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CCN activation scheme
● Extended from Cohard and Pinty (2000)
● Competition between several CCN modes
● Diagnostic maximum supersaturation S

max

● Bounded activation spectra N
CCN
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max

k F(S
max

)

IFN heterogeneous nucleation scheme
● Empirical parameterization by Phillips et al. (2008,2013)
● Ice nucleation in a CFDC vs. Aerosol loading observations
● Nucleation linked to aerosol particle surface
● Different nucleating properties for dust, BC, organics

Improved parameterized processes
● Explicit ice deposition / sublimation rates
● Ice – snow conversion adapted from Harrington et al. (1995)
● Washing out of aerosols by rain (Berthet et al., 2009)
● Radiative transfer following Aouizerats et al. (2010)

Detailed aerosol – cloud interactions
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LIMA needs an accurate aerosol population:
MACC aerosol analyses

MACC : Monitoring Atmospheric Composition and Climate
(https://www.gmes-atmosphere.eu/)

● Run at ECMWF
● T255 (~100km) resolution, 60 vertical levels
● Reanalysis + Near real-time analyses and forecasts
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12-h accumulated precipitation, 12 UTC 24 Sept. 2012
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30-min average mixing ratios (g.kg-1), 03UTC 24 Sept. 2012
LIMA using default (black) or MACC (blue) aerosols initialization

MESO-NH model Configuration
● 2.5km, 45 vertical levels
● Init at 00UTC 24 Sept.2012
● 3-h coupling to AROME

2,5km atm. analyses

MACC for LIMA : impact on an MCS
precipitation and cloud structure
24 Sept 2012: heavy precipitation over SE France

Observations from the HyMeX campaign

Composite radar reflectivity, 7UTC, 24 Sept. 2012

Falcon 20 flight
● In-situ microphysics
● RASTA doppler radar
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ATR 42 flight
● Optical particle counter
● CCN counter
● Scanning Mobility Particle Sizer

Raman lidar
● 355, 532 & 1064 nm
● Particle backscattering
● Particle extinction coeff.
● Depolarization ratio

Polarimetric radars
● Reflectivity
● Differential reflectivity
● Depolarization

● mesonh.aero.obs-mip.fr
● LES to synoptic scales
● Advanced parameterizations
● Diagnostics & obs. operators

● Evaluation and calibration for convective clouds
● Evaluation and calibration for fog and stratocumulus cases
➔ Open-source distribution in the  Meso-NH model
➔ Various applications: sensitivity studies, process studies.

Distribution

● Inclusion of ice crystal habits ?
● Intermediate large ice crystals category ?
● Number concentrations for all ice hydrometeors ?
● Bin scheme for the liquid phase ?

Improvements

● Analysis of computational cost
● Optimization and acceptable simplifications
● Implement aerosol sources ?
➔ Transfer to the AROME meso-scale operational model

Transfer to operations

MACC ⇒ LIMA conversion

MACC LIMA
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Dust

● Interpolation for initial and boundary conditions
● 11 species in MACC regrouped into 5 variables for LIMA

Prognostic variables
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For each aerosol mode (log-normal PSD):
Free N

free
 and activated N

acti
 number concentrations (#.kg-1) 

● Based on the ICE3 operational 1-moment scheme (PJ1998)

LIMA: Impact of aerosol loading
2D idealized case studies (squall line, cold orographic clouds):

➔ Sensitivity to the aerosol chemical composition
➔ Sensitivity to the aerosol size distribution
➔ Sensitivity to the aerosol number concentration
➔ Sensitivity to vertical gradients of aerosol concentration
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Black carbon Mixed aerosols Large dust

Pristine ice concentration in 2D idealized orographic cold clouds

Droplet mean diameter in 2D idealized squall lines
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