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Introduction

I NWP at grid lengths 2 km - 100 m now possible.

I The convective boundary layer (scales 1-3 km) is partially
resolved, but not a full Large-eddy simulation (LES).

I Wyngaard (2004) called this ”terra-incognita” but also called
the ”grey zone”.

I Currently little theoretical and numerical modeling basis for
representing the boundary layer in the grey zone.
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The grey zone
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Figure: Schematic illustrating the terra-incognita. Plotted is the energy
spectrum against total horizontal wavenumber. L is the length scale of
the boundary layer turbulence, and DMES and DLES are the grid-lengths
associated with a Mesoscale and LES simulation respectively.
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400 m resolution 
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Figure: Horizontal cross-sections of vertical velocity from convective
boundary layer simulations at a height 500 m for horizontal grid lengths
of 50 m (left) and 400 m (right). For this boundary layer (depth 1 km),
the 400 m grid length is in the grey zone. Taken from Beare (2014).



WP1: Numerical dissipation in grey zone

I Honnert et al. (2011) evaluated the sub-grid model term as
the grid length changes in the CBL grey zone.

I Sub-grid schemes formulated as a diffusion operator.

I Advection schemes have implicit diffusion.

I Truncation errors from numerical methods at same scale as
the boundary layer eddies in the grey zone,

I Aim: devise a scaling which accounts for both the sub-grid
model and the advection scheme.
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Figure: Normalised vertical velocity power spectra (averaged between
hour 1 and 2) at height 1 km for 50 m horizontal resolution dry
convective boundary layer runs. Thin line is the inertial subrange -2/3
power law. The wavenumber (k) is defined as 1/wavelength. zi = 1325m
is the inversion height of the control simulation and w∗ is the convective
boundary layer velocity scale. Beare et al 07 MetO internal report.



Dissipation length scale- Beare (2014)
I The dissipation associated with an infinite spectrum with

molecular viscocity, ν, is

ε = 2ν

∫ ∞

0
k2Se(k)dk. (1)

The scale selectivity of the dissipation is determined by the
integral of k2 over Se .

I Using this insight, we define a dissipation wavenumber (kd)
for a finite spectrum which also scales with this integral.

k2d =

∫ k1
k0

k2Se(k)dk∫ k1
k0

Sedk
, (2)

where k0 and k1 define the lower and upper wavenumber
limits of the spectrum.

I The dissipation length scale is then

ld =
2π

kd
, (3)
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Figure: The dissipation length scale (ld) plotted against horizontal grid
length, evaluated at height 500 m. Beare (2014).



WP2: Novel sub-grid models

I Stochastic backscatter for the grey zone (Plant and Craig,
2008; Weinbrecht and Mason, 2008).

I Tensorial model (Wyngaard, 2004).

I Dynamic sub-grid models (Germano et al., 1991; Meneveau
and Katz, 2000).
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WP3: A grey-zone boundary-layer scheme for the MetUM

The findings of WP1 could lead to a blending scheme of the form:

Dθ

Dt
=

COLUMN︷ ︸︸ ︷
[1− α(∆)]

∂

∂z

(
Kh

[
∂θ

∂z
− γ
])

+

SMAGORINSKY︷ ︸︸ ︷
α(∆)

∂Hj

∂xj
(4)

From WP2- A prototype hybrid dynamic/stochastic scheme of the
form:

Dθ

Dt
=

DYNAMIC︷︸︸︷
∂Hj

∂xj
+

BACKSCATTER︷︸︸︷
Bθ, (5)

where Bθ is the stochastic back scatter.



Models, observations and people

I MetLEM for the fundamental development work of WP1 and
WP2.

I WP3: MetUM for the new grey-zone scheme.

I Ground truth: high-resolution LES (20 m grid length for
convective boundary layers). Area-averaged quantities
validated using Met Office Cardington observations.

I Exeter team: 1 PDRA + Beare + Thuburn (WP1 + WP3).

I Reading team: 1 PDRA + Plant + Coceal (WP2 + WP3).

I Met Office partners: Adrian Lock and Humphrey Lean



Models, observations and people

I MetLEM for the fundamental development work of WP1 and
WP2.

I WP3: MetUM for the new grey-zone scheme.

I Ground truth: high-resolution LES (20 m grid length for
convective boundary layers). Area-averaged quantities
validated using Met Office Cardington observations.

I Exeter team: 1 PDRA + Beare + Thuburn (WP1 + WP3).

I Reading team: 1 PDRA + Plant + Coceal (WP2 + WP3).

I Met Office partners: Adrian Lock and Humphrey Lean



Models, observations and people

I MetLEM for the fundamental development work of WP1 and
WP2.

I WP3: MetUM for the new grey-zone scheme.

I Ground truth: high-resolution LES (20 m grid length for
convective boundary layers). Area-averaged quantities
validated using Met Office Cardington observations.

I Exeter team: 1 PDRA + Beare + Thuburn (WP1 + WP3).

I Reading team: 1 PDRA + Plant + Coceal (WP2 + WP3).

I Met Office partners: Adrian Lock and Humphrey Lean



Models, observations and people

I MetLEM for the fundamental development work of WP1 and
WP2.

I WP3: MetUM for the new grey-zone scheme.

I Ground truth: high-resolution LES (20 m grid length for
convective boundary layers). Area-averaged quantities
validated using Met Office Cardington observations.

I Exeter team: 1 PDRA + Beare + Thuburn (WP1 + WP3).

I Reading team: 1 PDRA + Plant + Coceal (WP2 + WP3).

I Met Office partners: Adrian Lock and Humphrey Lean



Models, observations and people

I MetLEM for the fundamental development work of WP1 and
WP2.

I WP3: MetUM for the new grey-zone scheme.

I Ground truth: high-resolution LES (20 m grid length for
convective boundary layers). Area-averaged quantities
validated using Met Office Cardington observations.

I Exeter team: 1 PDRA + Beare + Thuburn (WP1 + WP3).

I Reading team: 1 PDRA + Plant + Coceal (WP2 + WP3).

I Met Office partners: Adrian Lock and Humphrey Lean



Models, observations and people

I MetLEM for the fundamental development work of WP1 and
WP2.

I WP3: MetUM for the new grey-zone scheme.

I Ground truth: high-resolution LES (20 m grid length for
convective boundary layers). Area-averaged quantities
validated using Met Office Cardington observations.

I Exeter team: 1 PDRA + Beare + Thuburn (WP1 + WP3).

I Reading team: 1 PDRA + Plant + Coceal (WP2 + WP3).

I Met Office partners: Adrian Lock and Humphrey Lean



Beare, R. J. (2012). A similarity approach to boundary-layer
simulations in the grey zone. submitted to Quart. J. Roy.
Meteorol. Soc.

Germano, M., Piomelli, U., Moin, P., and Cabot, W. H. (1991). A
dynamic subgrid-scale eddy viscosity model. Phys. Fluids A, 3,
1760–1765.

Honnert, R., Masson, V., and Couvreux, F. (2011). A diagnostic
for evaluating the representation of turbulence in atmospheric
models at the kilometric scale. J. Atmos. Sci., 68, 3112–3131.

Meneveau, C. and Katz, J. (2000). Scale-invariance and turbulence
models for Large-eddy simulation. Annu. Rev. Fluid Mech., 32,
1–32.

Plant, R. S. and Craig, G. C. (2008). A stochastic
parameterization for deep convection based on equilibrium
statistic. J. Atmos. Sci., 65, 87–105.

Sullivan, P. P. and Patton, E. G. (2011). The effect of mesh
resolution on convective boundary layer statistics and structures
generated by large-eddy simulation. J. Atmos. Sci., 68,
2395–2415.



Weinbrecht, S. and Mason, P. J. (2008). Stochastic backscatter
for cloud-resolving models. Part I. J. Atmos. Sci., 65, 123–139.

Wyngaard, J. C. (2004). Toward numerical modeling in the ”Terra
Incognita”. J. Atmos. Sci., 61, 1816–1825.


	Introduction

