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Summary of project objectives (10 lines max)

The aim of this project is to explore how the Equilibrium Climate Sensitivity (ECS) of a climate
model  (i.e.  the  mean global  temperature  increase  in  response to  a  CO2 doubling  with  respect  to
preindustrial levels) might depend on the model tuning and mean state. 
In a first part of the project we explored the tuning parameters' space to find suitable combinations
that would modify the  model climate feedbacks and sensitivity to CO2 forcing. Then, two coupled
simulations were run both in pre-industrial and 4xCO2 conditions, with one "cold" and one "warm"
parameter set respectively. The effective climate sensitivity and feedbacks of the climate system in the
two configurations are finally studied.

Summary of problems encountered (10 lines max)

Nothing to report.

Summary of plans for the continuation of the project (10 lines max)

The  project  is  completed  in  its  computational  part.  Analysis  is  ongoing  and  a  publication  is  in
preparation.

List of publications/reports from the project with complete references
A publication is in preparation.

Summary of results

We briefly recall here the work performed during the entire course of the special project.
First, the sensitivity of the radiative balance of the system to a set of tuning parameters was assessed
through an ensemble of short atmosphere-only simulations with two sets of climatological SSTs
corresponding to a pre-industrial and a 4xCO2 climate.  The tuning parameters considered in the
experiment  are:  ENTRORG  (organized  entrainment  in  deep  convection),  RPRCON  (rate  of
conversion  of  cloud  water  to  rain),  DETRPEN  (detrainment  rate  in  penetrative  convection),
RMFDEPS (fractional massflux for downdrafts), RVICE (fall speed of ice particles), RSNOWLIN2
(snow autoconversion constant  in large scale  precipitation),  RCLDIFF (diffusion coefficient  for
evaporation by turbulent mixing), RLCRIT UPHYS (cloud to rain critical radius, autoconversion).

The sensitivity estimates were used to build a tuning simulator (to predict the impact of a multiple
parameter  change on the radiative  balance,  both for PI and 4xCO2) and an ECS simulator  (to
estimate the impact on ECS). The simulators relied on the following hypothesis:
- linearity of the response when multiple parameters are modified;
- negligible impact of the perturbation on the effective radiative forcing (ERF).

A set of 9 perturbed parameter sets has been tested, but most of them were discarded in that the
linearity hypothesis did not hold. Out of the 9 sets, a "cold" and a "warm" set were selected, which
were in reasonable agreement with the expectations from the simulator (linearity hypothesis holding
true).
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With the perturbed "cold" and "warm" sets, two 150-year coupled abrupt-4xCO2 simulations were
run, accompanied by one 50-year pre-industrial control each. The two simulations were then studied
to assess the impact of tuning on the effective climate sensitivity and individual climate feedbacks.
The main result is summarized in Figure 1 below from previous report.

The feedback parameter  and equilibrium climate  sensitivity  in the two configurations  has been
estimated with the usual method based on linear feedback theory (Gregory et al., 2004; Andrews et
al., 2012). The difference in ECS between the cold and warm configurations is estimated in about
0.5 K. This is less than expected from the "ECS simulator" under the two hypothesis summarized
above. In particular, we find that:
- hypothesis  1 (linearity) does hold only partially,  and a better  simulator  would require a more
complete mapping of the parameter space and a nonlinear fitting;
- hypothesis 2 (negligible impact on ERF) does not hold, since the impact on ERF is of the same
order as the impact on ECS (ERF varies from 3.3 W/m2 in the warm set to 3.7 W/m2 in the cold
set), possibly masking a larger difference in the feedback parameter.

Figure 1. Fit of the feedback parameter and ERF for the "cold" set, "warm" set and the nominal
configuration.

Impact on individual feedbacks

The two coupled abrupt-4xCO2 simulations with the perturbed cold and warm tuning were further
analyzed  to  assess  the  impact  on  individual  feedbacks,  which  could  give  more  insight  on  the
processes  that  are  significantly  impacted  by  the  perturbation.  The  feedbacks  were  calculated
following Soden et al. (2008), and separated in two "Planck" terms (warming response of surface
and uniform vertical warming of the atmosphere), the lapse-rate, the water-vapor, the albedo and
the cloud feedbacks. Cloud feedbacks were estimated as outlined in Soden et al. (2008) as a residual
of the total feedback computed for full and clear sky conditions.
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The preliminar results are shown in Table 1. The impact of the perturbed tuning parameters on the
individual feedbacks is generally small, particularly for the Planck feedbacks, but can have a non
negligible impact on some of them. In particular, the lapse-rate term is quite impacted (about 50%
less in the "warm" tuning set), probably connected with the large impact on the deep convection
regions  in the tropics.  Water-vapor and albedo feedbacks  are  also modified  by about  5% their
original  value.  The  cloud  feedback  is  also  slightly  different,  but  the  difference  is  inside  the
uncertainty.

Feedback (W/m2/K) "Cold" tuning "Warm" tuning

Planck (surface) -0.68  +/- 0.01 -0.69  +/- 0.01

Planck (atmo) -2.76  +/- 0.01 -2.78  +/- 0.01

lapse-rate 0.21 +/- 0.02 0.13  +/- 0.02

water-vapor 1.87 +/- 0.03 1.96  +/- 0.02

albedo 0.70  +/- 0.01 0.66 +/- 0.01

cloud 0.25 +/- 0.04 0.27 +/- 0.04

Table 1. Assessment of individual feedbacks in the two simulations.

Future steps

Currently, work is ongoing to discard the initial hypotheses (linearity + negligible impact on ERF)
and be able to make a more general claim. In particular, as described in last year's report, a Sobol
mapping of  the parameter  space has been performed and expanded during the  last  year  of the
project. Results have not yet been analyzed, but will allow to build a better tuning simulator, able to
consider also nonlinear terms.

On the other side, studying the impact of the perturbed tuning on the ERF (necessary to predict
impact on ECS and feedbacks) required a new set of atmosphere-only simulations, with prescribed
pre-industrial SSTs but 4xCO2 concentration in the atmosphere. These were performed for both the
individual  perturbation  sets  and  the  Sobol  mapping  of  the  parameters.  Results  have  not  been
analyzed yet.

In the meanwhile, a first publication is being drafted on the topic, outlining the method and a first
assessment of the results. Reference to this special project will be added to the manuscript.
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