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Robust Feedbacks get you to 2.5 to 2.7 K (at best)
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Planck, Water Vapor, Lapse Rate and Surface Albedo get you to 2.1 [1.5,3.3] K. FAT gets
you a bit further, we estimated 2.7 K. That may be a bit high.

Stevens & Bony, Physics Today, 2013

How might you get a stronger response to doubling CO2

•

Sum of the lapse rate and water-vapor feedbacks is probably not too positive in
the models (models probably aren’t warming upper troposphere too much)

•
•
•

I don’t see an argument for making Planck > –3.26 Wm-2.

•

Getting to 2.7 Wm-2 already implies a large (0.4 Wm-2 K-1) contribution from FAT.

Surface Albedo (not much larger than 0.27 Wm-2 that I used.
Using a double CO2 forcing of 3.7 Wm-2 is probably not too high … adjustments if
anything seem to push for lower, 3.5 Wm-2, values (although maybe there is a
stronger stratocumulus effect).

I think the only way to get there is through clouds

See Dessler Talk; My feedback parameters are the summary of approx 90 CMIP3 and
CMIP5 estimates in the literature. See Vial et al., 2013 for the nicest recent paper.

Mostly clouds like these

Bony, et al., Nature Geosci, 2015

Global models happily desiccate tropical low clouds
And there are physical reasons for the desiccation of low clouds in a warmer climate
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Bretherton et al use large-eddy simulation to quantify some of these effects, but they
are small ~ 0.3 Wm-2 K-1 … this could get you to 3.5 K.

Rieck, Stevens and Nuijens, JAS, 2012, Bretherton, Blossey and Jones, JAMES 2013, Brient and Bony,
Clim Dyn. 2013, Webb and Lock, Clim Dyn, 2013, Sherwood, Bony and Dufresne, Nature, 2014,

Barbados
We’ve set up a measurement station on a windward promontory on Barbados, which
has been operating continuously since 2010 to help answer some of these questions

What we find is that very little of the cloud amount is really in play… much less than in
the models.
Stevens et al., BAMS, 2015, submitted

Models and data show different sensitivities

Nature places most of her low clouds near cloud base in the broader tropics … and this varies
very little with large scale conditions. Models do it differently, and strong desiccation of low
clouds in models happens precisely to those clouds that are most robust to changes in largescale conditions in nature.

Hard to make a case for a strong positive tropical low cloud feedback
Nuijens et al., QJRMS, 2014, Brient et al., Clim Dyn, 2015, submitted

The temperature record also argues against a large ECS

… unless 20th Century Aerosol Forcing was very negative.

Why on Earth do we anyway think Aerosol Radiative Forcing
might be large?

Simple conceptual models
have been used to make the
case that they could be.

But in this model, the clear-sky radiative forcing was off by a factor of five. And their
quantification of aerosol-cloud interactions, which are very non-linear even when they work as
intended, neglected the inhomogeneous nature of the forcing.
Most models only can get large aerosol forcing from exotic effects that are neither grounded
in data nor theory.
Stevens, J Clim, 2015 in press

Even then modeled aerosol forcing seems too strong

Clear sky albedo asymmetry over oceans is larger in models as compared to CERES

Stevens, J Clim, 2015 in press

This is also evident in clearsky asymmetry patterns

Worth noting that CERES is all aerosol and the models (with much more NH asymmetry) is just
the anthropogenic aerosol. Its no wonder that studies with the GISS model see such a large
effect of Asian emissions, and the GFDL model sees such a large effect on monsoon.
Stevens, J Clim, 2015 in press

A third argument is that a strong forcing is inconsistent with
the historical temperature record.

Upshot: I find it difficult to make an argument for an ECS > 3.5.

Stevens, J Clim, 2015 in press

What about a small (1.5 K) ECS?

•
•

I don’t know a cloud argument for getting there, other than Iris

•

But it is hard to kill or weaken the WV feedback, or get an IRIS, without getting rid
of clouds (cloud feedback) and without making the LR feedback less negative (See
Thorsten’s talk).

One way to get there would be to assume that the LW feedbacks in models are
insufficiently negative … there is some basis for this argument.

Mauritsen and Stevens, Nature Geosci, 2015 in press

MPI-ESM (CMIP6 runs)

100 member historical ensemble, spawned from
different ocean states of control

3000 year abrupt 4xCO2 run (still going)

60 member 1% CO2 ensemble

Work with T. Mauritsen, and with support of CSCS, thanks to T. Schulthess

We’ve also seen lots of presentations on the biases of the
energy balance approaches
1% CO2 ensemble

Repeating this work with the MPI-ESM 100 member historical ensemble yields results that
are very sensitive to estimates of forcing. The 1% runs suggest that interpreting changes
using the energy balance framework tends to give estimates of ECS that are biased low…
for reasons that we are beginning to understand.
Maybe a case could be made that internal variability is biasing data-constrained estimates high which
could be used to argue for a lower (< 2 K sensitivity, e.g., Nic Lewis’ talk), but I am not yet convinced
… on the other hand the above is also consistent with the analysis by Kyle Armour (see talk).

Conclusion

2.0 < ECS < 3.5

Well, and I did say that the reasons are not, yet, entirely convincing… but
perhaps good enough for policymakers**, and hopefully I was able to
sketch the outline of a developing argument.

**See talk by Myles Allen

