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What can be said of trends?
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"An assesment of long-term variations in global-mean cloud amount ... found
differences between datasets were comparable in magnitude to the
iInterannual variability. Inconsistencies in sampling and instrument calibration
Inhibit an accurate assessment of global-scale cloud cover trends."

"It is likely that circulation features have moved poleward since the 1970s,
Involving a widening of the tropical belt, a poleward shift of storm tracks and
jet streams, and a contraction of the northern polar vortex."
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Changes in the Earth’s
radiative budget
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Change in ocean heat content AQ

“Clouds and aerosols continue to contribute the largest uncertainty to
estimates and interpretations of the Earth’s changing energy budget.”
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Forcings, adjustments and feedbacks
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Rapid adjustments = do not act through a surface-temperature change
Feedbacks = act through a surface temperature change

IPCC AR5, Chapter 7, 2013
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Aerosol radiative forcings

Irradiance Changes from Irradiance Changes from
Aerosol-Radiation Interactions (ari) Aerosol-Cloud Interactions (aci)

Radiative Forcing (RFari) Adjustments

Effective Radiative Forcing (ERFari) Effective Radiative Forcing (ERFaci)
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Aerosol radiative forcings
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Aerosol RFari assessment
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RFari =-0.35 (-0.85 to +0.15) Wm?2
ERFari = —0.45 (-0.95 to +0.05) Wm~2

IPCC AR5, Chapter 7, 2013
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Aerosol ERFari+aci assessment

Latest GCM study from
each group

More emphasis on
studies that also
Included effects on
convective clouds or
mixed-phase clouds

Satellite studies
corrected for LW effects

LES & CRM studies

IPCC AR5, Chapter 7, 2013
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Climate forcings
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“There is high confidence that aerosols ... have offset a substantial portion

of global mean forcing from well-mixed greenhouse gases. They continue

to contribute the largest uncertainty to the total RF estimate.”



A BC emission density, g/m2/yr
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Need for higher
resolution In
aerosol models

=R RN R S P

oo MW kO

+ Rmo<0.4 § 0.4=Rme<0.8 * 0.8<Rne<12 A Rmig=1.2

.

R- Wang, Y BalkanSkl &. O BOUCher INTERGOVERNMENTAL PANEL oN ClimaTe chanee wmo UNEP




Major research gaps - Aerosols

» Aerosol absorption is not well observed. Black carbon is
underestimated in source regions but possibly overestimated Iin
remote regions in global models = better observations & models,
high resolution modelling

» Aerosol-cloud interactions continue to be a stumbling block in
climate models but new approaches are now possible (large-
domain CRM and LES, new parameterizations, systematic
verification of weather models, data assimilation techniques, etc.)

» Trends in aerosols are not well understood at the global scale =
better monitoring & satellite calibration, source inversion, sampling
uncertainties in the historical period, focus on the last 40-50 years
In Earth’s energy budget studies

e Robust circulation trends in response to the aerosol forcing



Robust cloud feedbacks

“Robust mechanisms are those simulated by most models and
possessing some kind of independent support or understanding”
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“No robust mechanisms constribute negative (cloud) feedback”
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Cloud climate feedbacks
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“The sign of the net radiative feedback
due to all cloud types is likely positive.”
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Changes In precipitation extremes

“There is high confidence that,
as climate warms, extreme
precipitation rates [...] will
Increase faster than the time
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Major research gaps - Clouds

 Aerosol-cloud interactions continue to be a stumbling block in
climate models but new approaches are now possible (large-
domain CRM and LES, new parameterizations, systematic
verification of weather models, data assimilation techniques, etc.)

* Trends in clouds are not well understood at the global scale
= better monitoring & satellite calibration, monitor circulation
changes as a proxy for cloud feedbacks

 We need to improve our understanding of feedbacks associated
with low-level clouds (the "joker" of cloud feedbacks)

e The new frontier is to understand links between clouds,
atmospheric circulation and climate sensitivity

= WCRP grand challenge, some theoretical and multi-model
approach, rapid adjustments and slow feedbacks decomposition



Conclusions

e There has been substantial improvement in our ability to observe
clouds and aerosols. However monitoring of trends is imperfect.

e There has been substantial improvement in our understanding of
aerosol and cloud processes, but not all of this new knowledge is
yet "available" in global climate models.

» Aerosols are thought to contribute to a RF that is less negative
than in AR4. They continue to dominate the uncertainty in the total
anthropogenic RF.

* The sign of the net radiative feedback due to all cloud types is
likely positive. No robust mechanisms constribute a negative
cloud feedback.
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