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Overview 

• Introduction 

• Assessment of coupled forecasts with simple initialisation. 

• Status and plans with coupled DA. 

• Future work. 
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Introduction 

 Existing Met Office systems 

System 

name 

Purpose Model DA Resolution 

FOAM Short-range ocean 

forecasting 

NEMO/ 

CICE 

NEMOVAR 

(3DVar-

FGAT) 

1/4° global, 

1/12° regional 

NWP Weather 

forecasting 

UM 4DVar 

(Hybrid) 

25km global, 

12km regional, 

1.5km UK. 

MOGREPS Ensemble 

prediction 

UM ETKF 60km global, 

18km regional, 

2.2km UK 

GloSea5 Seasonal 

forecasting 

UM/ 

NEMO/ 

CICE 

Initialised 

from 

NWP/FOAM 

60km atmosphere,  

1/4° ocean/sea-ice 

HadGEM3 Climate prediction UM/ 

NEMO/ 

CICE 

N/A 60km atmosphere,  

1/4° ocean/sea-ice. 

(Lower res version 

available too). 
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Introduction 

 Overview 

 

• Global coupled forecasts to be delivered for MyOcean 2 by April 2014 

• Initially use 0-5 day forecasts from new GloSea5 seasonal system 

• N216 (c. 60km) atmosphere and ORCA025 (c. 25km) ocean. 

• Some assessment with this model has taken place (see next section). 

• More focused assessment on the operational system about to 
commence. 

 

• Currently working on improving the initialisation by developing a weakly coupled 
DA system: 

• Initial developments taking place in the GloSea5 resolutions. 

• Plan to implement the coupled DA in higher resolution system as well.  

 

• Development of a higher resolution system in progress 

• Operational NWP and ocean forecast resolutions 

• N512 (c. 25km) atmosphere and ORCA025 (c. 25km) ocean 
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Coupled medium-range forecasts with simple (un-coupled) 
initialisation 

 
Ann Shelly, Tim Johns, Andy Ryan 
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Coupled medium-range forecasting assessment 

case studies 

• Model setup (UM7.9) 

• HadGEM3-AO N216L85 (GA3.0) + ORCA025L75 (NEMO3.2) + CICE + OASIS coupler  

• Note: running with climatological aerosols (differs from climate model)  

• Experiments 

• ~130 coupled case studies, with start dates in the range June 2008 to November 2010, run to 
T+15 days, with 3-hour air-sea coupling frequency (parallel execution) 

• Atmos-only and ocean-only control forecasts for subsets of the coupled cases 

• Core set of 10 “Winter” and 10 “Summer” cases 

• Initialisation and boundary conditions 
• Coupled: free running (no flux adjustment/bias correction) starting from: 

• [A/L] Met Office operational NWP analysis at 12z (interpolated to N216L85) 

• [O/I] 12-hour ocean forecast from analysed state at 0z to 12z using the latest FOAM-
NEMOVAR model (ORCA025L75/NEMO3.2 + CICE), driven with operational NWP fluxes 

• Atmos-only controls: Persisted initial SST anomaly (wrt. GISST), sea ice fixed 

• Ocean-only controls: 3-hourly mean fluxes from atmos-only controls 
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Tropical Atmosphere Temperature verification 

         JJA 925hPa DJF 250hPa       JJA 100hPa 

Bias 

RMSE 
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JJA Atmospheric mean biases  

Precipitation  
Day 11-15 average 

Average over 10 cases 

Improved precipitation 

over the Maritime 

continent with an 

interactive ocean  

More vigorous local 

water cycle in the 

coupled model than in 

the atmosphere control 

Could hold importance 

for MJO and monsoon 

forecasting 
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SST assessment compared to drifting buoys 

Global SST results are similar for 

coupled and ocean-only runs. 

 

Significant reduction in RMS and 

mean errors in the tropical SSTs in 

the coupled model. 
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Mean coupled model and ocean 

control SST bias at day 15  

                  DJF     JJA 

Coupled 

Model 

Ocean 

Control 
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Status and short-term plans for coupled data assimilation 

 
Dan Lea, Isabelle Mirouze, Adrian Hines 
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System to be used:  

•  HadGEM3 at 60km atmosphere, 1/4° ocean/sea-ice (as used in 
previous experiments). 

•  NEMOVAR 3DVar-FGAT DA 

•  4DVar atmosphere DA 

 

 

Main stages of the short-term work: 

1.  Setting up the initial weakly coupled data assimilation system.     

2.  Testing and tuning the system including investigating various aspects 
(e.g. time window, initialisation shock) and settling on a coupled DA 
system to use in the next stage.     

3.  Long trials/reanalysis experiments with the coupled DA system, writing 
up the results.  

 

Aim to get this up and running and do some tests by June 2013. 

 

Coupled data assimilation plans 

  



© Crown copyright   Met Office 

Coupled data assimilation 

 Current and planned systems 

Coupled model  
background 

Ocean DA  
(NEMOVAR) 

Atmosphere DA  
(4DVAR) 

Coupled model  
initialisation and forecast 

Atmosphere model  
background 

Ocean DA  
(NEMOVAR) 

Atmosphere DA  
(4DVAR) 

Coupled model  
forecast 

Ocean model  
background 

Ocean model 
initialisation and forecast 

Atmosphere model 
initialisation and forecast 
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• Met Office is in the process of updating its system used to control and submit experiments 
to the supercomputers (from SCS -> ROSE). 

 

• A large part of the work to implement the weakly coupled DA system is to combine existing 
systems and is largely a technical problem.  

 

• ROSE is much more flexible than the SCS was, and will be used operationally in ~a year.  

 

• We’re therefore implementing the weakly coupled DA system in ROSE, and needed to first 
implement the coupled model and the FOAM system into ROSE. 

  

• We now have available: 

• ROSE suite for the coupled model (N216ORCA025 UM/NEMO/CICE). 

• ROSE suite for NWP system (including 4DVar). 

• ROSE suite for FOAM (with NEMOVAR). 

 

 

Coupled data assimilation status 
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• Approach is to start from the coupled model suite and add in the components required to 
run the 4DVar and NEMOVAR aspects, i.e.: 

• observation extraction, QC and processing tasks for ocean and atmosphere;  

• observation operators; 

• inner loops (4DVar and NEMOVAR); 

• initialisation steps (e.g. IAU). 

 

• The ocean components of the DA are now included in the coupled model suite. 

 

• We are now working on the atmospheric DA components. 

 

Coupled data assimilation status 

  

SST errors from: 
 
• Blue: Forced ocean run with 
ocean DA. 
 

• Black: Coupled model with 
ocean DA. Atmos. allowed to 
drift. 3-h coupling frequency. 

Global in situ SST o-b 

Global AATSR SST o-b 
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Coupled data assimilation 

 Plans 

• Various levels of complexity in the coupled DA problem are possible. 

 

• The plan is to start with a fairly simple approach and to gradually 

implement improvements where appropriate. 

 

• Various aspects will be tested including: 

• Time window: NWP (6 hours) vs FOAM (24 hours) 

• Initialisation of the coupled system (e.g. using IAU in both 

ocean/atmosphere?) 

• Assessment of initialisation shocks/balance issues. 

• Assess what the cross-system covariances are. 

• Impact of assimilation of e.g. profile, SST data. 
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Summary and plans 
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Summary and plans (1) 

• Investigations into the forecast accuracy of coupled medium range forecasts 
have begun: 

• Improvements to both ocean and atmosphere skill in the tropics. 

• Similar performance in the extra-tropics. 

 

• Operational coupled forecasts using this system (UM/NEMO/CICE at 
~60km/1/4°) will be produced soon for MyOcean2 (for the ocean variables) 
and for seasonal forecasting purposes. 

 

• A weakly coupled DA system is being developed using existing ocean/sea-ice 
atmosphere systems. Longer term, plan to develop more fully coupled DA. 

 

• A project will be started in 2013 to investigate use of coupled system in 
MOGREPS (the Met Office EPS). 
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Summary and plans (2) 

• Development of a higher resolution system in progress 

• Operational NWP and ocean forecast resolutions 

• Case studies and assessment to commence early next year 

• Expect to subsequently add wave coupling and coupled DA 

 

• Regional UK coupled system being developed 

• UK (4km – 1.5km resolution) atmosphere coupled to a 4km shelf seas 
model 

• Aiming for case studies in mid-2013 

• Again, expect to subsequently add wave coupling and coupled DA 
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Thank you 
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• Diagnostics 

• Extensive 3-hourly to daily mean/instantaneous variables – organised into 
packages targeting general verification of atmosphere and ocean and 
phenomena/modes of variability (diurnal cycle, MJO, TCs, etc.) 

 

• Analysis  

• Coupled vs. atmos-only performance (verification cf. operational NWP 
analyses and observations) 

• Coupled vs. ocean-only control trials (ocean verification cf. FOAM 
NEMOVAR-based reanalyses and obs) 

• MJO evaluation, focusing on two YOTC cases (aligned to a detailed 
international process-based MJO study), comparing coupled with atmos-
only control simulations 

Coupled medium-range forecasting assessment 
case studies 
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  T @ 850hPa   T@100hPa    Geopotential Height @ T+120 

Comparison with operational global model  

in the Tropics 

MSLP    Fractional cloud cover                 Wind speed @ T+120 

Bias 

RMSE 

Bias 

RMSE 

JJA 

DJF 
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JJA Atmospheric mean biases  

250hPa Relative humidity  
Day 11-15 average 

Average over 10 cases 

Improved relative humidity 

over the Maritime continent 

with inclusion of an interactive 

ocean  

Local dry bias reduced 
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Tropical Monsoon depression  

August 2008 
Central pressure 

captured by day 3 

coupled model forecast 

but not by atmosphere 

control.  

Additional skill comes 

from interactive ocean 

Analysis 

Coupled 

Model 

Atmos 

Control 
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Synoptic Case Study #2 : 
Bay Of Bengal Tropical Monsoon depression  
Ocean Temperature section along 88E 

FOAM analysis 

Day 3 minus day 1 sub 

surface temperature at 88E 

Coupled model 

Day 3 minus day 1 sub surface 

temperature at 88E 

 

Shows skill in capturing mixed layer 

Temperature evolution out to day 3. 

N 

N 
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Oct 20 

    Oct 21 

        Oct 22 

           Oct 23 

                 ....…… 

                     ………. 

                        ……… 

                           Jan 15 

       Jan 16 

                 

Day 1  Day 15 
Fcst   Fcst 

MJO Case studies  

Investigating the phase relationship between 

Convection and SST 
2 strong MJO events occurred 

between Oct 2009 – Jan 2010 

Coupled case studies Oct 20th to 

Jan 16th  

OLR proxy for convection 

OLR/SST anomalies calculated for 

each date (climatologies from NOAA 

OLR/OSTIA Re-analyses) 

5 day running mean applied to 

smooth high frequency variability  

Lead-lag correlation performed 

between SST and OLR for each 

consecutive day 1, day 2 fcst…, for 

observed state, coupled model & 

atmosphere control 



© Crown copyright   Met Office 

OLR/SST phase relationship : Indian Ocean 

Coupled model Atmosphere control 

Day 1 

Day 14 

Observed state 

Warm (Cool) SST’s lead 

enhanced (Suppressed) 

convection by ~5-10days 

Atmos Control  

Has SST and 

OLR 

varying 

together  

 

Coupled 

model  

maintains 

Phase lagged  

relationship 



© Crown copyright   Met Office 

Coupled data assimilation 
 Overview 

Currently, the GloSea system uses initial conditions generated 
separately from ocean-only (FOAM), and atmosphere-only 
(NWP) model/assimilation systems. 

 

Initial assessments of coupled runs using this system show the 
short-range forecasts to be good. 

 

However, we plan to put some effort into improving the way the 
data assimilation is done for this coupled system. 


