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High resolution modelling at the 
Met office: focus on the PBL
Adrian Lock, Met office, UK
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Met Office operational NWP
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Not just the UK - current UM operational users
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The operational forecast models
NWP  (horizontal grid lengths, lid):

• Global: 25  km ,  80km
• N.Atlantic/Europe: 12  km ,  80km
• UK: 1.5 km ,  40km

Vertical grids (lowest 2km):
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Operational UKV set-up

• 744(622 1.5 km) x 928(810 1.5 km) points.

• 1.5 km over UK

• Variable resolution stretching to 4 km away from UK

• 70 Levels: lowest at 5m for scalars (2.5m for winds),           
16 levels below 1km

• 50s timestep

• 4 runs/day to T+36, since Autumn 2009

• Initial state from 3DVAR (4DVAR under development)
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Operational UKV set-up
Physical parametrizations

• Same as global model, except:

• Convection parametization: none, but closure option to give “shallow”
in low CAPE environments is used at 4km

• Horizontal diffusion: “Smagorinsky-Lilly”

• Microphysics: Prognostic rain

(also has prognostic ice but already in global model)

• Drag: no orographic drag (either GWD or form drag via z0)

• Cloud: diagnostic (global now has prognostic cloud, “PC2”)

• So note PBL mixing in the vertical is the same

• Lock et al (2000): K-profile+entrainment unstable, local Ri stable BLs

as the PBL turbulence is still unresolved

( )RiSfK 2l=
1.0, =D= ss ccl
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Convection over 
orography 01/06/09 15Z
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Stratocumulus break-up over the Canary Islands

• Actually 1km

• Note spin-up problems 
at northern boundary

10Z

18Z
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Recent developments
• PBL mixing in cumulus layers is capped at the LCL and no PBL 

mixing occurs across the LCL

• In the GCM the convection parametrization is triggered to continue 
parametrized transport across and above the LCL

• Without the convection parametrization, a jump forms at the LCL

• Simple solution, to allow the PBL to mix to the top of LCL 
transition zone (Grant and Lock, 2004) = 1.1zlcl

Original
1.1zlcl
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Recent developments
• Winter 2010 valley cooling problem

• Screen T up to 20K too cold in Scottish valleys

• Goes away if orography smoothed to 12km

• Including a representation of shear from unresolved drainage 
flows in local PBL scheme fixes the problem

T1.5m at 12Z 2/2/10

Control Control + 12km orography Control+drainage flow
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First COLPEX results
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COLPEX (Met Office / NCAS)
• Extensively instrumented hills and valleys in Shropshire

• 3 main sites (30/50m masts with sonics, T, q; radiometers; 
ground heat flux and temperature; visibility measurements; 
doppler lidar) + frequent sondes during 17 IOPs

• ~20 other AWS sites

• Better understand the mechanisms leading to the formation 
of cold pools and fog in valleys

• Evaluate the performance of 1.5km operational forecasting 
model and downscaling, and develop improvements

• Very high resolution (100m) UM simulations

• Provide a database which will aid interpretation of the 
observations

• Area average to inform parametrization at coarser resolution

• Inform choices about the next generation of operational forecast
models
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Upper Duffryn

Photos courtesy of Jeremy Price and 
Dave Bamber, MRU Cardington
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Photos courtesy of Jeremy Price and Dave Bamber, MRU Cardington
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Initial MetUM setup:
COLPEX_100

• 100m horizontal resolution over 30 km square.

• Variable resolution outside stretching (5.5%) to 1.5 
km. (412x412 domain covering ~100 km square).

• 70 levels, 5 s timestep (both might need improvement).

• RHcrit=0.99 below 500m then gradual decrease to 0.9 
above 3km.

• 3D Smagorinsky, LEM stability functions, cs=0.15.   
Dry static adjustment above 3km.
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UM as an LES model
3D Smagorinsky diffusion scheme

• Idealised dry convective BL: zi=1300m, specified fluxes

• 3D simulation, 50m grid

• Compares well with Met Office large-eddy model (cs=0.23) 
if a smaller value of cs is used

10Dx 4Dx
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COLPEX_100 Orography

Colpex_100
Domain 100 m inner

Domain

Upper Dyffryn
Spring Hill 

Burfield

30km
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Potential temperature at 5 m
1800 UTC 10/09

2300 UTC 10/09

0600 UTC 11/09
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North-South section through Upper Dyffryn, Clun Valley

0600 11 September 2009

q (oC)

Dx=1.5 km

Dx=100 m

q (oC)

Dx=1.5 km
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Screen T time series: Springhill

1.5 km 100 m
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Screen T time series: Burfield

1.5 km 100 m



© Crown copyright   Met Office

Screen temperature and comparison with HOBO and 
MRU mast data

0400 UTC 10/09

Model valley bottom 
too warm and sides 
too cold ?

Real cold pool is 
colder and less 
extensive than in 
model?
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Sensitivity tests

• Time step (reduce from 5 s to 2 s)

• “Accurate dynamics”, particularly for gravity waves

• Dt=2s, time off-centring weights all set to 0.6, fully-interpolating q
advection

• Reduce mixing-length ratio, cs, from 0.15 to 0.08

• 2-D Smagorinsky + 1D PBL scheme (=standard UKV)

• 1-D boundary-layer (no Smagorinsky horizontal diffusion)

• Increased surface drag (z0 x 5)
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Screen T time series: Burfield
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Mixing length ratio 0.08 vs control

Control (ratio=0.15)Ratio=0.08

•Slightly deeper (worse), colder (better) pools
•Note little impact at 3 main sites
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Some other high resolution modelling
activities at the Met Office
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Model intercomparisons

• Significant activity via GEWEX under both GCSS and GABLS, 
comparing LES and SCM with observations

• GABLS (cloud-free, land-surface interaction and stable boundary layers)

• Current case is diurnal cycle with Cabauw tower observations

• GCSS BL Clouds

• Current cases study the marine sub-tropical transition from 
stratocumulus to cumulus (the “ASTEX Lagrangian” and new 
climatalogical cases)

• Plans to run 1km UM in idealised and forecast mode

• GCSS Precipitating Convective Systems

• Current case TWP-ICE: CRM, NWP (standard and high res), SCM
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CASCADE: large tropical domain 
UM-CRM simulations (at 4km)
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CASCADE – first results
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Summary of issues for parametrizations
in high resolution UM
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Issues for turbulent mixing

• Current system (standard 1D BL scheme, horizontal Smagorinsky) 
performs quite well

• Now the model is operational, we are starting to look in more 
detail at performance (e.g. stability functions, mixing lengths,
resolution of drainage flows). COLPEX will form a crucial part 

• Shallow convection:  UKV looks remarkably good without it!  Still 
problems with transition to deep convection

• Stochastic energy backscatter will be implemented experimentally

• We are experimenting with forms of blending between the vertical
1D BL scheme and Smagorinsky (eg. a dependence on how well 
resolved the PBL is)

• Reviewing (lack of) form drag from unresolved hills
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Issues for cloud and 
microphysics

• Still running with single ice, prognostic rain, though dual ice/snow 
+graupel prognostics available. No evidence of need for added 
complexity.

• Main driver is probably assimilation of reflectivity 

• Warm rain autoconversion is an issue (actually in all UM 
configurations). Needs review of formulation and (probably) 
coupling to aerosol 

• Choice of critical RH in cloud scheme needs review, but 
experience suggests impact is small.
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Issues for surface 

• Current surface scheme is generally very good. We do not 
know enough about its limitations (COLPEX important).

• Heterogeneity and horizontal transport of soil moisture may be 
important at ~1.5 km or less.

• Land-use accuracy – esp. deciduous trees.

• Canopy impacts on drainage flows.

• Developing improved urban representation

• We do know that we miss diurnal SST variation. Impact small 
but not insignificant.

• We do not know the importance of wave coupling for surface 
drag at high resolution, or the importance of ocean currents 
etc.
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Predictability 

• Experience is leading to more firm ideas that 
UKV is more likely to be accurate in some 
situations than others.

• Strong surface influence -> hoped for predictability -> 
(non-linear) downscaling.

• Internal organisation -> questionable predictability -> 
statistical interpretation or nowcasting.

• Plans for use of small ensemble (<5) + lagged 
ensemble
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Questions
Thank you


