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Large-eddy models and high resolution cloud-permitting models are increasingly used to study the detailed
dynamics of moist convection and rainfall formation on large domains. However, the turbulence statistics and
liquid water content in high-resolution simulations are highly sensitive to the grid resolution as well as the choice
of numerical method. For example, the maximum liquid water content (which is important for rain formation) in a
cloud can be sensitive to numerical mixing, which is hard to control.

We are developing a potentially revolutionary approach to this problem, namely to model both dynamics
and processes explicitly using Lagrangian parcels. These parcels have a finite volume and carry part of the
circulation, as well as thermodynamic attributes such as total water content and liquid water potential temperature.
The dynamics are fully Lagrangian, but an efficient grid-based solver is used to determine parcel advection
velocities. We have explored the potential of this approach in a framework using simplified moist dynamics.
Our first results compare the fully Lagrangian model to a pseudo-spectral model and the Met Office Nerc Cloud
model (MONC) in the same framework. We show that the fully Lagrangian model provides an alternative for
the simulation of moist physics and dynamics that compares well to MONC, but is likely to be significantly
cheaper for a given effective resolution. At the same time, the method offers a step change in the ability to control
Lagrangian conservation of parcel properties. We also discuss how we can represent stretching and mixing at the
parcel level in our approach.


