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1 About this note

1.1 Context

The TPSL-CM5A model was developed and released in 2013 "to study the long-term
response of the climate system to natural and anthropogenic forcings as part of the 5th
Phase of the Coupled Model Intercomparison Project (CMIP5)” [ : ]-
Although this model has been used also for several paleoclimate studies (e.g.

[ ], [ |), a major limitation was its computation time,
which averaged 10-12 model-years / day on 32 cores of Curie supercomputer. Such per-
formances were compatible with the experimental designs of intercomparison projects
(with limited number of required experiments, e.g. PMIP3, see XXX) but became lim-
iting for modelling activities involving several multicentannal experiments, which are
typical for Quaternary or "deeptime” studies, in which a fully-equilibrated deep-ocean
is mandatory.

Apart from obtaining better computing performances, one aim of setting up IPSL-
CMb5A2 was to overcome the cold bias depicted in global surface air temperature (t2m)
in IPSL-CM5A -explained by the lack of tuning for this latter version [ ,

]- while trying not to worsen the long standing biases of the model (especially the
warm bias of the ocean surface over equatorial upwelling regions and the presence of a
double ITCZ in the equatorial eastern Pacific). Therefore we define a tuning strategy
that responds to one single target: increasing the global t2m to reach the value of 13.4°C
at equilibrium with pre-industrial boundary conditions.

1.2 CMb5A2.0 : a bugged version

Several simulations have been tested to validate and tune a first version of the model
(called CM5A2.0 in the following) that had been released in october 2016. A month
after the release, we discovered a bug in the coupling between ocean and atmosphere
compartments: The runoff was not conserved, and the simulated deviation of Sea-Surface
Height had no physical meanings. The first section of this note still depicts the setup of
CM5A2.0, just for the record.

1.3 CM5A2.1

As the coupler bug corrections involved to start again the tunning/validation process,
we took this opportunity to include more recent releases of NEMO and ORCHIDEE in
CMbHA2.1. These new releases include corrections of freshwater conservation over the
continent. In fine, CM5A2.1 is made of:

« trunk/ORCHIDEE 3930



branches/OASIS3-MCT2.0__branch/oasis3mect 1818
LMDZ5/trunk 2621

trunk /libIGCM 1373
branches/2015/nemo_v3 6 STABLE/NEMOGCM 6665
XIOS/trunk 965



2 Set-up of CM5A2.0 -for the record-

2.1 Tuning strategy
2.1.1 Defining a target

Our experimental design was initiated with a CM5A2 simulation forced by CMIP5 pre-
industrial boundary conditions (fereafter NOTUN), the ocean component initiated by
the routinely-used levitus climatologies. After 1000 years (see further sections for dis-
cussion on equilibrium), global surface air temperature gets adjusted and stabilizes at
ca.11.3°C (Fig.4, red curve), that is more than 0.8°C colder than CM5A | ,

]. This cold anomaly between the 2 versions is associated with a stronger negative
radiative forcing of clouds in CM5A2 at mid-latitudes and along the equator, and a neg-
ative anomaly in both surface and top of atmosphere (TOA) radiative balance between
CM5A2 (-0.28 W.m™?) and CM5A (+0.18 W.m™?). The reason for these differences be-
tween two rather close versions of the ISPL model is still under investigation. Accounting
for this difference and our goal to reduce the cold bias of IPSL-CM5A, we defined our
tuning target as a 2.2°C increase of global t2m compared to CM5A. Typically this would
translate into a 13.5°C annual global surface temperature in pre-industrial conditions,
and a 15.5°C with present-day conditions, including the ocean heat uptake.
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Figure 1: Evolution of t2m (°C) in IPSL-CM5A (red, after several thousand-years of spin-up) and
IPSL-CM5A2 (blue, adjusting from Levitus initial state)
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Figure 2: TPSLCM5A2 minus IPSLCM5A t2m anomaly. Averaged over the last 50 years of each
experiment.

2.1.2 Changing cloud radiative effect

Choice was made to act on cloud microphysics to alter their radiative effect and eventu-
ally the global temperature, following a routine developped at LMD by F. Hourdin and
colleagues. According to Sundqvist [1978], the rate of precipitation formation is related
to the amount of water in the cloud. As described in Hourdin et al. [2013]; a threshold
for condensed water (0.418 g.kg™! before tuning) needs to be reached for rainfall to start
precipitating, with a time constant 7., for auto-conversion (set at 1800 s):

dgw _ qu 1 — o—(ghw/clw)?
dt TCOTL’U

where ¢, is the mixing ratio, clw is the in-cloud water threshold for autoconversion,
Teonw 18 @ time constant for auto-conversion (here set at 1800 s).

Decreasing clw is expected to lower cloud density and reduce the net cloud radiative
forcing, as depicted in sensitivity experiment CLDLC in [[Hourdin et al., 2013]. Here
we carried out forced-by-SSTs LMDZ simulations, keeping in mind that a change by 1
W.m 2 in the net radiative balance shifts global t2m by 1K. Two simulations were run
with clw set at 0.316 and 0.250 g.kg™', respectively, to define the sensitivity of surface
and TOA radiative budget to this parameter.

Control  Expl  FExp2

clw(g.kg™) 0.418 0.316  0.250
CRF(W.m™?) —21.56 —18.94 —17.10
BILS(W.m™2) —0.176  2.737  4.544

Setting clw at 0.316 g.kg~ ' provides a slightly too strong increase in the cloud radia-
tive forcing (4+2.61 W.m™?) that echoes in surface heat budget (+2.56 W.m™?) in the
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atmosphere-only simulation.

On the 500th year of CTL-Notun, we branched a second IPSL-CM5A2 simulation
(CTL-tun00) prescribed with clw set to 0.316 g.kg™'. After 500 years CTL-tun00 de-
picted an annual t2m reaching 13.75°C (Fig.4, green curve) with surface radiative balance
stabilizing at 4+0.19 W.m™2.

From these experiments we linearized the clw-bils relationship and obtained that set-
ting clw at 3.25 g. kg~ would be the right choice to reach the +2.2°C target. We branched
a new [IPSL-CMbHA2 experiment CTL-tun01 on the 400th year of CTL-tun00 and let the
model run for 1000 years, for all the slow components to reach equilibrium. Comparing
zonally-averaged cloud radiative forcing of CTL and CTL-tun00 confirms that decreasing
clw strongly reduces cloud-related cooling between 50°S and 50°N. Comparison with the
CERES Energy Balanced and Filled (EBAF) dataset shows that our tuning improves
total CRF between 10°N and 60°N, but also leads to an overestimation between the
Equator and 30°S. The tuning also slightly improves CRF in the Southern hemisphere
mid-latitudes although the absolute values are still largely overestimated. We obtain a
net surface heat flux of 0.11 W.m™? and a global air temperature at surface of 13.56°C,
when averaged over the last 100 years of simulation.
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Figure 4: Evolution of t2m (°C) and branching of IPSL-CM5A2 simulations.

3 IPSL-CM5A2.1-VLR

As mentioned earlier, CM5A2.1 is a new release of IPSL-CMb5A2 that includes correc-
tions of the errors in the oasis coupler, namely a new version of the coupler and new
files to compute the fluxes between the ocean and the atmosphere. CM5A2.1 also ben-
efits from a more recent revision of ORCHIDEE (3930), compared to CM5A2.0 (3525).
This update includes several corrections, including a more conservative representation
of evaporative fluxes over the continent.

3.1 Tuning strategy

After setting up this new version based on CM5A2.0 with the updates mentioned above,
we launched a pre-industrial run initialized with the initial states for the ocean (Levitus)
and atmosphere used within the CMIP5 framework, including preindustrial aerosols and
ozone climatologies. After 600 years, this experiment had its net surface heat flux (bils)
stabilized at 0.21 W.m™ 1 and associated global 2-meter air temperature (t2m) stabilized
at ca. 13.8 °C, i.e. 0.4°C warmer than our initial target.

Thus we used the same tuning strategy as for CM5A2.0, i.e. altering the cloud radiative
effect to change bils, and in fine global temperature simulated by the model. Based on the
previous experiments, we determined a new value of clw parameter to lower the global
temperature. It was switched from 0.316 g.kg ™' to 0.343 g.kg™'. A new simulation with
this new value was branched on pi-notun at year 620 and run for an additional period
of 1600 years. Bils in this experiment decreased to 0.14 W.m™ 1,and t2m stabilized at
13.3°C, a value that we considered acceptable.
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Figure 5: Evolution of bils (in W.m™1) and branching of IPSL-CM5A2.1 simulations. The blue curve
depicts IPSL-CM5A-LR steady state. The green curve is the tuned simulation branched on the initial
pre-industrial experiment (red). The yellow curve is the continuation of the green simulation.
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Figure 6: Same as Fig. 5 for t2m (in °C) and branching of IPSL-CM5A2.1 simulations.



3.2 Model performances

3.2.1 Ocean equilibrium
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