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EPIC is a model for detailed geophysical fluid modelling (atmosphere, clouds, ocean).

Domantas Dilys, using EPIC's predecessor MPIC
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o It is (almost fully) based on parcels. Very different approach!
o Important: these parcels must interact (mix on small scale).

o Clean distinction between resolved dynamics and mixing.
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Elliptical Parcel-In-Cell (EPIC)

@ We use parcels carrying any number of (conserved) attributes and vorticity
(evolved). Monotonic by design and globally conservative.

o Parcels have a volume V; in order to determine gridded fields needed to construct
velocity on the grid.

@ Incompressible, Boussinesq, evaporation and condensation but no precipitation yet.
@ There are 2D (below) and 3D (today) versions.
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Parcel-based model based on ellipses

y
Motion of a fluid ellipse in a linear background flow':

“’ Given a linear background straining flow
I J

u(x, t) = S(x, t)x(t)

where

Va(X,8)  vy(x,t)
then reformulating the time derivative of the el-
lipse equation results in

dB
— T
where B = (BH Blz) is symmetric. dt .

Bio  Bx
Note: This is also valid in 3D!

S(x, t) = Vu(x, t) = (“X(X’ 8 ulx t)) ,

Semi-major/-minor axes a and b

xTB x =1

Ellipse area preserved!

McKiver, W. J. & Dritschel, D. G. (2003). The motion of a fluid ellipsoid in a general linear background
flow. Journal of Fluid Mechanics, 474, 147-173.
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Mixing via splitting and merging

Splitting and merging conserve
@ total centroid

@ total area

@ total second moments (approximately)

Split criterion:
a
A= l_) > Amax [:4]

an > amax

Merge criterion:

Vi < Vinin

Nearest neighbour merging
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Moist bubble setup (workshop)

The environment favours condensation

(cloud formation) once the thermal
rises past the lifting condensation
level z = z.

This releases additional buoyancy,
increasing the vertical acceleration,
and takes the thermal past its level
of dry neutral buoyancy z = z4.

Only when the thermal encounters
the level of moist neutral buoyancy
z = zy (the nominal cloud top)

is the upward acceleration arrested.

height

z_(moist neutral buoyancy)

z, (dry neutral buoyancy)

z_(condensation)

z, (mixed layer height)

g (environment)

q,b (thermal)

b (environment)
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Application to three-dimensional clouds
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EPIC workshop

Work in pairs. Use EPCC cirrus machine short queue.
workshop-viste
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Welcome to the EPIC workshop in Trieste!

This repository serves as a tutorial to show you how to prepare, run and analyse a moist bubble simulation using the Eliptical Parcel-In-Cel
(EPIC) method. During the course of this workshop (July 8th 2024), we provide you temporary access to the Cirrus cluster, a Tier-2 system of

the EPSRC. Al information how to access Cirrus s provided below. It you would like to work on your own Iaptop, feel free to do so. However,
we might not be able 1o help you in case you face any issues regarding code compilation (not necessarily EPIC))
Table of Contents

Obtaining all resources

« How to load the EPIC environment
« How to load the Python virtual environment
Moist bubble test case

How to prepare a simulation
How to run 2

imulation

How to analyse output data

Plotting with provided scri
= Plotling with xarray




EPIC workshop

@ Analysis of parcel data

@ Parcel history (following e.g Heus et al., JAS, 2008).

parcel humidity
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Link to cloud organisatio

anes, satellites
converge in the
Atlantic for.,
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Prototype BOMEX simulations

@ Realistic thermodynamics: potential temperature, liquid water and water vapour.
@ Includes large-scale forcings and surface fluxes of heat and moisture.
@ EPIC involving into LES alternative.
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How do we interpolate from/to the grid (needed to get velocity)

Optimal points at foci of ellipses:

Legras, B. & Dritschel, D. G. (1991). The elliptical
model of twodimensional vortex dynamics. 1: The
basic state. Physics of Fluids A: Fluid Dynamics, 3,
845-854.

x = $1/a> — b?a with ellipse centre at x

(a eigenvector)

Optimal points for ellipsoids:

Dritschel, D. G., Reinaud, J. N. & McKiver, W.
J. (2004). The quasi-geostrophic ellipsoidal vortex
model. Journal of Fluid Mechanics, 505, 201-223.

FIGURE 1. The order-0 model.

FIGURE 2. The order-1 model. FIGURE 4. The order-3 model

Quadrature points to accurately approximate
the volume integral!
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