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Background Test 1: 1D Forced Advection Test 4: Moist Flow Over Orography

) I%sts the m0|stfphy5|cs capablllty.b o Wh " * Tests the ability of the full model to produce cloud.
transport ot water vapour vy, by a constant velocity Ug. - UG * Vapour is initialised everywhere close to saturation, in the style of the

for we.ather a.nd chmate modelling. . . vapour exceeds a saturation function it is converted to rain, which can test from Zerro i T TOme .
* Including moisture in the shallow water system introduces numerical be compared to an analytic solution. :

complexities — new physics timescales and non-linear switch behaviour * The height-dependent saturation function causes cloud production near
the mountain.

 The shallow water equations are a widely-used simplified equation set

— that challenge time-stepping schemes. 1.0- )
* Test cases in moist shallow water models could be used to explore - 0V, - g 0V, _ ¢ saturation = gpe~ %H
physics-dynamics coupling and how this is handled by time steppers. dt 0x where q,, a are constants and H is

0.6 -

* Aim: a suite of test cases in moist shallow water, using compatible the constant background height

i Figure 1: Saturation curve,

initial water vapour profile
and analytic rain solution for
T r—— a forced advection test. The
B initial vapour vapour profile is advected

B analytic rain solution

Compatible Finite Elements e —— e through the saturation profile

0 20 40 60 80 100
N : : A : X to produce the rain solution.
 The finite element method is a discretisation technique that seeks &
solutions in function spaces, suitable on non-orthogonal grids.

 Compatible discretisations make choices for spaces that preserve Test 2: Reversible Moist Advection
vector calculus identities and have desirable conservation and wave- . . . .
e Tests the advective component of the model with moist physics.

ropagation properties. . . . .
PTopag PTOP * A cosine bell is advected around the sphere, as in the first test of the

P VJ- V- - : : : :
v v v Vg — V;, —> V, Wllllam:son et al. test suite. A prescribed saturatlon. funcjuon causes
0 1 2 conversions between water vapour and cloud and is designed so that Next St
’ We choose u € V; and h € V; the initial water vapour is recovered by the final timestep 4 eps
/ '  What can we learn about time-stepping with physics and physics-
' 1
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Figure 4: A snapshot of the
cloud field during the moist
flow over a mountain test.
Cloud is generated near the
mountain and is then
transported around the globe
by the flow.

e Figure 2: Results of the dynamics coupling from test cases in moist shallow water?
e Gusto is a dynamical core toolkit, built in the Firedrake finite element 141 E:ter::'iiirt‘:;’l'itai)‘i‘;ercsg’s?ne * Test cases that are closer to real-world dynamics.
library. It sets up compatible finite element spaces, and offers 121 bell is converted between

y
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capabilities for different equation sets, different geometries and
different time-stepping schemes.

vapour and cloud as it is
—  Water vapour
— dloud advected around the sphere,

through a prescribed REfe rences

saturation curve that varies
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o . 02 to measure how well the weather pre iction. J. omput. yS.,
Moist Shallow Water Equatlons 001 - | | | | , total moisture is conserved Bouchut, F., Lambaerts, J., Lapeyre, G. and Zeitlin, V., 2009. Fronts and
P e e NEUme nonlinear waves in a simplified shallow-water model of the atmosphere
; moist convective ; moist thermal convective 3 with moisture and convection. Phys. Fluids, 21(11)
v - v - ) N . :
—+(W-Vo=—fkxv—gVh —+ W -V)v=—fkxv—bVh —=Vb . : : Kurganov, A,, Liu, Y. and Zeitlin, V., 2020. Moist-convective thermal
dt I ot Ih Z 3 Test 3: Solid BOd.y Rotatlon rotating shallow water model. Phys. Fluids, 32(6)
a2 T V. (vh) = —BP St V. (vh) = —p,P * Tests the ability of the full model to maintain a steady state. Zerroukat, M and Allen, T., 2015. A moist Boussinesq shallow water
90 b p Zona.ll.y balanced ﬂOY" Ol sphere from Zerroukat and Allen. | equations set for testing atmospheric models. J. Comput. Phys., 290(201)
o + (- -V)Q = -P EP + (v-V)b =p,P  Modifies test 2.of Wllllamsoh et al. to rgflect the extra terms in iche Williamson, D., Drake, J., Hack, J., Rudiger, J. and Swarztrauber, P., 1992.
00Q LV (00) = —P system, by z?ddlng !oalanced initial conditions for the buoyancy field b A standard test for numerical approximations to the shallow water
ot B and the moisture field g. equations in spherical geometry. J. Comput. Phys., 102(1)
by, moist thermal i Ohur implemgntation f)f \\ Figure 3: Root mean squared
o these equations sets in 1071 ; i
3 + Ww-V)v=—fkXv—gVh+ EV (E h29) i ir?volves axtendin j f;;:;:)?\rtt:; ;?f;rmsa:jzzg(:oliocjy Use this QR code to
ah . g 10_2.? —e— RMS error in height after 5 days I I read the abStraCt for
the Com atlble S | —e— RMS error in velgcit afterSd); S the helght’ VEIOClty and l
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ot .
90 discretisation to include E different resolutions. The test
E + (v-V)0 = So a DG space for the 073 aims to measure how well the
3 initial conditions are
TN ) _ () buoyancy and/or 107 \‘\ ' d
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