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Seamless strategy evolution
• Building the Unified Model code base. Cullen, Meteor. Mag, 1993

• 2000s more and more model evaluation across timescales

• 2010: Creation of Met Office Foundation Science between Weather and Climate and 
GMED team (Seamless Global Model Development and Evaluation). Walters et al, GMD 2011 
https://doi.org/10.5194/gmd-4-919-2011 Brown et al. ,2012. https://doi.org/10.1175/BAMS-D-12-00018.1

• 2011-2016 INTEGRATE project first attempt at global coupled seamless configuration 
development, GC2 release  Williams et al, GMD 2015 http://dx.doi.org/10.5194/gmdd-8-521-2015 Walters et al, GMD 2017.  
https://www.geosci-model-dev.net/10/1487/2017/ 

• 2018 Creation of the GC Programme (Global Coupled configuration), governance, 
seamless requirements,  partnerships

• 2021: Implementation of Coupled NWP with GC4 configuration

• 2023 GC5 release: full implementation of seamless coupled model development 
framework

https://doi.org/10.5194/gmd-4-919-2011
https://doi.org/10.1175/BAMS-D-12-00018.1
http://dx.doi.org/10.5194/gmdd-8-521-2015
https://www.geosci-model-dev.net/10/1487/2017/


Research, Codes 
&  Component Models

Seamless Science 
Configurations

Seamless Prediction 
& Projection Systems

Weather &
Climate Services

EnDA           (Ensemble DA)
NEMOVAR                (Ocean DA)

OPS          (Obs. Process.)

UM LFRic            (Atmosphere)
NEMO                     (Ocean)

JULES                        (Land)
SI3                    (Sea-Ice)

WaveWatchIII                  (Wave)
             OASIS3                    

(Coupler)                                  
UKCA           (Chem. & Aerosols)
BICICLES                   (Land–ice)
MEDUSA-2                       (Ocean 

Biogeochem)
JULES-CN    (Land Biogeochem)
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Deterministic NWP
Global NWP

1.5km UKV (M & T)
REP (Coupled)

AQUM
Ensembles
MOGREPS

GloSea
DePreSys

PPE (Perturbed Parameter)
Climate

HadGEM3-GC
UKESM

UKV & REP

Public Weather Service
1-7 day weather forecast

Air Quality
Copernicus Marine

Near term climate 
service

Seasonal Prediction
Decadal Prediction

Climate Services
UKCP
CMIP

Copernicus

Seamless Environmental Prediction Frameworks  
...to develop underpinning seamless global and regional model frameworks for use in 

ensemble predictions/projections across weather and climate timescales 



GC Development process

Freeze
GCx+1 Release

GCx+1



A pragmatic 
seamless approach
• Traceable seamless trunk 

developed in partnership
• Scientific robustness
• Agility: branches and 

research configurations
• Central development, 

infrastructure and support

Example release / 
implementation 
cycle



Individual component 
testing

• NWP Case studies
• AMIP
• Forced Ocean
• Coupled NWP case 

studies
• Low Resol. DA runs
• Short Coupled 

climate runs
• AMIP +4K (Future 

Climate)

Package testing

• NWP case studies
• AMIP (+4K)
• Coupled NWP 
• DA/Model 

ensemble trials
• Short Coupled 

climate runs
• LAM testing (LBC)
• Coupled instant 4x 

CO2 (for stability)

Final 
production/parallel  

suites

• Full hybrid-VAR DA 
trials

• MOGREPS
• GloSea Hindcast 

ensemble
• HadGEM/UKESM
• Parallel Suites

Model Development 
Research Cycle 

Model Development
Release Cycle

Operational 
Implementation/Us

e
Assessment Runs

• NWP case studies
• AMIP (+4K)
• Coupled NWP 
• DA/Model ensemble 

trials
• Long (100yr) 

Coupled climate 
runs

• Seasonal hindcast
• N96ORCA1 PI 

control/HIST
• N320 sub-seasonal
• High resolution tests

GC seamless testing framework
Extended and ambitious testing for GC5, 

leveraging all partnerships



GC5 (GAL9 GOSI9) achievements

� GC5.1 high 
resolution 
branch for NWP 
implementation

� GC5-central 
climate 
sensitivity for 
certain climate 
applications



Seamless model development: 
GC5 release
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GC5 target applications:
• Basis of climate 

configurations for CMIP7 
& next UK climate 
projections

• Planned NWP & 
seasonal forecast 
system upgrades on 
next HPC GEN1

• Baseline for 
development of next 
generation models 
(GungHo/LFRic)

GC5 includes major 
changes to convection, 
large-scale cloud, sea-ice, 
ocean mixing (& climate 
calendar).

JJA precip, N216ORCA0.25

Poorly resolved 
semi-Lagrangian 
advection

GC5rc2 vs GC4

“Fountain 
buster”



Seamless Process-oriented evaluation
Definition of top model problems for systematic and critical errors
-> model development projects and Priority Evaluation Groups to tackle them and track sources

Southern Ocean PEG

Hyder et al. 2018

Further Ocean developments, Dave 
Storkey, Guiavarch et al. 2024



Indo-Pacific PEG, investigating systematic errors over the Indian 
Ocean impacting teleconnections and skill

Seasonal hindcasts, Hudson et al 2024

SST bias in CMIP6 models Marimel Gler

Seamless Process-oriented evaluation

GloSea6 IOD skill Marimel Gler



Move to Next Generation Modelling System

Seamless Acceptance criteria

Lewis Fry Richardson  
(1881–1953)

� Next GC6 release early 2027
� Further science pull through with GC7 

2028/2029, unified scale aware physics



Complexity

Ensemble

Resolution

Kscale

AI/ML

Digital twins

HPC & 
technical 

infrastructure

Upcoming/ongoing challenges

How to adapt and optimise the seamless model development framework 
to meet those challenges and rapidly evolving user requirements?
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Thank you, any questions?


