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Présentateur
Commentaires de présentation
Climate models project Arctic cloud amount and total cloud water content increases in response to increased greenhouse gas forcing.  These Arctic cloud increases lead to both a negative shortwave feedback that dampens Arctic warming and a positive longwave feedback that enhances Arctic warming.  When Arctic clouds overlie regions experiencing sea ice loss, they also reduce the efficacy of large positive Arctic shortwave surface albedo feedbacks.  Indeed, the influence of Arctic clouds on non-cloud Arctic climate feedbacks merits further investigation.  In this presentation, we document the Arctic cloud response to increased anthropogenic forcing as a function of season and surface type in the 1950-2100 CMIP5 transient climate integrations.  We then investigate relationships between the documented Arctic cloud response and key climate changes including Arctic sea ice loss and related surface ocean warming, air temperature and moisture content increases, and the greenhouse gas increases alone.  In addition to identifying mechanisms underlying the Arctic cloud response, we use feedback analysis to quantify the influence of Arctic cloud feedbacks on the 1950-2100 transient Arctic climate change and to understand the influence of the Arctic clouds on non-cloud feedbacks such as the positive shortwave surface albedo feedback.  
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New data + Ice loss = New discoveries

July 2, 2007

No observed cloud
response to summer
Arctic sea ice loss

Barrow

Low cloud increases over

early fall

Kay and Gettelman 2009 JGR

See also Palm et al. 2010 JGR, and Wu and
Lee 2012 JGR on early fall cloud response
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Images from MODIS

See also Kay et al. 2008 GRL, Palm et al. 2010 JGR, Wu and Lee 2012 JGR
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Models project a cloudier Arctic as the climate warms

1) Negative shortwave cIoud feedback
(reduces Arctlc amplification)

‘--..-—;_'_'..:" ]

" 2) Posmve longwave cloud feedback
(enhances Arctic amplification)

" Arctic clouds affect non- cloud feedbacks (e J., surface albedo
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Arctic clouds feedbacks 101

Climate models project Arctic cloud amount and total cloud water content increases in response to increased greenhouse gas forcing.  These Arctic cloud increases lead to both a negative shortwave feedback that dampens Arctic warming/amplification and a positive longwave feedback that enhances Arctic warming/amplification. 

Cite… Papers by Vavrus et al. Soden et al.

Arctic clouds affect non-cloud climate feedbacks (e.g., they reduce the efficacy of large positive Arctic shortwave surface albedo feedbacks)

So even if clouds do not change, inter-model cloud differences can affect the efficacy of other climate feedbacks…

The “damping effect of the atmosphere significantly attenuates planetary albedo variability” and “partially constrains the strength of surface albedo feedbacks”  Qu and Hall 2005





Today’s talk:
How do Arctic clouds affect modeled
greenhouse warming?

1. Arctic climate feedbacksin two CMIP5 models =
v



Equilibrium Arctic response to 2xCO,

Positive 3.0
feedbacks
enhance
greenhouse
warming. 2.0

“Old model” CAM4: Arctic warming +7.0 K, climate sensitivity 3.1 K
“New model” CAM5: Arctic warming +10.2 K, climate sensitivity 4.0 K

What explains the
greater Arctic
warming in
CAM5?

Larger 2xCO, forcing
(no tropospheric response)
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Less negative shortwave cloud feedbacks
Negative -2.0

feedbacks
oppose

i+ Shortwave Shortwave
greenhouse More positive surface albedo feedbacks APRD . APRD

warming. _3.0- cloud surface

Kay et al. 2012a, JClim
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Northward heat transport small.
Shortwave feedbacks more positive in CAM5 than in CAM4.
Anti-correlation between NEGATIVE shortwave cloud feedbacks and POSITIVE surface albedo feedbacks.


Transient 21st century simulations

Surface Temperature Anomaly (2006-2035 base)
4.0 '

CCSM4 (6)
CESM-CAMS (2)
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CESM-CAMS5 warms more
than CCSM4 by the mid-
late 215t century, both
globally and in the Arctic.
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Global anomaly (K)

(similar to 2xCO,)
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CAMS5 clouds better than CAM4 clouds,
both globally and in Arctic

e.g., global (left) and Arctic (right) evaluation of CAM clouds using
satellite observations and instrument simulators (COSP)
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Figures from Kay et al. 2012b, JClim




Today’s talk

2. How do these two models fit into %
the broader CMIP5 landscape?



215t century Surface Warming (RCP8.5)
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215t century cloud response RCP8.5

Two CMIP5 models

® CCsM4
-1 ® CESM-CAMS

SR E8HEES

[ T T 1T T T .

-
o v

th © W

N
<
L=
o
@
(o)
c
@
£
3
3
=
3]
L
<

—_
no
[=]
m
- -
[ =1

21st century change in Gridbox Liquid Water Path (kg/m2)
8

L L B N N B
40 30 -20 -1.0 0.0 1.0

Global change clt -1.0




Arctic Warming (K)

Shortwave Arctic feedbacks in CMIP5

l ' l ' L I L ' I I ' l L 1 I 1 L I L il 1 I L 1 1 I L L 1 I L L L I 1 Il 1 I
12 ® CESM-CAMS _
10 -
8 - -

“. . ] ¢ o

6 _
4 - _

L LI B BELENLE BELENLE BELELE B N LN BN L BLELELEY BN

0.0 0.3 0.6 0.9 1.2 1.5 1.8 -2.0 -1.6 -1.2 -0.8 -0.4 0.0 0.4

Arctic Shortwave Feedback Arctic Shortwave Cloud Feedback
(Wm=2K1) (Wm=2K")

R

.

i

CMIP5 Arctic warming and Arctic shortwave feedbacks in RCP8.5 (2080-2099)-(2006-2025)
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“ It is interesting to see that surface albedo feedbacks and cloud feedbacks are of similar order of magnitude (but opposite signs) on average in the Arctic (-1.2 vs 1.6 W/m2/K), although with large  inter-model differences. To me, it is a surprise and already a great result.”  Sandrine

Is there an anti-correlation between NEGATIVE shortwave cloud feedbacks and POSITIVE surface albedo feedbacks??

Is there an anti-correlation between the cloud amount/water content base state and the POSITIVE surface albedo feedback?? 


Summary

We found greater Arctic warming in the model with relatively large
2xCO, forcing, weak negative shortwave cloud feedbacks, and strong
positive surface albedo feedbacks (CAMS5). Clouds have a large
influence on the amount of modeled Arctic warming.

Kay, J. E., Holland, M. M., Bitz, C., Blanchard-Wrigglesworth, E., Gettelman, A., Conley, A., and D. Bailey
(2012): Theinfluence oflocal feedbacks and northward heattransporton the equilibrium Arctic climate

responsetoincreasedgreenhousegas forcingin coupledclimate models, J. Climate,doi: 10.1175/JCLI-
D-11-00622.1.

COSP-enabled evaluations show CAMS5 has reduced many longstanding
cloud biases in CAM4/CMIP3 climate models.

Kay,J. E., Hillman, B., Klein, S., Zhang, Y., Medeiros, B., Gettelman, G., Pincus, R., Eaton,B., Boyle,
J., Marchand,R. and T. Ackerman (2012): Exposing global cloud biases in the Community
Atmosphere Model (CAM) using satellite observations and their corresponding instrument

simulators, J. Climate,d0i:10.1175/JCLI-D-11-00469.1

Ongoing evaluation of Arctic cloud processes and feedbacks in CMIP5
and CFMIP experiments and in satellite observations.
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Next steps:
Longwave feedbacks.
CO2 forcing
Advection feedbacks.


Weak relationship
between Arctic and
global shortwave
cloud feedbacks.

Why?
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APRP feedbacks RCP8.5 (2080-2099)-(2006-2025)
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Are positive surface
albedo feedbacks
and negative
shortwave cloud
feedbacks related?
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APRP feedbacks RCP8.5 (2080-2099)-(2006-2025)
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®  Arctic cloud response to 2xCO, by

surface type in two CMIP5 models
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The cloud response is a strong function of season and surface type… as is the influence of the cloud feedback.


Similar warming and shortwave feedbacks
In response to 2xCO, and RCP8.5

Arctic warming and shortwave feedbacks in 2xCO, and RCP8.5 [(2080-2099)-(2006-2025)] experiments
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Understanding the 2xCQO, equilibrium response is
relevant for transient 215 century projections.




Weak relationship
between Arctic total
cloud fraction and the
positive shortwave
surface albedo
feedback
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Not too strong of a relationship between the total cloud amount and the strength of the positive surface albedo effect.
Next steps for the y-axis of this plot… I want to look at grid-box cloud liquid water path and use cloud fractions from CFMIP. 
Not sure if this is worth showing or not…

If this lack of a clear relationship persists – clouds are not the only thing controlling the strength of the surface albedo feedbacks.


Evidence that Arctic cloud properties affect
albedo feedbacks

Ensemble mean Arctic clouds (1986-2005)
CCSM4 (left), CESM-CAMS (right)
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CESM-CAMS has optically thinner clouds and stronger positive surface
albedo feedbacks than CCSM4.



Ensemble mean Arctic cloud response to RCP8.5
Evidence that CCSMA (e, CESM-CAMS (gt
negative Arctic o
shortwave cloud Lve i
feedbacks affect Ciim . Y

Arctic warming
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CESM-CAMS5 has smaller
Arctic cloud amount and
cloud liquid water path
Increases and less
negative shortwave
cloud feedbacks than
CCSM4.
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Note: Arctic cloud changes much smaller over 20th century in these models….

Both models have increased Arctic cloud amounts and water paths over the Arctic Ocean… but CCSM4 >> CESM-CAM5.

NOTE: THIS IS A NON-LINEAR PROCESS… would expect that cloud increases when the clouds are thin would have a greater impact….


Transient 20th century simulations:
Old model warms more than new model

Surface Temperature Anomaly (1951-1980 base)
] _

OBSERVED (GISTEMP)
CCSM4 (6)
CESM-CAMS5 (3)

Aerosol and greenhouse
gas responses both
Important for explaining
20t century warming
amounts.

Global anomaly (K)
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CESM-CAM5 has strong negative aerosol effects so it has less global warming than CCSM4…. How will the aerosol and ghg forcings interact into the future?  Ghg likely to dominate.. Will CESM-CAM5 warm more??


215t century Surface Warming (RCP8.5)

CMIP5 “Ensemble of Oppo rtun ity" mean (2080-2009)-(2006-2025)
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215t century Arctic cloud increases in
CMIP5 (RCP8.5)

CMIP5 “Ensemble of Oppo rtun ity" mean (2080-2009)-(2006-2025)
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Feedback parameter primer

Feedback parameter (A) = top-of-atmosphere flux
change per degree surface air temperature warming

GLOBAL
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Gregory and Mitchell 1997, Taylor et al. 2007, Gettelman et al. 2012, Kay et al. 2012



Which processes
enhance GHG-induced
Arctic amplification?

DEFINITE NO DEBATED

Surface albedo feedbacks GHG forcing Atmospheric heat transport

(Arctic more positive) (Arctic less positive)
Planck feedback Water vapor feedback Clouds
(Arctic less negative) (Arctic less positive)

Lapse rate feedback
(Arctic positive, negative globally)

What is most
Ocean heat transport :
(increases with increasing GHG) m p O rtan t’)
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Most controversial thing was the water vapor feedback.

Radiative kernels show that the Arctic water vapor feedback is less positive than at lower latitudes.  Want to just look at the kernel alone, in isolation of the change.
Gavin articulated that the Arctic is cold and dry, has more lines that can be filled and therefore it has a more positive water vapor feedback
This is something I have heard people say, but still the Arctic warms more… so on a per degree warming basis it could be weaker in the Arctic!

Another thing is that feedbacks are measured per degree K.  
SO if the Arctic warms more, it’s feedback (Wm-2K-1) may be smaller than at lower latitudes purely because the denominator increases more than the global mean.


Do forcing differences contribute to
more warming in CAMS5 than in CAM4?

Yes

Global 2xCO, forcing

Arctic 2xCO, forcing

Note: IPCC AR4 says global 2xCO, forcing is 3.7 Wm-2with
10% uncertainty. These values are within that range.
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