
 

TerraFIRMA GA2022 - Breakout Session Summaries 

 

Work Packages 

 
WP2 – The role of near-term climate forcers in the Earth system and their 

mitigation potential  
 

Leads:   Paul Griffiths (NCAS) and Nicola Warwick (NCAS, online)  
 

 

(i) The main science aims, 

Methane 

• Assessment of the COP26 Global Methane Pledge emissions reductions in UKESM1, 

supported by work using FAIR model.  Combination of AMIP experiments (when model 

available) and coupled AO experiments (available now) allowing assessment of forcing 

and aiming to go on to address possible benefits/disbenefits to over/underachieving the 

pledge goals.   

• Developing improved model evaluation framework for assessing/improving skill in 

UKESM1 in simulation of methane concentrations in emissions-driven framework, 

drawing on ESA partnership and work ongoing at University of Leeds/Leicester/other 

NCEO partners. 

• Work to start on implementation of methane isotope scheme in UKCA for improved 

attribution of methane sources/trends. 

Ozone 

• Work on using ESA observational products of key species - ozone, OVOCs, other 

NTCFs - for assessment of model skill, ideally aiming at ambitious goal of process-level 

evaluation. 

Aerosols 

• UKMO/MOHC partners to aid in evaluation of nitrate aerosol scheme 



• Work planned to look at nitrate aerosol forcing as part of important UKESM RAMIP 

experiments aimed at attributing role of aerosol emissions in climate forcing, building 

links with other aerosol-climate modelling groups. 

 

(ii) any planned publications,  

• Aerosol-climate paper and methane emissions reductions identified as possible. 

(iii) what model simulations/model developments are required 

• 30 year AMIP style runs to assess impact of methane emissions reduction on TOA 

fluxes/calculation of ERF 

• 30 year RAMIP fixed SST run with 2050 emissions and PI SST already run in 

UKESM1.0.  SSP370, and SSP3-7.0 with with global and regional (S. Asia, E. Asia, and 

Africa+Middle East) aerosol and precursor perturbations following SSP1-2.6. Run with 

two additional model versions: 

• UKESM1.1 with SO2 change 

• UKESM1.1 with nitrate turned on. 

 

(iv) need for interaction with other WPs (and possibly also other LTSM2 and LTSS projects)  

• None at this stage 

(v) anything else relevant. 

 

 

WP3 – Carbon cycle feedbacks in the Earth System and the potential for climate 

mitigation  
 

Leads:   Garry Hayman (UKCEH) and Tristan Quaife (NCEO)  
 

 

(i) the main science goals of the BoG,  

WP3.1 (a) Improved evaluation of terrestrial carbon cycle feedbacks, looking at, e.g. response 

of fluxes to ENSO. Using ML to dig down into processes. (b) Data Assimilation with JULES 

PPEs. Possibly with MO input for global PPE data. 

WP3.2 (a) Difference between projections of C cycle between ESM and regional models. 

Examine impact of different structures of biogeochemical models on C-cycle uptake. (b) 

Understanding differences in ocean heat and carbon uptake across CMIP6 models (or a subset 

of them). 

WP3.3 Where should we grow trees/BECCS? Looking at local climate effects of planting trees 

using bespoke UKESM runs (we also noted that LUMIP runs are relevant and contain lots of 

information). 

 



(ii) who will contribute to these goals,  

WP3.1 - Tristan, Ranjini, Bethan, Chris T. 

WP3.2 - Till, Yuri, Lee, Julien, Andrew Y. 

WP3.3 - Garry, Doug K. 

[n.b. likely not a complete list - largely related to who was in the BoG.] 

 

(iii) how the goals depend on, and contribute to, the wider project aims,  

WP3.1 and WP3.2 speak to allowable carbon budgets and examine processes which feedback 

on the atmospheric carbon concentration. WP3.3 is directly concerned with analysis of carbon 

sequestration via land management, and hence the potential of these mitigation tools to meet 

Paris goals. 

 

(iv) key activities to realise in the coming 12 to 18 months  

• Survey what is available from CMIP6 that contributes to our science goals (e.g. LUMIP, 

C4MIP).  

• Scope literature to make sure we are up to date with CMIP6 analysis Start building a 

joint list of papers (e.g. via Google doc). 

• Collating required observation data sets. 

• Machine learning model development for terrestrial carbon cycle  

• Design of tree planting and BECCS experiments. 

 

(v) potential collaborators external to TerraFIRMA 

WP3.1 - aligned activity in the NCEO NC International, generating new EO data sets for testing 

models. UKMO for providing ensembles for JULES PPE. 

WP3.2 - FOCUS (PML/NOC LTSS) is well aligned, as well as Mission Atlantic (H2020 project, 

Yuri Artioli leading modelling WP). For co-variability of ocean heat and carbon uptake, could 

build on existing ocean heat uptake analysis activity NCAS - MOHC - CNRM. Possibly 

synergies with ESM2025 (H2020 project) and OptimESM (Horizon Europe). 

WP3.3 - some aligned activity in the CEH NC International. Will include global JULES w/ 

ISIMIP, downscaled to SE Asia and East Africa and will provide an important evaluation for 

WP3.3 activities. Also, ESM2025 Horizon Europe project will be looking at biophysical 

feedbacks in ESMs. Will be doing some ESM runs with bespoke experiments. 

 

(vi) highlight any targeted key papers or policy-relevant material over the coming 12-18 

months. 

Paper: Global carbon cycle at GWTs (Lee). 

Paper: Machine learning paper on ESM emulation (Ranjini).   

 

 

WP4 – Rapid or irreversible change in the Earth system  
 

Leads:   Tony Payne (CPOM), Katya Popova (NOC), Doug Kelley (UKCEH)  
 



 

The three subWPs have in common three themes. First, analysis of UKESM overshoot and 

mitigation scenario runs. The bulk of this work will happen in Year Three onwards when the 

particular runs start to become available. We did however note that an early overshoot 

experiment is available for analysis (SSP5.3.4-OS) and that this might form a useful testbed for 

techniques used later in the project. This experiment might also be a useful way of developing 

early links with other LTSMs (e.g., sea ice and AMOC in CANARI). 

We also noted that some types of rapid change may not be triggered in the scenario runs (i.e, 

they are low probability) so that additional bespoke experiments may be required in which the 

phenomena are ‘artificially’ triggered, examples include the removal of Antarctic ice shelves or 

sectors of the Amazon or shut down of AMOC (which needs a much stronger push). Machine 

learning probabilistic techniques (i.e., Bayesian-based emulation on UKESM or component 

models) may also help identify these high impact/low probability events. 

The second theme is the use of standalone modelling outside of UKESM, in particular to 

understand regional phenomena, to develop new parameterizations and in model validation. 

The final theme is the use of EO products in developing early warning indicators, in particular in 

combination with machine learning approaches. Work will focus on these approaches in the first 

two years of the project. 

We discussed research that could be conducted by the WP as a whole, facilitating collaboration 

across institutes. This is important given the disparate nature of the subWPs which focus on 

phenomena with widely varying timescales and processes. Ideas included a focus on the 

classification of ‘abrupt shifts’ and ‘tipping points’ and developing generic analysis tools that 

could be used to study a range of rapid/irreversible phenomena. Also, machine learning 

methods may work as a unifying topic if methodologies are established early enough in the 

project.  

A final WP4-wide issue is how to develop and maintain links to other LTSMs/LTSSs around 

rapid/irreversible phenomena. In this context, joint workshops on the analysis of UKESM 

scenarios will be useful (perhaps around techniques for analysis of reversibility etc). We also 

discussed ways in which best practice for new techniques (such as machine learning) could be 

exchanged within the group. Marine ecosystems may utilise CANARI high resolution runs in 

their analysis of the physical factors leading to the North Atlantic bloom collapse. 

First-year objectives for the subWPs (note this also draws on discussion in other BOGS, in 

particular on Land Ice). Most of these activities are based around developing or refining models 

that will be incorporated into UKESM at a later stage in the project. Close coordination with WP1 

will be needed to develop consistent timelines for this work. 

WP4.1 Antarctic ice sheets (BAS, NCAS, CPOM) 



1.    Development of Antarctic-Southern Ocean regional model with NEMO and BISICLES to 

understand ocean circulation and ice-shelf melt. Preliminary validation against 

observations. 

2.    Development of Antarctic atmosphere regional model with MetUM and JULES to 

understand variations in snow accumulation and potential for melt pond formation. 

Preliminary validation against observations and other model hindcasts. 

3.    Mapping the grounding line evolution in Amundsen Sea and Getz sectors of Antarctica. 

Continue development SMB product using seasonal ice-surface altimetry. 

 WP4.2 Marine productivity and ecosystems (NOC) 

1.   Analysis of completed (or nearly completed) ORCA 1, 1/4 and 1/12⁰ simulations with 
MEDUSA to characterise North Atlantic Bloom collapse and understand its physical drivers. 

2.   Comparison to 30-year EO ocean colour observations with machine learning methods 

(SOM). 

 WP4.3 Tropical forests (UKCEH, UKMO, NCEO) 

1.   Testing standalone regional JULES-ES model of Amazon dieback against observational 

data sets, in particular focusing on the role of plant optimality theory and disturbance 

acclimation to e.g., fire, ozone damage, drought.. 

2.   Machine learning/probabilistic techniques: biome-clustering, edge effects and rapid shift; 

connectivity index” to none-carbon ecological tipping points (e.g. biodiversity and species 

spread) 

3.   Fully coupled UKESM/UKESM emulation & overshoot to test land-atmosphere-land 

coupling/feedbacks on tipping points. 

WP-wide objectives 

1. Preliminary analysis of SSP5.3.4-OS. 

2. Coordination with WP1 on incorporating submodel developments into UKESM and 

scheduling of overshoot etc runs. 

3. Sharing expertise in the development and use of machine learning approaches. 

Planned publications (12-18 months):  

1. Description of circumpolar NEMO-BISICLES configuration and evaluation 

(Holland/Payne/Smith). 

2. Collapse of the North Atlantic Bloom in high resolution ocean projections. Impact of model 

resolution on its detection. (Popova). 

3. Use of machine learning to detect NAB regime shifts in remote sensing observations and 

model projections. (Popova). 



4. Literature review of ML/AI/Bayes useful for uncertainty assessments of tipping points 

(Huntingford). 

5. Evaluation of JULES-ES over the Amazon (Kelley). 

6. Biome bioclimatic distance and stability (Kelley). 

 

 

WP5  & Impacts – The societal and environmental impacts of global change  
 

Leads:  Doug Clark (UKCEH), Alan Macdonald (BGS), Zoe Jacobs (NOC), Jerry Blackford 
(PML, online) 

 

 

Summary from Break Out Groups on WP5 and Impacts 

WP5 covers several components of the Earth System (land, atmosphere and ocean), with 

participants interested in a range of scales (landslips in the UK to large-scale marine 

ecosystems), and from a variety of backgrounds (Earth System modellers, component 

modellers, and observational scientists). As such a large part of the discussion during the 

Kickoff Meeting was centred on participants getting to know one another and the areas of 

science that were represented. 

 

The variability of precipitation in time and space is important to several groups, particularly 

those working on terrestrial hydrology for whom precipitation is a key driver. There is particular 

interest in higher resolution (compared to UKESM N96) simulations, particularly from 

Convection Permitting Models or higher resolution regional climate models. The group would 

like to understand more about what is planned in this area in TerraFIRMA, particularly from 

NCAS. 

 

Groundwater was another area of overlapping interest, particularly for BGS and UKCEH. 

Irrigation is also of interest because of its impact on the atmosphere, and offline work in the 

Ganges and Indus will be developed using VIC and high resolution observations.  During the 

next 6-12 months a pan-African groundwater configuration being developed in Hydro-JULES will 

be further developed and applied. Data available for model evaluation include water levels and 

GRACE data. A glacier model that has been used with the JULES land surface model in the 

Andes will be developed for global applications. NCEO will be looking at trying to understand 

the impact of groundwater on the land surface and land-atmosphere interactions through EO 

data and models. 

 

In the marine domain NOC will be working both on emerging patterns of marine extremes, such 

as marine heatwaves and biogeochemical extremes e.g. phytoplankton blooms, acidification & 

deoxygenation. In the next 12-18 months there is the potential to develop a paper on this topic 

using NOC’s in-house ocean-only models of varying resolution. Additionally, NOC’s work on 



understanding future changes in marine food security in the Indian Ocean could be a 

collaboration topic with NCAS to understand the impact of a potential rapid shift/tipping point of 

the monsoon circulation. However, this work is a long-term goal, likely in ~2 years’ time and 
includes socio-economic modelling. A key activity for PML will be to compare climate change 

impacts on shelf seas as simulated by global and regional models, with other activities 

focussing on sea grasses, kelp and fisheries. It will be important for NOC and PML to maintain 

good communications, to avoid duplication and maximise synergies.  

 

There may be scope to look at food security across the marine and land sectors in the Indian 

monsoon area, though participants from the marine community possibly have better links in this 

area than the land community. 

 

The provision of diagnostics is a significant burden in terms of impact on UKESM run time, and 

the community probably needs to be smarter in terms of identifying what diagnostics are 

required when (e.g. does a diagnostic have to be produced throughout a long run or are shorter 

timeslices sufficient?). 

 

Links to other projects (LTSM2 and others) 

CANARI: Both projects will be looking at historical and future scenarios. The UK is a focus area 

for both CANARI and TerraFIRMA, with common topics including water resources and North 

Atlantic bloom. There are many synergies between the projects and lots of interaction is 

expected. 

 
CHAMFER: Common interests include sea levels and coastal erosion. TerraFIRMA will 
potentially supply model runs and sea ice fluxes. CPOM and BGS are key links. 
 
Hydro-JULES: TerraFIRMA will be continuing to work with HJ code and simulations. 
Connections through UKCEH and BGS. 
 
GreenAg: No obvious links at present, though TerraFIRMA scenario results could be of interest. 
 
MOET: No obvious links at present, though both cover shelf seas. 
 
BIOPOLE: Established communication with NOC but no immediate impact links. 
 
Single centre NC International: Lots of synergies, e.g. UKCEH: carbon cycle; water resources; 

African & SE Asia regions. NOC (FOCUS): extremes for coastal vulnerability analysis; marine 

fisheries in IO & Pacific - specifically impact on food security via changes on ocean upwelling 

systems. BGS: groundwater impacts; India, sub-Saharan Africa & S America; enables impact-

related research that follows on from TerraFIRMA. 

 

 

 

 



Domains 

 

Atmosphere  
 

Leads:   Jane Mulcahy (MOHC), Laura Wilcox (NCAS)  
 

 

Many atmosphere questions focus on UKESM2 transient experiments and TerraFIRMA large 

ensembles e. g. Monsoon changes, changes in climate hazards, air quality, and ice sheets. 

However, the breakout group identified three areas where progress could be made with existing 

simulations (or simulations currently underway) in next 12-18 months: 

• Air quality regimes and metrics 

• Antarctic changes in response to atmospheric drivers 

• Response to methane changes 

Methane (Cambridge) 

WP2 will be producing atmosphere-only experiments to explore the effects of the methane 

pledge. This promises substantial reductions by 2030, but the radiative forcing will be quite 

small. Do we see any clear responses to methane reductions in these simulations? Is it possible 

to store daily outputs for these simulations to address air quality issues for South Asia?  

Longer-term, there are questions about wetland feedbacks. What proportion of the total 

response do these feedbacks account for in coupled experiments? 

Antarctica (BAS) 

Analysis of Antarctic ice sheet changes fit into WP4, and the atmosphere plays an important 

role in driving these. BAS will include a component looking at the atmospheric side of ice sheet 

change, with a key focus on changing melt conditions over ice shelves and the local and larger 

scale drivers. Some exploration of this would be possible with existing large ensembles, but 

many models have substantial biases in the region. UKESM performs quite well here, so there 

is sense in waiting for UKESM2 simulations. However, there is potentially some low hanging 

fruit in analysis of: 

• CCMI simulations: future focus, currently underway, and include the chemistry updates 

that improve the stratospheric ozone bias found in UKESM1  

• existing UKESM1 timeslices with changes in ozone depleting substances where detailed 

responses haven't been published 

A question arising from the discussion is whether it would be feasible to downscale UKESM2 

simulations for Antarctica, as well as for South Asia and UK. Note that this discussion was 

exploratory and that there are already plans in this area in WP4 linking up downscaled Antarctic 

atmosphere-only simulations and coupled NEMO-BICICLES simulations.   

 



Air quality (NCAS, Met Office, UKHSA, ESA) 

We anticipate two threads to the air quality analysis: 

• regional air quality for health 

• large-scale atmospheric circulation regimes for air quality analysis in climate runs 

Air quality analysis is generally going to need daily data, but health impacts can arise from both 

long-term chronic and acute episodic poor air quality, so there is scope for analysis based on 

annual means as well.  

Early work will focus on assessing the literature to see if existing circulation types can be used 

for air quality regime analysis, or whether we need to define our own specialist indices linking 

poor air quality to atmospheric circulation patterns. These indices will then be analysed in 

UKESM2 simulations as they become available. For the UK, there is DEFRA data available for 

defining poor air quality events, and there is some data available via ESA, with more coming 

online in the lifetime of TerraFIRMA. Those interested in air quality questions will have a zoom 

meeting in summer.  

Some air quality questions will relate to the role of dust and wildfires, which could be examined 

in test simulations produced during the development of UKESM2, such as comparing the dust 

contributions to aerosol burden in simulations with CLASSIC and UKCA dust.  

Wider feedback 

• Need future simulations to be more clearly defined early in the project. This should 

include discussion of the scenarios, and the requested diagnostics, especially if there is 

cross-WP interest in scenarios beyond the overshoots. It’s particularly important for 
diagnostics that might be important for areas that modellers are less familiar with, such 

as health metrics.  

• We need to be less reliant on UKESM2 as simulations are 3 years down the road, and 

data delivery will necessarily be even further towards the end of the project. What can 

we usefully do with UKESM1/1.1 and CMIP6? 

 

Ocean  
 

Leads:   Katya Popova (NOC), Lee de Mora (PML), Till Kuhlbrodt (NCAS)  
 

 

Aims/activities:  

 

Model and tool development:  

 

• Development of N96ORCA1 GC5: remedy excessive ocean heat uptake in the tropical 
basins (mainly Atlantic) - (NCAS-led) 

 

• Development of the BGCval2 (Incl. Bright spots, Ascension Island) - (PML-led) 



 

Analysis of carbon and heat fluxes: 

 

• Co-variability of the ocean heat and carbon uptake in historical simulations (NCAS-led) 
 

• Anthropogenic carbon distribution in CMIP6 and Global warming thresholds - (PML-led) 

 

Marine ecosystem dynamics 

 

• Scale-dependent (regional vs global) changes of the ocean carbon cycle and importance 
of ecosystem structure (PML-led)  
 

• Breakdown of N Atl Bloom, its physical mechanisms, reversibility and potential for 
developing an early warning system (NOC-led) 

 

Marine extremes and impacts 

 

• Global assessment of Marine heat waves and BGC extremes. (NOC-led) 

 

• Monsoon changes and their impact on marine ecosystems and food security (NOC-led) 

 

Publications (short-term, 12-18 months):  

 

1. Zoe Jacobs: extremes, heat waves and green waves. High-resolution models 
2. Stephen Kelly: North Atlantic bloom, description in high-res ocean projections 
3. Till Kuhlbrodt: Excessive subsurface warm bias in the tropical Atlantic: addressing model 

biases 
4. Lee DeMora: Global warming thresholds carbon cycle in CMIP6. 
5. Andrew Yool: export production 
6. Yuri Artioli: Importance of description of planktonic food web on carbon cycle in shelf 

seas 

7. Robert Wilson: Assessing whether the impacts of climate change on seagrass and 
seaweeds are significantly different depending on ecosystem model resolution and 
complexity 

Model simulations:  

 

NEMO-ERSEM CMIP5 forced ocean climate simulation of NE EU Shelves (available - various 
ESM-ERSEM structures) 
NEMO-ERSEM CMIP5 forced ocean climate simulation of S-E Asia (available)  
NEMO-ERSEM CMIP6 forced ocean climate simulation of Northern IO (Afghanistan-
Bangladesh) - planned  
NEMO-ERSEM CMIP6 forced ocean climate simulation of NE EU Shelves (planned) 

 

Forced simulations of ORCA1 ORCA025 ORCA12, forcing from UKESM1.0 

As part of TerraFIRMA, extensions using idealised projections of UKESM1.1 will be performed 
during 2022-2023 (?) 

 

 



Cross-Project interactions: 

 

CLASS (NOC/PML NC) - the key runs (global high-res ocean projections for boundary 
conditions to regional grids; forced using UKESM1.1 under Historical [u-by791] and SSP370 [u-
by791]) 
FOCUS (NOC/PML NC international) - regional runs by PML; extremes (NOC); upwellings 
(NOC), Impact (this project is closer to the impact community) 
Mission Atlantic (PML): global NEMO-ERSEM 

FutureMARES (PML) - kelp/seaweed modelling 

CANARI - the use of the high res coupled O-A runs for the physical mechanisms of the NA 
Bloom Collapse.  

 

Land  
 

Leads:   Matt Ascott (BGS), Phil Harris (UKCEH), Eddy Robertson (MOHC)  
 

 

Summary report 
Two broad areas: (i) role of land in global overshoot and mitigation pathways in the coupled 

system; (ii) risks and reversibility of global and regional land impacts under future scenarios. 

 

Large group with a range of backgrounds and scales of interest.  Experience within the project of 

a range of offline modelling and evaluation tools (JULES-ES, IMOGEN, ISIMIP, Hydro-JULES, 

JULES-GWS, CHESS-SCAPE, land-slide models, iLAMB, ESMValTool).  No one person is 

familiar with all of these tools, and we identified several areas where knowledge exchange would 

be useful (e.g., CHESS-SCAPE forcing for land-slide modelling).  In the first six months, we will 

produce a shared document summarising these tools and explaining jargon. 

 

Several JULES model developments key for coupled analyses (fire, deep soils, thermal 

acclimation, wetlands) are in active development for UKESM2.  So far these have been developed 

in isolation, but it is important that over the next six months we understand their 

interaction.  Several other developments (permafrost, BECCS vegetation type) would be 

important for coupled analysis, but their delivery time frame is less certain. 

 

Offline impact assessments.  CHESS-SCAPE forcing could be used for UK land-slide modelling 

before downscaled UKESM data are available. 

 

 

 



Ice  
 

Leads:  Robin Smith (NCAS), Tony Payne (CPOM), Paul Holland (BAS)  
 

 

Different threads:  

• coupled ice modelling - UKESM2 and NEMO-BISICLES. Includes initialisation, moving 

LSM 

• regional AIS surface climate 

• global glaciers and ESM global mean sea-level projections 

• Early Warning Systems and EO 

• Technical work to run 1.1 era ice as standard in UKESM2 

• evaluation metrics for ice in climate components 

in general this was a good group of people to discuss our TF science with, rather than split by 

WPs 

EWS/EO: no Leeds CPOM present. Proposal says the intention is EWS, but we should leverage 

for evaluation as well - they have a new altimetry product => continental SMB 

Glaciers: JMackay/BGS expand individual valley glacier models to a global system over the next 

12 months. Try running with UKESM1 resolution forcing.. 

Other projects we are already collaborating with: PolarRES; PROTECT; HydroJULES; 

CHAMFER; GlacierMIP; ISMIP7; MISOMIP2; SURFEIT; ESM2025; OCEAN:ICE; OptimESM. 

Should set up a meeting to discuss detailed co-working with NERC NC SURFEIT! 

Regional AIS climate: switch on JULES SMB options, evaluate climate in regional MetUM as a 

12 month goal. RMottram’s RCM AIS comparison paper is a useful touchstone, all their data 

from that is on Zenodo. She thinks we should compare to ensemble mean rather than any one 

RCM 

Technical work: we think this is basically under control. MetO CRUM systems team may want 

changes to suite structure for formal releases? The science questions thrown up by initialising 

plausible historical non-equilibrium ice states to run with are much bigger 

Coupled modelling: Robin has a system that moves the ice shelf edge/land-sea mask in 

UKESM1-ice. Changes in NEMO version since the 3.6 code that UKESM1 ran with complicate 

what we can do right now until everyone is at 4.2 and we have a chance to see what SI3 does 

when the land sea mask moves. GC5-UKESM2 prototypes have enough work to be doing with 

static ice - MEDUSA and spinning up shelf-cavity properties - until the upgrade happens. We 

have to run NEMO4.0 with a shorter timestep (30 rather than 60 min) with cavity open, but 

NEMO3.6 ran with 45 min as standard - has stability actually changed? 

Note that we now have no sea-ice work/people in TF. CANARI has that, although their interest 

is primarily NH and ours is SH, we do need a link to that (or some sea-ice work/project?) 

 



 

Themes 

 

Machine Learning in TerraFIRMA  
 

Leads:  Ranjini Swaminathan (NCEO), Jeremy Walton (MOHC)  

 

 

1. Main long-term science aims to be addressed with machine learning (ML) & (where 

applicable) artificial intelligence (AI): 

a. Explore teleconnections in climate 

b. Refine future projections 

c. Deliver explainability where ML/AI methods are used 

d. Parameterization of missing processes in UKESM 

e. Bias correction and feedback into model to improve UKESM 

f. Write a literature review paper on open questions for climate which AI might address 

e.g. https://www.nature.com/articles/s42256-021-00374-3) 

g. Examine uncertainty envelope and create likelihood models 

h. Investigate observational uncertainty 

 

2. Planned publications (next 12-18 months):  

a. CMIP6 veg representation evaluation [Ranjini/Tristan] 

b. Fire parameterizations in coupled models & probability of parameter spaces 

[Doug/Chantelle] 

c. Parameterizations for model with reduced complexities (specifically, improve CH4 in 

e.g. FAIR model) [Paul Griffiths] 

d. 2 ESA projects: interpretable and explainable simulators for JULES [Rob] 

e. Biome identification work extended to explore links between edge biomes and climate 

change [Jeremy/Chris]  

f. Collapse of the N. Atlantic bloom [Stephen/Katya] 

g. Apply ideas from Fiona’s Ph.D student to surface particulate matter in UKESM1 (also 

multimodel analysis along the same lines if data is available), or sensitivity of biases to 

chemical scheme (e.g., CRIStrat) [Fiona] 

h. Bias correction and its effect on ozone [Paul] 

i. Stratospheric ozone in UKESM [Sandip] 

 

3. We don’t envisage a need for model simulations or developments, but instead require the 

following resources.  The first two (a & b) are formal requests for project specific resources 

if possible; we have more or less figured out the remainder. 

https://www.nature.com/articles/s42256-021-00374-3


a. PanGEO Virtual environment (request for TerraFIRMA) for running data intensive ML 

applications on JASMIN 

b. Group workspace on JASMIN 

c. Revival of UK Climate Informatics mailing list - for questions/advertising resources etc.  

d. Sharepoint or Google Doc for ideas/published papers in the group 

e. To include reference to online ML resources (inc. training courses) 

f. A method (possibly using Zotero) to categorise and save references for us to share 

when writing papers 

g. A method (probably using GitHub) to share code 

4. Interaction with other WPs (and possibly also other LTSM2 and LTSS projects) 

a. ML/AI is a big area (includes emulation, clustering, inference, optimization) and can 

support a wide variety of science investigations   

b. Specifically, ML projects span TF WPs 2.1, 3.1, 4.3, 5 

c. Very likely to extend across LTSM2/LTSS projects as well (possibly CANARI?) 

 

5. Anything else relevant 

Experience with mailing lists, sharepoint resource for ML in terrafirma. 

 

 

Future scenarios/projections for TerraFIRMA 

 

Leads:  Colin Jones (NCAS), Andy Wiltshire (MOHC), Robin Smith (NCAS)  

 

 

Main science aims:  

1. To develop and realise a set of idealised global warming overshoot and stabilisation 

scenarios (e.g. sampling warming to 1.5, 2, 3C above pre-industrial levels) that can be 

used in the rest of the project to look at (i) Abrupt change risks and (ii) regional impacts. 

2. To (collaboratively) develop a set of “more realistic” IAM-based warming overshoot 

emission scenarios and run UKESM1.1/UKESM2 forced by these scenarios to 

investigate abrupt change and regional impacts..  

 

Both sets of scenarios will likely form a UKESM contribution to the H-Europe project OptimESM. 

The IAM-based emission scenarios will be derived from (i) some work ongoing in the BEIS-

funded CSN0W project (UCL and NCAS-Cambridge) and (ii) the OptimESM project, via partner 

PIK, Germany.  

 

 

 



Model simulations/model development required. 

An initial set of idealised overshoot and stabilisation runs will be made with a CO2 emission 

version of UKESM1.1, ideally with interactive ice sheets (back up is e-UKESM1.1 without 

interactive ice sheets). A second set of idealised projections and the IAM-based scenarios will 

be run later in the project, preferably with UKESM2. It is likely that output from these simulations 

will be used in other parts of the project to run offline models (e.g. ocean-, land-, ice-, only 

models). We should ensure sufficient data is saved from these runs for TerraFIRMA, OptimESM 

and other community uses (e.g. ISIMIP3 impact models). This may require full CMIP6 data 

saving and possibly CMORIzation of data. Try to have a first set of (preliminary) idealised runs 

made by spring 2023. 

 

Details of the planned simulations can be found below. 

 

Need for interaction with other project WPs, other LTSM2 or EU projects.  

These simulations form the basis of much of the analysis planned in WP4 and WP5, they may 

also be used to look at carbon cycle (WP3) and methane responses (WP2). It is likely output 

from these simulations will be used by the BIOPOLE LTSM2 and some data may be used by 

CHAMFER. We should advertise the availability of these runs to these other projects. 

 

The simulation data will also be extensively used by the Met Office and in the OptimESM H-

Europe project (through which we hope to get 3 more ESM realisations of the same simulations) 

 

Work with OptimESM and two other EU project PROVIDE and RESCUE that are developing a 

range of overshoot emission scenarios.  

 

Societal impacts: potential for collaboration with other LTSM2 projects  
 

Leads:    Doug Clark (UKCEH), Alan Macdonald (BGS), Zoe Jacobs (NOC), Jerry    
          Blackford (PML, online) 

 

 

See Summary Report for WP5 


