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The UKV model

• The Met Office has been running the UKV model 
Operationally since 2009. 

• This model is variable resolution, with the fixed 
resolution of interior having a gridlength of 1.5km  

• The model is driven by the 25km resolution 
Global model which supplies hourly boundary 
conditions.

• The UKV runs to T+36, eight times a day and a 
continuous 3D-VAR data assimilation cycle
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High Resolution specific

• Radiation: 

• Orographic correction

• Microphysics: 

• Prognostic rain (horizontal advection of precipitates). 

• Autoconversion limits dependent on aerosol concentration

• Convection: 

• Parametrization switched off

• Gravity Wave Drag / Orographic Drag:

• Parametrization switched off

• Horizontal Diffusion: 

• 2D Smagorinsky (no horizontal diffusion)
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NWP Problem Group

• The NWP Problem Group is a forum where forecasters 
and modellers meet on a regular basis and discuss 
progress on model problems. 

• A database of problems raised by forecasters is 
maintained. 

• These problems are either felt to be systematic in nature 
or involve model forecasts of events that are unusually 
high profile and which have a high level of public or 
political interest.

• The model problems relate to all of the operational model 
configurations and a number of them relate to the UKV.

• These problems relate to forecasts of temperature, cloud, 
precipitation, snow, visibility and wind gust. 
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NWP Problem Group
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Analysis chart 10/02/12 18Z



SC Cloud shown in Yellow

Normal land and sea blue 
and turquoise shades

Snow Cover shown in Pink

SC only tenuous and showing 
signs of dissipation here.

Snow RGB (2,3,9). Due to snow cover 
traditional VIS and IR imagery did not 

show cloud well



Snow cover from the model (18Z NAE) was relatively well handled

Perhaps too 
little Snow 

Cover in this 
zone

Too much 
snow cover 

here.



Min to 09Z on 11th from Post-processed UKV and UK4 21Z runs

UKV: -7.7 deg UK 4: -8.8 deg
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Screen temperature verification 11/02/12 06UTC

UKV   T+9                                    UK4   T+9                
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Modelling challenges for this case

• Snow cover

• Current snow scheme is a zero-layer scheme

• The warm bias is associated with excessive 
ground heat fluxes.

• The greater insulating effect of the new 
multilayer snow scheme (currently under test) 
can give significant reductions in temperature in 
this case

• Stratocumulus

• Stable boundary layer issues



© Crown copyright   Met Office

Stable boundary layer package

• A stable boundary layer package was 
implemented on 04th December 2012

• One of the major components of the package is 
a change to the stability functions from "Mes 
tails" to "sharpest". 

• This leads to reduced mixing in stable 
conditions. 

• It cools the Screen Temperature at night and 
significantly improves Screen Temperature and 
Relative Humidity scores. 
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PS31 improvement to temperature diurnal cycle
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Cyclone Ulli: 03/01/12

• “The UKV has, in general, been over-estimating 
surface wind gusts, particularly in unstable 
regimes. 

• The error increases with wind speed. Normally the 
error is around 5 to 10 knots, but at the higher end 
can be 20 knots or more. 

• Model gusts associated with the sting jet event 
that took place across central Scotland on 3rd Jan 
peaked in the mid to high 50's of metres per 
second range. 

• In reality measured peak gusts were around 90 
knots, i.e. approx 20 knots lower than UKV. 

• UK4 also generally over-estimates but to a lesser 
degree (around 5 knots or so).”
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Analysis 03/01/12 06Z
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UKV wind gust

06-07 UTC 12-13 UTC
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Wind gust verification 03/01/12 12z 

UKV   T+9                                    UK4   T+9                
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Bias

RMSE

Bias and RMSE timeseries: 03978 Finner

10m wind speed wind gust
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Bias

RMSE

Bias and RMSE PMSL timeseries 03978 
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Metop-A ASCAT winds 03/01/12 12Z

50 knots
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UKV O-B speed 
bias
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UK4 O-B speed 
bias
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Location of Buoys Turton et al. (2008)
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Buoy K4 
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Wind gust diagnostic

• Based on ECMWF diagnostic. Relies on calculations of boundary 
layer turbulence and vertical transport of momentum

• gust_wind = 10m wind + sigma_u * f (c_ugn, z0m_eff) [c_ugn= 4.0]

• It also takes into account BL stability: 

• z0m_eff for the UK4 >> UKV over land as orographic drag scheme 
is switched off in the UKV

• Over sea z0m_eff = z0m_sea =  f (ustar squared)

• ustar is related to the mean wind speed

• Should be valid for UKV because the boundary layer turbulence 
should not be explicitly resolvable by a 1.5km model.

• Maybe not valid in the tropics (deep convection) but should be valid 
in the mid latitudes

Unstable
Stable
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Gust parametrizations (non convective)
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Wind gust: UKV, UK4 and difference

UKV                         UK4                        Difference         
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10m wind: UKV, UK4 and difference

UKV                         UK4                        Difference         



© Crown copyright   Met Office

sigma_u * f (c_ugn, z0m_eff)

UKV                         UK4                        Difference         
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Impact of reducing c_ugn from 4.0 to 3.0

C_ugn=4.0                   C_ugn=3.0                   Difference           
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Wind gust 
Verification

Error vs F/C 
range

Block 03
Land stations

DJF11/12

Bias

RMSE
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Hypothesis and interesting questions

• UKV mean wind (10m) over convective areas is stronger 
than UK4

• This is may be because it is partly resolving convective 
motions

• These differences are amplified by the way the wind gust 
diagnostic is written

• It is difficult to get obs to verify even the mean wind over 
the sea in these for this event!

• It would be interesting to know whether the diagnostic 
would produce a correct gust given a perfect mean wind 
as input.

• Have other modelling consortia seen similar behaviour?

• John Edwards testing a wind speed dependent Charnock 
parameter (increases with wind speed, increasing 
z0m_sea)
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UKV model level 6 winds and gust

• Operational change to the UKPP (Post Processing) 
system (fed by the UKV) planned for 18th June 2013

• Model level winds at 150m will be used instead of gust 
diagnostic



© Crown copyright   Met Office

Conclusions

• The NWP Problem Group is a forum where forecasters and 
modellers meet on a regular basis and discuss progress on model 
problems. 

• Some problems already have a research plan in place to tackle 
them (for example the stable boundary layer package). 

• Other problems such as the wind gust example can lead to more 
emphasis being placed on certain aspects of the research plan 

• Mark weeks will spend 3 months investigating wind gusts with 
Simon Vosper and Peter Sheridan. Originally the aim was to look at 
orographic flow related gusts but the remit has now been 
broadened.
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Questions
•Jorge Bornemann
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Standard Reporting form
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Actual minima (degrees)

• Holbeach (Lincolnshire): -15.6

• Wainfleet (Lincolnshire): -14.4

• Marham (Norfolk): -14.3

• Scampton (Lincolnshire): -13.4 

• Coningsby (Lincolnshire): -13.2

• Church Fenton (North Yorkshire): -12.9

• Leconfield (East Yorkshire): -12.7

• Benson (Oxfordshire): -12.5

• Wittering (Cambridgeshire): -12.5

• Bedford (Bedfordshire): -12.3

• Northolt (Greater London): -9.6
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Surface stress: ustar

• z0m_sea =  (alpha * Ustar squared)/g

• Alpha  = Charnock parameter = 0.018

• Ustar ~ mean wind speed/20

• Ustar is the vector sum of surface stress 
components (i.e. Stress evaluated at z=0)

• Ustar = ((u‘w‘_bar)^2 + (v‘w‘_bar)^2)^0.25 (units m/s)

• It gives an idea of the strength of eddies generated 
by surface friction or surface drag.

• du/dz = Ustar/kz
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Impact of time processing (UK4)

max in preceding hour              
instantaneous

11Z 12Z
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Meteosat-9 IR Image 03/01/12 06 UTC
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Wind gust 03/01/12  06z 

UKV   T+9                                    UK4   T+9                
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Wind gust 03/01/12 12z 

UKV   T+9                                    UK4   T+9                
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Bias

RMSE

Bias and RMSE Timeseries 
03001-03200 and 03901-03930

10m wind speed                                             wind gust
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Bias

RMSE

Bias and RMSE PMSL Timeseries 
03001-03200 and 03901-03930
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Bias

RMSE

Bias and RMSE timeseries: 03100 Tiree

Wind speed                                                  Wind gust
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Bias

RMSE

Bias and RMSE timeseries: 03105 Port Ellen

10m wind speed                                               wind gust



© Crown copyright   Met Office

Model boundary layer type and depth
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ASCAT observations

• ASCAT on Metop-A 

• 12.5-km sampling (25-km resolution)

• 1056 UTC overpass

• All wind vectors plotted (no QC applied)

Model data

• 10m winds interpolated to observation location/time

• UKV background (T+3 fc)

• UK4 background (T+3 fc)

Cyclone Ulli, 3 Jan 2012
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ASCAT-A 
observations
Wide view
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ASCAT-A 
observations
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UKV background
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UK4 background
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UKV O-B speed 
bias
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UK4 O-B speed 
bias
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Edinburgh rain 06th/07th August 2011
• An area of thundery rain moved into southeast Scotland 

overnight 6th/7th August.

• Model rainfall totals from 12Z and 18Z NAE and Global 
Model on 6th gave over 100mm in a 24 hour period in the 
Edinburgh area. The UKV also showed very large 
accumulations. 

• Given that these large totals were focused on a populated 
area (also swelled by people visiting the Edinburgh 
Festival), the Chief Forecaster took a decision to issue a 
red warning.

• In the event, the large rainfall totals did not materialise, 
partly due to the heavier cells remaining offshore and 
also because the rain nudged further north rather than 
being locked across the Edinburgh area. 

• Actual totals for Edinburgh for a 48-hour period (06/0900 
to 08/0900) were around 35mm.
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UKV, MOGREPS-R and ECMWF precipitation 
accumulations
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