 JOINT WMO TECHNICAL PROGRESS REPORT ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM AND NUMERICAL WEATHER PREDICTION RESEARCH ACTIVITIES FOR 2013
Met Office, United Kingdom
1.
Summary of highlights
The following upgrades were made to the major components of our Production NWP System during the accounting year April 2013-March 2014. The changes were introduced following 2 parallel suites each of 1 month duration to ensure robust changes at expected quality.

	PS32 
	Data assimilation for mineral dust added to 4D-Var.

	30 April 2013
	

	PS33 
	Technical change to implement the ROSE suite control system.

	4 Feb 2014
	


Table 1 - Global Model and Data Assimilation changes  
	PS32 
	Direct assimilation of surface cloud observations introduced.

	30 April 2013
	

	
	

	PS33 
4 Feb 2014
	Technical change to implement the ROSE suite control system.

	
	

	
	

	
	

	
	


Table 2- Regional Model and Data Assimilation changes 
	PS32 
	

	30 April 2013
	

	
	

	PS33 
	Technical change to implement the ROSE suite control system.

	4 Feb 2014
	

	
	


Table 3- Data Assimilation changes 
	PS32 
	

	30 April 2013
	

	
	

	
	

	PS33 
	Technical change to implement the ROSE suite control system.

	4 Feb 2014
	

	
	

	
	


Table 4- Ensemble Modelling System changes Richard Swinbank
	PS32 
30 April 2013
	Inclusion of diurnal skin sea surface temperature diagnostic in ocean models.
WAM Cycle 4 derivative source term scheme replaces Tolman and Chalikov scheme in European and UK wave models

Global, European and UK wave models configured to produce hourly output to T+66; Global and European run cycle revised to 4x daily

	PS33 
	Transition of all systems to use new ROSE framework for controlling suite (technical upgrade)

	4 Feb 2014
	North Atlantic European wave configurations retired

	
	

	
	

	
	

	
	

	
	

	
	


Table 5 - Ocean and Wave Modelling changes  
2.
Equipment in use
2.1 Supercomputing Platform  
IBM p775 (Power 7) system, comprising a total of 38912 compute cores (across 3 clusters) providing a peak (Linpack) capacity of 0.9 Petaflops. 
The Supercomputer is LAN attached to MASS, IBM mainframe, desktop PCs, UNIX servers and printers. 

2.2 MASS storage system 
The MASS-R is based on IBM HPSS.  An interface known has MOOSE has been developed in-house. Current archive rates are typically 20TB/day. The system is connected to the supercomputer, front-end mainframe and research Unix servers. 

3.
Data and Products from GTS in use
3.1 Observations  
Non-real-time monitoring of the global observing system includes:- 

· Automatic checking of missing and late bulletins.

· Annual monitoring checks of the transmission and reception of global data under WMO   data-monitoring arrangements. 

· Monitoring of the quality of marine surface data as lead centre designated by CBS. This includes the provision of monthly and near-real-time reports to national focal points, and 6-monthly reports to WMO (available on request from the Met Office, Exeter). 

· Monthly monitoring of the quality of other data types and the provision of reports to other lead centres or national focal points. This monitoring feeds back into the data assimilation by way of revisions to reject list or bias correction. 

Within the NWP system, monitoring of the global observing system includes:- 

· An automated quality control system with 3 stages, an internal consistency check, a comparison against model first guess and a buddy check against neighbouring observations.

· A real-time monitoring capability that provides time series of observation counts, reject counts and mean/root-mean-square departures of observation from model background; departures from the norm are highlighted to trigger more detailed analysis and action as required;

· Monitoring of satellite observations includes time series of comparisons of observations versus model background for separate channels plus comparisons of retrieved fields versus model background for different model levels http://www.nwpsaf.eu/monitoring.html 
The global data assimilation system makes use of the following observation types. The counts are based on a snapshot taken on 20th May 2014. 

	Observation Code
	Number available in 24 hour period
	% usage by Data Assimilation

	      ATOVS Global          
	5074384
	2.8%

	      ATOVS Local          
	2409288
	

	      IASI Global            
	647280
	6.1%

	      IASI Local           
	18090
	

	      AIRS WF           
	323949
	11.1%

	      AIRS Local            
	63090
	

	      ATMS           
	348288
	21.2%

	      CRIMSS          
	325020
	11.7%

	      SSMIS            
	18809700
	0%

	      ASCAT            
	1935360
	2.0%

	      WINDSAT          
	1545231
	

	      ESA HRVW          
	15999
	3.1%

	      ESA HRWVW         
	95368
	

	      ESA CSWVW         
	15356
	

	      ESA CMW           
	40882
	

	      GOES BUFR         
	2142823
	

	      MODIS            
	181881
	

	      MSG WINDS         
	1691714
	

	      JMA WINDS         
	338140
	

	      MSGCSR (SEVIRI Clear)          
	878848
	2.4%

	      GOESCSR (GOES Clear)         
	678216
	1.0%

	      JMACSR (JMA Clear)           
	156604
	12.1%

	      GPSRO            
	2828
	90.0%

	      GPSIWV  (GroundGPS)        
	490853
	0.3%

	      SATAOD  
	536494
	5.6%

	      LNDSYN           
	86154
	56.4%

	      SHPSYN           
	17252
	

	      BUOY             
	37132
	

	      BOGUS            
	6
	

	      MOBSYN           
	3016
	

	      METARS           
	163595
	

	      AIREPS           
	14582
	21.5%

	      AMDARS           
	462280
	

	      TEMP             
	1309
	82.3%

	      PILOT            
	900
	

	      DROPSOND         
	2
	

	      WINPRO
	19717
	15.6%


Table 6 Observations in Global Data Assimilation
3.2 Gridded products 
Products from WAFC Washington are used as a backup in the event of a system failure.  The WAFS Thinned GRIB products are received every 6 hours extending out to T+36.

Products from ECMWF are the used as primary guidance at 5 days and beyond and are blended with in-house model products within the site-specific post-processing system.

Models products from other NWP Centres are available to forecasters as additional guidance.
4.
Forecasting system 
The forecasting system consists of:-

Atmosphere Models

· Global atmospheric forecast model at 25km L70 supported by 4D-Var 6 hour cycle hybrid data assimilation system

· North Atlantic and Europe regional atmospheric forecast model at 12km L70 supported by 4D-Var 6 hour cycle data assimilation system – system now deprecated prior to retirement.
· European Mesoscale (4-km) atmospheric forecast model downscaler, reconfigured from the Global atmospheric forecast model.

· UK convection-permitting variable resolution (with inner domain at 1.5-km) atmospheric forecast model supported by 3D-Var 3 hour cycle data assimilation system

· Global atmospheric ensemble forecast model (12 members, 33km L70) with ETKF initial perturbations and Stochastic physics model perturbations running on a 6 hour cycle with products making use of 24 members by multiple cycles via lagging. 

· UK convection-permitting variable resolution (with inner domain at 2.2-km) atmospheric downscaler ensemble forecast model (12 members, 2.2km, L70) driven by the Global EPS running on a 6 hour cycle 
· Ensemble Seasonal Forecasting System using coupled ocean/atmosphere. (0.833 × 0.556 degree L85 atmosphere resolution and 0.25 degree ocean resolution), with lagged average initial perturbations and Stochastic Physics model perturbations

“Wet” Models 
· Global wave hindcast (50km) and forecast (35km) system using WAVEWATCH III®
· European wave hindcast and forecast system using WAVEWATCH III®  at 8km resolution
· UK wave hindcast and forecast system using WAVEWATCH III®  at 4km resolution

· Global deep ocean model (NEMO) at 0.25degree 

· Regional deep ocean models (NEMO) at 1/12 degree: North Atlantic, Mediterranean, Indian Ocean

· Tidal Shelf-seas models (NEMO): NW European shelf, Persian Gulf 
· Various mesoscale tide-surge models

Other  
· Post-processing system mapping surface variables on to fixed 2 or 5km grids with topographic adjustment and encompassing an ensemble Nowcasting system

· Site-specific post-processing system including Kalman Filter statistical correction

· Transport and dispersion model
· Air Quality Model at 12km resolution over the UK using a configuration of the Unified Model with Chemistry.

· Additional regional Model configurations away from the UK to meet particular customer requirements. This includes a 4km resolution model over Lake Victoria region in support of WMO activities and which was extended to cover much of East Africa early in 2014. 
4.1
System run schedule and forecast ranges  
	RunID
	Model Description
	Data 
Time
	Start 
Time
	Forecast 
Period

	
	
	
	
	

	QU18
	Global Update 
	18Z
	0:15
	T+9

	
	
	
	
	

	
	
	
	
	

	QN18
	Ocean wave updates 
	18Z
	1:50
	T+6

	Q400
	UK 4km 
	00Z
	2:00
	T+3

	QV00
	UK 1.5km
	00Z
	2:00
	T+3

	
	
	
	
	

	QD00
	UK ocean wave 
	00Z
	2:30
	T+60

	QG00
	Global
	00Z
	2:40
	T+144

	EG00
	Global Ensembles 
	00Z
	3:30
	T+72

	QW00
	Global & NAEX ocean wave s
	00Z
	4:15
	T+144

	Q403
	UK 4km 
	03Z
	4:20
	T+36

	QV03
	UK 1.5km
	03Z
	4:25
	T+36

	Q500
	Extended UK 4km 
	00Z
	4:45
	T+120

	EN00
	Global FOAM NEMO 
	
	5:00
	

	Q600
	OSTIA SST 
	
	5:50
	

	
	
	
	
	

	ES00
	New Shelf Seas
	00Z
	6:15
	T+48

	QU00
	Global Update 
	00Z
	6:15
	T+9

	
	
	
	
	

	QQ00
	AMM; MRCS & Irish Shelf-Seas
	00Z
	6:20
	T+48

	
	
	
	
	

	QN00
	Ocean wave updates 
	00Z
	7:50
	T+6

	QV06
	UK 1.5km 
	06Z
	7:50
	T+3

	
	
	
	
	

	Q406
	UK 4km 
	06Z
	8:30
	T+3

	QD06
	UK ocean wave  
	06Z
	8:30
	T+60

	QG06
	Global 
	06Z
	8:30
	T+48

	EG06
	Global Ensembles
	06Z
	9:30
	T+72

	EE06
	Extended Surge Ensembles
	06Z
	9:55
	

	Q409
	UK 4km 
	09Z
	9:55
	T+36

	Q506
	Extended UK 4km
	06Z
	10:15
	T+60

	QV09
	UK 1.5km
	09Z
	10:15
	T+36

	
	
	
	
	

	EO00
	Glosea Forecast 
	
	12:15
	

	QU06
	Global Update 
	06Z
	12:15
	T+9

	
	
	
	
	

	
	
	
	
	

	QN06
	Ocean wave updates
	06Z
	13:50
	T+6

	Q412
	UK 4km 
	12Z
	14:00
	T+3

	QV12
	UK 1.5km
	12Z
	14:00
	T+3

	
	
	
	
	

	QD12
	UK ocean wave  
	12Z
	14:30
	T+60

	QG12
	Global 
	12Z
	14:40
	T+144

	EG12
	Global Ensembles
	12Z
	15:30
	T+72

	QW12
	Global, NAEX  ocean wave s 
	12Z
	16:15
	T+144

	Q415
	UK 4km 
	15Z
	16:20
	T+36

	QV15
	UK 1.5km
	15Z
	16:25
	T+36

	Q512
	Extended UK 4km
	12Z
	17:00
	T+120

	
	
	
	
	

	QU12
	Global Update 
	12Z
	18:15
	T+9

	
	
	
	
	

	
	
	
	
	

	QN12
	Ocean wave updates 
	12Z
	19:50
	T+6

	QV18
	UK 1.5km 
	18Z
	20:00
	T+3

	
	
	
	
	

	QD18
	UK ocean wave  
	18Z
	20:30
	T+60

	QG18
	Global 
	18Z
	20:45
	T+48

	Q418
	UK 4km
	18Z
	21:05
	T+3

	EG18
	Global Ensembles 
	18Z
	21:30
	T+72

	EM00
	Glosea 
	
	21:30
	

	EE18
	Extended Surge Ensembles 
	18Z
	21:55
	

	Q518
	Extended UK 4km
	18Z
	22:15
	T+60

	Q421
	UK 4km 
	21Z
	22:20
	T+36

	QW18
	Global & European ocean waves
	06Z
	22:20
	T+60

	QV21
	UK 1.5km
	21Z
	22:20
	T+36

	QM18
	Air Quality UM 
	18z
	23:30
	


Table 7 – Production Schedule
4.2
Medium range forecasting system (4-10 days)  
4.2.1
Data assimilation, objective analysis and initialization  
4.2.1.1
In operation

Analysed variables
Velocity potential, stream function, unbalanced pressure and transformed humidity control variable (Ingleby et al., 2012)

Analysis domain

Global

Horizontal grid
Same as model grid, but resolution is 0.555º latitude and 0.833º longitude 

Vertical grid

Same levels as forecast model 

Assimilation method
En-4D-Var - a hybrid method using 4D variational analysis of increments (Rawlins et al.,2007) but with estimates of error statistics augmented by ‘errors of the day’ obtained from ensemble forecasts (Clayton et al., 2012). A Perturbation Forecast (PF) model and its adjoint represent model trajectories during the data window. The PF model operates on the assimilation grid and is based on the full forecast model but simplified to provide fast linear calculations of small increments for fitting observations. In particular the PF model omits most physics schemes. Data is grouped into 6-hour time windows centred on analysis hour for quality control. A pre-conditioning step at lower resolution provides an approximate solution in order to allow timely convergence at full assimilation resolution.

A separate Extended Kalman Filter land surface assimilation system supplies analyses of soil moisture derived from screen-level temperature and humidity increments together with ASCAT soil wetness data (Dharssi et al., 2011)
Covariance statistics
A hybrid combination of climatological statistics and updated error modes. The latter are obtained using differences between short range Unified Model forecasts from the operational global model ensemble prediction system (MOGREPS-G), valid at the start of the data window.  Climatological model error statistics are based on a single, static between an ensemble of short range Unified Model forecasts at resolution (0.562º latitude, 0.376º longitude), processed by a covariance model applying balance and other constraints. Each member is generated using an initial increment taken from an ensemble of perturbed analyses.  

Assimilation cycle
6-hourly

Initialisation
Increments are not initialised explicitly, but gravity-wave noise is reduced by use of a weak constraint penalising filtered increments of a pressure based energy norm, similar to the method of Gauthier and Thepaut (2001). The initialised increments are inserted directly at T(3.

4.2.1.2
Research performed in this field: See section 6.

4.2.2
Model  
4.2.2.1
In operation

Basic equations
Non-hydrostatic finite difference model with height as the vertical co-ordinate Full equations used with (virtually) no approximations; suitable for running at very high resolution

Independent variables
Latitude, longitude, eta ((), time

Primary variables
Horizontal and vertical wind components, potential temperature, pressure, density, specific humidity, specific cloud water (liquid and frozen), prognostic cloud fractions (liquid, frozen and total), prognostic rain, dust aerosol (2 size bins)
Integration domain
Global

Horizontal grid 
Spherical latitude-longitude with poles at 90º N and 90º S. Resolution: 0.234º latitude and 0.352º longitude. Arakawa ‘C’-grid staggering of variables. 

Vertical grid
70 levels

Charney-Philips grid staggering of variables The normalised vertical co-ordinate ( is hybrid in height, varying from ( = 0 at the surface to the top level at ( = 1, where zero vertical velocity w is applied. The lowest level is purely terrain following and there is a smooth (quadratic) transition to a specified number of 'flat' upper levels where the height of each point at a level is constant. Model top is 80km

Integration scheme
Two time-level semi-Lagrangian advection with a pressure correction semi-implicit time stepping method using a Helmoltz solver to include non-hydrostatic terms. Model time step = 600 s.

Filtering
Spatial filtering of winds, potential temperature and tendencies in the vicinity of the poles
Horizontal diffusion
Second order diffusion along ( surfaces of winds, specific humidity and potential temperature

Vertical diffusion
Second-order diffusion of winds only between 500 and 150 hPa in the tropics (equatorward of 30º)

Orography
GLOBE 1km orography dataset 

The model mean orography is calculated using the 1km dataset and then filtered to remove grid-scale and near-grid-scale structure using a sixth-order low-pass implicit tangent filter which is constrained so that the filtering is isotropic in real space.

The sub-grid orography fields used by the flow-blocking and gravity wave drag scheme characterise the orography on scales between the model grid-scale and about 6km, which is typically the shortest scale that forces gravity waves. The 1km dataset is therefore filtered to remove the scales less than 6km before the sub-grid fields are derived.

The sub-grid orography fields used by the orographic roughness scheme (which represents the effects of scales less than 6km) are calculated from 100m resolution data for the UK and most of Europe. These fields are derived globally by using the GLOBE dataset standard deviation field which has been scaled by a least squares fit between this dataset over Europe and the fields derived from the 100m dataset. 

Surface classification
Sea: global sea-surface temperature (SST) analysis performed daily;


Sea ice: analysis using NCEP SSM/I.

Physics parameterisations:

The science configuration of the model used for deterministic and short-range global ensemble  forecasting is Global Atmosphere 3.1 (GA3.1); the 15 day MOGREPS-G ensemble uses the very similar Global Atmosphere 3.0 (GA3.0). Both of these configurations are described in Walters et al. (2011). The highlights of this configuration are as follows:

a) Surface and soil

· Joint UK Land Environment Simulator (JULES: Best et al. 2011 and Clark et al. 2011).
· Uses a single aggregate tile for surface energy balance.

· 4 layer soil model using van Genuchten (1980) soil hydrology.

b) Boundary layer
· First order turbulence closure

· Unstable boundary layers use a K-profile scheme with non-local fluxes of potential temperature and momentum and a subgrid inversion diagnosis to parametrize entrainment fluxes at the boundary layer top

· Stable boundary layers use a local stability dependent formulation

· Existence and depth of unstable layers are diagnosed initially by moist adiabatic parcels and then adjusted to limit the buoyancy consumption of turbulence kinetic energy

· The resulting diffusion equation is solved using a monotonically-damping second-order-accurate unconditionally-stable numerical scheme

· The kinetic energy dissipated through the turbulent shear stresses is returned to the atmosphere as a local heating term.

c) Cloud

· Prognostic cloud fraction and prognostic condensate cloud scheme (PC2, Wilson et al. 2008).

· The prognostic variables are liquid water content, ice water content, liquid cloud fraction, ice cloud fraction and total cloud fraction.

· Calculate the impact of each of the physical processes in the model on the cloud fields and then advect the updated cloud fields using the model winds.

d) Precipitation

· Wilson and Ballard (1999) microphysics scheme, coupled with the PC2 cloud scheme.

· Prognostic rain, with one iteration for every two minutes of timestep.

· Abel and Shipway (2007) rain fall speeds.

e) Radiation

· Edwards and Slingo (1996) radiation scheme with a configuration based on Cusack (1999) with a number of significant updates.

· The correlated-k method is used for gaseous absorption with 6 bands and a total of 21 k-terms in the SW, and 9 bands and 33 k-terms in the LW.

· Full radiation calculations made every 3 hours with corrections applied for changing solar zenith angle and cloud fields as described in Manners (2009).

· Sub-grid cloud structure represented using the Monte Carlo Independent Column Approximation with a configuration described in Hill (2011).

· The direct effect is included for climatologies of the following aerosols:  ammonium sulphate, mineral dust, seasalt, biomass-burning, fossil-fuel black carbon, fossil-fuel organic carbon, and secondary organic (biogenic) aerosols.

f) Convection

· Mass flux scheme based on Gregory and Rowntree (1990) including updraughts and downdraughts, and including momentum transport.

· Different entrainment/detrainment rates and closures for shallow and deep convection.

g) Gravity-wave drag

· Orographic scheme representing sub-grid orography and flow blocking.

· Non-orographic scheme representing the effects of gravity waves in the stratosphere and mesosphere.

4.2.2.2
Research performed in this field See section 6
Developed and assessed the performance of a 17km resolution global model using the Global Atmosphere 6.1 (GA6.1) science configuration (as described in Walters et al., 2014), which includes the new “ENDGame” dynamical core (Wood et al., 2013).
4.2.3
Operationally available Numerical Weather Prediction Products 
Global GRIB products routinely available on 2.5degree grid as follows

Heights, temperatures, wind components on standard levels 1000hPa to 30hPa


Relative Humidity on standard levels 1000hPa to 500hPa


Surface temperatures, relative humidity and wind components


Maximum wind components and pressure of max wind

Total accumulated precipitation


Mean sea level pressure


Tropopause temperature and pressure.

For the following forecast times T+96,108,120 and 144. See section 4.3.3 for reference to earlier forecast times.
4.2.4
Operational techniques for application of NWP products 
4.2.4.1
In operation 
Site-specific deterministic forecasts are stored in our site-specific database for 10000 sites world-wide.  A Kalman filter is employed, where synoptic observations of winds and temperatures are available, to correct for local biases.  Where observations are not available, physically-based corrections are applied to correct for height differences between the model grid and the sites’ height.  Forecasts are time-lagged to improve run-to-run consistency, and a fuzzy logic scheme is used to diagnose the weather type.   

4.2.4.2
Research performed in this field: See section 6
4.2.5
Ensemble Prediction System (EPS)  
4.2.5.1
In operation

The ECMWF Ensemble Prediction System (VAREPS) is utilised for medium-range forecasting. Additionally a 15-day Met Office Unified Model EPS, MOGREPS-15, provides enhanced medium-range ensemble capability for use in multi-model ensemble production and to meet some customer requirements. MOGREPS-15 is run on the computing system at ECMWF using initial conditions generated at the Met Office in Exeter.

A 24-member ensemble is run 2 times per day using a global model with a nominal grid length of 60 km.  Initial condition perturbations are provided using an ETKF (Ensemble Transform Kalman Filter) method. The model also includes stochastic physics schemes to account for the effect of model errors on forecast uncertainty.  Output from the EPS is post-processed to provide forecasters and customers with numerous chart displays including spaghetti diagrams, ensemble means, individual ensemble members and tracks of tropical and extra-tropical cyclones. Charts are generated showing grid-point probabilities of a wide range of variables including wind-speed, precipitation accumulations and temperature anomalies. Clustering of ensemble members is also provided. A smaller range of products is also generated from ECMWF VarEPS data, and some experimental multi-model ensemble products are produced.

In addition Site-specific ensemble forecasts of temperature, wind speed, precipitation cloud cover and sunshine are stored in our site-specific database for 10000 sites worldwide. A Kalman Filter MOS (Model Output Statistics system) is employed to correct for local biases, and derive maximum and minimum temperatures, for over 300 sites world-wide. Ensemble probabilities are calibrated to optimise performance using Rank Histogram verification (Hamill and Colucci 1997). Operational verification shows that the Kalman Filter MOS leads to significant improvements in probabilities compared to direct ensemble output; the calibration adds a small further improvement for certain products. Site-specific ensemble data are also stored from the ECMWF VarEPS and also include significant wave heights for ocean points.

MOGREPS-15 is also used to drive a storm surge model for waters around the British Isles, and is combined with output from a short-range surge ensemble system to provide seamless forecasts out to 7 days ahead.
The VarEPS is scanned daily for probabilities of severe weather (severe gales, heavy rain or snow) and provides first-guess risk-based warnings to forecasters when defined probability thresholds are exceeded. Verification shows that 3- to 4-day forecasts of severe weather have useful probabilistic skill. 
Output from MOGREPS-15 is also being written to the TIGGE (THORPEX Interactive Grand Global Ensemble) database. The TIGGE database includes a standard set of ensemble forecast outputs from several operational numerical weather prediction centres, and provides an invaluable resource for research into ensemble prediction, especially the benefits of using multi-model ensemble techniques.

4.2.5.2
Research performed in this field: See section 6
4.2.5.3
Operationally available EPS Products 
EPS products from ECMWF VAREPS and the MOGREPS-15 ensemble are operationally supported. Key products from each system include:

ECMWF VAREPS: 

· Ensemble mean of PMSL, 500hPa Geopotential height, 1000-500hPa thickness and 850hPa wet-bulb potential temperature.

· Spaghetti charts of 500hPa height 

· Surface weather probabilities for selected surface weather variables over the UK

· First-guess warnings of severe weather over the UK.

· Site-specific meteograms including ocean points for wind and wave height.

· Clustering by regime type.

MOGREPS-15:

· Mean and spread for PMSL, 500hPa Geopotential height, 1000-500hPa thickness and 850hPa wet-bulb potential temperature

· Probabilities of multiple thresholds of surface weather variables including min/max temperatures, windspeed and gusts, precipitation accumulations, snowfall accumulations, low cloud and visibility.

· Site-specific products for 10000 sites worldwide (5000 in UK)

· Tropical and extra-tropical cyclone tracking

· Clustering by regime type.

· Storm surge ensemble forecasts for UK coastlines.
4.3
Short-range forecasting system (0-72 hrs)  
Our global modelling system does of course contribute to the short range forecasting for aviation and for other customer requirements away from the UK. Additionally we run limited area modelling systems at higher resolution (12km North Atlantic and Europe (deprecated prior to retirement), 4km Europe and 1.5km UK) which are described in this section. We also run short-range ensemble systems, in particular a variable resolution 2.2km UK ensemble, also described.
4.3.1
Data assimilation, objective analysis and initialization 
4.3.1.1
In operation
Regional Data assimilation
The data-assimilation scheme for the NAE model is similar to that for the global model (see section 4.2.1.1), except in the following:-

Analysis variables
as in the global model, but includes aerosol content

Analysis domain
as model integration domain 

Horizontal grid
1/3 model resolution 

Vertical grid
as model levels

Assimilation method
4DVAR (as global model); plus latent heat nudging scheme for radar precipitation data

Assimilation cycle
6 hours

Data
In addition to the data referenced in Table 6 which might be applicable to a regional domain, we also use 

· Surface visibility observations (Clark et al. 2008)
· a cloud top height derived from SEVIRI is assimilated (Renshaw and Francis, 2011).

·  An hourly precipitation rate analysis, derived from radar, is assimilated by latent-heat nudging (Jones and Macpherson, 1997, Macpherson, 2001). 

· A reconfigured global soil-moisture analysis (based on screen nudging) and ASCAT soil wetness.

Local Data assimilation (for both 4km and variable resolution 1.5km models)

Analysis variables
as in the NAE model

Analysis domain
as model integration domain 

Horizontal grid
model resolution (3km fixed resolution analysis grid is used for the variable resolution model)

Vertical grid
as model levels

Assimilation method
3DVAR with adaptive vertical grid (Piccolo and Cullen, 2011, 2012); plus latent heat nudging scheme for radar precipitation data

Assimilation cycle
Analysis increments are introduced gradually into the model using an Incremental Analysis Update (Bloom et al., 1996) over a 2-hour period (T(1 to T+1), while increments from rainfall data are added by nudging.

Data
Similar to NAE.
4.3.1.2
Research performed in this field – see section 6
4.3.2
Model
4.3.2.1
In operation 
The 3 regional /local model configurations share many model components with global (see section 4.2.2.1) and with each other. Significant differences are as follows
NAE differences from global:-

Integration domain
From the North American Great Lakes to the Caspian Sea, central Greenland to northern Africa (approximately 70º N to 30º N, 70º W to 50º E, but distorted due to rotated grid).

Horizontal grid
Spherical rotated latitude-longitude with pole at 37.5º N, 177.5º E. Resolution: 0.111º.

Vertical grid
70 levels and 80-km top 

Time step
300s

Horizontal diffusion
None

Vertical diffusion
None

Orography

A simpler and more robust sub-gridscale orography scheme; Orographic roughness parameters derived from 1-km (based on 100-m) data.

Boundary values
Specified from global forecast model with the previous data time (T(6, i.e. forecasts from 1800, 0000, 0600 and 1200 UTC).

Physics parameterisations:  mostly same as global model. The main exception is the continued use of the diagnostic (Smith, 1990) scheme instead of PC2 (prognostic).

Note that the NAE model will be retired on 1 July 2014 and all products produced from the Global model or Euro4..

UKV differences from Global
Integration domain
The British Isles and all surrounding sea areas, near-continental Europe (approximately 60º N to 48º N, 11º W to 3º E in the inner area, 62º N to 46º N, 13º W to 5º E in the full domain)

Horizontal grid
Spherical rotated latitude-longitude with pole at 37.5º N, 177.5º E. Resolution: Variable; 0.0135º in the area of interest stretching to 0.036 º in the borders.

Vertical grid
70 levels and 40-km top 

Time step

50s

Horizontal diffusion
None, instead a Smagorinsky Subgrid Turbulence scheme is used.

Vertical diffusion
None,  however a local Richardson Number based boundary layer parameterisation extends from the top of the non-local Boundary Layer to the top of the model to allow mixing.
Orography

No subgrid orographic scheme is used.

Boundary values
Specified from Global forecast model with the previous data time (T(3, i.e. forecasts from 0000, 0600, 1200 and 1800 UTC).

Physics parametrizations:-

a) Convection
Convection is explicitly resolved.

b) Gravity wave Drag
Gravity wave drag is explicitly resolved

Euro4 differences from global:-

Integration domain
From the NW Atlantic including Iceland to the Black Sea and northern Africa (approximately 70º N to 30º N, 20º W to 50º E, but distorted due to rotated grid).

Horizontal grid
Spherical rotated latitude-longitude with pole at 41º N, 193º E. Resolution: 0.04º.

Vertical grid
70 levels and 40-km top 

Time step

100s

Horizontal diffusion
2D Smagorinsky subgrid turbulence scheme
Vertical diffusion
None

Orography

A simpler and more robust sub-gridscale orography scheme; Orographic roughness parameters derived from 1-km (based on 100-m) data.

Boundary values
Specified from global forecast model with the previous data time (T(6, i.e. forecasts from 1800, 0000, 0600 and 1200 UTC).

Physics parameterisations:  mostly same as global model. The main exception is the continued use of the diagnostic (Smith, 1990) scheme instead of PC2 (prognostic).

4.3.2.2
Research performed in this field : see section 6
4.3.3
Operationally available NWP products 
Global GRIB products routinely available on 2.5degree grid as follows


Heights, temperatures, wind components on standard levels 1000hPa to 30hPa


Relative Humidity on standard levels 1000hPa to 500hPa


Surface temperatures, relative humidity and wind components


Maximum wind components and pressure of max wind


Total accumulated precipitation


Mean sea level pressure


Tropopause temperature and pressure.

For the following forecast times T+0 to T+48 in 6 hour steps, T+48 to T+96 in 12 hour steps

Regional Model GRIB products (from the Euro4 model) are available on a 1.25 degree grid. As follows


Heights, temperatures, wind components on standard levels 1000hPa to 100hPa


Relative Humidity on standard levels 1000hPa to 500hPa


Surface temperatures, relative humidity and wind components


Total accumulated precipitation


Mean sea level pressure

Fog Fraction, Wind Mixing, Sensible and Latent Heat Flux, Net Solar radiation and Net IR Radiation (*)

For the following times T+0 to T+36 in 3 hour steps except for the (*) items which are available to T+24

Additionally global cut-outs covering Africa are available at 0.36 degree resolution for the following fields


Accumulated dynamic and convective precipitation


500hPa height


Outgoing longwave radiation


Mean sea level pressure


850 hPa Wet bulb potential temperature


700hPa, 850hPa and 925hPa Relative Humidity and Temperature


200hPa, 700hPa and 850hPa wind components


Surface temperatures and wind components

For the following times T+0 to T+60 in 6 hour steps 
4.3.4    Operational techniques for application of NWP products
4.3.4.1
In operation 
Shorter-range site-specific forecasts are treated as described in section 4.2.4, including Kalman Filtering and time-lagging.  Hourly gridded nowcasts over the UK area are generated on a 2km grid (UK National Grid projection) using the UKPP system to provide short-range guidance on rainfall, visibility, clouds etc.  Site-specific forecasts from these nowcasts are included in the in the data feed to the site-specific database to ensure that short-range forecasts are kept up to date.

4.3.4.2
Research performed in this field – see section 6
4.3.5
Ensemble Prediction System 
4.3.5.1
In operation 
MOGREPS (Met Office Global and Regional Ensemble Prediction System) provides a 12-member UK ensemble at 2.2km resolution running 4 times daily to 36h ahead, MOGREPS-UK. The global ensemble, MOGREPS-G (see section 4.2.5), provides the initial and boundary conditions for the regional ensemble. Initial condition perturbations are provided through the ETKF (Ensemble Transform Kalman Filter) method calculated using the global ensemble. Chart-based products include probabilities for a wide variety thresholds for surface parameters relevant to the short-range forecast, plus also postage stamp charts.
4.3.5.2
Research performed in this field – see section 6
4.3.5.3
Operationally available EPS Products 
EPS products from global ensemble MOGREPS-G are operationally supported. Key products include:

· Mean and spread for PMSL, 500hPa Geopotential height, 1000-500hPa thickness and 850hPa wet-bulb potential temperature

· Probabilities of multiple thresholds of surface weather variables including min/max temperatures, windspeed and gusts, precipitation accumulations, snowfall accumulations, low cloud and visibility.

· Site-specific products for around 15000 sites worldwide (over 5000 in UK)

· Storm surge ensemble forecasts for UK coastlines.
4.4    Nowcasting and Very Short-range Forecasting Systems (0-6 hrs)

4.4.1

   Nowcasting system  
4.4.1.1

   In operation

UKPP - UK Post Processing System for Nowcasting and Product generation

The UKPP post-processing system produces analyses and nowcasts of precipitation and other surface weather parameters. These include a set of soil moisture products, precipitation type, visibility, cloud amount, cloud base and cloud top height, wind speed and direction, temperature, gust intensity, towering convection and probabilities of snow, lightning and fog for the period T+0 to T+6 hours. Products are refreshed on a sub-hourly orhourly cycle. Nowcasts are produced by blending current observations with forecasts from the most recent run of a convection permitting configuration of the Unified Model (currently, the 1.5 km grid length UKV).  The UKV forecasts are re-projected and interpolated on to a 2km grid. In the case of precipitation and cloud variables, observations are advected using motion fields diagnosed from a time series of recent, radar and satellite-based analyses of surface precipitation rate. For precipitation, the blending of the extrapolation nowcast with a UKV forecast is performed using a scale decomposition technique. This recognises the markedly non-linear relationship between predictability and spatial scale (dynamic scaling), and allows the contribution made by the extrapolation nowcast and UKV forecast to vary with averaging scale and lead time.

In most cases, the nowcasts generated within UKPP are deterministic solutions, although for some variables (precipitation, lightning and fog) neighbourhood sampling and other post-processing techniques are applied to account for nowcast uncertainties and provide probabilistic guidance. For precipitation, an ensemble of 24 members is generated on a 15 minute cycle using scale decomposition and noise generation techniques integrated within the Short-Term Ensemble Prediction System.  These ensembles are employed by the FFC for operational, fluvial and pluvial flood prediction using a distributed hydrological model.

Beyond T+6 hr, UKPP provides 2km post-processed NWP forecast products in a consistent format to the Nowcast products. These are updated in line with forecast model product delivery: 3 hourly from the UKV 1.5km model out to T+36 and 6 hourly from the Euro4 4.4km model out to 60 hours or 5 days. A seamless product out to 5 days is also available, which combined the nowcast and post-processed forecasts from the models. 
Ensemble products are also being generated from the MOGREPS-UK 2.2km convection-permitting ensemble every 6 hours out to T+36. STEPS is used to generate MOGREPS-UK-based blended, ensemble nowcasts (every 15 minutes to T+7 hours) and forecasts (every 6 hours out 32 hours) of precipitation. Noise generation techniques are employed to increased the ensemble size from 12 members to 24 members with a view to better characterising the convective scale forecast uncertainties for flood forecasting applications. Research is underway to generate an extended, 2kmprecipitation forecast out to 5 days using STEPS to statistically downscale MOGREPS-G global ensemble precipitation forecasts.

Euro4 model data are also post-processed onto a 5km grid covering most of Europe and a nowcast for this area is also run every hour. Global model data are also post-processed (downscaled) onto two grids covering the earth, at 15km and 25km resolution at the pole, although this will be rationalised to a single grid in future. The aim is to provide a one-stop shop for a consistent set of post-processed model fields and nowcasts.

Grids
There are several configurations, one covering the UK, one covering the European area and a further one covering the globe. The UK grid is set up on Transverse Mercator projection (UK National Grid), with the domain covering a domain approximately 48o N to 60o N, 13o W to 6o E.,The European grid currently uses a different Transverse Mercator projection (UTM32), although this is likely to change in the future, with a domain extending from 30o W to 43o E at 60o N and from 10o W to 25o E at 35o N. The Global area uses latitude-longitude grid, with grid-spacing s of 0.1351 deg and 0.2252 ded.,
Data Inputs
Imagery from the UK and European radar, Meteosat and MSG visible and infrared imagery, NWP model fields (UKV, Euro4, Global, MOGREPS-UK  and Global models) and surface weather reports

Forecast time step
5 minutes for precipitation forecasts to T+1 and 15 minute to T+6, but 60 minutes for other fields.

4.4.1.2   Research performed in this field – see section 6
4.5
Specialized numerical predictions 

4.5.1
Assimilation of specific data, analysis and initialization (where applicable)

4.5.1.1
In operation 
Global ocean model – FOAM (Forecasting Ocean Assimilation Model) Deep ocean 
Data assimilation
Uses NEMOVAR (Mogensen et al., 2009); a 3D variational data assimilation system developed for use in the NEMO ocean model.  Temperature and salinity profile data, sea-surface temperature data (in-situ and satellite), altimetric sea-surface height data and sea-ice concentration data are assimilated. Analysis steps are performed once per day over a 2 day analysis period, with a first-guess-at-appropriate time scheme used to calculate the model equivalents of the observations, and the Incremental Analysis Updates scheme of Bloom et al. (1996) used to add in the increments. The scheme includes multivariate balance relationships (Weaver et al., 2005) and uses a diffusion operator to efficiently model univariate correlations (Mirouze and Weaver, 2010). A pressure correction technique (Bell et al. 2004) is employed to improve the dynamical balance near the equator, large-scale biases in satellite SST data are corrected using the scheme described in Storkey et al. (2010), and errors in the mean dynamic topography are corrected using the scheme of Lea et al. (2008).

Regional ocean models – FOAM (Forecasting Ocean Assimilation Model) Deep ocean
Data assimilation
Uses NEMOVAR (Mogensen et al., 2009); a 3D variational data assimilation system developed for use in the NEMO ocean model.  Temperature and salinity profile data, sea-surface temperature data (in-situ and satellite), altimetric sea-surface height data and sea-ice concentration data are assimilated. Analysis steps are performed once per day over a 2 day analysis period, with a first-guess-at-appropriate time scheme used to calculate the model equivalents of the observations, and the Incremental Analysis Updates scheme of Bloom et al. (1996) used to add in the increments. The scheme includes multivariate balance relationships (Weaver et al., 2005) and uses a diffusion operator to efficiently model univariate correlations (Mirouze and Weaver, 2010). A pressure correction technique (Bell et al. 2004) is employed to improve the dynamical balance near the equator, large-scale biases in satellite SST data are corrected using the scheme described in Storkey et al. (2010), and errors in the mean dynamic topography are corrected using the scheme of Lea et al. (2008).

Shelf-seas forecast model – FOAM (Forecasting Ocean Assimilation Model) Shelf seas
Data assimilation
Satellite and in-situ sea surface temperature data are assimilated using a methodology developed from the Analysis Correction scheme of Lorenc et al. (1991). Analysis steps are performed once per day over a 1 day analysis period.  This FOAM configuration will move to use the NEMOVAR data assimilation scheme in 2014.
4.5.1.2
Research performed in this field – see section 6
4.5.2
Specific Models (as appropriate related to 4.5)
4.5.2.1
In operation 

Global ocean model – FOAM (Forecasting Ocean Assimilation Model) Deep ocean
Model type
The FOAM system (Storkey et al 2010) is based on the NEMO ocean community code (Madec 2008). It uses a linear free-surface and an energy- and enstrophy-conserving form of the momentum advection. The lateral boundary condition on the momentum equations is free slip. The horizontal momentum diffusion uses a combination of bilaplacian operators. The tracer equations use a TVD advection scheme and the tracer diffusion operator is laplacian and along-isopycnal. The vertical mixing uses a single-equation TKE scheme with an algebraic expression for the mixing length based on the local density. Sea ice is simulated using the CICE sea ice model (Hunke and Lipscomb, 2010).

Integration domain
Global

Horizontal grid
A tripolar curvilinear Arakawa-C grid giving 0.25º x 0.25º resolution at the equator and increasing resolution towards the poles 

Vertical grid
75 geopotential (z) levels with partial cells at the seabed and high resolution near the surface, including a 1m surface cell.

Surface fluxes
Bulk formulae using fields from the global NWP model, 3-hourly with 1-hourly winds
Wave hindcast and forecasting system: global wave model
Model type
3rd generation spectral phase averaged WAVEWATCH III® (Tolman, 2009) 

Integration domain
Global

Grid
Spherical latitude-longitude from 80ºN to 79ºS Resolution: 1/3º latitude, 2/5º longitude

Frequency resolution
30 frequency components spaced logarithmically between 0.0412 Hz and 0.653 Hz

Direction resolution
24 equally spaced direction components

Integration scheme
Fractional time-stepping method Advection timestep is frequency dependent (max of 300s), intra spectral timestep = 1800s, source term integration timestep = 60s. Spatial advection scheme is the 2nd order scheme of Li (2008)

Boundary forcing
Winds at 10 m, updated hourly

Surface classification
Sea-ice analyses as in the global model

Physics parameterisations Source terms (input and dissipation) of Tolman & Chalikov (1996) Non-linear interactions calculated using discrete interaction approximation (DIA) (Hasselman et. al, 1985) Shallow-water terms are included (shoaling, bottom friction, refraction). Surf breaking tem of Battjes & Janssen (1978). 

Regional ocean models – FOAM (Forecasting Ocean Assimilation Model) Deep ocean 
Model type
The FOAM system is based on the NEMO ocean community code (Madec 2008). It uses a linear free-surface and an energy- and enstrophy-conserving form of the momentum advection. The lateral boundary condition on the momentum equations is partial slip. The horizontal momentum diffusion uses a combination of laplacian and bilaplacian operators. The tracer equations use a TVD advection scheme and the tracer diffusion operator is laplacian and along-isopycnal. The vertical mixing uses a single-equation TKE scheme with an algebraic expression for the mixing length based on the local density.  Sea ice is simulated in the North Atlantic configuration using the CICE sea ice model.
Integration domain
(1) North Atlantic; (2) Mediterranean; (3) Indian Ocean

Horizontal grid
(1)North Atlantic 1/12o x 1/12o rotated grid, approx 20N - 80N, 90W - 20E 
      (2) Mediterranean 1/12o x 1/12o regular lat-lon grid, 30N - 47.5N, 05.5W - 42E (3) Indian Ocean 1/12o x 1/12o regular lat-lon grid, 25S - 31N, 33E - 106E 

Vertical grid
50 geopotential (z) levels with partial cells at the seabed and high resolution near the surface, including a 1m surface cell.

Surface fluxes
Bulk formulae using fields from the global NWP model, 3-hourly plus 1-hourly winds
Boundary data
From global FOAM
Wave hindcast and forecasting system: regional wave models 
The North Atlantic European wave model uses the same physics as the global wave model. The configuration is run in two different modes: a 4 times daily 66hr forecast using 12km NAE wind forcing and a 2 times daily 144hr forecast using global 25km winds.. At this time the effects of currents and surge are not included.
Replacement European and UK wave models have adopted a flavour of WAM Cycle 4 as the source term physics package based on modifications in Bidlot et al. (2012). Both configurations are run 4 times daily to 66hrs using 25km global wind forcing, and the European model is extended to a 144hr forecast 2 times daily using the same atmospheric forcing.
Model type 
3rd generation spectral phase averaged WAVEWATCH III® (Tolman, 2009) 

Integration domain
North-West European continental shelf

Integration domain
North-West European continental shelf

Grid
European rotated spherical latitude-longitude from approx 32º N to 70º N and 20º W to 42º E. Resolution: 0.08º latitude, 0.08º longitude; UK rotated spherical latitude-longitude from approx 48º N to 61º N and 12º W to 5º E. Resolution: 0.04º latitude, 0.04º longitude

Boundary forcing
1) European, UK: winds from the global NWP model for 66-hour forecast (4 times daily) with (NAE, European) extension to 144hrs twice daily

2) Spectral values at lateral boundaries from the global wave model, updated hourly

Surface classification
Sea ice as in global model.

Physics parameterisations
European and UK models use source term physics from WAM Cycle 4 derivative based on Bidlot et al. (2012) as replacement for Tolman & Chalikov (1996)
Shelf-seas forecast model – FOAM (Forecasting Ocean Assimilation Model) Shelf seas 
Model type
The FOAM system is based on the NEMO ocean community code (Madec 2008) which has been adapted for shelf seas.  A configuration of this model is running for the NW European shelf area (O’Dea et al 2010). Non-linear free surface, baroclinic total variation diminishing (TVD) advection scheme, k-epsilon turbulent mixing. 
Integration domain
North-West European continental shelf

Horizontal Grid
Spherical latitude-longitude from 40º N to 65º N, and from 20º W to 13º E. Resolution 7km latitude, 7km longitude

Vertical Grid
33 levels, using a hybrid S/sigma/z vertical co-ordinate

Boundary forcing
1) Hourly winds and pressures, 3-hourly averaged fluxes from global NWP model;


2) Deep-ocean temperature and salinity, barotropic current and elevation from the Atlantic FOAM model; 

3) River inflows – daily climatology, data provided from Environment Agency;

4) Tidal elevations from 15 harmonic constituents.

Surface classification
No sea ice; no wetting or drying.
Ecosystem model
The physical model has been coupled with a generic ecosystem model, ERSEM-2004 (Blackford et al., 2004). The ERSEM code is driven by temperature, salinity and diffusivity from the physical model. ERSEM has 100 biological, pelagic and benthic state variables with multiple classes of phytoplankton and zooplankton. The model also considers bacteria, dissolved and particulate organic matter and nutrients.

Storm-surge model 
A depth-averaged storm-surge model, developed by the Proudman Oceanographic Laboratory, is run operationally on behalf of DEFRA (the Department of the Environment, Food and Rural Affairs) for the Storm-Tide Forecasting Service. The model is implemented on a grid at 1/9º by 1/6º resolution covering 48º N to 63º N, 12º W to 13º E and is forced at the deep-ocean boundaries by 15 tidal harmonic constituents. The model is run 4 times daily, using hourly values of surface pressure and 10-m winds from the NWP model to provide a 36-hour forecast. Ensemble storm-surge forecasts are also provided using wind and pressure forcing from the MOGREPS ensembles (see 4.2.5.1, 4.2.5.3, 4.3.5.3, 4.5.5.1).
Transport and dispersion model 
A model for short- to long-range transport and dispersion (NAME – Numerical Atmospheric-dispersion Modelling Environment) is available to be run in the event of a atmospheric release of hazardous pollutants. Applications include nuclear emergencies, volcanic eruptions, chemical releases or fires, biological species e.g. the foot and mouth virus and plant spores, and certain disease vectors e.g. the Bluetonge vector. With a comprehensive chemistry scheme it is also used for understanding and predicting air quality, for episode studies and volcanic gases. The model provides forecasts of concentrations at any altitude as well as wet and dry deposition to the surface. It uses analysis and forecast fields from global and high resolution limited area NWP models maintained in on-line archives. The NAME model may be run at any time in hindcast or forecast mode. The model can also be used to compute three-dimensional trajectories.

 

Model type
Three-dimensional Lagrangian particle Monte Carlo model simulating the short- or long-range transport, dispersion and deposition of airborne pollutants

Domain
Arbitrary from global to local nested as required.

Model grid
Lagrangian model so no actual model grid. However can be considered to have a resolved resolution identical to the driving NWP be that global, or limited area high resolution models (e.g. 1.5 km over UK as of April 2013); The transport model can access fields from multiple input NWP models simultaneously with an option to use the best resolution available at every particle position. The output grids are user defined and of any resolution.

Meteorological input
Meteorological fields from the driving NWP model (Global and Limited Area); single site observations (for local dispersion); and high-resolution rainfall rates derived from radar.

Integration scheme
A forward Euler-Maruyama method is used to solve the stochastic differential equations governing the particle positions. Two different schemes are available. For the diffusive long range scheme the time step is specified by the user. For the near-source scheme with velocity memory, the time step has an upper limit determined by the user but the time step is refined as necessary to resolve the changes in particle velocity.
Parameterisations
Range of random walk schemes used to represent mixing due to turbulence, utilising profiles of velocity variances and time scales. Parameterisations include: low-frequency wind meandering, plume rise, gravitational settling, the venting of pollutants from the boundary layer by strong convection, and small-scale entrainment at the boundary-layer top. Loss processes include: wet and dry deposition, biological species loss due to environmental conditions e.g., high temperature and low humidity. Radiological processes consisting of half-life decay, decay chains and cloud gamma radiation shine. A detailed chemistry scheme (37 species) includes both dry and aqueous phase reactions. 
Special features
Utilises high-resolution rainfall rates derived from radar products for detailed wet deposition over north-west Europe. Source attribution scheme for identifying the origin of material at a given receptor; Can handle multiple and complex sources.

Air Quality Forecast Model  
AQUM (Air Quality in the Unified Model) is a limited area configuration of the UM, using physics configurations derived from the NAE. The UKCA sub-model for gas phase chemistry is used, together with the CLASSIC aerosol scheme.
 

Model type
Three-dimensional Eulerian with on-line chemistry and aerosol coupling.

Domain
Limited area covering UK, Ireland and the near continent
Model grid
A 12 km horizontal grid with 38 non-uniform levels in the vertical, extending to approximately 39km. 
Meteorological input
Meteorological initial and lateral boundary conditions from the Met Office Global Model.
Integration scheme
Semi-implicit, semi-Lagrangian (Davies et al., 2005)

Parameterisations
Boundary layer mixing is parameterised with a non-local, first-order closure, multi regime scheme (Lock et. al. 2000). Convection is represented with a mass flux scheme with downdraughts, momemtum transport and CAPE closure (Gregory and Rowntree, 1990). Gas phase chemistry uses the ‘Regional Air Quality’ scheme which includes 40 transported and 18 non-transported species, on-line photolysis and removal by wet and dry deposition. More details are available in Savage et al., 2013).
Special features
Chemical lateral boundary fluxes are taken from the ECMWF MACC model. Pollutant emissions are derived from the UK National Atmospheric Emission Inventory (for the UK) and MACC (rest of Europe). A high resolution shipping dataset is used for UK waters, North Atlantic and North Sea.
4.5.2.2
Research performed in this field – see section 6
4.5.3
Specific products operationally available
Global Wave Model GRIB products routinely available on 2.5degree grid as follows
· Swell Direction, Height and Period.

For the following forecast times T+0 to T+48 in 6 hour steps, T+48-120 in 12 hour steps

4.5.4
Operational techniques for application of specialized numerical prediction products (MOS, PPM, KF, Expert Systems, etc..) (as appropriate related to 4.5)  
4.5.4.1 In operation
none
4.5.4.2
Research performed in this field – see section 6
4.5.5
Probabilistic predictions (where applicable)
4.5.5.1
In operation

Storm-surge model  
The Storm Surge Model (described at 4.5.2.1) is also run twice daily in a 24-member ensemble driven from NWP EPS Systems MOGREPS-G to T+66 and then MOGREPS-15 to T+168. From July 2015 this will be driven from MOGREPS-G right through to T+168.
4.5.5.2
Research performed in this field – see section 6
4.5.5.3
Operationally available probabilistic prediction products
Not freely available. Surge ensemble Products for the UK are delivered to the Environment Agency under contract.
4.6
Extended range forecasts (ERF) (10 days to 30 days) 

and
4.7 
Long range forecasts (LRF) (30 days up to two years) 
4.7.1
In operation

The MOGREPS-15 system (see section 4.2.5) contributes to days 10-15. Beyond that the monthly and seasonal forecasting system (GloSea5) supports this requirement. 
 GloSea5, features a high horizontal resolution. The atmosphere and land surface resolution have a resolution of  0.833 × 0.556 degrees .The grid spacing in the ocean and sea-ice models is 1/4 degree .The ocean and sea-ice in the model are initialised using the NEMO 3-dimensional variational ocean data assimilation based on the multi-institution NEMOVAR project. This data assimilation system uses the same resolution and physical parameterisations as the ocean model in GloSea5 and includes sea-ice assimilation.
A full description of GloSea5 can be found in MacLachlan et al., 2014.

Initialisation

Daily forecast initialisation

GloSea5 forecasts are initialised daily (using the 00Z analysis) with two ensemble members run to 60 days ahead and two ensemble members run to 210 days ahead. A stochastic physics scheme, SKEB2 (Bowler et al. 2009), is used to give spread between members initialised from the same analysis.
Seasonal forecasts are updated weekly using a lagged approach combining all forecast members available from the last three weeks to generate a 42-member ensemble for the next 6 months.

Monthly forecasts are updated daily using a lagged approach combining all forecast members available from the last 7 days to generate a 28-member ensemble for the next 45 days.

A companion hindcast set with 12 ensemble members is generated in real time covering the 1996-2009 period/

The initial atmospheric conditions for the forecast members are generated from the Met Office operational Numerical Weather Prediction analysis. The ocean and sea-ice initial conditions are taken from the integrated Met Office ocean data assimilation system.

Re-analyses from the European Centre for Medium-Range Weather Forecasts’ (ECMWF) ERA-Interim project are used to initialise the atmosphere and land surface in the hindcast members. Originally, the soil moisture was initialised from the ERA-Interim analyses, however the soil moisture climatologies of the re-analyses and the Met Office NWP are not consistent. The hindcast members were initialised in a wetter state than the forecast members. This discrepancy in the soil moisture climatologies has been rectified by creating a re-analysis of soil moisture that is adjusted by the mean difference between the forecast and reanalysis soil moisture.

The same system used for the initialisation of the ocean and sea-ice has been run with historical forcing to produce a re-analysis. This is used to initialise the ocean and sea-ice components in the hindcast. This is discussed in the next section.

Ocean and sea-ice initialisation

GloSea5 uses the Forecast Ocean Assimilation Model (FOAM) Ocean Analysis (Blockley 2013) to initialise the ocean and ice components of the coupled forecast. An identical product, the GloSea5 Ocean and Sea Ice Analysis, a 23 year (1989- 2011) re-analysis, supplies initial conditions for the hindcasts. Both ocean analyses use the new NEMOVAR (Waters2013; Mogensen et al. 2012) assimilation system developed jointly by the UK Met Office, CERFACS, INRIA/LJK, andECMWF. For the historical GloSea5 Ocean and Sea Ice Analysis the observations system and surface boundary forcing had to be changed, except for this the analyses are completely identical.

The NEMOVAR system, used to create the forecast and hindcast analyses, uses the same ocean and sea-ice model (NEMO/CICE ORCA 0.25 L75) as the coupled model used in GloSea5. In the ocean–sea-ice data assimilation system the surface boundary forcing is calculated using the CORE bulk formula formulation of Large and Yeager (2009). The Met Office NWP atmospheric analysis is used to force the forecast ocean analysis (FOAM) and ERA-I atmospheric analysis (Dee et al. 2009) is used for the hindcast ocean re-analysis (GloSea5 Ocean and Sea Ice Analysis).

NEMOVAR is a multivariate, incremental 3D-VAR first guess at appropriate time (FGAT) system. The system implemented at the Met Office operates on a daily cycle with a 1-day time window and uses an incremental analysis step. It assimilates both satellite and in-situ observations of Sea Surface Temperature (SST), sea level anomaly satellite data, sub-surface temperature and salinity profiles, and satellite observations of sea ice concentration. The temperature, salinity and sea level observations are assimilated in a multi-variate fashion using balance relationships between the variables (hydrostatic and geostrophic balance, plus preservation of the T-S relationship in density), while the sea ice concentration is assimilated as a univariate field. Furthermore, bias correction schemes are implemented to reduce the bias inherent in satellite measurements of SST (Donlon et al. 2012; Martin et al. 2007) and to reduce the bias in the (supplied) mean dynamic topography correction required to convert measurements of sea level anomaly into sea surface height (Lea et al. 2008).
Model configuration

The coupled HadGEM3 model used in the seasonal forecast system is comprised of the following components:

• Atmosphere: Met Office Unified Model (UM; Walters et al. (2011)), Global Atmosphere 3.0

• Land surface: Joint UK Land Environment Simulator (JULES; Blyth et al. (2006)), Global Land 3.0

• Ocean: Nucleus for European Modelling of the Ocean (NEMO; Madec (2008)), Global Ocean 3.0

• Sea-ice: The Los Alamos Sea Ice Model (CICE, Hunke and Lipscomb (2010)), Global Sea-Ice 3.0

The stochastic physics scheme SKEB2 (Bowler et al. 2009) is included to provide small grid-level perturbations during the model integration

4.7.2
Research performed in this field – see section 6
4.7.2
Operationally available EPS LRF products

Not freely available.  For the UK, products are interpreted by forecasters and provided to the public as text forecasts. Otherwise forecasts are tailored for particular customers to meet agreed requirements.

5.
Verification of prognostic products 
5.1


	Statistic
	Parameter
	Area
	Verified against
	T+24
	T+72
	T+120

	RMS error(m)
	Z 500
	N.Hem
	Analyses
	6.45
	20.45
	41.51

	RMS error(m)
	Z 500
	S.Hem
	Analyses
	7.90
	24.73
	49.70

	RMS error(m)
	Z 500
	N.America
	Observations
	9.34
	20.91
	42.04

	RMS error(m)
	Z 500
	Europe
	Observations
	10.13
	21.88
	43.29

	RMS error(m)
	Z 500
	Asia
	Observations
	13.03
	21.52
	35.79

	RMS error(m)
	Z 500
	Aus/NZ
	Observations
	10.35
	18.35
	32.66

	RMSVW error (m/s)
	W 250
	N.Hem
	Analyses
	3.30
	7.50
	12.41

	RMSVW error (m/s)
	W 250
	S.Hem
	Analyses
	3.41
	7.85
	13.10

	RMSVW error (m/s)
	W 250
	N.America
	Observations
	5.61
	9.64
	14.93

	RMSVW error (m/s)
	W 250
	Europe
	Observations
	4.99
	8.94
	14.54

	RMSVW error (m/s)
	W 250
	Asia
	Observations
	5.17
	8.29
	11.83

	RMSVW error (m/s)
	W 250
	Aus/NZ
	Observations
	5.17
	8.29
	11.83

	RMSVW error (m/s)
	W 850
	Tropics
	Analyses
	1.76
	2.72
	3.38

	RMSVW error (m/s)
	W 250
	Tropics
	Analyses
	3.12
	5.39
	7.03

	RMSVW error (m/s)
	W 850
	Tropics
	Observations
	3.68
	4.29
	4.81

	RMSVW error (m/s)
	W 250
	Tropics
	Observations
	5.09
	6.66
	7.96


Table 8: Standard WMO Verification for calendar year 2013
5.2
Research performed in this field – see section 6
6.
Plans for the future (next 4 years)
6.1
Development of the GDPFS 
6.1.1.North Atlantic and Europe regional model NAE will be discontinued in 2014, with products replaced by the new higher resolution Global model and global ensemble MOGREPS-G, Euro4 model and MOGREPS-UK ensemble. All model configurations will employ the new ENDGame dynamical formulation from 2014 with enhanced physics packages and increased Global model resolution of 17km. Hourly cycling UK NWP nowcast system with hourly cycling 4D-Var data assimilation will be introduced. Enhanced resolution UKV and MOGREPS-UK systems will also be introduced. 
6.2
Planned research Activities in NWP, Nowcasting, Long-range Forecasting and Specialized Numerical Predictions
6.2.1 Planned Research Activities in NWP 
Global Model Evaluation and Development – some of these activities equally applicable to Long-Range forecasting timescales  
	Report providing assessment of Global Coupled 2 (GC2.0) configuration (and its components, including Global Atmosphere 6), prioritisation of Global Atmosphere problems and review work of Process Evaluation Groups 

	Comprehensive analysis of the current-state-of-play of global precipitation forecast skill across a range of time-scales, deterministic and ensemble

	Report on the detailed performance of global UM in the S.E. Asia region, including assessment of major biases and comparison with other models

	Report on research into enhanced vertical resolution UM trials across timescales to assess benefits and recommendations for operational use on new HPC at NWP-Seasonal timescales and for next generation climate configurations

	Report/paper on Phase 3 coupled NWP research experiments with GC2.0 assessing the physical mechanisms for improved skill of coupled (versus uncoupled) NWP forecasts on 1-15 day lead times for both tropical and extra-tropical air-sea interactions 


Regional and Local Model Evaluation and Development 
	Availability of global surface verification tools 

	Enhanced trial suite for use in research 

	Report on trials of upgraded vertical resolution for improved low cloud and visibility in UKV model 

	ENDGAME LAM Operational Use 

	Availability of HiRA framework for trialling and operations


Dynamical Methods  
	Report on proposals for the transport scheme of GungHo

	Report on outcomes from the 2nd year of the 2nd phase of the UM dynamical core project, in particular detailing the 3D formulation and testing




Improved use of satellite data 
	Report on pre-operational trials of ASCAT coastal wind product in UKV model

	Complete documentation of HT-FRTC for dissemination in licensed versions

	Implement RTTOV-11 in OPS and report on trial run

	Run trials of SEVIRI OPS/GEOCLOUD with UKV and document impact

	MTG          Preliminary design of MTG processing system

	Report on pre-operational trials of the assimilation of IASI reconstructed radiances

	Report on pre-operational trials of FY-3C data (data availability + 12 months).

	Report on pre-operational trials of ASCAT coastal wind product in UKV model


Data Assimilation & Ensemble Forecasting 
	Report describing EURO4M system and results from 1-2yr ‘proof of concept’ reanalysis.

	Report on trials with weakly coupled data assimilation system, including an initial assessment of the impact on short-medium range forecast skill in ocean and atmosphere.

	Report comparing different reanalysis downscaling products for precipitation.

	To have developed, tested and made available for implementation, a 4D-Var configuration enhanced for higher resolution (N768) ENDGAME UM forecast.

	Global ensemble forecast based on revised dynamics (ENDGAME) and physics (GA5) ready for implementation.

	To have prepared for implementation one or more upgrades to the use of observations and/or changes to the operational UK 1.5km DA algorithm, giving demonstrable cost-benefit to forecast products. Candidates include:  optimised QC and weighting of cloud data, SEVIRI cloudy radiances, high resolution AMV data, extra Doppler radial winds, additional OpenRoad sensor data, cloud top height derived using profiles from latest UKV model background, separate insertion of large-scale information,  4DVAR.

	Prepare strategy for the scientific and software design of a next-generation data assimilation capability within the GUNG-HO framework.

	Implementation of routine monitoring and improved quality control of radar reflectivity from MetDB datastream and report on assimilation experiments of radar reflectivity in 4D-Var.

	Report on cycling strategies for global Var including possibility of more frequent updates. Potential benefits include better performance through smaller increments and more timely boundary conditions for the convective scale assimilation.

	Report detailing decision on whether to replace 4D-Var with 4D-En-Var for operational deterministic data-assimilation.

	Operational implementation of next-generation global ensemble/variational data assimilation system.

	Operational implementation of next-generation UK ensemble/variational data assimilation system.

	Operational implementation of next generation global and/or UK ensemble forecast systems.


Model Parametrizations and Processes – some of these activities equally applicable to Long-Range forecasting timescales  
	Report on a revised convective closure that increases the connection of deep convection to the boundary layer and resolved scale dynamics

	Report describing key developments resulting from the Joint Weather and Climate Research Programme project: “High resolution modelling of stable boundary layers over complex terrain”

	Establish metrics for coupled land/atmosphere benchmarking

	Report on feasibility of adding sub-grid liquid production due to turbulence

	Review the physics codes and catalogue those aspects that are likely to be impacted by, and require modification for, application of GungHo/LFric.

	Report on results of comparison of UM simulations with Cardington data from clear skies morning transitions and daytime boundary layers.

	Progress report on long-term fog experiment (LANFEX) to study local and non-local processes on fog formation and evolution. 

	Scientific report on the exploitation of data from COPE, studies of convection triggering, development and predictability over the UK,  comparisons with UM parametrization schemes and high resolution UM versions.

	Review of plans and progress with parametrization issues in global model seamless prediction systems

	Report on the role of clouds on surface radiation biases at ARM or CloudNet sites in order to inform model development.

	Report on Cold-air Outbreak and Sub-Millimetre Ice Cloud Studies (COSMICS) airborne campaign. (Campaign in March 2015)

	Develop technical structure of JULES to enable a modelling framework for hydrological applications

	Review of ancillary data requirements for land surface

	Assessments of representation of visibility in high resolution models (including downscaling ensembles) including preliminary comparisons with data obtained during the LANFEX experiment

	Report on the UM's ability to model the stratocumulus-to-cumulus transition assessed using observations e.g. from ARM.

	Report on the simulation of very stable boundary layers

	Report on progress with the development of wave-atmosphere coupling for enhanced environmental prediction

	Report on progress made towards unification of shallow and deep convection schemes

	Report on options for developing the snow scheme of urban areas

	Formulate resolution-adaptive convection scheme

	Improvement to the representation of partially resolved turbulence.

	Finalize physics code modifications required for Gung-Ho/LFRic version 0.1


Software Infrastructure for the NWP System  
	RAPS UM Global Benchmark released to HPC Vendors

	UM8.5 - UM release that fully supports both ENDGame and New Dynamics.

	Report on potential of Novel HPC architectures

	Report on extending Metadata Support for MASS retrieval

	UM9.0  UM ROSE release; retirement of the UMUI  

	UM External Repository established

	Standard Climate Suites migrated to ROSE

	Initial Plan for GungHo Framework

	Annual major release of data assimilation codes (OPS/VAR) available for operational and external use 

	Deliver comprehensive gridded probabilistic databases of combined deterministic and probabilistic “best data” for UK, European and global forecasts up to 15 days ahead according to agreed gridded data strat4egy.

	First phase of New Verification System available for user test 


Observational Research Facilities  
	Complete documentation of HT-FRTC for dissemination in licensed versions.

	Deploy instrumentation at surface sites for COLPEX 2. Maintain at regular intervals until Mar 2016. 

	Report on the understanding and performance of the new Lyman-α lamps and diamond detectors for future use in the TWC and FWVS instruments.

	Progress report on long-term fog experiment (LANFEX) to study local and non-local processes on fog formation and evolution.

	Complete scheduled in-year flying programme.


NWP Post-Processing and Impacts  
	Enhanced set of site-specific forecast locations exploiting available observation sites

	Report on first-guess warnings verification based on MOGREPS-UK

	Review of HIM approach and recommendations for future impact modelling work

	Implement improvements to the post​-processing of visibility and low cloud 

	Implement a consistent set of gust diagnostics from the high—resolution models, including probabilistic products from MOGREPS-UK (Cat B)

	Report on VOT module performance with MOGREPS-UK

	Operational 5-day ensemble precipitation product 

	Report on trial of ensemble spread calibration with recommendations for implementation

	Post-Processing suites operational in ROSE

	Upgraded Global Hazard Map to span a wider range of hazards and exploiting further multi-model inputs 

	Implement delivery of “Best Gridded Data”, including both deterministic and probabilistic forecasts

	Replace MOSES with JULES in post-processing land-surface modelling

	Report on trial of UKPP analyses in Kalman Filtering to support sites without observations

	Full use of ECMWF data within BestData to facilitate MOGREPS-15 retirement 


Observations R&D  
	 Develop prototype next generation AWS adopting ‘internet of things’ architecture.

	 Evaluate new lidars for volcanic ash monitoring

	Complete 3 more dual-polarization  upgrades to  radars in the operational network 

	 Introduce new radar quality control algorithms based upon dual-polarization parameters

	Quality controlled data  from amateur observers available in MetDB 

	Expand area of  MODE-S data  availability to most of England and Wales. 


Aviation Products  
	Deliver combined turbulence predictor into operations for WAFC products

	SESAR: develop methodology for consolidating turbulence forecasts from more than one met service over Europe

	Report on improvements to WAFC convection forecasts resulting from model dynamics and resolution changes

	Implement comprehensive suite of WAFC forecast monitoring

	Enhance WAFC convection forecast verification with use of satellite data 

	Production of probabilistic WAFC hazard (turbulence, convection, icing) forecasts based on MOGREPS-G, ready for operational implementation 

	SESAR: develop methodology to combine ensemble model forecasts from more than one met service to indicate potential for network disruption across Europe due to impacts on airports and airspace

	SESAR IMET: assess options for generating ensemble and probabilistic flight trajectory predictions from MOGREPS-G for efficient flight routing and flight management

	SESAR TOPMET: contribute higher resolution wind and temperature model forecasts to live flight trials

	SESAR: report on technical architecture and verification methods for assessing consolidated met products

	Develop automated ballooning product for UK based on BestData

	Assess the benefits of using high resolution deterministic and ensemble forecasts of convection in the management of London airspace

	Assess the benefits of using MOGREPS-UK high resolution ensemble forecasts for low visibility forecasting at airports


6.2.2 Planned Research Activities in Nowcasting

Data Assimilation & Ensemble Forecasting  
	Operational implementation of next-generation NWP-nowcasting system.


6.2.3 Planned Research Activities in Long-range Forecasting 
Global Model Evaluation and Development – some of these activities equally applicable to NWP timescales

	Upgrades to model physics, dynamics (ENDGAME) and resolution (N768) fully tested and ready for parallel suite prior to operational implementation (GA 5.0/ENDGAME) 

	HCCP & PWS -: Report providing assessment of GA5.0, prioritisation of GA problems and review work of PEGS.

	Report from SAPRISE project on Asian Monsoon Interactions on sub-seasonal to seasonal timescales.

	Report on results from new thermospheric data assimilation system based on a global physical model (EU FP7 ATMOP project)

	Report on investigations into upgraded vertical resolutions for next generation global model, including as appropriate possible implementation into operational systems / recommendations for continued experimentation with vertical configurations. 

	Assess Rossby wave representation and Rossby wave sources in the UM, in preparation for future teleconnection work.

	HCCP & PWS -: Report providing assessment of GA6.0, prioritisation of GA problems and review work of PEGS.

	Report on implementation of upgraded non-orographic gravity wave scheme with enhanced representation of gravity wave sources and the validation of results against observations.

	Review and report recommendations on future priorities for development of non-orographic gravity wave scheme (relative merits of expanding modelled sources, propagation, deposition). 

	Contribute to end of ESPAS project report (EU FP7 ESPAS project) 

	(End of INTEGRATE project): Milestone

Report on delivery of final physical model configuration (HadGEM3-AOIL) as core of ESM.


Model Parametrizations and Processes  – some of these activities equally applicable to NWP timescales 
	Report on a revised convective closure that increases the connection of deep convection to the boundary layer and resolved scale dynamics

	Report describing key developments resulting from the Joint Weather and Climate Research Programme project: “High resolution modelling of stable boundary layers over complex terrain”

	Establish metrics for coupled land/atmosphere benchmarking

	Report on feasibility of adding sub-grid liquid production due to turbulence

	Review the physics codes and catalogue those aspects that are likely to be impacted by, and require modification for, application of GungHo/LFric.

	Report on assessing the impact of high resolution hydrology within climate simulations

	Report on the assessment of role of wetland methane developments since HadGEM2-ES in climate feedbacks

	Report on results of comparison of UM simulations with Cardington data from clear skies morning transitions and daytime boundary layers.

	Progress report on long-term fog experiment (LANFEX) to study local and non-local processes on fog formation and evolution. 

	Scientific report on the exploitation of data from COPE, studies of convection triggering, development and predictability over the UK,  comparisons with UM parametrization schemes and high resolution UM versions.

	Review of plans and progress with parametrization issues in global model seamless prediction systems

	Report on the role of clouds on surface radiation biases at ARM or CloudNet sites in order to inform model development.

	Report on Cold-air Outbreak and Sub-Millimetre Ice Cloud Studies (COSMICS) airborne campaign. (Campaign in March 2015)

	Develop technical structure of JULES to enable a modelling framework for hydrological applications

	Review of ancillary data requirements for land surface

	Report on the UM's ability to model the stratocumulus-to-cumulus transition assessed using observations e.g. from ARM.

	Report on options for implementing groundwater into JULES

	Report on the simulation of very stable boundary layers

	Report on progress made towards unification of shallow and deep convection schemes

	Report on options for developing the snow scheme of urban areas

	Formulate resolution-adaptive convection scheme

	Finalize physics code modifications required for Gung-Ho/LFRic version 0.1


6.2.4 Planned Research Activities in Specialized Numerical Predictions

Atmospheric Dispersion & Composition  
	Release NAME version with improved parametrizations of urban effects on dispersion.

	Release NAME version with flexibly combined Eulerian and Lagrangian sub-models.

	Release NAME version with improved treatment of deep convection.

	Develop NAME to enable better use of met observations.

	NAME version with ability to easily substitute different chemistry schemes (e.g. a sulphur only scheme for volcanic eruptions) and with improved optimisation of the chemistry.

	Develop operational emergency response source term inversion scheme. Initial application for VAAC.

	Development and operational implementation of a reduced aerosol scheme in the UK NWP forecast model.

	Development of a new framework for pollutant emissions in UKCA.

	Develop the capability for on-line calculation of biogenic ozone and aerosol precursor emissions.

	Develop a 4km resolution version of AQUM


Ocean Forecasting Research and Development  
	Verification and review of benefits for Atlantic-UK shore range ensemble wave prediction system

	WAM Cycle 4 derivative source term physics scheme testing for implementation in global wave model

	Set up coupled N768/ORCA’12’ Atmos-Land-Ice-Ocean model (without data assimilation)

	Test use of NW European shelf model currents and depths as input to UK4 wave model

	Development of two length-scales in NEMOVAR in global FOAM

	Create demonstration weakly coupled data assimilation system at N216/ORCA025 resolution ready for operational implementation

	Operational implementation of upgrade to Persian Gulf FOAM shelf configuration 

	Investigate large-scale (EOF-based) error covariances for use in NEMOVAR

	A V0 NEMO version of the surge system developed and trialled against CS3X in deterministic mode.

	Development of revised area UK coupled Ocean-Atmos system 

	Implementation of NEMOVAR in development version of global FOAM at ORCA12

	Operational implementation of upgrade to FOAM deep system (2015)

	Test 16-8-4 SMC global wave model and post processing schemes for operational implementation

	Develop and assess global coupled Atmos-Land-Ice-Wave-Ocean N768/ORCA’12’ system with weakly coupled data assimilation 

	Test use of ensemble information in NEMOVAR
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