Mni-project :

Microphysics and radiative effects of cold clouds in polar regions

M2 MOCIS : Numerical Modeling course

1. Context

Among the major shortcomings of climate models is a poor representation of clouds over the
Southern and Arctic Oceans (Bodas-Salcedo et al. 2014, Kay et al. 2016). Clouds in those regions
are either fully composed of ice crystals or are so-called ‘mixed-phase’ clouds, i.e. clouds composed
of ice and ‘supercooled’ liquid droplets that form and persist at temperatures below zero Celsius.
Liquid droplets significantly controls how much the Earth surface receives radiative energy.
Compared to ice crystals, they tend to reflect more solar energy towards space and at the same time,
they enhance the cloud infrared emission towards the ground surface. The liquid water content in
cold clouds have thus strong impacts on near-surface temperatures in polar regions and on the
melting of sea ice and ice shelves.

The aim of this master project is too assess the sensitivity of the climate represented by LMDZ to
the parameterization of cold clouds.

2. Sensitivity tests in 1D and 3D configurations

The representation of clouds in LMDZ results from a complex chain of parameterizations but two
of them are of particular interest for cold clouds at high latitudes :



- the parameterization of the liquid water fraction in cold clouds (which directly controls their phase
and radiative effect)
- the parametrization of the ice fallspeed velocity, which determines the precipitation flux and the
lifetime of a clouds.

At negative Celcius temperatures, the liquid fraction of the mass of cloud condensates is estimated

as follows :
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where Tmin, Tmax and n are three parameters that can be modified in the physiq.def file (they are
named t_glace_min, t_glace_max and exposant_glace respectively). This calculation of the ice
fraction (1-xliq) is performed in the function
modipsl/modeles/LMDZ/libf/phylmd/icefrac_lsc_mod.F90

The figure here below shows the evolution of the liquid fraction with temperature.
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Figure : Liquid fraction x liq as a function of temperature used in
Versions 5A and 6A of LMDZ. Figure from Madeleine et al. 2020.

The fall velocity vm of ice crystals is parameterized as a function of the ice water content (IWC)
following Heymsfield & Donner (1990) :

vm=FALLV*3.29*(TWC)"'®
where FALLV is a tuning parameter (ffallv_Isc in physiq.def) that equals 0.8 by default.

At the beginning of the project, you will first assess the sensitivity of the simulation of clouds
(vertical structure, phase, cover, mass, lifetime), surface radiative fluxes and surface precipitation to
the above-mentionned parameters using the MPACE 1D case [Klein et al. 2009]. This idealized 1D



case study consists in the simulation of a boundary-layer mixed-phase clouds above Barrow,
Alaska. Please comment also on the vertical distribution of the liquide and ice phase in the model
compared to remotely-sensed observations shown in Klein et al. 2009 (see their Fig. 6).

In a second step, you will assess how the representation of ice and mixed-phase clouds modifies the
representation of the high-latitude climate in 2-year 3D LMDZ simulations. For this purpose, you
may assess the sensitivity of the radiative fluxes and cloud radiative effect (CRE) at the surface and
at the top of the atmosphere over the Southern and Arctic Oceans to the liquid/ice distribution and
to the ice fallspeed velocity. You can also comment on changes of the near-surface temperature over
the margins of the Greenland and Antarctic ice sheets.
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