP+4K experiment does not fully depict the cloud changes that will result from greenhouse gas-
induced warming. Results from a coupled-ocean atmosphere model would be more reflective of what to
expect in the future climate, both because the sea surface temperature changes will not be uniform and

Figure 3. Cloud fraction profiles for (top) optically thin and (bottom) optically thick clouds that fully attenuate the laser. The green area and dotted line are defined as
in Figure 1b but for cloud fraction profiles. The solid lines represent the difference between the CALIPSO-like profiles in the future climate (+4 K) compared to the
current climate as predicted with CanAM4 model (blue line) and HadGEM2 model (red line) using COSP/lidar. Horizontal dashed lines divide altitudes of low-, middle-,
and high-level clouds.
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in Figure 1b but for cloud fraction profiles. The solid lines represent the difference between the CALIPSO-like profiles in the future climate (+4 K) compared to the
current climate as predicted with CanAM4 model (blue line) and HadGEM2 model (red line) using COSP/lidar. Horizontal dashed lines divide altitudes of low-, middle-,
and high-level clouds.
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(+4K	–	current)	
(+4K	–	current)	

The	alGtude	of	opaque	clouds	is	expected	to	rise	up	quickly	when	climate	
warms,	the	alGtude	of	opaque	clouds	is	the	main	driver	of	the	CRE	LW		
=>	a	direct	observable	of	LW	tropical	feedback	
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The	alGtude	of	opacity	drives	the	LW	CRE	

The	lidar	opaque	alGtude	increases	for	
both	models,	but	with	different	
amplitude	
Model	with	large	posiGve	feedback,	
Model	with	moderate	posiGve	feedback	

If	the	models	predicGons	were	right,	the	cloud	rise	up	would	be	observable	soon,	which	
doesn’t	seem	to	be	the	case=>	models	overesGmate	the	LW	cloud	feedback	

A	lidar	25+	years	record	constrains	the	LW	cloud	feedback,		
and	climate	sensiGvity		



•  Developing/tuning	climate	models	directly	against	observaGons	without	taking	into	
account	resoluGons	and	cloud	masking	effect	(simulator),	would	likely	lead	to	
erroneous	conclusions	and	model	developments	

•  CALIPSO/A-train	cloud	observaGons	and	COSP:	
		-	have	allowed	numerous	model	evaluaGons	
	 		(see	CFMIP	webpage	list	of	references),		
	-	are	currently	allowing	improvement/leads		for	cloud		descripGon/ 			 	
	parameterizaGon		in	climate	models	
		 	(eg.	low	level	shallow	tropical	clouds,	cloud	phase)		
	 	when	used	at	high	spaGo-temporal	resoluGon	with	simulators	

•  VerGcally	resolved	observaGons	collected	by	acGve	sensors	are	able	to	constrain	the	
longstanding	quesGon	of	cloud	feedback	sign	and	amplitude	in	different	regions,	if	the	
record	is	long	enough		
	=>	need	for	another	Calipso/CloudSat	afer	EarthCare	with	no	gap	 		
	(any	gap	delay	the	capability	to	constrain	cloud	feedback	and	climate	sensiGvity)	

Conclusion	


