
About	  the	  observa-on	  of	  cloud	  changes	  
due	  to	  greenhouse	  warming	  

Hélène	  Chepfer	  
Laboratoire	  de	  Météorologie	  Dynamique	  /	  Ins-tut	  Pierre	  Simon	  Laplace	  	  

University	  Pierre	  and	  Marie	  Curie	  
	  
	  

Toulouse,	  Oct.	  2014	  



The	  predicted	  cloud	  responses	  to	  greenhouse	  warming	  are	  uncertain	  	  	  	  

.	  

Cloud	  cover	  ?	  

2006	   2100	  

2006	   2100	  

Cloud	  radia-ve	  effect	  ?	  

0	   0	  

For	  a	  given	  CO2	  emission	  scenario	  (CMIP5,	  RCP8.5),	  

+	  2.8K	  ?	  

+	  4.8K	  ?	  

=>	  Clouds	  remains	  one	  of	  the	  largest	  uncertainty	  in	  climate	  predic-on	  



Predicted	  cloud	  responses	  to	  greenhouse	  warming	  

IPCC,	  AR5,	  Chapter	  7	  



Predicted	  change	  in	  cloud	  cover	  
and cloud optical depth, that do not unambiguously fall
into one of our categories of decomposition. Summing
DCprop, DCDp, and DCDt gives

20:96 20:02 1:10

1:13 2:75 3:00

! "
.

Note that the sum of this matrix is constrained to exactly
equal the true change in cloud fraction (7 in this exam-
ple). The residual is

DCresidual 5
21 0 2

0 2 4

 !

2
20:96 20:02 1:10

1:13 2:75 3:00

 !

5
20:04 0:02 0:90

21:1320:75 1:00

 !

.

The residual matrix sums to zero by design, but it does
contribute to the cloud feedback calculation because it is
multiplied with the cloud radiative kernel before being
summed. As shown below, this is generally a small
contribution because the first-order components of the
feedback are accounted for by the effect of cloud
amount, altitude, and optical depth changes.
Before continuing, it is important to recognize that

aliasing can arise from partitioning cloud feedback using
this decomposition. This is because the decomposed
cloud fraction anomaly joint histograms may have non-
zero elements even where cloud fraction anomalies are
zero. A particularly egregious example would be a hypo-
thetical large reduction in low, thin cloud fraction, with
no change in the fraction of any other cloud type. This
would appear in our altitude decomposition as both a
negative low cloud anomaly and a positive cloud anomaly
at other altitudes within the thin t bin, and in our optical
depth decomposition as both a negative thin cloud
anomaly and a positive cloud anomaly at other optical
thicknesses within the low CTP bin. The proportionate
change in cloud fraction histogram will have negative
values in every element for which the mean state cloud
fraction histogram is nonzero. In other words, the effect
of a change in the fraction of an individual cloud type
may (i) be included in more than one decomposition
and (ii) get ‘‘spread’’ among the other elements of the
decomposed histograms. When multiplied by the cloud
radiative kernels, this could produce appreciable cloud
amount, altitude, and/or optical depth feedbacks, even
though the radiative impact of that individual cloud
fraction anomaly is small. Locations in which the sum of
amount, altitude, and optical depth feedbacks are af-
fected by such ‘‘spreading’’ will have nonzero residual
feedbacks. Thus, care must be taken when interpreting

themagnitude of the amount, altitude, and optical depth
feedbacks, especially where the residual term is of com-
parable magnitude.

3. Ensemble mean change in cloud properties

As an aid in interpreting the contributions to cloud
feedbacks from the three types of cloud changes decom-
posed above, in Fig. 1 we show the ensemblemean change
in total cloud fraction, CTP, and the natural logarithm of t
per degree of global average surface air temperature
warming. The change in ln(t) rather than in t is calculated
because the former quantity is linearly proportional to the

FIG. 1. Annual and ensemble mean change in (a) cloud fraction,
(b) cloud fraction–weighted cloud-top pressure, and (c) cloud
fraction–weighted natural logarithm of optical depth per degree
global average surface air temperature increase. Stippling indicates
regions where $75% of the models agree on the sign of the field
plotted. The dashed lines are the 6308 and 6608 latitude lines.
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Zelinka	  et	  al.	  2012	  
(ensemble	  mean	  change)	  

Global	  mean	  cloud	  cover	  decreases	  
Global	  mean	  cloud	  feedback	  posi-ve	  0.27	  W/m2/K	  	  



1985	   2006	  

over the corresponding time periods at a specific 
observation time. On average, the magnitude of the 
variations corresponds to the global mean interan-
nual variability. ISCCP results including all daily 
observations (also shown in Fig. 6) are similar to 
the ones at 1600 local observation time. Detailed 
investigations by Rossow (annex 2 of Stubenrauch 
et al. 2012) on possible sources leading to spurious 
changes in the ISCCP CA time record show that, 
although they can change the magnitude of the 
slow CA variations by about one-third, they cannot 
account for all of the variation.

CONCLUSIONS, RECOMMENDATIONS, 
AND OUTLOOK. The GEWEX Cloud Assessment 
database, created by the participating teams, allowed 
for the first time a coordinated intercomparison 
of L3 cloud products of 12 global “state of the art” 
datasets. In addition to self-assessments (annex 1 
of Stubenrauch et al. 2012), which show the matu-

rity of the various datasets, the analyses have shown 
how cloud properties are perceived by instruments 
measuring different parts of the electromagnetic 
spectrum and how cloud property averages and 
distributions are affected by instrument choice as 
well as some methodological decisions. These sat-
ellite cloud products are very valuable for climate 
studies or model evaluation: Even if absolute values, 
especially those of high-level cloud statistics, depend 
on instrument (or retrieval) capability to detect and/
or identify thin cirrus, relative geographical and 
seasonal variations in the cloud properties agree very 
well (with only a few exceptions, like deserts and 
snow-covered regions). Probability density functions 
of radiative and bulk microphysical properties also 
agree well, when one considers retrieval filtering or 
possible biases due to partly cloudy pixels (e.g., Zhang 
and Platnick 2011; Pincus et al. 2012) and due to ice-
water misidentification. When comparing to climate 
models, observation time and view from above as well 

FIG. 6. Time series of global CA and CT anomalies as well as of monthly mean instantaneous sampling fraction 
of the globe (at a specific local observation time) of the participating datasets. For each dataset the period 
covered in the GEWEX cloud assessment database is shown, with local observation time at 1330 LT (1500 LT 
for ISCCP, 1030 LT for ATSR-GRAPE, and 1030 LT for MISR). ISCCP anomalies are also shown using the whole 
diurnal time statistics (blue line).
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Anomaly	  cloud	  top	  temperature	  

Observed	  change	  in	  cloud	  cover	  

1985	   2006	   2010	  

«	  …	  At	  present,	  one	  can	  only	  conclude	  that	  global	  monthly	  mean	  cloud	  amount	  is	  constant	  
over	  the	  last	  25	  years	  (…)	  within	  the	  range	  of	  interannual	  variability	  »	  

	   	   	   	   	   	   	   	   	   	  GEWEX	  Cloud	  Assessment	  Report,	  2013	  

+	  2%	  
	  
+	  2%	  



Predicted	  change	  in	  cloud	  al-tude	  

Zelinka	  et	  al.	  2012	  
(ensemble	  mean	  change)	  
	  High	  Cloud	  rise	  up	  	  

Global	  mean	  cloud	  feedback	  posi-ve:	  	  +	  0.33	  W/m2/K	  

and cloud optical depth, that do not unambiguously fall
into one of our categories of decomposition. Summing
DCprop, DCDp, and DCDt gives

20:96 20:02 1:10

1:13 2:75 3:00

! "
.

Note that the sum of this matrix is constrained to exactly
equal the true change in cloud fraction (7 in this exam-
ple). The residual is

DCresidual 5
21 0 2

0 2 4

 !

2
20:96 20:02 1:10

1:13 2:75 3:00

 !

5
20:04 0:02 0:90

21:1320:75 1:00

 !

.

The residual matrix sums to zero by design, but it does
contribute to the cloud feedback calculation because it is
multiplied with the cloud radiative kernel before being
summed. As shown below, this is generally a small
contribution because the first-order components of the
feedback are accounted for by the effect of cloud
amount, altitude, and optical depth changes.
Before continuing, it is important to recognize that

aliasing can arise from partitioning cloud feedback using
this decomposition. This is because the decomposed
cloud fraction anomaly joint histograms may have non-
zero elements even where cloud fraction anomalies are
zero. A particularly egregious example would be a hypo-
thetical large reduction in low, thin cloud fraction, with
no change in the fraction of any other cloud type. This
would appear in our altitude decomposition as both a
negative low cloud anomaly and a positive cloud anomaly
at other altitudes within the thin t bin, and in our optical
depth decomposition as both a negative thin cloud
anomaly and a positive cloud anomaly at other optical
thicknesses within the low CTP bin. The proportionate
change in cloud fraction histogram will have negative
values in every element for which the mean state cloud
fraction histogram is nonzero. In other words, the effect
of a change in the fraction of an individual cloud type
may (i) be included in more than one decomposition
and (ii) get ‘‘spread’’ among the other elements of the
decomposed histograms. When multiplied by the cloud
radiative kernels, this could produce appreciable cloud
amount, altitude, and/or optical depth feedbacks, even
though the radiative impact of that individual cloud
fraction anomaly is small. Locations in which the sum of
amount, altitude, and optical depth feedbacks are af-
fected by such ‘‘spreading’’ will have nonzero residual
feedbacks. Thus, care must be taken when interpreting

themagnitude of the amount, altitude, and optical depth
feedbacks, especially where the residual term is of com-
parable magnitude.

3. Ensemble mean change in cloud properties

As an aid in interpreting the contributions to cloud
feedbacks from the three types of cloud changes decom-
posed above, in Fig. 1 we show the ensemblemean change
in total cloud fraction, CTP, and the natural logarithm of t
per degree of global average surface air temperature
warming. The change in ln(t) rather than in t is calculated
because the former quantity is linearly proportional to the

FIG. 1. Annual and ensemble mean change in (a) cloud fraction,
(b) cloud fraction–weighted cloud-top pressure, and (c) cloud
fraction–weighted natural logarithm of optical depth per degree
global average surface air temperature increase. Stippling indicates
regions where $75% of the models agree on the sign of the field
plotted. The dashed lines are the 6308 and 6608 latitude lines.
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1985	   2010	  2006	  

over the corresponding time periods at a specific 
observation time. On average, the magnitude of the 
variations corresponds to the global mean interan-
nual variability. ISCCP results including all daily 
observations (also shown in Fig. 6) are similar to 
the ones at 1600 local observation time. Detailed 
investigations by Rossow (annex 2 of Stubenrauch 
et al. 2012) on possible sources leading to spurious 
changes in the ISCCP CA time record show that, 
although they can change the magnitude of the 
slow CA variations by about one-third, they cannot 
account for all of the variation.

CONCLUSIONS, RECOMMENDATIONS, 
AND OUTLOOK. The GEWEX Cloud Assessment 
database, created by the participating teams, allowed 
for the first time a coordinated intercomparison 
of L3 cloud products of 12 global “state of the art” 
datasets. In addition to self-assessments (annex 1 
of Stubenrauch et al. 2012), which show the matu-

rity of the various datasets, the analyses have shown 
how cloud properties are perceived by instruments 
measuring different parts of the electromagnetic 
spectrum and how cloud property averages and 
distributions are affected by instrument choice as 
well as some methodological decisions. These sat-
ellite cloud products are very valuable for climate 
studies or model evaluation: Even if absolute values, 
especially those of high-level cloud statistics, depend 
on instrument (or retrieval) capability to detect and/
or identify thin cirrus, relative geographical and 
seasonal variations in the cloud properties agree very 
well (with only a few exceptions, like deserts and 
snow-covered regions). Probability density functions 
of radiative and bulk microphysical properties also 
agree well, when one considers retrieval filtering or 
possible biases due to partly cloudy pixels (e.g., Zhang 
and Platnick 2011; Pincus et al. 2012) and due to ice-
water misidentification. When comparing to climate 
models, observation time and view from above as well 

FIG. 6. Time series of global CA and CT anomalies as well as of monthly mean instantaneous sampling fraction 
of the globe (at a specific local observation time) of the participating datasets. For each dataset the period 
covered in the GEWEX cloud assessment database is shown, with local observation time at 1330 LT (1500 LT 
for ISCCP, 1030 LT for ATSR-GRAPE, and 1030 LT for MISR). ISCCP anomalies are also shown using the whole 
diurnal time statistics (blue line).
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Anomaly	  cloud	  top	  temperature	  

«	  …	  At	  present,	  one	  can	  only	  conclude	  that	  global	  monthly	  mean	  cloud	  amount	  is	  constant	  
over	  the	  last	  25	  years	  (…)	  within	  the	  range	  of	  interannual	  variability	  »	  

	   	   	   	   	   	   	   	   	   	  GEWEX	  Cloud	  Assessment	  Report,	  2013	  

Observed	  change	  in	  cloud	  top	  temperature	  

+	  2K	  
	  
	  
-‐	  2K	  



Predicted	  change	  in	  cloud	  opacity	  

Zelinka	  et	  al.	  2012	  
(ensemble	  mean	  change)	  
	  

Cloud	  op-cal	  depth	  increases	  very	  slightly	  
Global	  mean	  cloud	  feedback:	  +	  0.07	  	  W/m2/K	  

and cloud optical depth, that do not unambiguously fall
into one of our categories of decomposition. Summing
DCprop, DCDp, and DCDt gives

20:96 20:02 1:10

1:13 2:75 3:00

! "
.

Note that the sum of this matrix is constrained to exactly
equal the true change in cloud fraction (7 in this exam-
ple). The residual is

DCresidual 5
21 0 2

0 2 4

 !

2
20:96 20:02 1:10

1:13 2:75 3:00

 !

5
20:04 0:02 0:90

21:1320:75 1:00

 !

.

The residual matrix sums to zero by design, but it does
contribute to the cloud feedback calculation because it is
multiplied with the cloud radiative kernel before being
summed. As shown below, this is generally a small
contribution because the first-order components of the
feedback are accounted for by the effect of cloud
amount, altitude, and optical depth changes.
Before continuing, it is important to recognize that

aliasing can arise from partitioning cloud feedback using
this decomposition. This is because the decomposed
cloud fraction anomaly joint histograms may have non-
zero elements even where cloud fraction anomalies are
zero. A particularly egregious example would be a hypo-
thetical large reduction in low, thin cloud fraction, with
no change in the fraction of any other cloud type. This
would appear in our altitude decomposition as both a
negative low cloud anomaly and a positive cloud anomaly
at other altitudes within the thin t bin, and in our optical
depth decomposition as both a negative thin cloud
anomaly and a positive cloud anomaly at other optical
thicknesses within the low CTP bin. The proportionate
change in cloud fraction histogram will have negative
values in every element for which the mean state cloud
fraction histogram is nonzero. In other words, the effect
of a change in the fraction of an individual cloud type
may (i) be included in more than one decomposition
and (ii) get ‘‘spread’’ among the other elements of the
decomposed histograms. When multiplied by the cloud
radiative kernels, this could produce appreciable cloud
amount, altitude, and/or optical depth feedbacks, even
though the radiative impact of that individual cloud
fraction anomaly is small. Locations in which the sum of
amount, altitude, and optical depth feedbacks are af-
fected by such ‘‘spreading’’ will have nonzero residual
feedbacks. Thus, care must be taken when interpreting

themagnitude of the amount, altitude, and optical depth
feedbacks, especially where the residual term is of com-
parable magnitude.

3. Ensemble mean change in cloud properties

As an aid in interpreting the contributions to cloud
feedbacks from the three types of cloud changes decom-
posed above, in Fig. 1 we show the ensemblemean change
in total cloud fraction, CTP, and the natural logarithm of t
per degree of global average surface air temperature
warming. The change in ln(t) rather than in t is calculated
because the former quantity is linearly proportional to the

FIG. 1. Annual and ensemble mean change in (a) cloud fraction,
(b) cloud fraction–weighted cloud-top pressure, and (c) cloud
fraction–weighted natural logarithm of optical depth per degree
global average surface air temperature increase. Stippling indicates
regions where $75% of the models agree on the sign of the field
plotted. The dashed lines are the 6308 and 6608 latitude lines.
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25	  years	  of	  satellite	  records	  have	  so	  far	  proven	  unable	  to	  
constrain	  the	  diversity	  in	  cloud	  feedbacks	  
	  

	  
	  
	  
	  

Clouds	  do	  not	  change?	  	  
	  
or	  	  
	  

Clouds	  are	  changing	  but	  satellites	  do	  not	  document	  
these	  changes	  ?	  	  

	  
	  
	  

	  



Difficul-es:	  
	  
1)	  Very	  small	  changes	  in	  cloud	  proper-es	  must	  be	  observed,	  requiring	  measurements	  
which	  are	  	  accurate	  and	  stable	  over	  mul-ple	  decades	  	  
	  
2)	  Observing	  signatures	  of	  forced	  cloud	  change	  requires	  targe-ng	  a	  cloud	  parameter	  
which	  :	  	  
	  
	  -‐	  has	  an	  expected	  varia-on	  induced	  by	  climate	  warming	  larger	  than	  its	  natural	  
variability.	  	  
	  
	  -‐	  can	  be	  measured	  with	  random	  and	  systema-c	  uncertain-es	  significantly	  smaller	  
than	  the	  varia-on	  associated	  with	  natural	  climate	  variability.	  	  
	  
	  

	  
	  

«	  Project	  satellites	  in	  the	  futur	  »	  :	  	  
Simulate	  the	  observa-ons	  that	  would	  be	  collected	  by	  a	  satellite	  if	  it	  was	  	  

	  overflying	  a	  warming	  climate	  (+4K)	  

	  



La-tude	  

Cloud	  cover	  in	  a	  warming	  climate	  (+4K)	  ?	  

Modèle	  1	  +	  simulator	  
Modèle	  2	  +	  simulator	  

Predicted	  change	  falls	  within	  the	  range	  of	  variability	  in	  the	  current	  observa-on	  record	  
	  

Observed	  natural	  variability	  
	   3	  x	  observed	  natural	  variability	  



Cloud	  ver-cal	  distribu-on	  in	  a	  warming	  climate	  (+4K)	  	  ?	  

Climate	  model	  +	  Lidar	  simulator	  (COSP):	  
	  
=>	  	  
	  
The	  virtual	  lidar	  could	  observe	  the	  
	  predicted	  clouds	  rise	  up	  in	  warming	  climate.	  
	  
	  
	  

For	  one	  model:	  
	  -‐	  in	  the	  current	  climate	  	  
-‐	  in	  warming	  climate	  (+4K)	  

The	  predicted	  forced	  changes	  in	  cloud	  ver:cal	  distribu:on	  are	  much	  larger	  than	  the	  
uncertainty	  in	  the	  lidar	  measurement	  of	  the	  ver:cal	  distribu:on	  



Cloud	  frac-on	  anomalie(%)	  

Cloud	  ver-cal	  distribu-on	  in	  a	  warming	  climate	  (+4K)	  ?	  

The	  predicted	  forced	  changes	  in	  cloud	  ver:cal	  distribu:on	  (directly	  measurable	  	  by	  
spaceborne	  ac:ve	  sensors)	  are	  much	  larger	  than	  the	  currently	  observed	  variability	  	  

Observed	  natural	  variability	  
	  

Modèle	  2	  
Modèle	  1	  

Difference	  between	  the	  
forced	  cloud	  frac-on	  profile	  
(+4K)	  and	  the	  cloud	  frac-on	  
profile	  in	  the	  	  current	  
climate	  for	  modèle	  2	  

Same,	  but	  for	  modèle	  1	  



	  Cloud	  frac-on	  anomalie(%)	  

Cloud	  ver-cal	  distribu-on	  in	  a	  warming	  climate	  (+4K)	  ?	  

Modèle	  2	  
Modèle	  1	  

Observed	  
	  natural	  variability	  
	  The	  cloud	  ver:cal	  distribu:on,	  observable	  by	  ac:ve	  spaceborne	  sensors,	  is	  a	  more	  

robust	  signature	  of	  climate	  change	  than	  ver:cally	  integrated	  variables	  

Cloud	  cover	  anomalie(%)	  

Chepfer	  et	  al.	  submiped	  GRL	  



The	  predicted	  forced	  changes	  in	  cloud	  ver:cal	  distribu:on	  (directly	  measurable	  	  by	  spaceborne	  
ac:ve	  sensors)	  are	  expected	  to	  first	  appear	  at	  a	  sta:s:cally	  significant	  level	  in	  the	  upper	  
troposphere,	  at	  all	  la:tudes.	  	  
=>	  25	  years	  of	  lidar	  data	  could	  poten5ally	  measure	  directly	  cloud	  response	  to	  greenhouse	  warming	  

Number	  of	  years	  of	  lidar	  observa-ons	  required	  to	  observed	  a	  change	  in	  
cloud	  profile	  corresponding	  to	  three	  -mes	  the	  observed	  variability	  since	  
2006	  ?	  

Tropics	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Mid	  La-tudes	  North	  	  	  	  	  	  	  	  Polar	  North	  

This	  result	  depends	  on	  CO2	  	  emission	  scenario	  RCP8.5	  (+	  3.8K	  +/-‐	  1.2	  K)	  



Concluding	  remarks	  
•  Clouds	  response	  to	  greenhouse	  warming	  is	  a	  major	  source	  of	  uncertainty	  in	  future	  climate	  predic-on…	  (since	  the	  70’s	  !)	  

	  ….	  because	  cloud	  feedbacks	  mechanisms	  are	  uncertain,	  	  

•  Cloud	  feedbacks	  mechanisms	  are	  poorly	  constrained	  by	  observa-ons	  yet	  

	  
•  Requirements	  to	  observe	  cloud	  changes	  induced	  by	  greenhouse	  warming:	  
	  

	  1)	  Very	  small	  changes	  in	  cloud	  proper-es	  must	  be	  observed,	  requiring	  measurements	  which	  are	  	  accurate	  and	  stable	  
	  over	  mul-ple	  decades	  	  

	  
	  2)	  Observing	  signatures	  of	  forced	  cloud	  change	  requires	  targe-ng	  a	  cloud	  parameter	  which	  :	  	  

	  
	  	  -‐	  has	  an	  expected	  varia-on	  induced	  by	  climate	  warming	  larger	  than	  its	  natural	  variability.	  	  

	  
	  	  -‐	  can	  be	  measured	  with	  random	  and	  systema-c	  uncertain-es	  significantly	  smaller	  than	  the	  varia-on	  associated	  with	  
	  natural	  climate	  variability.	  	  

	  
	  
	  
=>	  	  The	  ver-cal	  cloud	  distribu-on	  observed	  by	  ac-ve	  sensor	  could	  provide	  direct	  observa-onal	  constrain	  on	  cloud	  feedbacks	  
mechanism,	  and	  on	  the	  cloud	  response	  to	  greenhouse	  warming.	  
	  
=>	  Need	  for	  25	  years	  ac-ve	  remote	  sensors	  data	  records	  	  	  	  !!	  
	  







Need	  observa-ons	  to	  constrain	  cloud	  feedback	  mecanisms	  

IPCC,	  AR5,	  Chapter	  7	  



the implications of disparate responses of low clouds for
cloud feedback.
SW cloud feedback estimates span a range of 1.11

from20.18 to 0.93 W m22 K21. Only the GFDLMixed
Layer Model version 2.1 (GFDL MLM2.1), which has
the largest negative optical depth feedback, has a nega-
tive global mean SW cloud feedback. Decreasing cloud
amount makes by far the largest positive contribution to
the global and ensemble mean SW cloud feedback, and
is the dominant positive contribution in every model
except NCAR CCSM3, with values spanning a range of
0.89 from 0.13 to 1.02 W m22 K21. The range of esti-
mates of this feedback component is the largest of all
components among both the SW and LW cloud feed-
backs. Increases in cloud-top altitude contribute neg-
atively to the SW cloud feedback in all models, but
the values are very small, with none exceeding 20.12

W m22 K21. SW optical depth feedback estimates, which
span a range of 0.69 from 20.55 to 0.14 W m22 K21, are
the only LW or SW nonresidual contributions for which
the signs are not consistent across the ensemble. The SW
cloud feedback arising from residuals in the change in
cloud fraction decomposition makes a negligible con-
tribution in the ensemble mean, but it spans a range of
0.55 from 20.21 to 0.33 W m22 K21.
Net cloud feedback estimates are positive in all mod-

els, spanning a range of 0.78 from 0.16 to 0.94 W m22 K21.
In every model, both the cloud amount and cloud alti-
tude feedbacks contribute positively to the net cloud
feedback. Cloud amount feedbacks span a range of 0.36
from 0.06 to 0.42 W m22 K21 and cloud altitude feed-
backs span a range of 0.57 from 0.05 to 0.61 W m22 K21.
The net optical depth feedback makes a small positive
contribution in the global and ensemble mean, but

FIG. 8. Zonal, annual, and ensemble mean (a) LW, (b) SW, and (c) net cloud feedbacks
partitioned into components due to the change in cloud amount, altitude, and optical depth,
and the residual term. Lines are solid where$75% of the models agree on the sign of the field
plotted, otherwise dashed. The abscissa is the sine of latitude, so that the visual integral is
proportional to watts per kelvin of mean surface air temperature change.
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•  1)Need	  for	  precise	  evalua-on	  of	  the	  cloud	  
descrip-on	  in	  climate	  models	  using	  obs	  

•  2)	  Need	  for	  improvement	  of	  the	  cloud	  descrip-on	  in	  
climate	  models	  using	  obs	  

•  =>	  make	  the	  model	  more	  close	  to	  the	  actual	  physic	  
=>	  more	  confident	  in	  the	  simula-ons	  

•  Learn	  from	  observa-ons	  about	  cloud	  feedbacks	  



On	  hBp://climserv.ipsl.polytechnique.fr/cfmip-‐obs/	  since	  2008	  
On	  the	  ESGF	  under	  Obs4Mips/CFMIP-‐OBS	  	  and	  under	  CFMIP-‐OBS	  since	  2012	  	  

CLIMP	  will	  join	  CFMIP-‐OBS	  database	  &	  Obs4MIPs	  ini:a:ve	  

Some	  references	  describing	  products	  included	  in	  CFMIP-‐Obs	  datasets	  on	  hpp://climserv.ipsl.polytechnique.fr/cfmip-‐obs/	  
Some	  references	  useing	  of	  CFMIP-‐Obs	  data	  and	  COSP	  to	  evaluate	  climate	  models	  on	  hpp://cfmip.net/publica-ons	  	  	  	  
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